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HH(228:/32312(27. #(-3"2, 268 #.7(," ( (S8, Yo #( P HHS ("I (BSH'," (H*$(35$&:.(
/,8$-#,3"(3>(+35$+$"#D(9*,.$le novo 228$:/323/2(2H#$$&(-$..2(,"("$(/, &$-#,3"2(
NP3296&">("/(e" (A" 2#$&HD(VWWR32%&">("/(e" (A" 2#$&H#D(VWEXK*:2D(,"(#*$(
2$.$-#,58(+3/$.DIB(-$..(,2(?&3/:-,"%(?2$:/323/2(&"13+.7(9,#*(#*$( potential #3(
$B,2#(,"(2$5$&..(?322,@ . $(2##$2D("I(#*$(2, %" (2$85$2(#3(@, 2(#*$(/ &$-#,3"(3>(
+35%+$"#; (("(#*,2(2#:/7D(1(?&35,/$(?&8$.,+," &7 ($5.,/$"- (1 #%..2(+'7(".23(:28( (
2$.8-#,58(+$-+" 2+( :&,"% (+$ -*"3#'B,2;(( (((

(
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F@¥18&+6)*+ - 4&+.47"64)7.'80'34-64  I"#$%&'(%$)*#634(+CA47'4
1-6B'34%) 418 (J*+,-.4 #4

c*,.$(-*$+3#B,2(,"( D. discoideum ,2(9%. F52# @.,2*$/D(8$-$"#.7D(6d-Be{.(
N/WWIRS?3&HS/('("SI(HT2$(3pK-*"3H#'B,2 #$7(-*&'-#$&,U$/(2 2*$'&F39 F
VSIS (434, HT (0, (-5..2(, " HE& H(9,# (#75,&(2: @ 24H&HS(:2," % (-$..(
2:8>-$FrE+ @& " $(8S$-$2#382(2:-*("2(,"#$%&,"2("I(-1*$&,"2(NC"% (et al.D(VWWIKO\(
discoideum [3("3#(?322$22(H*$2$(&$-$PHI&2D (@ H(+H#"#(2#:, $2(2:%%$2H# (H* #(H#H*$7(
HT(HE- *(H3((2:@2H&HS(:2,"%(*TI&37*3@,-("I(*TI&3*,.,-(2:8&>'-$(&$-$PHA&2
N6d-'5d(et al. D(VWWYO;((

6d-'5d( et al. NVWWVO(>,&2#(23: %6 #(#3(,/$"#,>7 (#*$(+$-*D2463wideum
I$H*+$ H(>E3+((2: @ 2H&HS(@T(2?.7,"%("(2*$' &(2HES22(HIH*S(-$...(K*$7(>3("I(H*'#
#(3&('@355((?'&#,-.'&(#*&$2*3./(2#8:$22(3>(V;b(L'D (H{EHS R/ (>&3+(#*$(
2:8&>'-${P$.39(#*,2(#*&$2*3./(.$5$.D (*39$5$&D(-$..2(/,/("3H(ISH -*(>83+(#*$(2:&>"-$(
"I( 2SN (oS (S, &(-3"H -H ("% $(Q H(H(2: @ 2#& HS; (¢ (4,
+-&3H:@:.$2(9$&ES?3.7+$8&, US/(:2," %o (#*$(/&: NN [F*.3&37*$"7.OF 237837 TF
8@+ HS(N)IL)OD(H*$(-$..(/SH-*+$ " H(&HS(,"-&$ 28/ (HF>3./;((K*, 2(8$2:.#(
2., HSI(-TH328$. S . ("$HIB&B2(,"(H*S(1+$2,3"(3>(-$.. 2(#3('(2: @ 2H& HSD (& H*S&(H*™(
2,+2.7(1*$2,3"(8$-$?#382;((

4(>3.39 F2(2#:/T(#3(,"5$2#, %' #S(#*$25(8$2: #2($'# . $I(2#, +:.'#,"%(5S%SH# #,5%(
D. discoideum -$..2(9 #*(5'&7,"%(>..,/(2*$' &(2H#&S22@W 3O (H$(/S# -*+$"H#(
#+8$2*3./(18d-'5d( et al, VWWIO;((H(9'2(>3:"I(#* #(-#,"(?3.7+$&, U'#, 3"(3--:82(3" (#*$(
2,/$(32232 #S(HI(HSB"$(3>(+'B, +:+(2#8$22;(K*,2(?3.'&, U'H,3"(2: @ 2$E:$"#.7(-:2$2(
8. 2(#3(+ Y& HS(,"(H*S(/, &$-#,3"(3>(-#,"(?3.7+$&, U'#, 3"D(H3(#$(2,/$(3> (#*$(-$..(9'7(
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>&3+(H*S(2*$' & (2#8$22;(K*$(2#:/7(.23(>3:"/( (Y& #S&(":+ QER43G
22%:/1323/2(9%&$(>3&+$/(,"(#*$(/,&-#,3"(3>(+355+$"#; (K*$(+3.$-1.'&(+$-*",2+2(

3>(#* 2(7*$"3+$"3"(&$('&%$.7(:"8"39"\(?322,@, ., #,$2(,"-. I SH*$(-#,5#,3"(3>(

2322,@.$($B2.""#,3" (>3&(H* 2(+$-*" 3 -#,-(&$3"2$(, 2 (#*#D. discoideum -$..2(
+,%*#(*5$($53.55/(#3(8&$273"(#3(2*$ &B&-$2(,"("#:8B(2:-*(2(&'," (1&322("I(

2H&$+2((

+$-", 2+42('&$(.,"8S/(@$-":28(-$..2(," (9%, *(#B(LQ(?#*9  "T(N8"39"(#3(@%(
+238H" H(>3&(-*$+3#'B,20(9'2( @&3%'#$ID(#*$(-$..2("3(. RBEBL I B/ (#3(

+E (28,45, (A#&,8," Y DFES+3HB,2("/(+$-*"3#'B,2(* 55(.23(@$%"( .,"8%/(
('S H&3?*,.2(," (&3-S H(2#:/T(N<""#(et al. D(VWYWHO22#:/7(&$?38H$/ (#+1($(
$+3H#,-(,"ISB (B>(H$(-$. D(3&HB($>>,-,$"-7(3>(-*$+3#'B,2D(,"- & 2HHB(
2:8>"-$(3"(9%,-*(-$..2(9$&S$(*$&S/(@$-+$(2#,>>$E*,.$("3(+3.$-1.'&(@'2,2( >3&(
#*,2(2%$"3+$"3"(9'2(S.:- ' #SID (#*,2(24:17 (2: Yo% S 24/ (- #(#*$(-3:2.,"%(3>(
+$-¥"3HB,2("  I(*$+3HB,2(+HT(@S$(,+?3&H H("(+" 7 (-$.. (HT2$2; ((((C(((

KF2(#$ (-3+2.$B (,22:$(3>(*39($..2(,"#$% & #S(/,>>S&S$ " #(#T7$2(3>(2,%™.2(,"(
3&/S&(#3(+35B(&S$+,"2("(37$"(E:$2#,3(,"($:8'&73#,-(-$.. 2 (K*$(>3-:2(3>(#+,2(#*$2,2(
2(#3(,"552#, % #S(#$(, " #IZAD $HISS (-*$+,-.("I(+$-*"-.(2,%™M.2  ("(D.
discoideumD("/(*39(-$..2(-3:2. $(#*$2$(2,%". 2(,"(‘(-3*$&S"#(9'7 (#3(+, % & HH9,#*(
HS( #,+HS (&SI (BB, Yo, YorH#(3"(-3++3"(+$-+",2+2(2* &$/(@T  (+3#,.%(
$:8'&73#,-(-$..2((

(@
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G@4(-'8):15-3-1. H+.'3 4,2'8-(6*+14.*8+*>C 4

K3('??&3"-*(#*$(?&3@.$+(3>(2#:/7,"%(#*$(,"#$&?. 7T(@SH#HI$S$" (-*$+3#'B,2("'/(

2,%" 2(9$&$(?."$/(,"(3&H#*3%3" (1 &$-#,3"2;((*723#*$2, US/ (- #(#+*$(?32'#,3"(3>(
-$..2(93:./($B*,@ #(3"$(3>(#93(@$*'5,382I(NYO(-$..2(93:./(&$223"/(#3($ #*$&(#*S(
Gt - (B&HFS(+S-4" (2% \(B&(NVO(-$..2(93:./(,"#SY68 HB(H*$(2, %" 2(23+(

97 ("/(&$223"(@7(+35,"%(,"('(/,&S$-#,3"(#-#(9'2('( -3+@,"#,3"(3>(#$2$(2, %" R
BDG (%3 (1, &$-#,3" ((H(,2(,+238H  HHI("SHS(H-H(],"HS% &', 3"K(," (#*$(2$-3"/(
S28(,20/5>,"$/(2($ 4 S&('(2,+2.5(2: 738232 #,3"(3>(#*$(8$273" 282 (#3(#*$(#93(2,%". 2(
3&('(+38$(-3+?.$B(?8:3-$22(3--:8&, "% (" (H*$(2, %" . (H&""2/:-#,3"(?'#*9'T (3>(#*$(-%..i(
A(2-*$+# -(3>(HS2$(*T23H*$2$ 24 (2*39"(," (>, %o: &S (Y ; KB (/5" # %6$ (3> (#, 2(

DH&HSYT(9'2(H-H( AROS/(,"IS?$"I$ " H(3@2$85'H,3" (3> (H*$(&$2723" 2B (#3($'-*(2, %6 (((((

+,-832,2$H##$22'72;((""((6:""(-* + @$&D((%&1,$"#(,2(>38+$/(@7 (. 386" %
1,5>:2,3"(3>(-40L (>&3+('(23:&-$(#3(' (2, /" ('(+,-&3?, 2$HH#S('22' TD('(+,-8&37, 2$HH#$(
>, $/(9,#*(-40L(,2(?.-$/(/H'-$"#(#3((-$..D("/((-40L(%&,$"#(,2(>3&+$/(@7 (2*38&F

&"%$(/,>>:2,3";(39% 5D ("$ #*$&(3>(H*$2$('22'72(93:./('..39(+$(H#3($BS&H('(2*$'&(

" $#2(3&(3:#.$#2(>3&(%$"$&'#,"%(>.39; (K*$&$>3&$D (3"$(‘##&'-#,58(3?7#,3"(,2(#3(:2%(
+,-&3>.:,/,-2;(((

0 ,-&3>.:,/,-(/ $5,-$2&$("($+58Y6,"%(?. #>38&+(XB&/T ,"U(-*$+3#'B,2(3>(
"$:4#&37*%,.2(""I( D. discoideum((N13"%¢ al.D(VWWIT+,-&3>.:,/,-2D (#*$(%&'/,$"#(,2(

%$"$&HS/(@7(>.39(& #*$&H" (@7 (/,>>:2,3"(>&3+(23:&-$(#3((2,"8D(2(/$2-& @S$/(,"(
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L&3#3-3.(6$58.32+$"B("/((%&),$"#(-"(@S($2#' @., 2°H"I(+',"#,"$| @ #*(+:-(
V&S HS&(-3"HES. (" (H& [ #,3" . (HS-*" E:SA"H*SEL/5" #'YB(, 2(H* #(+,-&3>.:,1,-2(
&SE:,&$2( (- 329D (#,%*#.7(2$ (B+@S&("/(-3"#,"2(," SH2("/(3:#. $H2(23(H-#(>.:./(
> 39(-"(@$(%$"$& #S/(SBHSET;(K*:2D((+,-&3>.:,/,-(?. #>3&+(93:./(.. 39 (+$(#3(
28$-,2$.7(+3/:. HS(@3H* (HS(%& 1, $"H#(,"(#(/$5,-S(N@T (TH: 2#," Yo (#*$(2# &, " Y6 (
-3"-$"#&H#,3"(3>(-40LO("/(H*$(2*$ &(2#&$22(3" (H*$(-SND 7 (+3/-. #," %6 (#*$(>.39(
&H$(3>(.,E:/D
(
|@A,2'8-(6*+14J5'*)6.4 4
K*$(E:$2#,3"2(1(9,2*$/(#3(//&$22(9$&S(#*$(>3..39,"%J(
Y; RS2+ IO, (KB, (IS (2,9 D(I3(-$..2(&$ 223" (#3(
$,#+$&(2,%" G (2ABH*$7(,"HS%& #S(#*$(2,%(223+$(9'7 1((
V; A39(/3(#*$(8S.H,5B(2HES W+ 2(3>($'-*(2,%" (,+?"-H(H*S(Z($-,2,3"] (
[ 15("$S/(-$..2(,"#S%E&HS(H*$(2,%" 2D (#(9*#(.$5$. (/3$2(#*,2(?&3-$22,"%(F--:&I((
4
K@5((+8C4):428)L'1*4 4
"(#*,2(2&3H$-#D(1(--3+72.,2*$/(#*$(>3..39,"%J((
Yo 1($2,9%"$I(" (324, +,USI((+,-83>.0,/,-(?. #>3&+(>3&( 118322, "% (+7(
$B2$&,+$"# . (E:$2#,3"%
Vi 1(ISHS&*,"SI(##(9*$" (2, +1. #I(9 #(@3H*(-*$+,-. ("I (+$-*" - (
2,%" 2D(FHB(-$..(,"HSU & HS2(H*$(2,%" . 2(& HS&H" (-+332,"%(3"$; (((
[ 1USHSES, "SI H(,"-8$'2,"Yo(HSL-2. #:/$  B>HS(+S-*" - (2,%" (@ H#("3#(

S HIS( S+ (2,06 (+7H2HS ($..12(,8F#,3"(
14



M (28528 #($5,/$"-SHH((-$..12(/$- 2, 3" (#3(+355R(25.$-#,5S(& #*$&(#*"(

2H&: 1 5B/(, 2(-3+ 2 HSI (H(HS(22$5:/323/(.$5%.;(( (
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I:( L&3#3-3.(6$5%$.37+$"#

?@4>6-6>4*&'4(-18):15-3-143'0-!"

