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ABSTRACT Vibrio natriegens, the fastest growing non-pathogenic
microorganism known to date, has emerged as a highly promising
chassis strain for synthetic biology and biotechnology applications.
This study analysed the make-up and regulation of the biosynthetic
pathway for L-lysine and related L-aspartate family amino acids (AFAAS)
in V. natriegens DSM759 to provide a comprehensive basis for future
metabolic engineering endeavours aiming at developing this strain
into an amino acid overproducer. The compilation of automatically
annotated genome sequencing data revealed the presence of gene
duplicates encoding putative isozymes for multiple enzymatic reactions
within these pathways. The physiological role of these isozymes was
analysed via growth phenotyping of corresponding gene deletion
mutants as well as enzymatic assays. We verified the presence of a
previously unknown mono-functional aspartate kinase isozyme, here
termed Vn.LysC2, which was shown to be insensitive to allosteric
inhibition by any AFAA. In addition, functional duplicates of L-aspartate
semialdehyde dehydrogenase and dihydrodipicolinate synthase
enzymes were identified. RNA sequencing experiments were used to
elucidate the transcriptional regulation mediated by AFAAs on both
their corresponding biosynthetic pathways as well as on the global
metabolism. The presence of L-lysine, L-threonine, L-isoleucine and
L-methionine resulted in the transcriptional repression of their respective
biosynthetic pathways. A global analysis of the transcriptional response
revealed that the transcriptional response to L-lysine and L-isoleucine
was characterised by a high degree of specificity (four and seven
differentially expressed genes, respectively), while L-methionine and
L-threonine supplementation affected the expression of a larger number
of genes (37 and 60 differentially expressed genes).
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Abbreviations:

AFAA - L-aspartate family amino acids,
AK - aspartate kinase,

ASA - L-aspartate semialdehyde,

ASD - aspartate semialdehyde dehydroge-
nase,

DAP - diaminopimelic acid,

DHDPS - dihydrodipicolinate synthase,
GO -gene ontology,

LFC-log2 fold change,

SAM - S-adenosyl methionine,
UTR-untranslated region,

HD - homoserine dehydrogenase.

Amino acids are fundamental building blocks of life, with 20
standard amino acids participating in protein synthesis [ 1]. While
humans and animals can biosynthesize only eleven of these
amino acids, the remaining nine must be obtained through diet
or supplements [2]. One of these nine essential amino acids is
L-lysine, a key member of the L-aspartate family amino acids
(AFAAs), which also comprises L-threonine, L-isoleucine, and
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L-methionine [3-6]. With an estimated global market of $1.26
billion in 2023 and an expected annual growth rate of 8.2% from
2024 to 2030, L-lysine is of significant economic value [7]. It
is widely used in animal feed, food and dietary supplements,
pharmaceuticals, as well as cosmetics. It also serves as a pre-
cursor in the chemical industry [8]. Over the years, L-lysine pro-
duction has shifted from traditional methods such as chemical

Microbial Cell | Vol. 13


mailto:thomas_walther@tu-dresden.de
https://doi.org/10.15698/mic2026.02.867
https://www.microbialcell.com
https://www.microbialcell.com

U PE%SESs®gel 2 aYA T« ~"+t AV ESAFASKEYT " T« A

AY«E-"A"A s«, »%+tE "« =Y ,%2aYA A E+ 27 e¥%+ L+ " PT 7P QESEPLL PP &?9
»AEY T« T T« Y » Yt (00 Y AE%&sl&%“«—flsl',-&@’é‘”‘«E“ae.sE"+« + »[ESE~"O " ~"+AY«E-"E~« "« A ~ay
S«, t%Y« ~seE" %72 o BEEHI2t % E-"A" » %, [£% 2 gy A~ “s«, Yt nSE A»ssE—xsYA
AE%s " «A+2 oYA « ~"2AY«E-"A"A -sA ~""«~ «QJ A”F-n|-S’EsE“«E ¥ sk WE~e age”
Es"os«, %2 «ESE"t« »¥%+te"AA A —sO" ~""« +»£SE E&S’RF‘y + YESr—=
aSUNaI’a‘Z EYA~((AI:E~E,A%A?‘*%%€1G%UT:2 Cwx@ AWt we s« ESE "+« ,SEs» %0787, ~YE-" "
&« E-" ¥ «E CY~SHMMA+«SEYVSSK KR %", s«, 0 ,,sEs sATAI sA”, +« E—" e+3»~n",  sEs+ x"
sA s »¥%+a"A"«’ o—sAA"A AE%s "« ‘+¥% AY«E- *E«AE"%‘FDE Y SKanyy 3, _ «A~OAaS»i‘E—A~~1AY«E—A
"tE"e—«tox’'"esno sS»»@BEéiHIt0Arx« SsA E-" ‘+3/4 2 aYA“«" s«, % nsE", A SAA  «"«’ »%U+tE""
'SAETAE "%ExT« «t« »SE-x""«Te tYEEETAL B3~ SR'EL son "«AVASETe % SeETt«A »% A GE x"E-"
cy «SE¥% ™ "P&IAR -+t AE-"»+E "«E"sa Ex %" »us-aAE$41§+"uE~ BB AG d” E— "« sx3»s%”, B~ , A"«
eYur~"sm x2%C-t%AA T« OsHTEIA T« TAENISE 2k AR SET. o5 B EWT PEAR E+ E_sE
os~+%sSEx%Y "«O0 "%« «EAU &E ”A s s-lu<jE)§E+9« §«Sf Bt~ itk — +A Ct UV Awt«, < A Es~tan
St «SETOTx ¥ax, A-s»”, ~seETHTIR XTE- syAfe As>?/”“°>$”°‘/fmAE| L X" Ex E-""% "« TAE%"S
¢s'"maolagi i Z~"W%I"E+IA ~“« as¥u” "« 07t «dS é<~E(AS. A Yaw Yax, [o %Al
—Sso+»—"0"e 2873 ++3¥'s«" A2 —sA S,,S»EA,, E+ "EA &—é':AAsSaﬂ «OEY«EyE«—SQEE3/4'M'P8AIﬁ “ayo+ YA
"« 0"t «28dEs«, "TAATETsooY %To7TTA 2« E-7 %A el tAjee"«YnsA® Af~ ‘£3,2 +° E-"  Tg8 i »"0
A+ "2 "+«A ‘+% «"po »¥BfieBTWsETre«tx« ExU" «/f\ »SE—=xsSY ‘+3% 2 oYA“«" ‘+3%23sE"+«+ "U-"~"E~
Wtd EeT-%TxAA U »UTATCE oy ASELTT A~ Erign »sE-xsY ,CAT« Es+BXsEW SA 'Ysa
AE¥:sBéhkcy «SE¥%™PEAIRA 2""EA ~"tAs"EY o QO R~E-paiEsa e "0 A A ~+E— E—" Afee"«YosA”
€ AEs«,s¥%,A+ 2s¢”« "E s AITEs~0" ¢s«," ,SE™ ‘4%, % A SR Os %" s« E +* BT #h&4ES,, E™ %«

