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Zusammenfassung

Zusammenfassung

Cytok{(@ekjiend eine Gruppe von Pfeliarzevnltdhnt mgre ko |
der Entwicklung vosnpi Whrenhetl knédé cReimnzolbieemenmni e
Sinorhizob,wemmcmel dluotcih di e Fi xierung wamsat mosy¥
i berl eben von Legumi nosensii mh esrtd/tweklslkeow uzradmeme n  E
gezeigtS. dmepso § ® mativifetlrlesteeknudnedVur e el haari nf ekti one
ei neCn-3' -cBMBbh2ngiaggé mr egul ati on( AGReguhBécDnswedg

verringert

Diese Arbeit stebBltmddcr , il plheoirtmonen wahr zuneh
auf di ese mi ttabPngi gecnAMBi gnaltransduktionska
Unt er sucehiumde@ré 6C Adfeary | at / Guabel etmuphRbBasaebi bl i ot
und anschl i koQrepndeemeGé mat ieorms®sgtlu dciheenen di e | denti
CyaB welatbe all ei miud eCMNEINGE&-i sopent eny!l )tazd e(nti man ¢
Zeatin), ki nBAR n-b(emz g | a®i nopur iPr)o morteoa ginarlty s e
Proteinveskygdiengund di ePdmuleatsiucthaummgye kitedanu be
di e -CqresBeakti on aufsemeEbeheaden c.lRPavakiaexsirake
und anschPri etCamateg seB. voadrim%dlii chten die Unter
Ckuna@auch @y&aBngphysni ol ogi-sucnhde nL aldngrzzes istu. g @ n
festgestellten proteomischen Ver2-abdbfogogger C&i
Ant wortS. vanel idiog i zu ei ner er h° hReegnu-Pdmu red arsz
SMb2 0495 f ¢shrt e, sondern -dealkh®mg-faguecvwCrnei naeu fCy ac
me glicherweise auf einen Abwehr mechani s-mus ge
Al kaGouppe hinweist, einem bekannta&bweohxri nyyomnda
Pfl armzemgesetzt wird.

Phyl ogeneti sche Anal ysen ergaben,Rhdaoasdi yadBe
konservAesthliiseCend wurden Komplementationsstu
j eweil s ei ne cy a@et nhsoe gqougeen z aufreidiebemden, ei
pf l anzensymbi ont i gfclhemz emmpdat @iogemen Vertreter g
getestet enwiOg dedinkKlmongsee r vi er tarbcgh 2 chegr g EAn t cwaM Rt
mijtedaam Teil deutlich unt er sRehmikeeddairic hd a4 ae xko qail
zugef ¢ hirPes CWe ietrgradorelnmnQuonopr 2 zi pi t ataicanre wo&@d | P)
hyb-Exgeri,medtdsass MEPsoziierte Syhe hesepplotled ne
Phos pSyantt h(@g)ei hnt erakti onspaisher Dvese CYaBer ak
zudemch bei den unOeptbaoakbcbgen KygmnBefrfvidleddende
Anal ysen von Met adtodfiftwweeccheeseed gMER €U mde n CyCKB
abhangigen A MDIMAIPePg ieme wwnc hnt Zgvée s ph@cudkd sSME P



Zusammenfassung

Synthesew®ge/erl ust vode@yeaiBn drg hwearemizuder t en H?2 L
Proteinen &EaofThweathssedi nem weiteren Sebthweic hse
Dxs beteililgnt ersaletuitlrine saefc hesieh i wikaialgemi eder
ent de CkkCg¢ aBBAMRe ak tuinaln dent ruanl8exna s s 0 z i MER ut nedn

Thi asmionf f weecghdsier .



Abstract

Abstract

Cytok{(€@€KJrse a group of,whi & htsweowenmotnoe sbe a maj or
during the devel opment oJff irxdaotg md¥iwhosrsha ZHalbkbom
mel il atoi ensure the survival adfeplegethi sous . pRam
was shovwn tmedtigmpdrits this symbiotic iemtcer adti o
secondaoy imdiecti ons t-Bo0BY P ORperCdent autoreg

i nf e ADbaht hway.