KA$(>, &2#(-*'..$"%$(," (/$5$.32, "% (#*S(SBAGRH". (2. #>3&+(9'2(#3(-&$#$((
2#'@.61/(&$283/:-,@.$(.,"$ &(%&),$"#(3>(-40L(,"('(+,-&3>.:/,-(/$5,-%;(( (

C*.B("3" Fr,-83>.:./,-(%&,$"#(%$"$&#3&2(&$.7(3"(/,>>:2,3"(3>(-40L(>&3+((
23:&-$(#3(2,"8(3>(@:>>$&D( (+,-83>.:/,-(%& | WK B #$/(@F. 39 (N$3"D(VWWVO; (

K772, T(##$(+,-8&3>.0,/,-(2- $DE.1,/("1$8%63$2(+,"&(>.39 S 2#&$'+2(3>(.,E:,/(

> 39(8#$(,2(.36"3:%* (NC"" %D (VWWKF, 2(?&,"-, 2. $(, 2(#5(8S7 (HBSQT&+./".  (
%&',$"#(%$"$&'#3&(/1$5,-S(H*'#(*'2(@$$" (?&$5,3:2.7(: 2/ (#3(2#:/7("$:#&3?*,.D(-"'-$&(
-$..D("/(D. discoideum -*$+3#'B,2 (N13"%¢ al. D(VWWBCS(/$5,-$(*'2(#93(,". $# S

3'$ (G3&(+S+IHH&H"H., %" ("I(3"$(>3&(@:>>PE>,%:&B(V: YBI9"2#8.5'+(3>(

H#5(.$5$.2(3>(H*$(/$5,-B(23(H #(HS(3:#2 #(3>(H*$("$#93&8(,2((2$&, $2(3>(?'&"..$.(
DH&S'+2(3>(ZI(9,45(8'H,3+SH&, .. T(1$-&$'2,"V6(-3"-$"#&'H,3"2(3>(-40L (¥, %:&$(
V;¥0;((639"2#8$+D(,"(#*$(-$* +@SED (#$(?'&"..$.(2#H8S+2(+,B(/,>>:2,5%.7 (#3(
-&SHS((2+33H4 (%8, $"H(?83> (B*B(2&, +'&T (/5" H VS (HI(H* 2(/$2, %", 2(H*H#(,#(

&SE:,&$2(3".7(HO3(,"2:#2 (LS HS((%&'],$"#:(
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0 7(>, &S+ PHHI(1$2,%" (#*, 2(%&], $"#(%$" $& #RAE5$& . (?&3@ .$+2(>,%:&%(

1,>>:2, 58(+,B,"%(@S$HOSS" (H'-$"#(2#8&S'+2(3>(>..,ID("/(#*$E&S(9SEFBIBE5S. 2(3>(
#$(2$82%"#,"$("$HI38B(H3(-&SHS('(>,"$(%& /'#,3" (3> (2#H&WMB$9, 25D (@ $-': 2B (#*$(
5. (X +@$&(9'2(2*3&HD (H*$(24#&$ +2(/39"2#&8$+(3> (#*$("$HI3&S(/,/("3H#(*'5H(
$"3:%*(#,+$(#3(/,>>:2,5%.7(+,B; (K*$(&$2:.#(9'2('(-3"-$"#&'#,3" (&3>, $(#*'#(
&S+, "$I(2#HS? 2B/ (&' H*$&(#*" (2+33#* (N, %: & (VBO: ((C, #*(#*,2(? & 3D9'2(5$& 7 (
85 7(H H23+$(-$..2(93:./(@S(2,#:#$I(,"#S(+, /1. $(3>('(+,"&( 2#&S+("I(
#$&$>38$($B?$&,$"-$('(-3"2#" #(-3"-$"#&'#,3"(3>(-40L (& #*$&(H*" ('(> EBHD"-8(
%08, H"I(#*:2  ("3#(+35%; ((((CCCCCeecc«

1(:28/('(+,-83>.:,/,-(/$5,-$(/$2,%" (>&3+(<'%$2*(1**(NA'&5'&/(0$/,-'.(1-*33.D(

P32#3"D(046B&('(?7&'+,I" (%&],$"#(%S$"$& H#I&B&(+7($B2$&, +$"#2(N>,%:&$((( Y'O

OBES(' (&S HS&(":+@B&(3>(.$55.2(,"(H*S(25&2$"#,"B("$#I3&BD("/(#H*$(-$..(-*+ @ $&(
9'2(.3"% B ((:28/(2H#" &I (+,-&3>' @&, -'#,3" (H$-*" E:$2(#3(+'8S(#*$(/$5,-$2 D(2(
I$H#,.$1(,"(0#H$&, 2("I(0$#+312  ((

(

D@4%)6*8)11-6>4.8'+84.*8'..4:-*&-64*&'43'0-"

K*$(28-3"/(-*'.. $"%$(9'2(#3(>,"$.7(-3"H&3. (H*$(2*$ &(2#&$22(/: $(#3(>.,/(>.39(
9,#*,"($'-+(/$5,-$;(()3++3"("22&3-*$2(,"-./B(/&,5," %% (>, [(H&3%*( " $H(Y("/(
SHV( IS S H.T (2,"%('(283%&'++'@.$(27&,"%$(?:HR<$3Yt al, VWWIE Vet
al. D(VWWD\(&%et al.D(VW((DHE, $/(#* 2(#$-*" E:$("/(>3:"I(##(:2,"%(?32,#,5%(

28$22:8$(#3(/8,58(> BU;3: %*(#*$(," SH2(>&SE:$"#:26/(" (,+@"."-S(@SHO$S"(
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SSH2Y(MIVS (2., %0 #(],>>$&S"-$2(,"(+3:"#(3>(%'2(," (#*S(27&, "% $(?:+72D(3&(, " (#*$(
S % ("I($5S" (H* $(*$, Y0 H(3>(HS(#: @, "%o(-3""$-H#$/ (#3(#*S(?3RBAW >>$8$"#, .

S (#S(&H2(3>(>.BOE&3: %% (S (" SH (AL, "-S(# (&' #B2(3>(> .39 (#*&3:9%6*($'-*(," $#(
9$85(/,>>$8$" #D(H*$(>,82#(@ ,>:&-#,3" (H(#*$(#3?(3>(1F BUSHHSP . #BE:"..7(

@$HISS" (#*$(-40LT/(@:>>$&(2H#&S +R(K* (B9 " 2HE&S +($>>$-#(9'2(H #(#*$(

%8, $HP HHS& ((#*$(/39"2#8S +(-$..(-* +@$&(9'2(/, 28: 24/ ;((K&$23.5@*,2(
+@'."-$(?83@.$+D(1(29,#-*$/(#3(/1&,5,"%(>.39(:2,"%("$%'#,55(?8$22:&SD(3&('(5™-::+;((
K*$(%0:,/,"%(?&,"-, 2.8 2(#* #(,>(H(,2(?:..$/(#*&3:%* (#*$(@3HH#3+(3>(#*$(/$5,-$D (#*$"(
>, 1(,2(/18&,58" (#EH (2 +S(&HS(>&3+(@3#(,". $#2;(K*:2(>.:,/(>.39(, 2(#3+#,-..7(
@"."-$1,(( C$(M #,3". (15" %SHIH* 2(#$-+" E:$(, 2 #(1(-3:./(2,+2.7(?.-B((

18372 $H(3>(@:>>$&(3&(-A0L (HEHHR("-S(3>(#*$(," $#(9,#*3:#1(," 258, " %o (' (1: @ B(,"#3(
(" S ((1(-3:.(#S$"(29,#-(,"2:#2(@T(&'2,1.7(9,-8, " Yo (#H*$(/&3?. $H#(3>> (#$(2:8>'-$(3>(
HS(IB5,-B("1(&$?.-,"Yo(#(9,#*( ("SI(&3?.$#(9,#*3:#(1, 2&:7#," Yo (#*$(-$..2(,"(#*$(
++@$&;((

I"(3&/S&(HI(+3/:. #S(#*$(>.39(#*&3:9* #*$(/$5,-$D (! (:28/('(5™-::+(&$%:. #3&(
*338$/(:2(H3H$( @ (5'-::+(23:&-$D(9%,-*(-3:./(-3"#&3. (#*$(+3:"#(3>(5"-1:+(
28$22:8%;((1(>3: "1+ #( ("$$/$/($5$" (>, "$&(%&#,3"(3>(5-1:+(?8$22: &$ (1 (#*$(

&$%:. #3&("..39$/D(23(1(,"-&$ 23/ (#*$(8B2,-$(: 22#&S +(3>(#*$(5- - H@T(
-3"S#, "Y(H&SE3" - (H @$2(2$&,$2(:2,"%(&: @ @ $&(#: @- 03> (1I1$I(
&$2,2#"-$('..395/(>,"$&(-3"#&3.(3>(#*$(>.39(&H#B(:2," Yo (#*$(2'+$(&$23.:#,3"(3>(-3"#&3.(

355&(#H*S(5'-::+;( (
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(>, /(H&'5$.$/(#*&3:%0*(PS&H&SS(+, " #$2; (|(#338('(2$?' & H(+$'2:85+$"#(3>(>.39(
&HB(/:&," Yo (H*$(-3:&2B(3>(#*$('22'7(H3(-3">, &M (*'1 ("3H(-*"%$/; (1" (3&I/B&(#3(
$"2: & (H*H(%&'S HT(1,1("3H(,+?'-H(#*$(>.39(&H#S(3>(>..,/(#*&3:%*(#* $(#:@, %D (! (#2$/(
S @," Yo (H3(H*$(+,-832-32B(2H US(23(H* H(H*S(H: @, "%o(9 2(HH*$(2'+$(*$, Yo (' 2 (#*$(
1$5,-$; (6:$(#H3#*$(2?'#,".(,23#&3?7(3>(#*$(-$H@S&D (!('22:+$/(#*'#("..(-$..2(," (#*3(
1$5,-$($B?$&,$"-$/(,/$"#,-'.(2*$ &(2#&$2%(

I"(38/$&(#3(-3"5$&H(>.39(& #$(#3(?8$22:&$D(I(: 2B ($BB&+:. (2$/(@7(
6d-'5d (et al(t3(8S$. HB*$' &(2H&S22(#3(>..,|(>RYWMWD; (K*$(+3/$.( 1/, #,3"..7(
'22:+$2(H#( 2*$' &(2#8$22(,2(?8373&#,3" (H3(#*$(*7/1&3/T"+,-(>3&-$2($B?$&,$"-$/(

@7(#S(-3L(

_ 6n]
g WHz((

C*$&S (+(N(2*$'&(2#&$22(NL'Q(\((
(((((((((( = dynamic viscosity of cAMP solution (~107 Pa -s); (
J = volume flux of fluid [m”—;](\((

W = width of cell chamber (475 um); (

H = height of cell chamber (13 1 ym).(
(
E@4A.*+71-.&-6>4+6340'8-:C-6>4*&'4>8+3-'6*4;-*&-64*&'43D-!'
C2#$"2,@.7D(#*$(+,-&3> @&,-#,3"(?&3-$22(,2(/$2,%"$/(#3(?&3/:-$(:",>38&+(
+,-83>.:/ - (/$5,-$2;((A39$5S&D (1(>3:"/(#* #(S5HY #*(#*$(2'+$(2&3-$22("/(2'+$(

1$2,%"D#*$&$(,2(5'&,' @, . #7(>&3+(/$5,-SH3(/$5, - #(-3:./(,+?'-H(?$&>3&+"-$:((13&(
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S (F+@B&(2, 28: S/, (K*:2D(1(5$&, > S/ (H-H#('(%8&',$"#(-3:. /(@S (>3&+$/(," ($'-*(
1$5,-$(@7(>.39,"%('(-3.3&$/(>33/(/ TS (#*&3:%*(,". $#(Y (" /(@ :>>$&H*&3:%*(,". $H(V(
@$>38&$(.3'," Yo (#*$(-$..2("/(5,2:"..7(,"22$-#, " Yo(#* #('(Yo&H H(>3&+$/, (" (+7(," 4" (
WS+ 2#2D(1(:28/(>33/(ITS(#3(5$&,>7 (H*$(Yo&dfBEHE*$(-$..2(* [(@$$"(.3'/$/(,"#3(
#$(/$5,-$;((A39$5$&D(!(>3:"/(##(-$..2(3&(&3:"1$/(:2("/(2#322$/(+35,"%(9*$"(
$B?232$/(H3H S ; ((4(2,+2.5(23.:4, 3" ##(\(-" H&T(,"(#*$E&S$(,2(:2," % (" (I 7$(9,#*(
39(#3B,- #7(>3&(-DR:-*(2(>.:3&$2-$, (EBES&, >F*$(% &', $"H

,".7D( "1 #,3".(-3"2,/$&'#,3" (9 2(#$(,">.:$"-$(3>( *,%*(>.39(&#$(3"(#($
%8, $"H#;((42(+$"#,3"$/(2&$5,3:2. 7D (#*$(%&'/,$"#(,2(>3&+$/(," (#*$(/$5,-$(/:$(#3(
[ ,>>:2,55(+,B,"%(3>(."+," &(2#&S$'+2(3>(>..,/(,"(#*$(-$..(-*+ @ $&; (4#(5$&7 (*,%*(>.39(
&#$2D(1(-3"2,/$&S$/(#*$(?322,@,. #T(# #(.$22(/,>>:2,58(+,B,"%(3--:&2("/ (#*$(
-3"-$"H&'#,3"(28&3>,.$(-3:. /(@S (2#$??$/ (& #*$&(#*" (2+33#*D(12(+$"#,3"$/(
28$5,3:2.7;((K3(-*$-8#(' (2# @.$(%&],$"#(9'2(>3&+$/(#($5$" (*,%*$&(>.39(& #$2D (!(
+$'2: 83/ (#*$(%&',$"#(-&322(/,>>$&$ " #(?3&#,3"2(3>#*$(-$..(-* +@$&(@ 7 (,+'%,"% (' (
%&',$"#(>3&+$/(>&3+(>33/(17S("/(I#S&; ((1(:28/(1+'%$(<(,+'%$(?&3-$22,"%(23>#9'&$(
#3(+$'2:85(?,BS.(,"#$"2,#7 (1(>3:"I(HH($5$"(#(5"-:+(?8$22:8$2("2(*,%*('2(Yb(
22,D('(2+33#(%&1,$"#(9'2(>3&+$/(," (#*$(-$..(-*'+ @ S&(NH*$(*,%*$2#(5'"-1:+(
28$22:&$2(1(:2$/(,"(-$..($B?$&, +$"#2(9$&S(H#(+32#(YW(?2,0; (K*$(&$2:.#2(3>(#*,2(
$B?$&,+$"#('&$(2*39"(,"(>,%0:&$(V;(;((

I"(3&/S&HREI/-S((1$2,&$/(%&1,$"#D(1(/,5,/$/(#*$(," #,.(-40L(

3§ HEH 3" (@T(HS(9, 44 (3>(#$(-$..(-*+@S&(Nha®; (13&($B'+?2.$D (#3(?&3/:-$('(
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(
F@#+..-6>4 +6341)+3-6>4*&'4(-18):15-3-143'0-!"
K*$(?&$2$"-$(3>(@:@@.$2(,"(#*$(-.32%/(+,-&3>.:,/,-(1$5,-$(?&$2$"#$/('(2$&,$2(