i» 2 E-"2 aYA"«" ~"4
Ku«dtd» o” siE+t3sE~esonY "« " ¥s

s«, "«,[AE%"sn s»»o7esETt«Al d-"« «IoETOER" &« bt AY gt x (e A wpaet 8%, ~Y
~SA”, ST s 87 THR G, Y 5 Yk ~"e cx BTt «Ay it SEX BT s0y «sE%PEAIR AY«E—"A"a"A
"U-"~"EA "%txE- Elid«glinletA” I»ESC” ¥%sSE A E_- «+r« sSct«esm ara_"y, 2 “eE+"« 0 2

8éUT 60T 2% 8&8T x-"e— 5% s~+[E @ 8 E"2PA g e1apnsE~~a” A+oiE" S«, *—"2"esm e—S» t«
" Eos« - A WOHRHIE VeI USEY <Ay yar (o0 ¥ _soke_"ne +% e KACE

A s~n” Ex [E"078" 207 % 1& 7' "% «E AI~AE%SE AsSAA S ViEe St E e Es«E s's «AE E—"%2sn s«

UV A[GBET U Z«, WA 2YT« TEA N Esedne CABYEBERY RE "AAYE-"A"2", ‘%*22 sA»SUESE" O

<<SE%”*75«958»5~DA1‘%A,,I'-N«’SDEA%«SE~C")A”UA'E\%’z:at'gﬁ,:*iWI:E,i%/}D "« 20" sx«A[E"O" “«aYasE~

(«,"% +UY "« ,"»%"0", ex«,"E"+«A Aje— sA «~E«3/€"554_E5C)r3(g’ TR&&E S«, *E "«éE", +% BhAL«+

TE%SE " +s«,»*AATAATAE-"s~"o"EYE£RD SEAv="9R" @I I«s% oY e+ «A%O", se¥%+tAA ¥sa

QEA «,IAE% " sa»+E «E"sn-SA~""«, 2+ «AE%S By Ar BB » YdelyEsha i, "ay «SE%™"P8A
£ 2%'s«”e s«, s27«x so7, A &iIV:ULADECED” Pi»»o a"«Es¥%Y ,sEs+ (%" Pé U «+xE-"3% ¢°Y
S«, SOS« &E + ' ~"x»+0Y3 YA s«, »«EA AfExSAE_"s«soYA", ~seE %" sa »SE-xsYA “AE-

»+0Y -V, %+UY~IEY@BE?"48«E&+ ~"Es *s%zE @ "«  [»o"esEN «sE¥% “P8AAU +% A O %sao
S«, 0720586« 2% A-+¥%E e—s « snoet—+8B 6+ xhICEBI Y " seE"+«A +' E—" ~¥s«e—", « Ex£%¢-
S«,6+8 »¥Et»8&,3%xg ATo "« 2 «s«x»BWE" 0 A A »IESE O oY “«ex,"«’ “AxaYa A x "%~ "~ "«E
"A»TET E-" T« IAEY%Ts roy 5 BTSN fi - E-" &@%AE -%é=+ 80861 8~» s«, Atet«, +—¥%t2tAz
A7« @es«E 's»A %7857« "« E="T«, " %AES«, "« +6THA BES 2 ALY, "« E-" 2 aYA"«" »sE-xsY-+ E-
S«, %V IasEx%Y « " Ex£%C¢Al A s« "2»+VES«E BEYpr "« BGE=0% he «+ ‘f«eE~"+«sno SA»SUESE" ¢«

%sO oo "« "EA [« %" ~"+o2'Y+ x" 872" %" sE{pdE " OE s Abs%UESE" A a~so, "—Y," ,"—Y, %+ "«s/
""«"E~e3s¢” [» s«, % 'fasE"t« +* E-" ~~iAY<<E—§<E,,~’I‘§>>S_E—)XISEYS/E~OA =Y, %t , "» etn"«sE" AY«E-s
‘+3, 2 oYA"« " s«, %"osE", A ‘+¥%asE"+«l ~%AEéi§0<e’i‘<<“AEﬁ/4]l’iE£,,-u"s%nY ,«tET E-"AT T« A T«
s »SE—xsY 8s» ‘2% E-" ~"t BRY «BEW R «A X" "«E¥%+, (¢, set«A lE O «ia~"3%"« +' E—" % "A»_e
"« e+t2»[EsE"+t«spooY s««+tESE", ""«td” AAl/zl"‘«ﬁ:Y,,as-EfSnﬁ/e:t(@]dlYA ég c@ch'{@ag/léYAPT»»DAaA«I‘ES%Y

"+ Yes«, O Z,SEs~sA A s«, *+2»s¥%", "E Ex E—SESE-UsSYo~ P& U "« ,i»0”esE A x %" soA+ ‘+i«,

VAT TR o8&, Yo ESaT A9 UE x" o—sY%sSeE % AP sE-RSYA +' E—" +E—"%c«yAE @iy E & &

"«AY2SE"e seE"O"E""A “«et,", ~Y —t2+to+'+|A 'AS<«<A,A«E]—ASE B »3% A «e " £ Ale—""«" i»o~esE"+«A "~

»¥% Alds~oY "«0+80", "« E-"2 aYA"«" »SE—XSYAS((*L,aﬁiéﬁ&i(EE%"“,,APA&&AI’]NA «+tEs«+x0" o +~A"%UOSE"+«