This phesaatonnkeet weEnphytohor moneapencemitti amt a
CAMP respSonsreeMiosfico eieni AG/ 6L a@dfeamry | at e/ gulanyl at e
mut ant .Quibsreauye nt gene compll etdoe ritthaetnit o b i cBydBas
as t he sroelsep o ICKi n g AESEEENdI ng to Pt MNe&@@-compoul
i sopentenylt)ZddaBieme ) nRi net i-RAPardEén By | ami.nopurir
Promoter ,panatlt gismstruncations and investigation
characteri-ZyaBg toeaapCiKKeeen.dl nispweelt s-,0nb wtf a&lKso Cy a
dependent phhnsavptdofemcghlangasarri edamallty sviiea of
S. mewh dloe i cel | proteome after Dappttedtipomt ebd
changes not onl y -deipemldeyned C&nEyabBéresatiting i1
i ncreased abundraengcuel oonf SNbRhOed &BINnr ahcsovar €¢ a B

i hdependeerstp ofksteent i al lay dheif retnisreg merc hcaonm psonu nadgsa i n
of the isowmugnolbpneaakhalvi mpl baazt @d bdashf eams &

Phyl ogenetic anal ysi s reveal ed a conservation
Rhi zobiSucwkaequempgl ement atwieorne sctaurdriieesdt yagBe neart i | i z
ort hsdlraagnf-r ieei neg,y mblionti ccpanio@gpmrint eThe wearl ed a

overall comdewmawedantgat gs poonfset he here tteshed ort
CKcompoumwd Addi tiiimmwnddpyr,ecciopi tation (Col P) and
experiments NMERephetetdwapepooyreySmpuhloosspehat e synt he
Dxs as an interac.ticiohmt pawchbeoBas sGyaBnserved f
tested CyaBubnt,Bl@bCogsal ysis of MEP pat hway met a
and CdemBendent i DMARR sae cafuci al downstream pro
pat hway.t he ot heaf h@GywaB rleosswsl t ed i n t hper adteecirmresa s e
of t he amiymd hpastiwagt her pat hway Dxs aThiiwvity

interacti @an conEeaedti s mEbCytamBAMP r e sagmadrhsee cent r al
Dxdepenthehabolic MEP and thiamine synthesis pat
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-1ISymbi osi s between pliames gamder boif zobit a
Xingodaoadts

I organisms need to constantly adapt to vary

nditions can either be of abiotic (e.g. pH,
n manifest in either a disadvandg ageoushénbdbeh
g. p at hfoagveonriach)l e f or just one and unhar mful
a favorable inter@etgonsymbi dtoitdr) or gani s ms

on nitrogen starvatiMadi degauni{rhlarmuecaetpd Meatdbsc) i |

t{abhfalfa) need to engage in a Symbrbaiizobi o
|l il &ntering into this symbiotic interaction j
nstraead ddytfof er enti ate between friend and foe. \
e latter, they put a high effort in cooper a

organize the gene expradairons,trmett ailb @l iosfm raonc
atiotempor al manner. Taken together, all tho:t
e nodul e.noRwmdtes host the symbiotic partner
mosphericy)nandogpewnvilNe it in the form of amm

e plant host provides carbon sources to the

ids |i ke mal atBoo@gfho2a0lZ2aY.revi ew see

pending on the host, two types of nodul es h
dul es, f or mi n. osnaatpidtaan tt § u laimklée udleat er mi nat e no
rmi ng onLotluasntjsa psd rkied mes omalxean) . I ndeterminat
aracterized by the presence of a persistent
nstantly divide (also termed zone 1). This z
e meristematic zoome Il Ii,s wthlee ei n flaeacttnieosnl yzs d iav
netrated by an infection thread, whi ch cont
fferentiate into bacteroids in the interzone

ntains fully different imbotsed el adtheédr diads tc eloinse,
nescence zone |V, where old bacteroidseell s a
1. Ri.&. . I n contrast to indeterminate nodul es
aracterized by the iab szeonncee, ohfara ome rnigs tceommastt a r
ditionally, al | devel opment al stages, me an i

xation and finally senescence of all i nfect et

e to the agriculturall eigmmer tsyrmda ocfi st he hr Bi 2

en a major subject to research over the | ast

12



1l ntroducti on

and proteins were characterized, whictf opl ay a
detailed review sde2al bl re xtahmgp | feo IRlooywi ng secti on
over vwivew the different nrdkivzaldddguameen tsayl mbsitoasgiess, orfe

formation of nitrogen fixing root nodul es.