3>(-* . $ UGS THIPRS?' &, "W (HS(/S5,-52(>3&(HS(22 7 ("B, "%( -$..2(,"HIH*S(/$5,-H(

ROL Y Ob(HYS(%& ], S H(PHHSE DI >(H ST (&S (-$..(-* + @BRIT(29$$ B #('.(
HB(-$.. 208328 #; ((P: @ @ .$2(9S&S(3>HS" ([ "HE&3/:-$/(, "HI(H*S(/$5,-S(H*&3: %6 (H*$(,". $#2(,>(

1,"..7D(3"-$(#*$(-$..2(9$&S$(.3/$/D("I((@: @ @.$(9'2(23+$*39(,"#&3/:-$/(, " #3(#*$(
1$5,-$D(#*$&$(9'2("3(+$#*3/(#3($.,+,"#SH*$(@: @ @.$2(9,#*3:#(*'&+," Yo (#*$(-$..2(/:$(
#3(28$22:8%;((

K3(//&$22(#*$2$(?&3@.$+2R 6/ (+3,2#Q,+(C,?$2 (&3:"/(#*$(/$5,-$ (

J:&,"Yo(#*$('22'T H3(,"-&S 2B (H G-+, #T  (B>H*$(.3-.($"5,&3"+$ #(23(H #(/&372.$H#(

#.@,"%D (29 #-*,"%(H@B>#$"(,"#&3/-$/(@: @ @.$2D(23(!(2:&&3:"I$/(#*$(," $#(9.#* ((
1&3?.$#(3>(@:>>$&(9*,.$(29,#-*,"%(#:@,"%; (PS>3&S(H#*$(2# &#(3>($'-*('22 7D ((/$%'223/(
S H#,85(/$5,-$(#3($.,+,"#S(@: @ @' $2.#, . (H#HS+2# H3(/$%'2(#*S(/$5,-8>,..,"%(,#(
9,#*(@:>>$&("Q: @+$8%6," % (HHS&("('(5"-1:+(-*+@S&(IH #H*$(%'2(," #*$(
2383:2(93:./(@$(?:..$/(,"#3(#*$(2:&&83:"],"Yo(9#$&D(9'2(:"2:--$22>:.(," (&$+35,"%(

(@ @@ .$2(>83+(HEBQ (4" #,+#$.7(2:--$22>1.(122&3'-*(92(#3(>,.. (t*$(

$"#,&5(/$5,-$(9,#*@:>>S&D(S-#($'-*(,". $HH3(#. @, "% ('##'-*$/(#3('(27 &, " %P (#*'#(

21



-3'H#,"$I(@:>>$&D("I(,"HS-#(@:>>$&(H83:%*($'-*(," $H(:"I$&(+,-&32-3? ~(
3@2$&5#,X;

1(#55" (. 3SI(H$(-$.. 2(,"#IHS(/$5,-5(:2,"%(," $#2([("/(M(N," $#2(&S$( @$.$/(
(>,%:&$(V;Y'O;((1(>, &24(: 2986@,, 22 (#3(-.32%(3>>(>.., /(> 39(H&3: U+ (#*$(#:@,"%%(
HHESIHB(SH2(Y (VS #*,2(-8$HBI(&$2,24™-B(," (#*$(: 22485 +(?38#,3"(3>(#*$(
1$5,-$(23(##(,>(1(?8$22:8,US/(,". $#([(3&(,". $#(MD(>.:,/(93:./(>.39(@$#9$$"(3". 7 (#*$2%(
" $H2;((1(#$" (&$+35S/ (S @h(>&3+(," $H(M("/(&$?.-$I(#(9,#*( (YIWI(?, 215 (
#,2(>,..8/(9,#(-$..2;((((

4#(> &2#(\(*I(H&,$I(,"#&3:-,"Yo(H*$(-$..2(, #3(#*$(1$5,-5(:2,"% (' (27&,"%%;((
A39$5$&D(I(/,2-35$&$/(#*H(.2(93:./( &3:1(:? (:B(H3(?8:$22:86-83+(/$2&$22,"%(
H$(278,"%SD (.. 203:./(@$-3+$( 2#:-8(,"2, IS H*S("$S/.$(3>(#*$(27&,"%SD(-':2,"%((
39(2$$/,"%($"2,#7;((I"2#$ID(1(,"25&HS$/((2, 2$H#S(#,2(,"#3(," SH(MPI ("$%'#, 5%(
28$22:8%B(?:..($..2(, " H3H*S(-$..(-*+ @SED T (5S&T (%$"#.7(?:.., " %o(#*$(?. "% $&(3> (#*$(
278,"%S$(-3" $#SI(#3(," SH([ (#5390 $/ (.. 2(H3FSLS(HI(H$(%.'22(2: @24 &SER(
H(S2H(W(+, "HEA@S>ILBS #.7(8S+3BUH$Q, 2SHHS(#, 2(>&3+(," SH(M("/(8$?. -, "%
HOH(H@,"%(-3"$-H#SI (HIFH S5+ (| (#$" (., 22B (S @, "% (-3 $-#$B/(H3(," $#(
[("/(&$+ 35S/(HSH:@,"%6(-3""$-#S/(#3(," $#2(Y ("I(V;(((?.-$/( (/&3 .$#(3>(/$2,&3/(
-A0L(-3"-$"H#&H,3"(3"(#32(3>(," $H(Y ("I (&3?. $H#(3>(@:>>$&(3"(#3?2(3>(," B#(V;((

(
G@.4+C41)63-*-)6.4

1(-3"2, IS&B/ (- #(#HS(-$..2(+, Y H(@$5B(/,>>$&$"H.7(1$?$"1,"%(3" (9%, -*(
2+ 2(H$7($B2$&,$"-$/(>, & BH-40L (%&,$"#(3&(2*$ &(2#8$22; (1> (1(#:&" S/ (#*$(

5 (3 (" I(2SH( HHIH (B2, +$"H . (28$22: &SD(#*$(-$..2(93:./($B?$&,$"-$(2*$'&(
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>, &2#(@$-' 25 (#*$(/$5,-5(,2(," #,".. 7(>,..$/(9,#*(@:>>S&D("/(,#(-" (# 8$(#I3(#3(2$5%"(
+"HE2(NS?$"/,"% (3" (#*$(5'-:+(?8$22:&$0(>3&(-40L (#3(&:" (#*&3:%* (#*$(-*+ @ $&(
"I(>3&(HB(%&,$ " HHI(@B($2#' @ ., 2*$/; (> ({(H:&"SIFHS(5' - +(3" (" (2$H#( #(#3((5$&T(
39(?8$22:&$(N@$.39(#*$(.$5$.2(3>(2*$'&(2#&S22(H+#(,"/:-$(+$-*"3#'B,20("/(3".7(
HE&"SIHS(5-1: +(P(H3(>:..(28$22:8$(>HS&(HS(%&' $"H(*/(@$S"($2#' @.,2*$/D (H*$(
-$..2(93:./($B?$&,$"-$(-40L(%&/,$"# (@$>383(@$,"%(2: @HS-#S$/(#3(H*$($B?$&, +$"#'(
2*$'&(2#8%$22(-3"1,#,3((K*$&$>3&$D (I(*'/(#3(-*332$(3"$(3> (#*$2$(#93(+$#*3/2(>3&(
-3"2,24#$"-7;((\(/$-/$/(#3(:2$ (#*$(2$-3"/(+$#*3/D(,"(9*,-*(-$..2(9$&S$(2: @HS-#$/(#3(
#*$(-40L(%&',$"H@$>3&SH*$(2*$' & (2#8$22D (>3&(#*&$H(?&, + & T(&$'23"2;((

1,82#D (1(9"#$/(#3($"2: &S (H* #(#H*$(-$..2(," (+7(/$5,-B(9$&S(, "I $$/(/$5$.32%/("/(
-2'@.$(3>(-*$+3#'B,"%(@$>3&$(2: @HS$-#," Yo (HRFBIR(2HES2 2(#338 (DWW, " #3(
#,+$F'225(&$-38/,"%2(2# &#," % (>&3+(9*$"(1(," 4, #$/(>.39(@ #(3". 7(@$%" (,+'%$(

" 72, 2(>HE&(VW(+, " #S2(N"/(-*$-8, " %o(#3(+'8$(2:&$(-$..2(9$&$(+35,"%(
1,&$-#,3"..70;(1$-3"ID(|(3@2$&SHIH(:"I$& (*,%*(2*$'&(2#&IRP23+$$..2&3:"/$/(

(I (" BH(+35S(H, (ST (FICIH:2HSID ("I (H$" (#* ST (2# &#$I(+35,"%('%',"; (I(
1I("3H#(Q"#(#H3(,"H&3I-$(" (1] #,3" .(-A0L(2#,+:.:2(#3(#*$2$ (. &S/ 7 (2#8$22%/(

-$.. 2\(&H#*S&D(,>(#*$(-$..2(9$&S(-+$+3# B/(#6" ($B?$&,$"-$/('(2*$'& (2#8$22D (#*$7(
93:./( @$(&SE:,&@I3(/H: 2 (#3(3"S(&#*S&H*" (#IB(2#,+:.,(#( #,+$;((K* &/D(2*$'&(
2H&$22$2(H$"ISI(H3(-:2$(+" T (3>(H*$(-$.. 2(#3(I$# -*(>&3+(#*$(2: @ 2#&'#$D("/(!(
O"HSI(H3(". TUS(3". T (HS(-$.. 2 #(*|(@$$" (-+$+3#'B,"%(?&3?$&. 7(@$>3&$S (#*$(
2%§' &(2H&$22(9'2(,"#&3/:-$I(&HS&(H" (2, +2. T (" T (H*H(2# TSI (1 -*$I(#3(H*$(

2:@2#&HK: ((

(
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1. T$2:.#2(
4
1#:,$2(2*39(##(D. discoideum(+, %8 #$(,"(&$223"2$#3(+$-*" -'.('2(9%..('2(

G (28,40 (1 8 SED(HSES(, 2($5, /8 - S(H HHS(+3.5-. &(+'-*,"$&T(%358", "% (
+$-"3H#'B,2("/(-*$+3#B,2(+'7(@$(.,"83/;((A39$5S&D (#*$(E:$2#4,3"(3>(*39(#*$7(
9,..(85223"/(9*$" (24, +:. #$I(9,#H(@3H*(2, %™ 2(2,+: #"$3:2.7(*2("3H(@$$"(

$B?.,- #.7(2#:1,$/;(({(#*:2(9,2*SI(#3(2*$/(., Yo*#(3" (*39(-$..2(?&3-$22(@3#*(2,%" . 2(@7(

X &-HPB&,U,"Yo(#*S(/,&$-#,3"(," (9%,-*(#*S7 (+,%&'#S5/(," (&$2? 3" 2&(((((
(
9)6*8)1.4

2@/'0'1)2'341'11.4()0'48+63)(1C4-64*&'4+7.'6!'4):4.8'+84.*8". . 4+634
1&'(-1+14>8+3-'6*4 4

K3(@$%,"(+7(""72,2D(!(>,&2#('28$/(*39(/$5$.3 2/ dliscoideum -$..2(@$*'5%$(,"(
FS(@2$"-B(3>(*$+,-.("I(+$-" (28, +1, (" (S (+,-&3>.0, ) -(1$5,-$;(#(,2(9%.. F
$24'@., 2*SI(," (H$(. HS&H: &S (H*H(@3H*(5S%$H #,55("1(1$5$.37$/(-$..2("38&+"..7(
$B*,@,#(&"I3+D(3&(/,&$3H$22D(+3#,3"(,"((/,2*(3>(@:>>$&$/(23. :#134(93:./(
"SH@B(@,28/(," ("7 (?'&H 1. &(/,&$-#,3WP32%&. ¥ al.D(VWVDX(@K*,2(3@2$85#,3"(
9'2(.23(-3">,&+$/(>3&0. discoideum -$..2(,"2,I3('(+,-&3>.:,/,-(1$5,-$(N13"%(et al.D(
VWWhO; ((I(#*:2(* 723 SEHIB(-$..2(93:./($B*, @, #(&"/3+D(/,&$-#,3".$22(
+35$+$"#(9,#*," (#*$(/$5,-$; ((1>(," 1SS/ (FH*S(-$..2(+35$/(&"/3+.7TD(!(". 23($B?$-#$/(

SR I&I(IS5,#,3"  BHS..2i(/,27.-5+$H("%.$2 (93:./(@$(.' &%6$((
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K3#S2#(+7(*723#*$2,2D(1(.3/$/(/$5%$.32%/(-$., 2@>>$&("(,+ %S/ (#*$+ G3&(VW(
+"#$2(," (#( @2%"-$(3B"-1:+(7&$22:83;((!(B3@23&5S/(>, &2H#(#* #(+32#(3>(#*$(-$..2(
038 $B(/*$&$/('2(2,"%.$(-$..2(3&(,"(2+..(98822(3> (#3$" (3&(>$9$&(-$ AREES&D (H$&$(
9$85('(>$9(.'&%B('%%&$% #E2(3>(-$..2(-3"2,2#, " Yo (I (IRSHES. .2;  (K*$2%(
'%%&$% HS2D (#*$(28$-:&23&2(#3(>&:,#,"%(@3/,$2D(9$&B(?8$2$" #(3" (#*$(2:&>"-$(3> (#*$(
L$HE, (/,2*$2(?&,3&#3(.3',"%; (1" TUS/(#*$(H#&'-82(3>(,"1,5,/:".(-$..2(>3&(/'#(
™ 72,2(@3$-28(#$(,"1,5.,/'.(?32,#,3"2(3>(-$..2(," (%% &$% HS HBS(, + 2322, @ . $(#3(
#&'-8("1(?.3H#SI (#+$("%.$(3>(/,22.-$+$"#(3>($.$5$" (-$.. 2(N>, %: &S ([; V@@L (((((((

1",5,1:".(-$..2(2,#:#3$/(>'&(N'22&3B, +#$.7(YWW(f+O (>&3+(#*$( % %&$%'#$2(
$B*, @ ,#$/(&"/3+(+3#,3" Q,#*(" ('5$&' WS ("%:.'&(/,2?."-$+$"#(3>( b[;mViE"/('(