, B ET+«3[ES«EAE+","«E™"'Y "AAE"s8 "« A XY E W o tB8E e xsH T2 ~"3 A £ E—"C AL TS SE " «

“«soaY+ x""«O AE"'SE", E-" "«AY3sE e s«, E¥'s@An Y LsB 4 ki % " Hx+ e~ e ngdu—pPEnPskEasAnyY

oSE "+« +'E-"2 osYA"« " s«, % osE", A ~~tAYRAE&i%a{ESCg)ﬁE%*‘S({{-AS««J_rESEYX(&E%‘“EP:&TAF]

E-%+1'— "«aY2sE"e sAASYA s«, E#%sSs«Ae¥%U " »E+2" ¢S WA R s & AMTE o+, "« 9 A %[« A P + é¢

E"0 " aYUU-"A""«A"—EA»%+0"," s ‘21«,SE "+« ‘BUE +» W0Ff a2 «EEA EL9 "«eox,"KE'3&%HMH 2"

+t'cy KSE¥"KKA s« 2O ¥U» ¥zt o "% +° 2 oYA "« "5k¢BromsHD ct¥%” "AA«E"sos«, ' %itxE— Ai»w»t¥%E
A+ T%HE-"% 5,05« "« "EA »+E"«E"so sA s ¢ "V«2B" S «EA¥ "«fX s A ~sA", +« L&PIL "«E "% "% "«e"

JAE% " so ~"+E e—«tot'Ys«, AY«<E-"E~e~"+0+'¥XUE—- A1/ +' E-"A" ""«"A ~A~«’ nt+tesE", t« E-"0ns¥%' " ¥

?21 9 PP :xxx(j27e3+~"sae " an(je+? i 87e¥+~"sn “omo:cxo( é¢



U PE%SESs®gel 2 aYA T« ~"+t AV ESAFASKEYT " T« A

E—",i»a"esE A+ e+¥% """« AE «,E+ ~"o+esE" W« %UWUaYE «tAr«so e+t«enfA"+« s~+{E E-" »—YA"~
~""«-Y»*E-"A"a" , E-SE -%@ 'I«*E"+«A sA s« BOExNEVRASAYEIAE~" "« " %% ,0 $£x" 0 "%+ E-"A"
~", T~ YRR IR U “«,"*SE” E-SsE E-" 0 s*E"O"EY "A soAzx “«ex,", "

+«A"YBI"«EoY+E-"%I"AE 2« s¥% " AASAE+ xELEY @BEX AR IRR ™+ s«, E-sE "E "A »¥%"Alds~nY » ¥+
JI»a eSE A "« ‘SeE "«et, " ‘f«eE"+«sno "«AY2 As«NBEEAEEO" ~~ ‘fl«eE"t«sn 0 $ "«AY2 A c«ilU
gx’"eso¥to " E-"Y»asYl «saYA «W E-"oteso’ gk B EXNEUHEI#E—"% "«O " AE"'SE"E-"A %I"AE " +«=+

Es¥%' "E "« A es« »%+t0"," s« "«"E"s8 "«, e SE"+XESEEA% " EOSsxPESE"O" ~~ ‘I'«-E~+«SD 0% “«ex,
S«, % u"s~"0"EY ' E-" s««tESE", "« T« E7+ x A%l "8t/ SEY k(SE "B« 2 E2E -%2"E2 s«,
E-%""»[ESE"0" 8t«t ‘l«sE"t«sn OC«paY AR €A "% %txE-~"-sO (%5 3/4s-|‘5 %, 0d-"n"~E

I 0xesE™, 2« —YBeYBYRABA ‘21, "« S " «Et87 e et x"Y" s~0" E+ '¥tx («, % «x« Alw»o 2 «E", ex«,
E'UE x—"e— e2%¥%+~+%USE A "EA %z0" sAs ‘T« E%xsB_0dl B="""«["A a[Es«E xsA +«a¥ +~A"%0O", x
»SUE £ E-"2 "eEx"« ~"+ AV B R+ WA 2 Eo% "« S«, 2 ATE="+« "« X" P4 " »80 UAEE
E-TAAI""AE "« E—-sE c«i2YA & ‘l«sE"+«A sA s¢,"RKIEA S'([\)YQSE)‘/EE_&QEC«)’/&AEQ%A E-" A+xo~ $
eT@e Ytn” T« 2 TeEx"«” '+¥%ASETt« Pliw»utat«Esde¥ ;aEs* "Rl «sE¥%~"'P8AIA s«, E-sE ~+E-
Pé E€38M0 &« ++ «EJYIANBxEC«yaYAYE «+E »SUBECAYA A o5« 3[EfsnnY e+3»0°8°«E E—""9% ‘f«eE"+«
t s«Y £» " Yt«r segyaYAAGLLeSE", «CUPERSE 2 E-% 2« "« 2 @E-"#«"«" sIUzE%+»-Y xsA £~A"
' E-" 2 ATE-"#« T« ~TxAV«E-"ATA »SE-xsY+ Rroe” dEed A6 UL T%UE-"Y% s«saYA E-"»-YA zoz
« A H«yoVYArectE —sO” ‘T«sE"£«A SAA1'~SEA,E><_~3,§;‘-§>EQ—?73«"A+ X" s"8" SEe¥% " SE"« E% " »n "+ Yis, ¥
a"Esg~xun~Aaj 2~¢AX~AAS1"A\EA4<M§6¢)’/SA,,éUé Y%i"«Ei»o” @[ES«EA ~Y s¥R- 8" ," 8" E"+«A x"E—
*SE",t« —¥%é+ x-"e—»|ESE"O"0Y "«ex,” P A«éY‘E":AEQ%'aIAE(gYS.¢'3/4i|'@,)’,u«SE%“’a(\(A 8E—3,
T« ¥%ASETO" "« e «ETUEUGU-"»IESE"O0" $ Aa(A‘Etz;a«’c'yA«(zsE%ﬁ‘vﬁ‘@"z %2 E20 cy «SE¥%™" " «A
c«y,s» &« %€ "As,ise «EEtE-"Asy¥rn” SAGRA jE-%a E2s«,cy «sE%THEYA @YA IE-%
*tl«BE"%ys#HE-s® + Al AE "« E-sEc«l s» € |<<°=E“Etz<x°f% Afes"AA‘TonY «+«AE%IE", 0 A "U»"sE
sAs $IP oy «sE%""P&HEAMG $xx 0 %+ E-" "«AE‘E%S A X %" 4«nY s~0" B+ 'Htx "« E—" »% A s
et «E UG, s» B« —%é 2 A«tE»%+x0~," Al ®E «35 K x T S«,2 A ETIHT® S, ", «tE X WBITY |
asE"+« E+ "« " Y% "EA»—YA o+ "esa ¥+ati Aim»poar «EsE“i«‘i%’%ixE—u $+x" O %s “A»~E""U
HUi\S«“AX:% E'—Al/EIAA\ENi«:t‘E—A»,—AYA~+n+’N-sgé/k“qzlolsé A EE « USES « E-" s B, Il A
>‘>|E"SE~OA,~AiéY’a‘AA ><~‘E—~« E,—AZ aY A"« +AY«EYAEel’\?AEeLEX&/XESE"ZalES«E «t¥% E-" ®BEWEi»o”
Ex 079 'V E-"s[E£®sE esmn Y "« ¥%SE", s« EsEEyAt'din % PR G VA IE-% 2 E20[EscEl &«
B0 »3hEE T« "wok, Tt AT X7 oSBT, AT B sy AR R P E xx AEUSE A X % ECAE", (% E-"
. B E"+«3[Es«EA+ E-"""«" ,i»o"esE"As«, *—5s %sﬁEE%FCA)”EE »@4 O +IABY Swr»o™", —+2to+’'+[A ¥
Vet xBE— »-"«tEV» AU ,,"ETt«soa¥s x" eot«”, BEA-ESFURAMATAIATC s » 81, %707, O eEx¥ AYAI
~«Ei » Ueéd OA.Ei%A ‘EYa »%iE’w« »Yat I.E +«SS(,("EAJ|'«% l/ﬁlf«@wﬂb&lpuﬂt Soo+|«E + 3 E—A >>%A"~.E
SesaYA", B SE O ETA T E-"» (9@, €@V AV §0sEsan ¥ 4 B EsvE AEsCE AEYes-aAs