1. 1-1hitiatiomoand mgtlieacntti o n

1. 1.-Anilti al signal mol ecul e exchange

I nitiation of the symbiosiM. bseatiMeveanr U wgamiuhes s
i nteractiS.n nmpelrgbneetrt i ng i n indeterenmtnaitle aodueé
communicational effort bet ween botvh pgarutnrcer .l
produces flavonoid compoundand es @d¢ meaimetseco |time o
rhizosphere, where tiBey medn | e NedRhaienagd' mayner

NodD1l istrmrahnysmRi pti onabti mfalgauvloantooird,s wahnidc hi n t ur n

transcriptiomaldpacoiny@hechness rodfsul ts i sigmadduantgi o
compound LC@Pb{foboligdsaatbar ktheWmndasFpNByl(for
mel i |l déhignaling mol eddl,-Bli cN-ade-bB-yl wd osaanmivmiec h

be further decorated with a variety (Pf diff
core NF structure is produced by the NodAB
various side residues can be performed(®™y othe
decorations of the NF also play a crucial r
os yYmbiExmtort of -gihgenardaitrug ecdlffpounds can be
AB@ransporters (Nodl and NodlJ

11. P-Root ihmfigcti on

Crucimbofiohfecti on ar e htawor sctoelposnii zla)t iroonotby t he
rodtai r curling entrapping the interaction par
thread (1 T) XHormation (Fig.

I n the first step, bacteria directtilypiaf 6 amihng o
bi of'fAfnmt er adhersoomh, hrahintzhoebi a p reoxdoupccel yESPIS; c(hfaari
LPSs I(ifpoorpol y9aaniariedeé ul ose to encapdiflarte the
formation is initiated by t he -rpeecrecpetpotr.iTdkre si@fs ensa t
receptor Kkinasesr oaortemél aobcraatfedd i anl Itchset er i €A1 1y bi
Addi ti bparMd yept or kinases are cruci al for defir
NFbi nding &pflecificity

Percemptfi ohfFi gmamy di fferent cellul ar processes
successful infection. For exampl e, perception
production and secretionhedpddrmtviolmeo i ldo ccaotmpooru nalfs

infection, effectively resulting i n a positi

13
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| ecldIAss another consequencé'cohc &dft patricems i wint
cl eusodbfclrai s dramatically increase, 2Wwhi ch i
cillati®@@n?)pamnt ecrhnannel proteins |l ocated in
cessary for géweasrcat ilad { WMi gCo@Beercrut i vtel vy, t |
cillations @&&wapenodalil v end dieyp e n €@ a MpKr omthd icrh ki

© S5 O S 3

tpthrosmphoryl ate tramscleptiogaltor @aguwlnatcaorn pt i

toskeleton rearrangement, resulting in root
rtnercalnl ead sionf ection pocket 200t670)i Elvg d Rbgt e . ¢
ir curliongheappétanstt pa@fdepaendyenti?dmaiNin@lai n t he
fection pocket, the trapped rhizobia can div

>0 T O <

0
u
s
e
s
n
arious genes esséxt®lanalfloy, nvoRAugderntdemti on al s
y
a
a
n
o

Formation of the I T is achieved by partial deg
site, followed by invagi nfa®% iDengroafd atthieo np loafs mah en
achievpdamty der i vede.eggnzypreecst altiekel yases or pect
(PMEY.t'hnvagination of the plasma membrane, as w
the 1 T, invol vlieidk entainlylreipmoso i agnisdn ® ra cAtRiPns r(efldat ed pr
Those proteins orchestrate membrane traffickin
actin bundles into a mor(@24diAddisteidonsatlaltye, trhees p
nucl eus is reposi tfioomad itomm tama dist @iaofecltTy con

| T viduadiies, priming the mwagyt(ffmdithhi e IhTe |tphsr ogug
the |I'T to the opmdsiathd rgiowarafs t h&f) cortical ce