28 &J(1$5,#,3"(3>( YWX;YW0I#(,B(2:"..7("??'&$" H>&3H*$("%:.'&(

1,22 -$+$"#(2.3# @ H#(-$..2(+35$/(,"(&"I3+ (,&$-#,3"2;((A39$5$&D(-$..2(-.32B(#3(#*$(
'%%&SVHS2 (+,%& HUbtctionally(#39'&I2(#*$(-$ #S&(3>#$(-.:+ 2, (1(/./("3H3@ 2$&5%(
-$..2(+,%8H#S(3H#(3>(HS( %%&SY'HS2; (K*:2(#*$(-$..2i(,"#&,"2,-(-40L(2,%"".,"%(&S.'7(
272#$+(" 225 &S$/(,"#-#(9,1#*," (#*$(/$5,-$: (((((((

K*,2($B2$&, +$"#(9'2(,+23&# " #(> &BH$-"25('# (>&3+(#*$(,"1,5./:".(-$..2(
2$85%/('2(("$%'#,5%(-3"#&3.(>3&(Hif{cted(+3#,3"(3>($..2(1(/,2-:22(,"(2: @2$E:$"#(
2$-#,3"2(3>(T$2: #2&-3"/D(@'2$/(3"(#*$2$(&$2: BEr3/,>,$/(+7(?&3#3-3.#3(?'22(
-$..2(#*&3:9%*('(>, HEB(H K. '&U6S(' Y% & $% HHK3A93:./("3H(@S(.3'/B/(,"#3(#*$(
195,-5((1"1,5,0:.(-$..2(2$$+$/(+3&$(.,85.7 (#3(&S$.,' QN(8&$2723"/(#3($BHSE&™ . (2#,+:.,(
#(-$.2("$'&(-. 422 ;(B2((-'5SHDH$(,"#$&'-#,3"(3>(,"1,5,/:".(-$..2(9, #*(?&F
>3&+$/(%%&SYHS2(2$8$",?,#3:2.7(&$5$".$/(,"#S&S2#,"%(,">3&+#,3"D('2(/,2-:22$/(

H#*&3:%*3:#H(HS(TS2: #25-#,3" ((
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42((2%-3"1("$%'#,5%(-3"#&3D(1('28%/(*39(-$..2(,"('(:",>3&+(23.:#,3"(3>(-40L(
9, #* " (#*$(/$5,-$(93:./(@$*'5%;((c*$"(-$..2('&$("3#($B?32$/(#3((%&'/,$"#(3>(-40L (
@ H#H(&#$&((:",>38+(23.:#,3" D(#*$7($B*, @ #(&"/3+(+3#,3"(@$- 2$(#*$&$(,2("3(
?3.'&,U#,3"(2,%" (\Q,"%("/(1"2'..D(VWWX(.3"/$/(-$..2(2:22$"I$/(,"((Y(  f O(-40L(
23.:#,3"(, " #H3(H*$(/$5,-5("/(,+' %S/ (>3&(VW(+,"#$2((1(%',"(B3@2$&5$/((/,>>$&S$"-$(,"(
#$(@$*'5,3&2(3>(-$..2(-. 32 (#3("/(>'&(> &3 BB $/ (%% &$% #$2;((1"1,5./.(-$..2(
>'&(>&3+(#*$(' %Y &SIBEIRD(," (@ :>¥HBDD  #$/(&"13+D(/,&$-#,3".$22(+3#,39,#*('(
+$"("%.$(3>(V[Pp (I (#"1'&I(I$5,'#,3"(3>(;am  pN>,%:&S([ Y (©3$..2(-.32$(#3(
#$('%%E$% H$2D (*39$5$&D (+, WBLE (#*$(-.. + 72D (& HS&(#*"(,"#3(#*$+D(2(
3@2$&5$/(,"(-$..2(,"(@:>>$&; ((K*,2(&$2: #HBAS-#$/(@$- 25 (#*$(-$..2(9S&S("3#(
$B?32$/(#3("($BHS&™.(%&'],$"#(3>(-40L;((C"$(.,85.7($B2."#,3"(>3&(#*,2(@3$*'5,3&(,2(
HHHS(-$ HE&(B>(#S( Y% &% HE(9'2(8$.$'2,"%('(-40L(-3"-$"#&'#,3"(.$22 (O (
K*:2("(, " I5$8HS (%81, $"H(9'2(2$H(:2 (@ SHISS TS (-$"#& ("I (H*$($/%$(3> (H*$(
'%%8$% #3;((1(. #$&(3@2$&5$/(H*$(2'+$(?*$"3+$"3"(,"(-$..2(," (", >3&+(23.:#,3"(3>(
-4 OL("/($B?32%$/(#3(2*$'&(2#&S22ABR: #2(2$-#,3VO0; (A(#,+$(."225(?"'$.(3>(-$..2(
2%392(-$..2(+,%&'#,"%(3:#(3>('%%E&$%0'H, 3" (-$ " #$&2(9*$" (SRR3R, >3&+(
23.:#,3"(3>(¥(O(-40L (N>, %:&S([;N@((C(CCCC((

183+(#*,2(-3"#&3$B?$&,+$" D (1(9'2(' @.$(#3(5$&,>7 (H*#(-$.. 2 (#*#(+35%/(
1,&$-#,3"..7(:2("(SBHS&™ . (%&'),$"#(,"(2: @2$E:$"#($B?$&, +$"#2(@3$-':25(3> (#*$(
%&,$"#D(&HS&(H*"(2,+2.7(/: S (H3(B?&$2$"-$(3>(-40L; (" (#*$(>:#&$D (! (-" (#$2#(
#$(+3#,3"(3>(-$..2($B?32%/(#3(/,>>$&S$"H#(:", >38&+(23.:#,3"2(3>(-40L (#3(#$2#(,>(-$..2(
+35%$(/,>>$&$"#.7(@'2$/(3"(-40L (&$-$7#3&:2"-7(.$5%$.2; ((A39$5$&D(@'2$/(3" (#*$(

&$2: #2(3>(#* 2(#$24#(2(9$..(2(3"(H* SR @., 2*$/(H*$3&T (H*'#(3".7(%&',$"#2(3>(
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#3(2*$' & (2#8&$22("/(-40L I8, & 2#(9,2*$/ (#3(3@2$&5$(+$-*"3#'B,2(".3"$(," (/$5$.32%/(
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( 1$-3"/D(1('28%/(*39(-$..2(93:./(+35%(,"('(:",>3&+(23.:#,3"(3>(-40L; ((K*,2(
$B2$&, +$" #(2$&5S/('2("(,+?3&H" #(-3"#&3.(@$-:25(3"B(3>(+TU(,+2  (92(#3(
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@7(2$?'&'H#P(B2#,+#B2(+'1$(,"('(h,%+3"/(-*'+ @P&#H*'# (' (-*$+3#'-#,-(&$273"2%(
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3".7(-$..2(5$&7(-. 32B(HI(H* S (%% &SV HS2 (N HT LML HS/(, " #I(H$S #-$(
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# (WY ('0d +('2(?8$5,3:2.7(2:@.,2*$/D("/(#*#(YW("06 +(+ 7(@$(+38$(374#,+'.(
#(Y ("00 f +5((CCCCccecceeceecce
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"/(3"$(3>(HB(H&SH(2*$' &(BB22(%& ], $"#(&$%, §SB/FNV; b(L'D (VY V(L'D("/(V;[F
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2$-3"/(*723#°$2,2;(0%"( "%:.'&(/,2?."-$+$"#2(.,$(-.$ & T(@SHISS" (W' (XW W('(
H(39("(+$/,+(2*S'&(-2$  2(>3&("..(%&1,$"RA(2., %6 #.7( @35B(W" (#+$(*,%*(
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398&FH%" > - #,3"(#,+$ F'22$I((K*, 2(E:$2#,3"(9'2("3#*$&(+3#,5'#,3"(@$*,"/(#*$(
* 06*B&(+%0", >, #,3"(-'29(/,2-: 228/ (#(#HS($"/(3>(#*, 2(2%-#,3((((
4
4

1@ %8&+6>-6>4*&'4(+>6-*53'4):4.&'+84.*8'.41&+6>" 4*&' 46>1'4):4

3- 21+1(6*475*41&+6>-6>4%&'4.*"26'. 4):4*& AI"H$4>8+3-'6*43).46)*4 4

("3#,-$I(>&B+{H$(/,27.-$+$ " #(?. IHB>(H$(-3+@, "SI (- 2S B H(H S ("%.$(
#S"IS/(#3(2*, >H(HB&I2 (W2(2*$' &(2#8&$22(,"-8&$' 2%/ (¥0: &S ([;bD(?.3##, "% (+$"' (" %.$(
%', "24(2*$'&(2H&$22D(-3"> &+ 2(#* 2(H&S"I(," (HS(/#(K*, 20/ # (2: %% $2#2 (#* #(#(.(
HESH(%&!] $"H#2D(,"-&$'2," Yo (#$(,"#$" 2, HT(3>(H*$(2*$' &(2H#&$22(2, %" (,"-&$' 252 (#*5(
TSI A, (-3+73" S (3> (1, &S#,3" ((CS(+73&H H("3HS(, 2(##( #3907 (
+ $-+"3H#B,2( "27$ '&2(HBESEH 8L $+3H'B, 2 (#(*, %X (2*$'&(2#&$22$2(," (>, Yo: &SRDE
HS(H™(1,22.-$+$ H(-3"#,"2('(2+'..(-3+23"$"#(3>(-*$+3#'-#,-(8$223"28D(,;$: (#+$(
+$"(1,22.-$+" H("%.$2( &$(," (> &2H(E:1&"# ((K*,2(+7(2:%%6$ 24 (#* #(& H*$&(
R (29,44, Yo(H3(" (. HP& HS(+3I(3>(+,%68& #,3" (#(* %*(2*$ &(2#8&$22D(-$..2(&$(2#, .(
HSY&H, " Yo(HS(HI3(2,%" . 2(@ HH HHS(+$-"3H#'B,2(2,%" (,2(+:-*(2#&3"WS&H " (
AP S+3##,-(2,9%™ (W

I("$BHRBS/ (Q*SH*S&(-*"%, " Yo(#*$(-40L(%&), $"#(93:./(2,+,.'&.7(>>$-#(-$..(
@$*'5,3&;((3##,"%(+$" ("%.$(%0',"2#(%&),$"#(N>,%:&S([;a0D (1(>3:"/(#*#(-*"%,"%(
-A0L(%&')$"#(¥2(+," +.(+?-#(3"("%.$(3>(/,22.-$+8"#  (K*$(2#3&,28(,"(>,%:&%(
[ja(,"), - #S2(H#*$(3".7(23,"H#(9%,-*(9'2(2##,2#,- . 7(2,%", > -"#((K*$(8,"8(,"(#*$(.39(
28 &(2#8$22(-: &5$(-38&$273"12(#3(H*S(V(*MD(.39(2*$'&(2#&$22(-2%("/(

-388&$223"12(#3((2##,2#, . T(/,>>B&S #(+$"(/,22.-$+$"#("%.$(>&3+(@3#H*(H*S(W; Y (

34



"00 f+D(.39(2*$'&(-'2$(N?nW;WmaO("/(#*$(YW(HI.39(2*$'&(-"2$(N?nW; WWWaO; ((
A39$5$&D(#*$(/,>>SEKEBHISS (H*S(W: Y (06 (- 28("/(#*$(YW("00 f +(-'2$(>3&(
39(2*$' &(2H&S22(9'2(24 #, 24, T(,"2,%" > - "#(N?NW: XXO: ((4..(3#*$&(-3+7'8,23"2(3>(
+$"(""%.$(9,4*," ('(2*$' & (2#8&$22(8&$%, +$(*'/(2UW; WA (K*, 2(2: %% $ 242 (- #(#*$(Y (
"00 f+(-28(2("("3+.T(I(+T(2,+2.7  (@S((&D2: #(B>(HS(? &, &(-$.. 2(H*H(
9$&$(-*32%$"(>3&("". 72,5 (' &%$&(":+ @$&(3>("".TUS/(-$..2("/(+38&$S(#&,".2(9,..(/(
QH'H 24 - (?39B&(HI(#*,2(-3"-.:2,3" K(8S" (#3%$H#*S&D (H*$2$(/'# (2$$+(H3(2: %6 S2H (' #(
O 2(%& S H(& "V SD (S (2HES Yort* (BHHZF - #,-(2,9%" . (13$2("3H(>>$-H(H*$(-$..12(
'@, #T(H3(-3+7$#B(9,#+(+$-"3#'B, 2; (((((CCCCcceeccee

(

K@%'1H) H'1140+8-+7-1-*C4-643-8'1*-)643'18'+.".4+.4.&'+84.*8'..4- 4

-618'+.'34 4

I("SBH('28$/(9F H(H$(&S. #,3"2*, 2(@SHISS" (H$(2#, ., (1$(-$.. 2(SB2$&IE"/(
#$(22&$'1(,"(#+$,&(/,2?.-$+$"#(9'2;(1#"1&I(I$5,#,3"  (2((&$>.$-#,3"(3>(BtF
$.(5'8,' @, HI\$'*(-$...2(/,>>S&S" #("(-$..2(,"((?37:.'#,3"(9,..($B28$22(/, >>$&$"#(
@$*'5,382(9*$"(2: @HS-#$/(H3($B'-H.7(H*$(2'+$(2#, +1.:2(@$-:25(3>(/, *:HRS(
%$"$(?&3/:-#2;((K*,2(5'&,'@,. #7(*2(@$$"(-*&'-#$&,USH, Yiscoideum(NL'+'/™ (
et al. D(VWWbO:((((

1(-3:/ ('3#(-3+7'&$(5'&,"-$2(@$HI$S Q& ], $"H-2$2(‘H( (7' &H,-.'&(2*$'&(
&$%,+$(1${.39D(+$/,:+D(*,%*O(@3$-"2$(NYO($B?$&,+$"#2 (9P &S (/3" P HH& S "#(
%5 & (2#8$2252("1(," (1, >>$8S #(/$5,-$2D (" /(NVO(9,#*3:#(&$?$ #$/ @&3:2 ("34(
HHE, @ H#S(,>>$8S"-$2(#3(-3" #, 3" (& HS&(H*" (FEFHE, . (5'&,' @, ., #7;(A39$5$&D((

could -3+?2'8&$(-$..2(,"((?' &1 &(%&], $"#(-3"1 #,3"(2: @H$-#$/ (#3(/,>>$8H2*$'&(

35



2#&%$22$2(@%-"25($B?$&, +$"#2(9$&$(?$&>3&+P/(,"(#*S(2'+B(/$5,-$(9,#*(#*$(2'+B(2$#(
3>(-%$..;