Ai»»o a“«E~, x"E- | so+«” sA x"oo sA x"E- |
|- "«*EVY» e e—S¥%sSeE "% "ASE "+« ' C«xeC+IE AE%HS A EAVL " EE«” ~%s«e—", »sE-xsY 2 aYA "« "+ 2
»ESE"0"2 aYA "« " s«, % osE", A~"tAYVE-"E®WE«"A« "« s«, 2 "eEx"«”~ U "A»"E" E-"A" "«E"

P «e” E—" SIE+3SE~e '"«+3" s««+ESE"+« % OCsE-"AKESE'Y % AIoE", "« E-" Alee"AA' (o ot «/
J»a esE"A»[ESE" O oY " <<°i,,~«’ “AtavarA‘rvapakHo; ABKNBSEAL U-"A £1E«+3" »+"«EA E£ s« "«="
Y SeE"t«A £' E-" 2 aYA « ~"+AV«E-"E"+ »sEHNEYS skFaYR Y% E-s« s E e —« es0 nT8"ESE T+«
E-"»—YA“to+'"eso ¥%+n" s«, AAAA<<E~SGNEY +! E:&,K°S@; ;f'<<*o|'[\f(~.g«§gs%”"|’«"scs'/\’d\'fAul\_—_l——””” 0
SA»SHESE" ¢ «sA” 435 A %"« , =V, %% "«sA” SOE§OSR " —+x"0"%+ 1" B+ +{% 's7a"« SEE"?»E
"«aYatA ~Y Es¥%CE", o E Tk« £' B e+ %% ACARYSO«AL,™QET, £ son »+ET«E s e P «sE ¥, ¢ AT A

“AU "«” ””nAE”+« a{Es«EA xTs+98E"Y aYA @&YA &€-%2"EX«,cy «xSE¥%""YdYXA @YA &
Yatera~"«SE"x« A« s» 81 , %0, 0" E+% AVARVYAUE-RERS @AY @ SE "+« =' E-""% 'T«E £« ~5s
X" %" A»+EE" ,+«E+ C92« " %sud  "ss’s¥%»ask AlKSxk @& EY» A %4785 «A "«et«enlA"0" s«, %Y
X"E—- 2 aYA "« + 2 E—% 4« « % 2 A E_"2« "« *AYRYE "+ |sAMEYA A"" ~"oix (I “«sooY+ x© gvat,
SAAAA "« E-""% "%t xES {9 s&PFni¥p 2" «Es% YA« 8" "ot E"t« A ExgBASK, c«ysA, EA x oo sA
sEs®o “'i%TPé E-" ,xi~0" 2a{EckksE¥% " "'S&kfesA,d U-" A“«'w"”

oo A"«'B"3[ES«EAX"¥%"s~0"E+ '#tx t« «t« @4&9}%£FE<«@%S~KA x %" Afee"AA‘ianY "« "%sSE", s«,
a~ ¢ "Ysoa® "jar 3 " O so "« ¥, l«,S«eY £ son "o BEX EAVEEEAI»»n A «E", 2"« " Ysa @ “{agA x oo A
SeE"O"E" AU U+t s«soaYA " E-"»-YA toz+ "eso %ita8ax AH»5E29REs B sk "k EE+RAIA+ «+E A—+x"«’
At «x ‘l«sE"*«sm 0 "AzAaY2 A+ ®@¥%AEaY+ E-" SU¥xBH-st0£&E¥ 1% s ~"-sO"+i%0 U-"A" % AicEA
+* A«’a" =+ ,,il~ﬂ S«G /Y ARt ¢+1E AEYs  «A %SQC—«X/SAs@,,c«)'/SAT,é'i,,A ‘f«eE"t«sm P “«aYa A
—SYS*E %A ", i oo AE¥%S ™ «A Y ASE M E™ xehet' »SYUE "+ " »sE” "« E-" A ~"+AY«E-"A"A »

N =E" ’3/4i>< t« «t« Alw»o3~«E", 3"«~3sn 3" ~“ja gBIKSAE + -i«AE%i-E~ie<¢§l‘s§7é‘i,f&§«‘EAst
SA «, "% soo « "« Ai»»o 32 "«ESE " f&i 3%t @I E tkfAise"AA‘fo+ o"¢ " nY ,i"E+ E-" As3" ~"+o+'"esn et