Despite NFs, ot her mol ecul es | ike succinogl yca
crucial for signaling the plant the presence of
EPS 1|1 can be perceived by the plaht Bnbseungboo
the right molecule can |l ead to a delayed infec
symbiotic interactdoEPSnisheael worsmnvebeedfinitde
For infkRctiombgat unled iEIPGESt il is essential for est
whereas EPS 1 1(38 sCaln tsrpaernys atbod et hi s, both, EPS |

medi ating a successS3.ul madmfdecaitttiiso nb ebgeetviveehergstt i v a
althoughmeEdPASatled iisnf mot € 63 fLiyksiMeanitn cont ai ning
protei BEBS(feregptorcated in the plasma membrane,

recognition oAt he plant side

14
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2.
rhizobia

-'

ﬂavon0|d
‘%

cyto-
skeleton |

[ =

[ 1 ) =
cortex| | B
primordium

Fi &Rhizobial infection of the plant root hair cell.
Representation of the rhizobial infection process of | egu
signaling compounds called flavonoids (1) into the rhizos
(2), which in hteurpnl arnets pboyndportooducti on and secretion of [|lipo
called Nodulation Factor (NF, 3). Concomitantly, the root
the process. This forms an ciannf edcit¥i)odne Noeolctk,e tt,h ewhreoroet bhaacitre ri
invaginates and grows inward, resulting in the formation
I' T is attached via cytoskeleton compounrdms (& .Tgrceoanptl ierx), t
guiding the I'T through the root hair cell. Wi thin the 1T,
cel |l (4). While the 1T is proliferating téimtoaurghmidthes iepi an
start dividing, giving rise to the nodule primordium. Upo
I' T pierces through and proliferates further into the root
cell.3h{s)figure is inspired by th®@ndeXZkengl2#i) Jhu and Ol d
1. 1-Npdul e devel opment

I n parallel to ther omtgodéligr b yn ftelce iminc rods ywrtei ont
cel l-esntreer mitosis to divide and offer enough «ce¢
The-didferentiation of <cortical cells is a high
many transguil ptioosal The cornerstone of NEhe beg
i ndupkbdsphoryl ati on mafs trearganssactivahrp tciha reanlu ltaus ni n

cascading reaexpoessindmbof ngul aitnorge npea rrt eagku Inagt
proced&esdditi onparlgitiywidruct eanl yofnodul i ns, neces:
devel olgfdiemt auxin biosynthesis protein&? jpsomot
i ncreéasedcd.um, a myriad of transcriptional regu
division by reprebtsindnoefdsg eancetsi viant i @ ns pdt’? ot e mp
Consequently, this results in the formation of

concomitant di flhedeB®t.gati on (Fi

1.1.-BExa@cytotic release into the symbi osome
After growing through the root hair cell, t he
adjacent to thel Feiogr.tTilcjad ealelldwd wtyliedne¢ioT dtee® pgerrow
tissue of the nbhé&Tepasseor dihumugh thenfdirst
penetrates the following cells, concomitantly r

in a primarily(*xx*fdixgt oExXocmannherc release of the
15
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by -SWAREKYI we s tacslseoc SAARE a RSANATREs v €6 erelnebr ane and

tar-membr ane | oc a)loifz epd ahM°A Rl ieqqisre of rhizobia ir
cell gives rise-tikea smhewcdhalglaende It shyembsi®p s ome ( F
i ndeterminate nodul ed., tlrikedMatholss®iot ar msymbowsor
mostly contain onl g yaoimbe olsoafentedserti eurmmi mahtiel enodul es
L. japo@. cmaxot s, can contain multiple bacteria
symbi osomes di vide, which can result in plant

organelklee st4?Uctures

Throughout nodule development, the host plant i
against a potentiTal dowolsheyn pdbidd arrEcne®dd | eng ant
bacteri al pepti desodtalpd ed f iINCrRigcyll tf eosgraatenni M a
truncatfwlraexample, posse8dhmeseepepandeB0cN@Rs f
attack the cell membr ane of t°ATeo beancstuerrei usmu rrvei svua
mi crosymbiont is in need to ad@.ptmafinadt dienf sethadn cae
pr odupceepsttirdeen s por twhprcoht epiomsechitMi@RI tlpye pt i des i nto
plasma, preventing damalg?#hy of the cell membrar

zone Il -z zone I1.-111. .