1,%:&8[; (2. 3H20Q4#" [ &I(I$5,'#,3" (%' "2#(2*$' &(2H&S22("] (... 2H&#$2(-.$'&.7(
HRH(( (%8, $"H#2D('2(2*$ & (2#&$22(, -8 252 DENRI (IS5, #,3"  (3%"%:.'&(
1,22 -$+$"H(/$-83252: (( K*:2(-$..20,#*( (' &%S&$-*"3#  #,-(-3+23"$"# (&$%, +$(
N#39'&/2(WO($B*, @ #(.$22B8S$..(5'&, @, . #T(K*,2(?*$"3+$"3"(3--:&2(," ($5$&7(
06&',$"#(-'2$:(((-3"2,/$&S$/(H*$(?322,@, . . #T (H*H#(#* 2(2#&,8,"%(-3">3&+ #7(3>(
1,2 2. -$+$"#(""%.$(9'2(/: S(#3(23+$(%$3+$H&,-(?*$"3+$"3"D(2:-*(2("., %" "% (3> (#*$(
-$..(@3/7(/:$(#3(>.39D8$" (9,#*(#*$($5.,/$"-$ (53&'%$(-$..(27$%/(,"-&$'2$2(
2,%",>,-"#.7(H($5S&T (2*$ &(2#&$22; ((K*:2(* Bo®BE,>,-'#,3"(,+'%,"%(,2(,+?38H"#(
S3EH. -, [H,"% (2+$"3+$" (31 &&, "Vo(‘H( #*ETHI28S. $H($5S.:((" (#*$(6,2-:22,3"(
2$-#,3"D(1(?&37328(3"$(9' 7 (H-#(#* 2(H&S"I(,"(5'&,' @, . #T(+'T(?&35,/$(,"2, Yo*#(,"#3(#*$(
&S$.'#,3"2% 2(@$HI$S$" (+$-*""3#'B, 2("/(-*$+34#'B,2;( (

(

M@6'11.4(+C16*'>8+*" 4'1&+6-1+14+634!&'(-1+14.->6+1 .4+*4*&'42.'53)2)34

1'0'14444

13+$(3>(#$(E:$2#,3"2(U( *32$/(#3(11&$22(9,#*(*, %*$&(+'%" >, -'#,3" (#,+$(

122$(+35,$2(9$&BH*$(>3..39,"%D (&S, #S& #S/ (>&3+(E:$2#,3"2(/, 2-: 22/ (#*8&3:%*3:#(

(&S 2H(3>(HS(8$2: #2(25-#,3"I((CH#(238#2(3>(7*$"3+$"3" (&S (3HLEH$(

2H8$22$2(,> (ST (I3("3H(ISH -*(>83+(H*$(2:&>"-$I((138(-$..2(9,#*('(/,'%3" (
1,27 -$+$"#D(/ 3$2(#*(-$..(# 8BG&TA+ . (2H$? L 2("(-&322D (#*:2(29,#-* "% (

@SHOSSUS+3#'B,2("/(+$-*"3#B,2  I((C&(,AESE. (+358+$"#(/,'%3"I(( (

36



( 6:$(#3(.,+##,3'2(,"(5',.' @, #7(3>(,+'%, " Yo($E:, 2+$"#(""/(#,+$(-3"2#&,"#2D(I(
92(:"@.$H3(-&S$>:.. 7($B'+,"$((5'&,$#7(3>(-3"1,#,3"2(:"IS&(*, Yo*(+'%",>,-'#,3"(
"/(8&$23.:#,3" #3("29$&(H*$B(E:$2#,3"2((!(//D(*39$5$&D (#'8$('(2$#(3>(*, %*$&(
+0",>,-'#,3"(NYWBO (#,F$2$(+35,$2(>3&(.39D(+$/,:+D("/(*,%*(2*$'&(-2$2(‘#(YW(
"00f+ (4.#3:%*(#*,2(/'#(,2(?8$.,+,"&TD(I(9'2('@.$(#3(+'85(23+$(,"#$&S2#, " %o (
3@2$&5'%,3"2;((1,&2#D(1(/,/("3#(3@ 2 S & THER 24S(@$HI$S" (*38,U3"#'.("/(5$&H,-.(
+355+$"# S -$..2(#F#(+35%/(/,'%3"..7('??$' &S/ (#3(#'8%(/,'%3™.(2#$22;((1$-3"/D(I(
3@2$&5$/(#93(,"#$&$2#,"%(?*$"3+$"(,"53.5,"%(?2$:/323/2D(2*39"(," (>, %: &H(E"(
#$(>, &2#(N'OD('(?2$:/323/(#*'#(,2(3&,$"#S/(/ W, "2H(#*$(>.39(, 2(&$SH&-HSI(@T (#+$(
5. (("#$(2$-3"/(N@OD('(?2%$:/3?23/(3&,$"#$/('%0',"2#(#*$(>.39(?,53#2('&3:"/ (#*$(
'*$&$/(@'-8($/%P(3>H*S(-$..("/(3&,$"#2(,#2$.>(".3"% (#*M( >.39; ((K*$2%(

P 3+$" (HT(@B(-&:-, . (H3("IS&2#" ], "W (*39(-$..2(,"HS W& HP(+$-*",-'.(2,%".2(
0,44 (+$+,-". (= $2;((H(9'2(5S&T (/,>>,-: #(#3(2$$(- 7#3283.$# . (>$#: &$2(9,#*(#*$(
&$23.:#,3" # #(9'2('5',. @.$D(23(,"(#*$(>:#:&$(1(93:./(.,8S(#3(:2S(@$H#S&(37#,-2(#3(
+3&%(-.325.7($B"+,"SH*S(+$-*",-2(3>(?2$:/323/2(‘#(*, %*$&(&$23#,3"D('2(9$..('2(
2HEIT(HS(T"+,-(3-., UH,3"(B>(=IL  Br%%$/(-#,"(9.#%," (#$(-$..(@F-:2%(

22$:/13?23/2('&$(-3+?232%$/(3>(23.7+$&, US/(-#,"; ((((((

37



le; 6,2-:22,3" (

L&, 3&(#3(#*,2(93&8D(+$-*""3#'B,2("I(-*$+3#'B,2(, . discoideum */(@$$"(
2#:1,$/(2$?' &HS. T(@H("3H(2,+: #"$3:2.7;((" (#*,2(93&8(!(2: @HS#S/(-*$+3# B2
-3+2$HS #(D. discoideum -$..2(#3('(22$-#8&:+(3>(-3+@,"$/(-40L(%& 1, $"#("1(2*$'&(
2H&$22(-3"1 #,3"2;((K*$(BS7(-3"#&, @:#,3"(3>(#*, 2(2#:/7(,2($5,/$"-$(H* #(9*$"(

2: @HS$-#$/(H3(@3H*(2*$ &(2#8$22(" /(' (-AOLGHEDD. discoideum -$..2(&$-#(#3(@3#*(
3>(HB(22.,$/(2#,+1.,(2,+.#"$3:2.7;(( (3@ 2$85S/(#*#(-$..2(/3("3#(29,#-*(@$#I$$"(
BB, Y("(+$F"3HB, "% S HST(HSYR HES(HI3R, %™ 2; (1, 2(25-#,3"(
118522 ($(E:$2#,3"(3>(9*&%"(#*$(-$..12(2,%"(?&3-$22,"%(+'-*,"$&.7(

+$HBHB 2("(FSHIHB,2( | HS&2S-H("I(2: %% S 24 (H ST (3("IH(2 RS H . (
2,%".,"%(?#9'7;((1,"..7D((?&32328(+$-+" 2+(@T (9%, -*(-$..2(+$/, HS(-*$+,-'.(
(+G (24,4, (3" (#S(228:/3231(.$58. ((((( (

(723452, US/(#H(1(93:./(3@ 2585 S(SB2$&, +&"#'. ('t (+#-%,"%(3"$(3>(#*$(
>3..39,"%(+3/$.2J(NYO(-$..2(&$5223"/(#3($, #*S&(H*$(-*$+3# -#,-(3&(+$-*" 3t -#,(
2,%" D(&$2:.4#,"%(,"((232:.%,3"(,"(9%,-*(23+$(-$..2(+35%/(,"(#*$(/,&$-#,3"(3>(>.39(
"3 $82(/,8$-#.7(-*$+3# BS/(:2( #*$(-40L(%8&1,$"#(B&(NVO(-$..2(23+$*39(
HSYR HSI(H*$2$5(2,%" . 2("/(+358/(,"((1,'%3".(/,8%-#,3",(( B@2$&5%/(
35$89*$.+,"%6($5,/$"-$(," (>'53&(3> (H*$(. #HS&(+3/$.\(#($5$&7(-40L (%81, $" #(#$2#$/D(
L(HS(-$..2(,"(HB(237: #,3" (+358/(,"((, %3™. (1, &$-#,3"  (H(3HI(+$/,:+(2*$'&(
24#8$22$2;((183+(-$..(H&'-82(1(. 23(ISHS&+,"$/(H#(-$..2(1,/("3H(29 #-*(@$HI$$"(
G+3HB, 2("(+$-"3H' B, 2(2H& HS%,$2 S -$..2(9,#4(' (1, %3".("%.$(3>(

1,22 -$+$"#(1I("3H(22$"1( 2,%",>,-"H?$&,3/2¢:35,"%(/,8&$-#.7(*3&,U3"#..7(3&(

38



5$&H,-.. 7(9,#*," (#*$(/$5,-$;((K'8$" (#3%$#*$S&D (#*$2$ (3@ 2$&5'#,3"2(2: %% $2# (#'#(-$..2(
23+$*39( , " #S%& HE$2(H93(2,%" 2(#+HD(9*$" (122, $I(,"1$2$"1$" 1. 7D (2#,+:. #$(
#$+#3(%3(,"(38#*3%3".(1,&5-#,3"2;(((

I("$BH(23: %6 #(#3("" 2958 (H*$(E:$24, 3 BW(-$..2(,"#%& HS(H*$2$(#93(2,%((.2;
A2(+$"#,3"$/(," (#*$(P'-8%&3:"/(2$-#,3"D(' (I, %3".( 1,2?."-$+$"#( 2*392(#*#(-$..2(
'&B(&F5273"1,"%o(#3(@3H* (#*$(2,%" . 2D (@ H#( #(/3P2("3#(&$5$". (#*S("#: &$(3>(, B$%&'#,3"

>3&($B'+72.$D(9*$H*$&(8$2723"2$2(#3(*$+3#'B, 2("/(+$-*"3#'B BG(-3+2:#S/(

*3 9$5$8D(2#8.3"%.7(2: Yo YoS 24 (- #(#*$(-—*$+3# B, 2("I(+$-+""3#'B,2(+$-*",2+2('&$(,"(
>'#separate 7§ 3+$"  HH(I3("3HQ278S(" (S H,-.(+3.3-.'&(@'2,2 (@:H(&H*S&(
'&$(2&3-$225/(2$2'&'#$.7("1(2:2$8&,+232%/; (((((((((

|, &2#D(+$-*"3#'B,2("27$ &2(#3(@$(,"/$?$F"#(3>(#*$(-40L(&$-$2#38&;(()$..2(
+35$/(/,&$-#.7(,"(#*$(/, 8&$-#,3"(3>(>.39(,"(@3#*(@:>>$&(NI*$"("3"$(3>(#*$(-40L
&$-$PH#382(9SEB(3--:2,$/0("I(,"((:", >3&+(-3"-$"#&'#,3"(3>(-40L(N9*$"(-40L(
&$-$7H#382(ISES(:",>38+.7(3--12,$/0D('2(93..('2(,"(%&,$"#2(3>(-4GHBHS(2'+$(
2+$'&(2#H8$22;((I"(H*S(>#&S(1(2. " (HI(HS2H( (Y &SHS&(& "% $(3>(:",>38+(-40L(
-3"-$H&H,3"2(#3(>: &#*$&($B?. 3&S(HH(&$. #,3"2%, 2(@FHISS" (+$-*"34'B, 2("/(.$5$.(
3>(-40L(8S$-$2#IB--17"-7 S >3&(,"2#"-$D(9,..(-$..2(2#,..(+$-*"3#'B(9*$"(
&$-$PH3&2(&B+2.54$. 7(2'#: & HS/( ((

1$-3"ID(-$. BFS$..(5&,'@,. #7(,"("%.$(3>(/,27.-$+$"#(/$-8$'2$2(9*$"(-$..2(

'&$(+35,"%(,"('(+$-*"3#'B,2(&$%, +$(&'#*$&H*" (' (-*$+3#'B,2(&$%,+$(9,#*," ('(

39



195,-% ;((1,5,/:".(-$..2(,"((?37:.#,3"(&$(2:#'#,55.7(8"39" (#3(*5$(/,>  >$&$"#(
&$273"282(#3('(-*$+3#-#,-(%&' $"#(/ - $(#3(,"*S&$ " #(/, >>$&S$"-$2(,"(,"#&'-$....'&(
DT++SH&T("(?&3HS,"(283/-H#2(NU+ /" ( et al. D(VWWDO;((K*$(-*$+3#-#,-(&$273"2%(
F2(@$S"(+3/$.B/(2(H*$(283/:-#(3>(, " HE-$... ' &(12T++SHE&T("/(SBHE-S....'&(
%&',$"#(K*$(3@2$&5#,3"(#*#(#H S(2'+$(-$..2(,"((/$5,-$('&P(.$22(5'&,'@. $(:"/$&(

* 0% (2*$'&(2H#&$22(,+2., $2(H H(+$-*"3#'B, 2(,2( (2$7?' & #$(?&3-$22(>&3+(
F$+3#B,2 S >HSHIZ(2V&SI(HS(2+$(+3.$-1.'&(2'H T D(3"$(93:./(SB?S-#(##(
@$*'5,3&.(5'&,'@, .. #7(93../("3H@$(/,>>$&S "#(:"I$&('(+$-*""3#'B,2(&$%, +$(5$&2:2('(
-*$+3#'B,2(&$%, +H((((