?21 9 PP :xxx(j27e3+~"sae " an(je+? i1 87e¥+~"sn “omo:cxo( é¢



U PE%SESs®gel 2 aYA T« ~"+t AV ESAFASKEYT " T« A

g 7L dD)sEoxsYasw+ E—"2 aVA "« s«, % 0sE", A-"tAYcE«sEIRSSEAsBASES xsA t-Es <", %R "% Yo

s«, 0 .SEs~sATAl "« As¥% % "U%,E+x~YE-""% "« AYa~z20+ "' sOs"as~o "+ PRENTESA Yot EIA ES PVE-" ‘4
Y N ke Twtd" “+Ps3»n” & P 8008618687 U&«esSAT ' i»noTesE " "« A «et, "« »IESE"O""A+tavYa A+set«A e IE"(
xSA“«E¥%+, (", U

»% O «E", "« %USE 2« AEWUS «Anset "« s »EESEXQ BRE#B [ kaXx—"« «IBE"OSE", "« E-" »¥% A"«
T«"Al 2« »xAAT~0" "U»osey R RE%AE E-% "2« "« UU-"%""+% "+ " %txE-~"—sO"+i%u+ E-"A
f«s~o” E+ "8n+YE |+ x—"e—x+i0, »% O «E "UE"BuséSm”, |"#e3lk|” «(cEi%" Pi»»o"a"«Es¥%Y sEs+
235 «ASE "« ‘£ E-"nxAA ' "« 2 «xlA | ~ "+ AXAEAEAXE "x"E- E-" »usE" cxgREFRAASYE",
AE¥%s " «A ,"o"E",‘+¥%saon 0+¥% P “«et, "« """« PlUt~TAE "%htxE—- [«, "% 2+ AE ex«,"E"2«A "%+t xE— ¥
&« s5,,"E"+t« E+ ", "«E"'Y "« E=" AE%I*Ei%sel " ik “ed8,«E+ '%+tx [«,"% A"23[oEs« " +{A 2 aYA~
"«aYa" A "«Ox00", "« E-" a"Es~+o0" A2+ chesBHYACA tAi»»o 8" «ESE "+« $+x"O"%+ "« o~ [~
E-" "%xxE—- ~"—s0" 2% +' E-" C«xeCxiE 2[Es¢BANSY YAl — + «A"E ~"es52” Lhisg kY2 BFaIus E«"
»%+07," "«A"'—E "«Ex »IESE"O" %" 'iasE+3%Y 2 vAsasNT s5 6B &, 0Y ¥, 0", 'U+txEeBeFES + dueéd
E-" "«aY2a A »SHUE"¢"»SE "« "« E-"A ~"2AY«E-=*¥B,¥% K Ext, @ UE& S« sS»»¥+U"3sE oY fié/ %", i«E"
»SYUE " elos¥ewHE ¥, C«y2 ERAES«EA ‘s”o”, EEx E-" «z« Al»»u"2"°«E", o2«,"E"2« x-"« 2 E-%"4
Yt x +« 27 "s Al»y»etaT«E", x"E- 2 " E-"+« "« » ¥k, OXTE~SA E-" A+tn” s@"«+ se”, Ai»»n a2 «El U+'"E
2 aYA"«” »alA 2 E-¥% "+« «"+ ¥ A» e E O oYk ~AVEOSHI+ UASYE 2+ «A"AE"«E Xx"E—- »*E"«E"sa ¥
Cy «SE%""d¥A &-%2"E2AE¥%s « ,7, «*xE '¥%+x xEZKE"AE", s «x se A OKBEO"E""A £ c«li2YA é
2 aYA T« + 2 E-%" 2« «+ s«, 2 A E-"2« "« X Y« DU " 8% EU8 " E20 P» e @esnnY+ E-"s«E"O"EY
A"2loEs« " +{AaY+ x—"%"sA '%+xE—- xsA3s"«Es « 5T« t«dWR 3" E-"+« "« "+ 8°s, "« E+ "¥%+xE— %" A
E-¥% "+« "« 5«,2 E-"#« "« XS5 ARE'- Cc«YyE-¥ Ex 8"@3"E", 2 E-% "2« "« ~"+AY«E-"A"Al
E-" s's¥% »asE” A»+EE~«’ sAAsY xsA "«E «, E+i&s¥EEDOHBAIRE«UIU-¥% 23sY ~" %", (¢, ~Y 2 E-¥%"
Xx—"E-"% s 3[Es«E exia, "%+x [«,"% s "0 « «R2«p AR #%¥%"AIRE "« "« B a"E" 2 "E_"2« «" sO
«+E+ x” ~A"%0O", s as¥¢ T, 0Y ,"asY", +«AE = AT¥NE«ERYs ¥ AEY T ETCCPAIRE Z«cabaY <+ E-"
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& ZL éC)—”«iEY»"«’i‘Z aYA "« ~"tAY«E-"A"A »sE-xsY UKIESE Dt Q2 Ms$EH«, P "AxaV2 A "«et, "« "« A x
L RTEY sk’ Yt ex2~"«SE" 2« A"« s » 81 %0, 0" E+¥% AYAE 2 s«, *s«,”,SE” "« "8 E "+« 2 [ES«EA x"¥%" /
s's¥% »asE"A AAI'A»»D‘”E”«E\A,,’*>1~E—f1§'flﬁ§i<”‘22YA*1+2§E‘Ié“3/4121«~«A U—*%‘ZZ—%”[Eé-"“ﬂ«i«A BAAE S«,,’i{% diEEH "Rie",sE"
‘l«sE"t«s«, "AAT«E"se"EY 2" "A+aY2 Al %+txE- OAU «x« "¥%+txE-~"-sO0"xl¥% xsAs«saYA", U

»¥% A «e” £ 2 YA« asY ¥ ,i¢" E=" sE"OEY UL dIDYA &AYasSE~“ e sAASYA A« E="»(%"a&", »
S«, *¥% C«li2YA €+ % AIBE "« "« E-" s~A "« +'BuwsesBY3 EQ~ & 'iasE "+« +* E-"A" «aYa A xsA~
E-8y «SE% " "H%A E-%2 EAE%S « S«, 2« A Y @EIM % "« E« OHBIOE"A «» % " A «e "+ E=-""«, »¥%
oA E "« | ~"+AY«E-"A"A+ x—"e— etin, [«, ~¥ot™ SE——A"i-'S/,{SsQ%O”,,, »SE—-xsYA ~u U 2 aYA~“« = 2 E
'Yt xE-S¥%Y¥% AEU &E A «2E s «+0 0 +~A"Y%OSE A« {6+ AAETusE " s«, 2 “E+ U