K*,&/D ("%, "% (H*$(+'%" #:/$(3>(2*$ &(2#H&S22(,+?'-H#2(H*$("%.$(3>(/,22."-$+$"#(
@ ("%, "Yo(H*S(-*$+3H'-#,-(%8&' ], $"H(3$2("3#:; (A2 (H*$(2#$$?"$22 (3> (#*$(% &'/, $"#(,2(
-&$'2$/(>&3+(WY0of+ #3(Y'0of+ #3(YWdof+ (#(.39("/(+$/,:+(2*$'&(
2H&$22$2D (H*$('5$& %S("%.$(/3B2("IH(-*"%$(2,%" >, CHSIAB22,@.$($B?.""#,3"(
2(HH(,"-&$'2, "Yo(HS(2HSSP"$22(3>(H*$(%& ], $"#(I3$2("3H(*" %S H*S(' @, . #T(3>(-$..2(#3(
J-3+2$H#BK (9, #*(H#B(+$-*", -'.(2,%™.;((""(3#*$&(93&/2D(," (#*$(-40L (& %S (#$2#$/D(
&2, Yo(#$(-A0L(2,%" . (13$2("3H(,+7"-H#('(-$..i12(/, &$-#,3"(3>(+35$+$"#D (@ :#(
=852, "V (HB(+$-" -.(2,%0™.(1352;( (K*,2(2$$+2(#3(2:%%$ 24 (H* #(+$-*" -'.("I(

S 2H2(&S(MBH(-3+ 2 HSI(HI3%SH $S&(@T(H$(-$..12(%.3@".(2,%".(2&3-$22,"%(
272H$+H(@ (& H*P&B-$22$/(2$?'&'#$. 7("1(#*$"(11S/((((((((

C'$(-3"#$"#, 3" (H3(#*, 2( 2 (3@ 2$&5#, 3" (+, Yo H(@S(H*H#(,"(#*,2(& "% $(3>(%& ], $"#2D(
H$(-$..2(&S$([2'H & HSNS #+#(,2DH*S&S(,2("3(,+?&35S+$"#(,"(-*$#'-#,-($>>,-, $"-7(

9, #*(,"-&$'2,"%(%&/,$"#((A39$5$&D(I(3@ 2585/ (#+#(-$..2(,"COMEY ( ©6&/,$"#(,"(

40



j29 #-4K(/,&$-#,3"2(9*$"(," (&% $(3>('(2&5>3&+$/('%%&$%'H, 3" (-$" #$& (BB ((
"#:&" (-40L(8S$.'7(9'5%;(("((Y( "Oof+ (Q6&1,$"#DH*S(-$..2(+,%& HS(: 2 (H*S(SBHSE&" . (
%&'),$"H("I($>>$-#,5%.7(,%"38&S(HS(%%&$Y%H, 3" (-$"HS&2; ((K*, 2(25$+2(#3(2: %% $2H(H* #(
HAS(-$.. 20 &S("H(2 1 &HSI(,"(W; YO +( %&'),$"H" #-H#(,"-8$'2,"Yo(H*$(2HSEB22(
3>(#*$(-40L (%&),$"#(I3%2(,"I$$/(,"-&S 2B (#*S(-+$+3#'-#,-(8$223"2$(3> (#*$(-$..2(,"(
H#S(Y"00T+(8$%, +8;((1:#:8&S(2#:] $AH#3(2:223&H (H*, 2('&Yo:+$"#(2*31./(,"- ./ B(+38(
>"$.7(2'+72. "% (#*$(?322,@.$(&"%$(3> (Y& B #2

| 3..39 E2($B2$&,+$"#(2*30./(,"-../$( @& 3%'#,"%(#*$(-$..i2(LI[(8,"2$("$#93&8
"J(3H$8(P&3232$/(-*$+3H'B,2(?H9'T2 HIA2H:/T(F*SHS&(+$-+""3#'B, 2(,2(
&$/:-$/(,"( /$5$.32%/ (-$..2(2(6d-'5 d2:%%6$2#2(#(,2(," (5$%$# #,55(-$.. 2D@/E*(
2835, /$(-3"HSGB5,/$"-S(HI(+7(-. +2(H H(-*$+3H#'B 2("/(+$  -*"3#'B,2('&$(
257 &HB(>&3+((2,%".,"%(2#"123," HI"ISS/D("3#*$&(?322,@, .. #7(, 2(#*#(9%,.3(
+§-+"3#'B, 2("I(-*$+3#'B, 2(/3("3H(2* 8B (" (B H,-. (2, %" (H&""2/-#,3"(
P TDHST(+T(2¥&$(23+$(+3.$-1.'&(-3+23"$"#2;( ((

1,"..7D (@$*'5,3&(-"(5'& 7 (‘#(#*§$5$.(3>(,",5,/:'.(22$:/323/2D(-$..2D(3&(
V%8SV HS2(3>(-B(2RBII2S(HH H(-3+2:#H#,3"(3>(H$(2, %" 2(+'7 (3 &(H(#*$(
22$:/323/(.$5$. (& S&(H" (HS(S...'& (2,%".(H&""2/:-#,3"(.$5%.;((1(>3:"/($5./$"-$(
>&3+(#*&$S(*, % BE23. :#,3"(+35,$2 (1 #(-$. R$2?23"I(#3(2*$'&(2#8&$22(," (#93(9'72)(
NYO(?,53#,"%("/(NVO(&$H#&'-#,3"(3>(22$:/323/2; (1" (#*$(>, &2#(+$-*" 2+ D(#*$(@'-82(3>(
-$..2(&$+,"(FSE&S/(HI(HS(2: @ 2H& HETH*$(8$2#(3>(H$(-$..(@ @3/ (#*$"(2,53#(
&3 %" (#2$.>(. 3" Yo(HB(>.39; ((K*, 2(+8-*" 2+(, 2(/$?$"/$"#(2,+2.7(3" (#*$(

1452, 58"$22("/(%$3+$H&T (3>(HS(-$..D(9%,-*(1(9,..(-'.. (*$(j?, 53#, "Yo(+$-*", 2+:k((

41



I"(#$(2$-3"/(+$-*", 2+ D(I(3@2$&5S/ (- #(23+$(22$:/323/2(H*#( &S (., %"$/(
37932 #SHIH*$(>.39( &S(-#,58.7(&SH&'-HS/D("/(22$:/323126"$/(," (#*$(/, &$-#,3"(
3>(>.39('&$(+,"#,"$/;((K*,2(2$.$-#,5HS-*" 2+ D(9*,*(1(9,.. #$&+(H*$(8$HE #,3"(
+§-5" 2+DK(,2(2,+,. QHIH (9T (H#(-$..2("5,% #$(2* .39 (%&/,$"#2(3>(-40L(
N4"/&$I("/(1"2.. D(VVEDL(()$..2(-3"#,":3:2.7(22. #(22$:/32312("] (+',"# " (#*$(
22$:/323/2(#*#(2+7 $(-40L(*, %*$&(-3"-$"#&.#,3"2(9*, . $(&$H&'-#,"%6(?2$:/323/2(
(242 (. 3988 (-3"-$"#&H,3"2; (H(93:./(@B(,"#HS&S2#,"%0(,>(#*,2(9'2(, IS/ (#*$(
+$-5 2+H(@7(9%,-*(-$.. 2(+$/, HBH*B(#93(2,%" . 2(@3-'12%(,"((-2$(9*$&S((
22$:/3? 3/(9*,-*($B2$&,$"-$2( (*, %*$&(-40L(-3"-$"#&#,3"(,2( . 23(38& " #$/('%',"2#(
> 39(#°$(-$..(93:./(*5(#3(j-3+ 2 HSK(H*S(#I3(2,%" . 2("I(+'8$((/$-,2,3"( @3:#(
O*SHSR(HI(ESHE H(B&(+,"# " (#*,2(?2%$:/323/; (K3 (#$2#(#*,2(2-$"&,3D(3"$(-3:./(
%, "B(" (SBPBE&, +$"H# ("(9%,-*('(+,-&32, 2BHHS(>,..$/(9,#*(-40L(9'2(2."-$/("$'&('(
22$:/323/D("I('(-"#, $5$&(2:-*(2("(#3+,-(>3&-$(+,-&32-37$(?& 3@/ (#*$(2'+$(
22$:/323/(9,#+((+$-*",-.(>3&-$;( (

I(2&3232$(H- #(H*$(-$..(8$223" [2(HI(HS(+$-" -'.(2,%" 2 (#+&3:%*(23+$(
3+@,"H#, 3"(3>(H$(?, 534, "% (" (&SH&'-#,3"(+$-+" 2+2; ((K*, 2(+3/$.(,2(-3"2, 2#$"#(
0, #*(+7($'&., $&(3@2$85'#,3"2;((1, &2HD (#*$(?2$: BB, (-3+2:#'#,3"(3>(-$..(
1,&$-#,3"(,2(/39"2#8$5+(3>(#*$(-40L (&$-$743&;((1$-3"/D(BFS$..(5&,'@, . #7(-3:./(
@S$($B?.","$/(@7(HUBIS.(@$-:2$(@3#*(?,53#,"%("I(&SHE'-#,3"(-3:.1(,"-&$'2$(,"(

“3"-$&H(9,H4(,"-8$'2%/('27.,.$/(2* ' &(2#H&S22D (-2, "%(+3&B(-$.. 2(H3(+, Y& HS(," (#*$(

1,8$-#,3"(3>(2*$'&(>.39; ((K*, &/D(,#(,2(-3"2, 2#$"#(9, #*(H*$ (3@ 2$&5 #, 3" (H*#(-$..2(/3("3#(

FB(H*PS,&("%.$(3>(R?.-$+S"#(:"/B&(/,>>P&S " #H(% &', S "#(-3" #,3"2(@:#(/3(:"1B&(

1,>>$8$" H(2#8$22(-3"] #, 3 $E(3&("3H( (j-38&S$-#K(?2$:/323/(,2(?,-8$/(:"/$&(

42



HS(*$+34'B,2(8$%, +$(2A?$"I$H(3> (*$R#$$?"$22(3>(H*$(%&'/, FA39$5$8D(
$,4*$&(?,53#,"%(3&(&SH8& -BRO 3 (+7(,"-&$2$(9,#*(,"-&$'2$/(2*$' &(2#8&$22;(
1" TD(#*,2(+3/$.(,2(-3"2,24#$"#(9,#*(#*$(3@2$&5#,3" (##(-$..2(+35$(3:#(3>(
'%Y0&SYHS2(9*S" (2#,+:. #$/(9,#*(SBHSE™ . (-40L(@ #("3H(9*$" (2#, +1. #$/(9,#*(
+$- 2 (2#8$522;()5..2("S & (HS($/% B (3> (H* (Yo W ($B 258, $"-, "% (2*$' & (2#&$22(
9,..("3#(?,-8(22%$:/323/2(#(#*#($%3;()$..2('9'7 (>&3+(2#&8$22(9,..(@$(2*,$./$/(>&3+(
(2 &(2#&$22("I(#*:2(* 5S("3(,"-$"#,5$(#3(+35$(>&3+(#*$(' %% &$%'#, 3" (- H $&;
AH(#*,2(23,"#(," (SB?$&, +$"#'#,3"D(*39$5$& D (#*,2(+ WS (R(27$-:.'#,5%; ((
|:#:&$(9388(9,..(,"-./$( +3&$H&, . 2D("".7U,"%('(.' &%$&(":+@$&(3>(-$..2D("/(
$B?.38,"%(+38$($B?$&, +$'# (7' & +SHEYUD , 82#(*3?S(#3 (&SP H($B?$&,+$ #2(H((
* 00 $&(+'%",>,-'#,3" (4H( (@ SHH#D&(,+'%, "% (&$23.:#,3"D(I(-" (@S (+38&S(-B(S#+7(
3@2$85'#,3"(3>(?2$:/373/(?,53#,"% (" /(&SHE&'-#,3";((1("23(?." (#3(/3((+3&$(&, %3&3:2(
HNS(".72,2(3>(H$25(*, %* FR$23.:#,3"(+35,$2(H3(ISHS&+,"S(H* (& B3 (-$
?,53#2(#3(22$:/373/(&$H& -#,3"2(‘#((%,53" (2*$' &(2#8$22 (" /(-40L (%&/,$"#;((((
1$-3"/D(,"(3&/$&(#3(/,2#,"%: 2+ (@$H#I$S$" (#*$(?322,@, . #,$2(#*#(NYO(+3&$(
22%$:/323/2('&$(%$"S&HSI(,"(#*$(/,&$-#,3"(32?232,#$(#3(>.39D('2(?&3 7323 /(B 7¢6
et al;("I(NVO(>$9$&(?2$:/323/2( &$(&SH#&-#$/(," (#*$(/,&$-#,3"(32232,#$(#3(>.39(D(!(
2."(#3(#8S(*, % R$23#,3"(>.:38$2-$"-$(+35,$2(3>(-$..2(9,#* (=B %%$/(-#,"; (">(
ISSI(-$..2('&B(%$"$&H, " Yo(+38$(22$:/323/2(," (#*$(2,/$(3>(#*$(-$..(32232,#$(#3(>.39D(
1(93:./($B?$-#(#3(2$S(%&S HS&(#,"($"&, - *+$"H(#H* 2(2,/$(3>(H$(-$... (K*,2(".72,2(
93:./(.23(/,2#,"%: ,2*(@$H#9I$$"("(j,"2#&:-#,5$K("/(j2$.$-#,5K (+3/$.(3>(-$..(
1$-,2,3"(+'8,"%; (" (#*$(>3&+$&D('(2,%" . (2:-*(2(-*$+,-'. (B&(+$-*" ' (2#&$22(

OH&H2((-$.. (HI(+BB(+3&B(22$5:/323/2(,"(#$ (2 7&32&, HB(/, &$-#,3"; (1" (H*$(. HHS&D(

43



#$(-$..($B?.3&$2(H*$(27"-$(2$5$&.. (I, >>$&$ " #(?&3H#&:2, 3" 2 (- #(&S(SE:"..7(.,85.7(
#I(@B(+,"#,"$/(".$22(23.$-#$/(9,#*( (' &%N$&(?&3@' @, . #7(@7(23+$(2, %65 ((((((
K*,&/D(1(93:./(.,8(#3($B?.3&B(H$($>>$-#(H#(+'8,"%((-$..(+3&S$(*$2,5(*'2(3"(
#$0,53#,"%$-*",2+:(()  WD(>3&H"-$D(+'8$2(-$..2('/*$&B(+3&$(2#&3"%. 7(#3(
2:@2#&'#$2D(23(,#(93:./(@$(,"#$&S2#, " Yo (#3 (3@ 2$&5S(NYO(,>(?,534, "% (2423B--:&2("/
NVO(,>(?,53#,"%(/$-&$2$2D (#+$"(9, .. (#*$(&SH&'-#,3"(+$-*", 2+(?&$/3+,"#3I((c,.(
&SH&'-#,3"(@B($"3:%* (H3(2*, >H(HS(PH($..(/, 22.-$+$"#((C,..(-$.. REFS$..(
5'&,'@,. . #7(‘#(*,%*(2*$'&(2#&$22(,"-&$"28I((((
K*$($B?.3&'#3&7("#:&$(3>(+7(?&3HS-#(%$"$& #$2("35%. ("/(,"#$&$2#, " %o (E:$2#,3"2(
"/(2&35,/$2($+$&Y%,"%(,"2,%*#(,"#3(*30( discoideum*+$/, #$2(-*$+,-'.("/(
+EH (2, %M.2;((03&SB(,"H&,%:, " Yo D 2(/'# (-3:./($5%"#:..7( 2&35,/$2(-.:$2(
'@3:#(*39(3H*$&($:8' &7 3#,-(-$.. (HT2$2(2:-*( Z:#837%,.2D(-"-$&(-$.. 2D (" /(% $&+(

-$..2("5, % HB(-3+2. SB(+$-*" - ("/(*$+,-.($'5,&3"+$"H2;  (

44



=@ #+*'8-+1.4+634#7*&)3. 4

4

#3-+4+634>8);*& 4)63-*-)6.4 4

(

4-#FYN=IL B %%$/(N2#&'," (Awpdtyostelium discoideum -$..2(9$&S$(-:.#:&$/(," ("\(
+M(3>(ARI(+$/,:+(N D (+0(%.:-328D (YW (%0M(?$2#, -(?$2#3"$D(N%60M(7$' 2#($SBH#& -#D(V:(
+0(G' VALCiD(V;b(+0(QAC:D(?A(b;"O(H#WO" (YWW (++(LSH#HE, (/,2*$2;(()$..2(95&H(
?2'22'%%/(:2,"%(2#$&, $(#S-*" E:$(P5B&T (3H*S&(/'T(#H3(+',"#'," (#(??&3B,+'#3$.7(MW
-$..20+M(

4

%'1143'0'1)2('6*4 +63428'2+8+*-)64

4

1:@F3">.:$"#(?.'#352(3>(-$.. 2(\¥(-$..20+MO(%&39"(,"(AMN(9$&F(9'2*$/(9, HAQA
@:>>$&(NV;V@QAMTD(W;a(YaMLCr@"/(&$2:2 2$"/$/(,"(YWG(AMA(23.:#,3"(NW;\(
+MAMA(+$/,:+D(M;AFM(QER:>>$&O(H3(, - $(#*$(/$5$. 373/ (2#'%$; (4>FBR(YV
*3:&2D(/$5%$.3?%/(-$..2(9%$&$(9'2*$/(,"(QU@:>>$& (" &F2:2?%"] $I #3('(>,".(
“3-$HE&H, 3" (3>MEYWES..20+M (5. 2(9$&S(>, HSEPS/ (H+&3:%6* ( (MIAIHS&(#3(
$.,+,"#P(.'&%P('%%E&S%'#B2(@$>3&P(.3'/,"%o; (((((((

4

/5664!1&+(7'84+..+C4 4

4

9,-8$/(3>>(3>(#*$(-35$&(2.,2(9,#+('(#,22:$D("/(#*$(-35$&(2.,2(9'2(%$"#.7(,"5$&HS/(35$&(
HB(-$"HE'(93..(3>(HS(H+@S&(9,#((2+'..(% (@ SHOSS" (S (/%S (3> $(9$..("/(
#$(-358&(2;((_B-$22(>.,/('&3:"I(#*$(-35$8&(2.,2(9'2(9,-8%/(3>>D("/(atWq (3> (#*$(
228378, HB(-40L(-3"-$"H&H,3"(9'2(?, 2$HHS/(,"#I(H*S(3:H$&(9S..; (K3(+'8S('(YW(

"00 f+ (-4OL(%&,$"#D(YW(O (23.:#,3"3>(X ;Wg(/$"32,"$([iDF7-.,(
+3"37*327#$(239/$&(N1, %+ (4./&, -*O(2:22%"/$/(,"(QQWO'2(:2$/("2(#*$(23:&-%(
@$-:2$(#*S(#93(9$..2(9$&S(2$?' & HS/(@T (Y (++;(K*$(%& ], $ " H(@$HI$$" (23:8-$(3>(
-40L(N3:#$&(935..0("/(2,"8(3>(@:>>$&(N,""$&(9$..0(9'2($2# @.,2*$/(@7 (/,>>:2,3"(>H$&(
VW(+,"#52:(0$..2( $&$/(3"(#*$(-35$8&(2.,2(@BEO(H*S(, "' $&("/(3:#$&(9$..2(9$&S(

+H B ((CMB(H#E,'.(92(-3"):-#$/(>3&($'-*(6:™"("22'7; (((((CCCCCCCC(

4

#+7843'.->64+634:+78-1+*-)6 4

4

K*$(35$&...(22$+@.$/(+,-&3>.:,/,-(/$5,-$(-3"2,2#2(3>('(?3.7/,+$#*7.2,.3B"$(
NL601O(@.3-8(@3"/$/(#3('(%.'22(2.,/%; ((KSS($(/$2,%"(9'2('(%,>H#(>&3+(<'%$2*(1**(
NA'&5'&/(0$/,-'.(1-*33.D(P32#3"D(040("/(9'2(?&, "#$/(3"((H&""2?' &S #(?.'2#,~(

2SS (#3(-&$H#S('(+'281((

(

TH" [ &1(?*3H#3. #*3%&' P*7 (+$H*3/2(9S&SB(: 28/ (H3(-&S HS(H*$(+' 2#$&D (3&(H*$(

45



#5+2 . HID(>3&(H*$(/$5,-$:((4..(+,-@B&,-'#,3" (?&3-$/:&$2(9$&S$(/13"$(,"(#*$(-.$™(
&33+(,"(#*$(A'&5'&/(0$/,-'.(1-*33.(=3./$"23"(@:,./,"%:; ((YW(+M(3>(LE (VWV*\(
"$%'#,5$(?*3#3&$2,2#(N0,-&3-*$+D(G$#3"D(040(9'2(?3:&$/(3"#3 (1, (QEEH
9'>$&(9'2(2?," (-3'# $/ Q,#*(LZF ("#(VWW(&?H(*$(9'>$&(9' 2(@'8$/(>3&(N(+,":#$2(
HOM DY(+," #$2(Ha™W D(" o, H#B2(HXM ;((K*$(+'28(9'2(35%&." /(3" (#*$(

+2HS&D ("I (HS(+ 2#$&(9'2($B?232%/(9,#*(Ze (., %o #(>3&(Y (2$-3"12(:2,"%('(1:22(0<P(
+'28(".,%"$&(N1:22(0,-&3KS$-D(='&-*,"%D(=$&+"70; ((K*$(+'2#$&2 (9585 (EBEH

+," HS2(HON("(#S" (>3&(DE," HS2(HXW; ((C'>B&2(9BE&S(H*$" (2: @ +$&Y0B/(,"(

1ZF (/$5%.3?,"%(23.:#,3"(NO,-&3-*$+D(G$9#3"D(040("/(9'2*$/(9,#*(,232&3?"'3.(
“I(],2#,..$/(9'#$&; ((C'>$&2(9$&B(@'8S/(‘H(Y WM (>3&(V(*3:&2; ((((L*3#38&$2, 2#(3" (#*$(
$B?232$/Q3&#,3"2(3>(#*$(+2#S&(ISEBLE,"8%/ (@7($B?32:&$(#3(Ze(.,%*#;((K*:2D(
9*$"(2: @+$&%$/(,"(1ZF (/$5$.3?$&D (#*$("F&32E,"8%/ (?'&#2(3>(#*$(+'28('&%(
$H-*$/('97D(.$'5,"%(' (2 #H#S&" (3>(* &/$"$/(1Z F (#*#(2$&5$2(2( (#$+72. #$(>3&(/$5,-5(
(>'@&,-'#,3";(((((((((

#-18):15-3-143'0-I'4:+78-1+*-)6 4

(

MW (%(3>(17.%'&/(Y m(2,.,-3"$(3$."2#3+$&(@'2$(N639()3&","%()3&?;D(0,/."/D(0!0(9'2(
+,B$/(9,#*( (%(3>(17.%'&/(Y ' M(2,.,-3"$($. 2#3+$&(-:&,"%('%$"#(N639()3&","%()3&?; D(
0,/."ID(01O("/(I$%'22$/(:2,"%('(-$"#&,>:%".(+,B$&(NK*," 87(Z14()3&?;D(K3873D(
<'?"O;((K*,2(+,B#:8&$(3>($.2#3+$&(NL6010(9'2(?23: @HES &+ $(9'>$&(,"("'(
(33,57 (13, (4 22(98&S(2:H( (5 H(-F+@S&(>3&(Y FV(*3:&2(#3('..39(
>:8#*$&(1$%'22,"%(3>(#*$(L60L; (K*$($. 2#3+$&@BP(#(b™ W(>3&([W(+,":#$23(

' B9(#*S(+,BH#:&SH(F &/ ((13,.(92(#*$" (?$$.$/(3>>(#*$(*'&/$"$/(L60L: (((

(

1/ 5,1:".(/$5,-$2(9$&$ (-:#(>&3+(#*$(L601(@.3-8;((4(W;q@+ (@,3227(?:"-*(NA'&&,2(

Z", H3&SD(TSH/,"%D()A0(9'2(:2$/(#3(?:"-*('(*3.$(‘#(,". $#2FN; (K*$(/$5,-$(9'2(
9'2*$/(9,#*(,23 2&3?"3.(@$>3&S$(2.'2+"($#-*,"%; (((((((

(«
K3(>,",2*('22%$+@.,"%(#*$(/$5,-$D(L601(@.3-82("/(+,-&32-32$(2.,/$2(9$&S($#-*$/(>3&(
YA2$-3"12(#(Y YA (#(YWHK3&E"('(L."2+'(K$-*" -2("WW RBI(?."2+'($#-*$&(
N1#&SSH#(T'-,"$D(C!O;((6$5,-$2(9$&SB(,++$/, #$.7 (' 22$+@@T(%0$"#.7(?&$22," %o (#*$(
2##$&"S/(>'-$(3>(#HS(L601L(@.3-82(3"#3(#*$(%0.'22(2.,/$2;((6$5,-$2(9$&$(@'8%5/(>3&(YW(
+,"HS2(H W (((((

(«

#-18):15-3-14+..+C44

(

L.$'2$(2$$(?&3#3-3.(/$5$.32+$ H3&(-$..(.3'/,"%(?&3-$/:&$2K: @, "% (3>(&'/,:2(W;WV/(
S* SA9'2(: 2%/ (#3(- 3" S-#(, "2 #2("(3:#2:#H2(HI(HS(/1$5,-$; (C40L(9'2(2:&-*'2%/(
'2(23.,/(239/$&(>&3+(1, %+ (4./&,-*(‘#(X g (?: & #T((((((

(
A>#$&(-%.31,"%D(bW(+,":#%+35,$52(95&$(#'8$"; (1" (%&'/,$"#02*$' & (2#8&$22(-3+@,"$/(
$B?$&,+$" #2D (#*$(%&',$"#(9'2($2#' @.,2*$/(H#&3B(>.39D("/(#*$(-$..2('/H: 2#$/ (#3(
#B(%&,$"#: ((4>#$&(-+$+3#'B,2(9'2(3@2$&5$/(N'>#$&('??8&3B, +'#$.7(VW(+,":#$20D (#*$(
2*$'&(21#8$22(9'2(#:&"$/(:?(H3(H*S($B2$&, +$"#'.(-3"1,#,3"(((((

46



=-3(-18).)2C4 4

4

4..(#,+$F'228(&$-38&/,"%2(9B&S(+'/$(:2,"%('(h$,22(4B5$&H(YWW(,"5$8#$/(
+,-8&32-3?2$("/( (141K  (03"3 FYV@@E@)40(/,%,#' .(-+$&":(("B(&$-3&/,"%2(:2$/('(6!)(

>, #5&("/(9$&S(-E:, &B/(‘#('(2'+72.,"%(&'#S(3>(b(,+'%$20(+,":#$; ((YWB(&$-3&/,"%(:2%$/(
(2% 28(-3"H#&'2# (>, #S&("(9S&S(-E:, &$/(#('(2'+?.," % (& #$(3>(YV(,90$20(+,":#$;(
I4+'%$2(9$&$(-E:,&$/(:2,"%(0$#'03&?*(23>#9'&S; ((((((

(

N(+>'4+6+1C.-. 4

(

I+'06$("™.72,2(9'2( ?$&>3&+$/(:2,"%(1+'%$(<(".72,2(23>#9'&P$..2(9$&S$(?,-8%/(
&"13+.7(>&3+('(C&'+$(," (#*$(+,/.$(3>(#H S (OWH, " #S(#,+$(.' 22S (N >#HS&(#T?,-".. 7T(VW(
+,"#$ 20("/(>3..39%/(>&'+$(#3(>&'+$(>3& AW (+,":#$2:K&'-8,"%(9'2(2#3?22$/(
9*$"(-$..2(#*'#(2#3??2%$/(+35,"%(' @&: ?#.7D(3&(#3:-*$/("3#*$&(-$..(/:&,"%(,+'%, "¢ D((
(

6:$(H3(#,+$(-3"2#&","#2B(T(YVWW(-$..2(9$&S("". TUS/(?$&(+35,$; ((A39$5$&D(
'22%$"1,B(>,%:&R@;Y("/(4;V (2*39("( H#S&"#S(+$#*3/(3>(+$'2:&,"%(-$..("%:.'&(
1,22.-$+$"#D(,"(9%,-*( -3"2%-#,58(>&'+$2('&$(-3.."22%/("/("%:.'&(/,22."-$+$"#2(
'&B(+$'2:8%/ (@7(+$'2:&,"%(#H*S("%.$(@PHISS" (#*S(2#' &H#(?3,"#("($"1(?3,"#;((K*,2(
+$#+3/(3>(".72,2(9'2( -3"/:-#$/  (B&(W(-$..4;

(

<Hx- *ol 44

4

1##,2#,-2(9$&$(-3"/-#5/(3"("%.$(3>(/,22.-$+$"#(:2,"%('(?', &, 2$(c'#23" F
C,...,'+2(1 F$2B(9*,-*(-3+2'&$2(#93(+$" (""%.$2(#3(/$S#S&+,"$(,>(#*$7(/,>>$&(
2,%",> -"#.7(6(75' . $( @$.3WV;WA(9'2(-3"2,/$&$/(2,%",>,-"H(

((

47



O"'8 '6!'. 4
(

4"/&$9D(G;D("/(1"2"..D(T;A;(NVWWaO; ()*$+3#'B,2(,"(2*"..39(%&,$"#2(,2(+$/,"#$/(
SI$28 1S #. 7 (3>(LAN2([ BB,"2$(@7(@,'2%/(-*3,-$2(@$#9$$" (&"/3+(?&3#&:2,3"2;(
G'#()$..(P,3.0D(Y X VWW;(