E—""% +tx« ~"2AY«E-"E"s »sE—xsYAlU e++23+« ‘"sBI3E+HEEYVAxsA et«®@¥d™, ‘% c«U2YA é s«,
%" leSE "2« TA 7T, ~5eC T«="~"ET£« ES¥% TET« BUS-BYBRTSAYRAIE W E-" s««zESE i« ' E—" o£%3
AE"» x"E-"« s »SE—-xsVY+ E-"%"~Y ex«E¥%zan~ «*457@(5«0 ~3445ﬂ.%g1y F_" 53 A «e” +' Ex+ esEsaYE"
E-" ~"+AY«E-"E". 3/4+|E u yt%i—D(EO«—ES<U»% AA~ A€+ ‘f«sE"+t«sncPDASKY%" " P&AAI U-"A" % AlcEA
ii“ T«eE"t«se 08 “«rt,T@YE«HA, YIE2 5y soAr ex«ATAET«E x"E- (% »% O72IA ®m«,”
TA ST WTAAT, <Y 2 E-¥tteT«” 2 TARET T s 2 B ESARS VAR Gt e 0t[E AE%S <A x=Tem Te, e
%SA»"eETOTEYU ,,TETt«smaYs c0U-% "A sooyARASSYIY Teim VoY, 0 seETOTETTA: sA E-
2 ET3A/4A1«~«A S«\,, E‘—" at«+ ‘f«E"+«so e(12YA @«?ﬂAYEC@y_E Fcyar Ez:ra(quAcexyE Fcyar E2

2 BYAT« t«~xE-E-""«@VASE e s«, ENSk B R 3§y RIS E -ty 2 BRES«E AEYsT« ", «£E U

cy «SE% " P&AN s A" as% % lasExnY »SEE %« S>f» LSU/‘-‘I-AngF»— e »—"«EtBN»E &« sr«E¥USAE+ «+t

3~ “F 3 ~" 3 ~e = o N N

"UTAEU0 $£x"0 3/‘1 TE%sT«AEL - 09" ® “EEZSAE? SR CHITE rv cwi2VA Es«, E—"% 1Y
?«,,ﬂCfl\J? E2 s% (f"‘ 'A’SAA(,(A F 0" . I,Ei; SA «* s3o+’téon!_;A E« S« =", ?;‘/43><« Y 'sY, "« E-=" »—YA"tot'"
— "~ 4+~ — — e "t e ~ + N o L e
3/«‘*i E~1«+‘s|§”‘x‘ *Eva/}AAI +9, ‘3/E+Aag3/Aln,§ 3//é +/ATESE'35/&%3/%AEA«/::""M°&”‘ Bitel £% E-" »IESE"0
+4‘E N +~’/_:;:A : i(a,w “AS«U: ) :/_“AAAES(iA-:f),En Iiié”i 4+» ‘0¥ T«aYa"A c«iiU-% s«, c«i8"E
—_ L4 » « « « - ~ —_ N .. . - a PO N
oL T AR CAUTES, T - SA X" o SAE-"9$ S'E"O"EY x¥h o4&k AESE
«a¥® A s«, t' E- «" «Ex:#%€ xsA"«OA “;E TE E-" "3+xE— »—"«+tEVY»" A £ E-" «+3
~+E- o"0"8AaY3sE"s sSAASYA s«, E¥%s«Ae¥” »E+"r s«snYA E— ! - I -
AR A A E“+« 3|ESKIBA & E-" A cet«a@¥q8A E-" £,

Y"A»TeETOT0YUl - CAD N e A
S««iESE t« £ E=" “«et "« Al U=" ¢« E e »¢
. . o ) . o ;‘CA«UZ\:(A 6+ c«lU2YA é+ c«llU-% s«,Cc«U8"E2s%"
C'¥% @esE "+« " E-"»IESE"O" "«aYAsE "+ s*E O " BsYatiab=VY s% ns% "oV e+3»s¥%s~n"E+E-+A"+'+E

2 YA« =" AY«E-"ATA »SE-xsY s«,s—-s¥%sE "W As K *« aVETR ¥ 0

% lesE "+« Pi~A"%i"«EaY¥+ E-" "«="~"E"2« »¥%+tzea A ' E
Ut ‘I%E-"% "gle” , SE"E-"»—YA 20+ "eso %+o A 8 EAYRAPIX2YA+ssesaYA", "« % A»+t«A” E+ E-" »
E"O°E~""A+' »[ESE~"O" 0+ 0$ + P s«, $ IP «AY2 A" oYA "« + 2 E-% "2« "« "+ 2 "Atu " fe"« =+ 7
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S«, 2 "eE+"«" U U=" "«,"0"%,isne s,,"E "+« +' 2sk+¥2 2xE« 2«2« Pin»a"2 «Es¥%Y sEsd6 “'i%" Pi
Aot jeT«k s 2 ATE_"+« "« Y 2 Te EXRABASY BE—«+tE ‘I%UE-"% %" ,i¢+" E=" s E"OEY +' ""E="% +{U-
—s, «t A"« " @es«E ~«(;I'A«0A t« E-" "«AY2ASE " e+fofS30 " EXN B~ 2 E-% "+« "«  Ai»»n 3 "«ESE "+« so+«’
“"E-"% Cc«U2YA é 8 USAYXEP »»0 8" «Es¥%Y sBS#HHI «s" sa"'«2 «E % "0 sa”, E-sE «iU-¥% s«, c«il
%P U$Ex 0%+ E-"5,,"E"t«+t'2 oYA T« HABAG ABIAGITASE »+ ATE" £ «A Biis«, 188+ x-"¥
% IeE "+« "« C«lU2YA é ,"» «,"«E 0 SeE"O EY« bW, 550" ~ "« sSAAze"SE", x"E—- 2 E-¥%"%« «
S'E"O"EY SE | 88 2 aVA"«™ + x=-"08" «* “«—"~YEALNESCITEl xs AA %I "«EnY+ E-" ~sA"A "+¥% E-"
+~A %O, ‘+% c«U2YA & 688/ S E"OTEY i 2% EZ¥%IQeNI«EZ st 2« «” AT«AE"O"EY ' +0U-9%
0% "«aY2 A+ «t "«—"~"E"+« +'c«lU8 E2 xsA + IR BVA [«389s %