(

P'%3&/'D(4;D("/(L'&$"#D();4;(NVWWbO;(_:8'&73#,-(-*$+3#B(2¢."-$:(<(0$..(1-,(
121D(Vb\FWbVm((

(

A;0;(P$&Y%("/(L;(0;(K$/$2-3;(K&™2,3"#(&$273" 2B(#3(-*$+3#"-#,-(2#,+:.,(,"(
_2-*$&,-*" (-3.,:(PNASD(aVN OJ[MV[XD(YXaX;

(
P32%&">D(M;D("/(e™(A"2#$8#D(L;<;0;(NVWWX'O;(G'5,%'#,3"(3>()*$+3#'-#,-()$..2(@7(

(

P32%&">D(M;D("/(e™(A"2#$&#D(L;<;0;(NVWWX@ O;(K*$(3&/$&$/($B#$"2,3"(3>(
22%$:1323/,(@7(+3$@3./(-$..(,"(#*$( @2%"-$(3>($B#$&™.(-:$2;(LM31(CE "V [((

(

P3:&"$D(A;T:D("/(c$,"$&0;(NVWWVO; (4(-*$+,-'.(-3+?'22;(G'#:&39D(VY;(

(
6d-'5dD(_;D(='&&,5,$&D(6;D(P&d-*$#D(R;D(13:&-/$D(P;D(""/(P&:-8$&#D(I;:(NVWWVO; (1*$'&(
> 39R"/:-$/(/S#-*+$"#(8,"$#,-2(3>( Dictyostelium discoideum -$..2(>&3+(23.,/(
2:@2#&'#$,(P,.3?7* 73 (V[ [FV[X™((

(

6d-'5 dD(_;D(T,$:D(6;D(6'.3:2D(<;D(I'-*$D(1;D(P&$-*$#D(R;D(13:&-'/$D(P;D(1'#&$D(0: D("'/(
P&:-85&#D(I;(NVWWI[O;(1*$'&+.3d(+3#,.,#7(3>( Dictyostelium discoideum -$..2(3"(

23.,/(2: @2#&'#%$;(<()$..(11,6D(M[[¥m[mI;(

(

6,2-*$&D(6;_:D(<"+$7D(L;:D("/(c"%D(RVINNO;(K,22:$(-$..2(>$$.("/(&$2?3"/(#3(#*$(
2#,>>"$22(3>(#*$,&(2: @2#&'#$;(BIFEEY Y[R Ym[;(

(

<""#D(T;:4D(T3@@,"2D(=;L;D(T,-'&#D(P;=:D(6$+@3D(0;D("/(A++$&D(6;4;(NVWYWO;(
G$:#&372*,.(1*$2,3"("/(-*$+3#B,2(/$7$"/(3"(2: @2#& #$(+$-*"-2;( (<(L*72(

)3" 1$"2(0'##$&22:(((

(
<$3"D(G;M;D(P'28'&"D(1;Q;D(c* #$2,/$2D(=;0;D(e" (/$(c'#$&D(M;D(K3"$&D(0;(NVWWVO;(
GS$:#&37*%,.(-*$+3#'B,2(,"(.,"$'&("/(-3+2.$B(%&'/,$"# 2(3>(,"#$&.$:8F (>3&+$/(,"('(

+,-&3>' @&,-'#5/(/$5,-$;(G'#:&$(P,3#$-20D( VB [W; ((

(

Q$22,"D(T;AjctyosteliumI(_53.:#,3"D()$..(P,3.3%7D("/(#*$(6$5%$.3?2+%$"#(3>(

0:.#,-$.... & #T,()'+@&,/%$(Z",5$82,#7(L&$22J()'+@&,/%$D(YWWY;

(

48



Q,"%D(<;1;D("/(""2"..D(T;A;(NVWWXO;()*$+3#'B,2J(>,"/,"%(#*$(9'7 (>3&9'&/(9,#*(
Dictyostelium;(K&$"/2(,"()$..(P,3{9(10)D("VR[W;((

(

L'&$"#D();4;D("/(6$5&$3#$2D(L;G;(NYXXXO;(4(-$..i2(2$"2$(3>(/,&$-#, T 8¢D BB (
abX;(

(

1'+/" D(4;D(0$##$# .D(<;D("/(5"(C:/$""&/$"D(4;(NVWWDO; ()$..:.' &('27++$H#& 7 ("/(
S5 #T((L,&S-#,3M.(2$2,"%; (LGAL( 103D(Y Y AERY M my(

(

1'#:.35287D®(M:,D(T;D("/(c"%D(R;(NVWW" O;(_B?.3&,"%(#*$(-3"#&3.(-, &, #(3>(-$..(
+,98&'#,3" (@7 (+'#*$+#,-'.(+3/$.,"%;(P,32*72(<94D([ba¥ib [;(( (

(
13"%D(M;D(G'/8'&",D(1;0;D(P3/$8$&D(A;Z;D(P$#'D();:D(P'$D(4;D(1&™-8D();D(T'??$.D(c;D(
M33+,2D(c;1:D(P3/$"2-*#UDNYWW@ER:tyostelium discoideum -*$+3#'B,2J(
#+&$2*3./(>3&(/,&$-#%/(+3#,3";:&3(<()$..(P, BED (X B X: ((

(

e (A"2#$8#D(L;<;0;(NVWYWO;(()*$+3#'B,2J(,"2,%*#2(>&3+(#*$($B#$"/,"%(?2%$:/323/;(<(
%$--(1-,(123D([VV[F[W[a:((

c"%D(M;D(M,:D(6;D(c™%D(P;D(1:"D(<NM(NYMVIN O;(6$2,%"(3>(?'&"..$.(+,-&3>.:,/,~(
%&'[,$"H%S$ " $&'#," %o ("$#93882(>3&(2#:/7,"%(-$..:.'&(&$223"2$(#3(-*$+,-". (2#,+:.,:(
1&3"#()*$+()*,"'( 3D([ nfEXW;(

(
c"%D(G;D(K7#$..D(<;6;D("/(""%@$&D(6;_;(NVWWXO;(0$-*""3#8&"2/:-#,3" (#('(/,2#"-$J(
+$-*" 2 T(-3:2 "% S(SBHE S, &(+H#&, B(9,#* (#*$(":-.$:2;(G'#:&$(T$5,$92(
03.0%..(P,3(10D(aF V;((

(

c"%D(M;D(M,:D(6;D(c"%D(P;D(1:"D(<;D("/(M,D(M;(NVWW O;(6$2,%"(3>(?'&"..$.(+,-&3>.:,/,-(
%&'[,$"H$"S&'#,"Yo("$H#I3&8B2(>3&(2#:17,"%(-$..:.' &(&$2 23" 2B (#3(-*$+,-. (2#(+:.
I(E?L3"#()*$+()*,"'( 3(4)D([ nREXW;(((
h,-*D(6;D(6:""D(=;4;D("/(P&39"D(4;1;(NYXXYO;(4("$9(/ B, "%o(-*$+3#'B, 2(
F+@%$&;(<()$..(1-99(4)D(abbaa’; (((

49



— —

H$%6&'()*%)) #$9%&'()*%))

-1'%6(0102(34*%'58*%($678*$%)%) (&+8/*(9%44/4&. (‘%) 785)%(*8(
)-:14*&5%8/)(9$%:-9&4(&5;(:%9$&5-9&4()-.584)(

&1(<%A44)('%)785;(*8(%-*$%' (*$%6(9$%:-9&4(8'(*$%6(:%9$85-984()-. 58 4=(+8&)%; (85 (*$%6('%4&*->%b
82(%&893()-.5&41((<I644)(@-44(%-*$%'(:8>%(;-' %9*46 - $*(A-5('%) 785)%(*8(*$%(28'9%(;/%(*8()$Y
-'%9*46(/7(A-5('%) 785)%(*8(*$%(9$%:8*&9*-9()-.5&4B1((((
+1(<%A44)('%)785;(*8(+8*$(*$%(9$%6:-984(&5; (*$%6(:%69$8&5-984()-.5&4(+6(:8>-5.(-5()8:%(;-&.8584(
-069%-851((C*(-)(-:78™*&5*(*8(58* % (*$&*(&(;-&.85&4(;-'%69*-85(-5;-98* %) (*$&*(*$%6(9%44(-) (%) 785;
+8*$()-.5&4)()-:/4*&5%8/)46=(+/*(58*(@$%6*$%' (AOB(*$%6(9%44()-: 746 ()/ 7%'-:78)%)(*$%()-.5&4)(8'(.
:8'06(98: 74%E (-5*%. &*-85(-)(899/"-5.(*$'8/.$(*$%()-.5&4(7'89%))-5. (:8&9$-5%'6 (82 (*$%(9%44 1 (



P"#.50

0$448&%

P"#.50"

*MMM'N/

"#$%&'()*+',-%./"0.1'/"2%341$"0"2'#%.0"&56'#&5&%.63%'
I"#78"9"2%341$"0#26.0"&56'#&5&%.63%":"68"43$%"51&69';. #" H6ASLBEIBY' @.96A.%0'B&0"2.1'>28331C?'%&1"&9'35'.'8"8&%.%28-'34'9&%DE&56 "5
1'2%328.55& 188:596%&../'34"'51&6*,E$44&%"5D$6C'. 50" BEEHEDS6C) " 7:3'41$"0'96%&./9'235AL BB &R 3$6D$6'28.55&19) <$& 63"
1./'5.%'413:7'35&'28.55&1"9'D$%& ES448967'35&'28.5581"9' D$%& 1"#.50? ZR0HHRIZQBAY6 156 3'&F$.1'9696&./9'34'1"#. FHHARY6?" .9

983:5"5'$ ;"5986G) 44$9"A& "G 5#"9'4.2"1"6.68&0'E-'68&'1&5#68'34'68& 28.55&19'.50'68& 4310"5# #&3/&6%-'.6'68&'23%58%IRT8"9'&44&26™9'"./D
68%3$#8'68&'1&A&19'34'68& 0&A"2&'93'68.6'688 3$6D$6'34'68&'5&6:3%H"9".'98%"&9'34'D.%.11&1'96%&. /NADEDYIE. B8H6.6"3/86%"2.
2352856%.6"3520,?.9'983:5"5" %"59&6@)3:596%&./?""5'688&'2811'28./E&%?'68& D.%.11&1'96%&./9'/"G'0"44$9"A&1-'63'2%6&.6&..'9/3368'#%.0"&5
D%34"1&)'J&119'.%&'13.0&0"5"51&6'K".50'D$11&0"563'68& 28&11'28./E&%'68%3$#8'5&#.6"A& D%&II$%E'.6"51&6'L)



MGG'N.

M"#$%&'()(*'1"%+,'-,,&./,-, ' #&0&%-,"0#'"1%234$" F#%-5"&0,
-)67"+588"1& 5&+"#0'3-"4&5'9&1-$+&', &8 :&%&,22'3&:'4&8&A+"0", T&'T"&Y%-%17;<', &'
17-0084+ &%8&',22'+72%,',2"-442:'/%2/8&%'5"33$+"8&. ."="0#<"-05', 7&'1&44'17-. 9&Y%" -+, 22"
+72%,',2'-442;-'+.22,7'1201&0,%-,"20'#%-5"&0,", 2'98& 32%.&5Y@A4, < +72:01"0"
>"0+&;2-'@+,&/I&5<AY%-, 789’ 7-0'-'+.22,7'1201&0,%-,"20'/%23" BRLEAF 17-.9&%<'
"-#&5"", T'94$&'32251242%" 04)

K"1%234%$"5=
5&8"1&

@JI&+"+,2%+A

L-1$$."
%&#$4-,2%

"4$%8&()B'*'C&,$/'23', 78 &=/18%" . &04-432%. $+85'32%
"19%234$"5" L ++-+
-)'67"4+4-,32%.'120+"+,&5'23"-'."1%234$"5"1'5&8"1&".2$0,&5'20'-'."1%2+12/&'+4"5&'32%'
8"&:"0#)"D04&,'E'23',7&'5&8"1&"+'1200&1,&5":",7'/4-+,"1',$9"0#',2'-'+&%"&+'23' % &+"+,2%+'
-5&3%2.'FG" H'/4-+,"1",$9&+'+&-4&5"" [F%-3"4)"2:0+,%&-.' 23", 7 &' Y% &+"+,2%+"'+'-'
8-1$%.'%8&#%$4-,2%',7-,'-442:+'.25%4-,"20'23',7&'8-1$3$.'4&8&4)""



_— —————— N s - '— — — — — —

s .
S i ., " 5) 5 -“.l
Q e, A % ;
2 B o — \ -
= ] : .
= =, g S .
8 X g
i 2 > J
g B g m .
E E o

i
- L -
M L cod
L TR oW W 3 —
S
1"+,-018'>/"=84+?
1"+,-018'>/"=84+? I"+,-018'>/"=&4+?

3 g
% 3 ¢ J
g - T s 3 <
] = $ 2
o (A o . g 1
g L g L
2 — = T 3 -.\_\_\..
oy £ 1
s S - - _
B = = = L . 1 1 T o
-
[+-0L&>'<8447 1"+ -01&'>/"=8d+? "4+, -01&'>"=84+?

P - %
S 2
R g .
o — l_-? .\
& Z
8 — E
S —

- i
= - = . B
L L L L - -
i
1"+,-01&">/"=&4+? I"+,-01&>/"=&4+7?

"#$%&'()E*'0201&0,%-,"20'/%23"4&+'-1%2++',7&'1&44'17-.9&%'

>f17)1225'5,8'>5-%Q?-05'9$33&%'>4"#7,2" &% &'$+&5', 2'58&,8%."0&', 78 &33&1, 23" 01%&~+"0#'8-1$$.'/%&+
+,-9"4",;'23" 7&'#%-5"80,)" 678 %0&+$4,+'+72:", 7- ' &B&O'-+ T"HT'-+FR[+">12<" T&#%-5"80,"++.22,7"0", 7&'1 &
17-.989%)"S'+,&/1&5'1%23"4&" +-1/-%&0, -, 7&'2$,/$,23', 78 0&,:2%Q) " T%23"48&+1%&-,&5'$+"0#D.#&'U" -#&
-0-4;+"+'4+23,:-%8&)"D0', 7&1%23" 48&+<'- T"#T'"=&4"0,80+",; 12%%&+/205+, 2'-'42:-%9",%-%;'$0",'23#%-5"&0



Figure 3.1| D. discoideum integrate chemical and mechanical signals
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Figure A.1| Histogram of D. discoideum Displacements
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