s«Y E"AE", s3"«+ se¢”, Ai»»n a3 "«EsE " +«+ x-"¥% sA<AIABIEE X~E—S~6¢S‘/Eﬁs,ié‘,,|::(3—«AysAAé(<’nA
SeE"OEY xsA Ao™'—EanV %"+, ~Y 2 E-% "+« &t 94 E-adfs «BA Bt 'Yt x ><~E +[{E s«Y Al»»n 2 «E
de/ % A", iso s BESOTE¥Pi»»n "2 "«Es¥%Y sEs ~s5jeE“O"EY xsA "2+ «AE%SE", ‘+% ~+Hs-exlU@gA, "A+a)
Pi 0U-"2"—s«"A%As«, AESI-El%sa % %l Vi a UE AT Vs Ad B RA“IE-"% Al»»+ HE E-" -Y»+E-"A"A |
"«="~"E"+t« t‘ 0 "«aY2 A -sO"~""« x"noan ”AA-% sA x g, s A gulVA,8 »SHUE "+ "»sSE” "« E-" A~"+AY«
“«yexm&, Yy 'aiEsaTei® ié U U-"A" “«aYarAerany XYl c«ll A,é "U-"~"E", s« s~*lE R ‘xo, -7'="% sl
SesEsoYE"e 0 ,+2s "« S«, S % '[oSE+%Y ,+35  « SHAEST LY@ BxxA»—SE" E-s«c«il A,é0 A"2"os¥% ~"-
+¥% ‘+{% U2+E" AU &« E-"esA~+*~~ ‘i(('E~i<<de~OtMQXQMAA%OAH ‘% E-" Exxz P "«aYa A "«ex,”
E-"Y s%" '[A~, Ex s esEsaYE "« $ ,+3s"«i oox@E"30 %2l guly, A, és«, col A,@ +x="%"cell A, éx

«, Ex E=" U ,+28s"«A s«, E¥%"""" "% et «'+¥2sE St S'fE-F—>S+ EFAQAAaW%A seE"O " Efisd"EA"Axaya"

+' ~+E— E-" % '[0SE+%Y s«, E-" +sEsaVE"s 0 ,+a§1P:SEE QR EY xSA ex«@%?”, ‘2% ~+E- »[ESE"C
C K, Y« sSEB@U A A+ soT «a «EA £ E—" 0 P$aY AR «SEY%TUsAT @ U-" ¢« E"e »5¥%S2E" Y/
A i «e A 3sY ", «ET'Y e2«A %O, 285 «A s«F»osdEsyégx A%A "« s ATa7os% Yas«’'T SA YuT»+YE",

AE%Ii*Ei%sno "U»ns«sE "+« ‘+¥% E-" +~A"%0", &‘“'35'««5%/‘@'6‘58 Ex+ S*ETOTEY %' c«ll s» & xsA -s¥%
Se™, 8% "SE", "«—"~"E"t« Pi»»n a «Es¥%Y SEse_ueﬂeIu/gelZ, 1S«, «t ASEI%USE "+« xsA+t~A"%0", I«,’
&« c«U2YA é+ U,+3s"«A A"2"o0s¥% E+ E—+A" ‘Bp «n’UZYAE t«A asL"J[jé58 P +7«,"*sE"«’ E-sE
X% " «E"e”, 0 Ux'"E-"% x"E— "EA A~a" ns3/4uA(EAE§/§+a?e'"’/42$&W sE V" PBIAR U & +m"$ P

A A E O EY+ E—"A Alw»+t%EA E~" —V»+E—"A A BELREAE X RSPV «_~E'AE" $~W 2 mVAZa'x E-SE
C«li2YA é E-%*i'— s % 'insE+%Y 2 e_s«”Aa sE«suSrmlﬁA g’ 2 BYAT« soAx % AToR”, "« s AR
E—SE +' «02YA 0 &« ++«E%SAE+ c«li2YA & aSGRS» £ A ds<ACE $ IP scE"O"EY i/ % “,ism sl

%t O, < AE%I+El%sa Alrwt%E +% “EA “« ARGV €1 BLTBEAE? suotAE % ﬂ“’",ENF“
Sa«k se” Al 27¢ x"A : E-" s~A «e" ' U, xasEcRtd = 2EaY AT X% sAc«l s» @ xsAt«nY An”
<U8"E2 s«, C«liB E2 A +x«A"AE «E x"E- ‘E—“af/fEScE‘#”““'«fiéHé:éZw'S° S*ETOTEY Ply»a 2 «Esy
~Ys«Yx'E-"Al»»o a"«E", s «xse” Al U-" ~ 4Py, —LE—A’%iX’E— . N N R o

YOAEY T E "+« £~AUONELYE EBE AEYS « |»+« 2 &« AlRAs%Y = X7 "8t «ARYSE", B-SE 2 aVA"«® ~
AE "+« "« Al»»ota  CEIGE @« «t E ~““U»us «”, 153 «SE%""P&B#A A % 'lasE”, sE E-" "«aY2asE~s o

B "«a¥asE e 0 0 ms Al AE « E—sE E—" [«, Batil 3, fagthtd B 7,0 T«="~TETR« _E—
ae_s« A2 asY "«AE"s, teei¥ SE E-—" E%S«A %L«-EE &SP o (b Dc«uZYA é s«, E- $A|P c‘«u S
A ok @ e Bt sEw ssa,s —sEo nqU-w 6 dRaYTA K TesEuy PSEE N TA 7, ET

et«Es"« U ,,ias «A+ x—"e— A—tio + "« »%" <<-~»‘D 3//Z‘A<?A”37 E/‘lEa_A S«ﬁﬂ*ﬁgEA_XSYU $£x°0 %+ l«n” ¢
A"«A"E~"O" Ex soo+xAE %" "" ~sel "«-"~"E" +§zu $+E<S %_wgg/:)&E(Gy«sE%” PBIAR " «x 2 o
2 E—¥% t« "« 8" "SE", “«—"~"E" +<<><SA+ A %O" (i«—u’YA+S3f( S‘U” E3+«Sc At «+ ‘l«eE"2«so 0 C5<U2YA
SA »% O %1AcY ¥ » 2%, sA c«iilU-% st+«uY’?&3 AV <A <§A EO" sA x oo SAS“S"" Eft«sn
SUURET, <Y 2 E-% i« U "0« E—"% AEIEIHEH APl gy TR EEIY A0 -ERY T, Y 2 0
VY we” TA Axax—sE [« U» eE", 0 9O %E-"a"AA+ »¥% O +[A

AEi,”"A -sO®O" A-tx« E-sE A"O"%se 0 0 $ UAYCAAYS HE "t«sn 3% '[osE"+t«+* E-" ~"+AY«E-"A"/
"k="~"E",~Y3[OE"»0" 52" «t Se” ASeE"« "«S et iYL 08ECK ValA

+¥% "Us2»n”+ E-" Az9 oDES2 «fA "«—"~"E", "« 8" «"UE A"E +IE E+ AE[,Y E—-" E¥%s«Ae¥% " »E"+«s!
ct«s"HE"T, 2s«« ¥ ~Y 2 YA« s«, 2 E-% T« ) x SEAOEREBE »% A« ¢ Al Ux E-"A "«, =+
+° Ys~",+»A"A Efsgis«EnY “«-"~"E", ~Y 2 Uyy&z<<s'E%<?;'F’8ﬁiﬁ L<AY Y «e” AEHSs « xSA «[aE"D
P s, «tAYo 2 E_"2« " PIBU +«A"AE «E x"E-&-CAR "« " ¥suo 2" ~“ja x_"e_ xsA Ai»»n 2 "«E"~, x"E- "
E-" AE%+«' "% '%txE- % AGHIEPRESE BEY%S 2 o YA "« ™+ 2 E-% "2« "« "+ 2 "Atn e "« "+ 2 8" E-"%+«"
[»t« ex28~"«" 2 YA "« s«, 2 E-¥% "+« "« Al»»o0@8«#BsES« (i UtEso L9 xsA "AzosE", ‘%z2 "U»z.
*+2»s5¥%°, Et 2 E-% "+« "«  sot«” A[VTAEA E-sBLAVIeBSaigfiit s»»%uzU0e0isE-s%O AE G U-"»
»¥% A« £ ~+E— 53" «x se” A 23sY ~" % "%, #YEAT « @Rk S«EE-" ¢inE"OsE"+t« 2" ,"[a sSE E-" E"2"
Tk="~"E"+« ' E=" c«liU-% "« X0 BMASOAY s O AE xsA O %@, ~Y $12 s«saYA"A «+E A-
LA+ «AEYSE", E-SE e+« %% "«E s,,"E "+« +° 2SAYAC% " es5&, 2Y s %" ~+tA+3so L9 ,"»o E "+« »%+
E-%"t« "« "+ +% s 3"UEI%" £+ 2 aYA "« "+ 2 E-%A+<«AR&V AEA¥oRf¥ kK« 0 L s, A x %" 3s»»" E+ E-"
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@eéliTeiilé % "% «e” "«x?"+ YU s, ex{«EAYCWA» % AA T« TA 20" %« , ~Y 52 aYAT« AT«A”
«+¥aso"A" s«, AESE"AE"esoo¥Y s«soYA", Ex ~tAK"E+-ESYE ¥E "lsogb A E¥%s«AnsSE "+« "«"E"SE" .
“U»3%"AA", """« A ‘tootx"«' E-=" »¥+e" (% «PETEX,SCx3L9 TSV L ~+tAx"Ee—"As¥% L9 "“n a"«E
S 7% >N otesE", "« i [«E¥%s«AnsE", %" ""+t«A ZUL +‘A+a" 2|

KT« E"SE »¥ "« "»s0 e+« «E S«SEYATA 1oz @A BB skSsSES2 Y, £385 «x="e—"A_""_nVY ex A"
¥ »a esE A+ E=" 7 "% «E Al»»0 28 «ESE "+« S BCoF A BRI e EIY" s, san+txA ‘£ A» e e a”
W AE «eE sniAE %A E—-SE x %" en"s¥%oV "AE"« Fhqgss«®, o¢#Phk+8 L« T » % "AA +« +« E-" E¥%s«Anc:
“ket et , "ET+«li U="2«8Y "Ue " »E "+« E+ E—"A EWR ) K +« A HUT 00 2 s YA «” A» e @e % " ~+ Ax " Es-
‘2% E-"2 "eEx"«” Al»»utat«E", As@» o A+ x—"e Lok Y RE ¢ RERU+ x "7 "«E"@", se¥%xAA T «E
["A-s~0" 'UF2E-_"3%" "« As2y»n”A Pin» 0o 2 dBa B Vi, SEE" ViTSSeXn EIAN o+t AEXAZIR-"%E-"Y
(%" Pi U &«," " ,+s2+%" "Es"a" AESE"AE "+so s«suYAFASE ) "saf ZHHSE " '"+«A £  3[aE"»a" """« A "«0O
kL, U TGETSE T« T Un U TAAT ke [UHT, T« E— BN ATREHEVIGEETATA $65 &S CASHHEIcE »a” A
«[aEi% A Pi»»n 2 "«Es¥%Y ,sEs+ "% " P8 I U-"BE«A"ZBOSET®E2SIP 2255 "« By Y Bpex"
~ " SAe%"~" , Ex »x+x¥% [»Es¢” ' E-" 52 «x s, "EE-Co+rRA¥ AU~ Ax"Eey Army Al~BEE§ A +a2¥%s"
£ 2 AAEE"e AE%AA: sA"E xsA Al CAE", » %0 af AR 4GP &« BgwldY »s%s—s 2+ oEET#TB 50",

"5+ Y EYwsYs—s axaiYH A S-—""—L9 A%i"«e” AT3"as%U"EY ~"Ex""« E-" s«snYA
?21% s«saYA" A +« E-"E%S«Ae¥%U " »E " +«so % APHoADEX EESYUY REGE %" Péé U [%UE-"%2+3%" =+
AtzelA”, @®%UAE +« E-""% ~"+AVY«BIZE® »SEEXSYR A ez«,s%uY AE%Iecki YA BUL 2sE.—",

s«, xSA E-"« "UE"«,”, Ex E-" ""«*2" x~ " E%SEATHIxB BB, AENIEI%" £ E-" 2jP "0 2" «E % " »+3

Y A»t«ATEYT %, ~YE-"»% A«e £ "0 " OSEE T EUSESEGACkYsRAUS Y AA £« asY ~" 20
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