’ release . = division & differentiation =

_ ' symbiosome ::
IT @) V-SNARE “e

\ . F
\ T-SNARE s
< (o] o
| B |
o

| |

n

n

-
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n

| |

"

n

. ]
Golgi 0______________9- a
— -
apparatus o ONCRS = a
n u
o

ER— \v e . -

7N o o\ & ;

( IIIIII: .IIIII ]

= peptidases o o . .

nucleus | o PR o = 3 nitrogenase | 2

\ / :/ A l: [ ]

— - | | | |

\ :\ / -: . ]

ERRS - ::N2 ammonia .

= zonelV. & = zone IIl. .

= senescence . = fixation .

"frsssssssssEse SEpEEEEEEEEEEEEEEEEEEEES
Fi @g@Microsymbiont differentiation into bacteroids within i
Representation of the intracellul ar rel ease and concomi
symbiosis. Generally, the |ifecycle of the microsymbiont
stages of rel easeent i ditviomi,onfi&adi bherand finally senescenc
released into the rddtkecsltirumitiumenxivayvi@acuphehwagd- Ttilizi
SNARE proteins. The vacuole contfome ngQzanddallt)ri Tme i sy mkei
the contained microsymbiont divide synchronously, resulti
Afterwards, t he mi crosymbiont is forced to differentiate
produced NCR peptides delivered to the symbiosome, | eadin
and cell el ongati on. Additionally, the intracellular oxy
nitrogenase gene -kxpreasien (wbhediFferentiation and prod
compl exes, the bacteroid startscomveérntxi rad motspihetrdo ct mé t ploe
ammoni a. In turn, the ammonia is secreted into the plant
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ol der bacteroid cells declines, the plant initiates the s
symbi osome is degraded by delivery of e.g. peptidases to
invested resourttceess ynmhlrioautgihoupr dcess (zone I V) . Abbrevi at

endopl asmati c rnetditedped ainf; i cM CRyhsTtheei nfei gure i s inspired by t
Ol dr oy d*%2n0d2 3R b y2a0l 2.9

1.1.-Ro@ul e maturati on

The plant produced NCR peptidastaere ahotpua mploy ey
also trigger differentiation of the microsymbi

(Fi2g. I n theSicas®ehiecMedvihosaygmbi osi s, hundreds of |
are i mported into the symbiosome, mostly expect
strains described t o dat e mostly showed i ncoc

consequently an unsucce.ssHarl exyamiplldel,i atahsen sNa@Rv O t
todnterceptFttshZze nmtdrifat ed ncet Berciyreg el bt if%*Vi si on
Addi tionall vy, NCR2Lhvi ndndred QudPevdtxmesn t regul a
systems controll igngucBPS symd he $E*jlcrroensipceacltliyv,e | fi

canoni chadc teenrtiial peptides, t he NCR211 was showil
survival, preventing(5prEomadauhice dee glein@lr ag ii oal a
peptides, they first need to undergnatarmdti omati
the cleavage of the signals, peptti daed swi amettthey | ;ait g
peptides -mey hBiNetessse been (¥e’glowht edr umuatanmita str ai i
defecti vemaitrur &tCiRon shows | oss of bacteroid

senescence, rendering the &§¢mbiotic interactior
I n total-medihet NCRdi fferentiation | eads to massi
| eading to cell enl argement and2)e,ndroasulutpilng aitn

t o f204l d i ncreased DNA cohent within the bacter

1. 1.-RARt ®Mospheric nitrogen fixation by differenti

The heart of the symbiotic interaction and I i k:

>

vest many r edseo unrdceeese | ionp mte md of a whole new p

catalytic reaction performed by batbertciedspl afn
accessible compound ammoni a. This reaction is
compl ex. Sirmmmd ybdenum ( FeMa)hec onfiacrtoogre nat e i s
sensitive, the plant needs to drasticalelly sdi mi
Additionally, reduction of oxygen | evels functi
(Fi2p. This reduction of oxygen |l evels is achie
proteins call ed®?! Eghemthegl cekipmis@sdiigpen eo fo ptehreon s
encoding structur al proteins necessary e. g. f
bi osynt lmevsiox,ygen <concent.r alpoomsl|l caw eo xnyegeedne dc o n ¢
expression of those opeowmpeneéestinegubaedryiayat
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t h ec chmteari ;siemgs i@ g protein FixL and tH®2 trans
is regulator system ifndakadd sf Ag @ o e dfeiragrdé i€ i o n
gul atory proteins Fi%K2)@ads &Nguieant Iry,spkictK vea
pressi don xdNfGQ@Rihiex GHp Sr(diWsencodbhBtgyppe Ccyt ochr om
idase complex (Fi xXNOQP), needed for respirati
e needed for FmaxtNux@PnpSa.X0oNi ftAheon the ot her ha
e exprestfi nABOXditfHEDKer ons ani fadbi {B5 The
f HDK proteins are the structural(®’®awheroefast h
f NEB are needed HeoMoosfyarctthoesi scraufcitaHe f or t he
t I%1 tFiy X ABCX on the other hand supplies the
ucial for thdifxamgt gz yonfe t he N
l1-Badteroid senescence
e last step of the nodule symbiosis is the s
t rjvemitesh they invested into maiaaadniBpn.g. t he
nescence can be triggered eitH&P bbuyt ean vsior a mme
e availabilitiyemdreondiutlreo gneani,n tvehni@hhd @®De epliune aan
vironment al trigger for nodule senescence, (
vel opment al cue. I n indeterminate nodul es, t
nt aodInd nignf ected nodule cell $7'hrmDdkttelreni mad tee ch oh

the other hand are not divided into differ
nesce as a whole wupond7’2t eDeecchriendgy iaaced d rutl airn nd d
ncentrations found in | ate stageserivie (ansi ttriog
vel opmental trigger for senescence initiatior
ncentrations are present, which ivmartipoluasntt ri g
anscripfThesef actamscri ption fact orfs siemetswcrem cre
| ated genes encoding protein&$e’d)l arovdevohat

i ng cell s, however, t he nitrogen concentr a
| ated genes i s relieved. Successively, t his
mbi osome and repurposing of tf3H ewhreen etahsee dn onduutlr
whole is dismantl ed, trapped bacteria are re

|l ifestyle, degrading and recycling “He old nodl
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Zones:
I.meristem{
II. infection
I1.-111. T T
differentiation L_ _ _ BT+ =
Il fixation=<
()
L = symbiosome
IV. { """ - P
senescence epidermis
[ | [ cortex
I [ [ [ I o
I I endodermis
ericycle
vasculature
Fi 8. Architecture of indeterminate root nodul es
Simplified representation of the different devel opmental
nodules, a meristematic zone | (shown in grey) is present
l'ife cycle. Hereonpltamt | geldli ¥yi de . In the infection zone
proxi mal plant cells of the meristematic zone | and bacte
di fferent ilatli ofnalzsoon et elrimed! efht eymbnesomeghanduthe containe
divide and differentiate into the bacteroid form. The fix
fully differentiated bacteroids. Here, | a6 mane hVt(bgew
known as the senescence zone, bacteroids and symbiosomes
by the host pHa/ntar eThsaurzroomuensdeld by the root endoder mi s and
suppldy qaun ck signal exchange between the different develo
the review Jhu (@hAd Ol droyd 2023
1.21-1838volvement of plant phytohormones in tF
Hor monal signaling is key tol nplmnduldee vied voelmemm

variety ofsfcompaurdderent phytohor.medrme | ehes § og

i nstamwed&hioswn for its strong negative regulator
hormones | ike i @bei edbdri eg tarcidglo | abcott ohn ense gsaht o w e
wel | as positive regul ator Esepfefceatt $ yordh omod inlee |

effect of the hor mond doomsdeap e nd e d diatdi @ol noapl heyn tc a n
bet ween diffe(ffeoit tolm@ramui gmsr ev i2a@DML’) skeeer geu ga n Ld my
Mat hesi U'SOr2 0viedea n2b0l &%)

I n the following sections | will(dKsc)hs gbhighei
the rodKesighaling at di fferent devel opment al
Additionally, I widlel niowytort & @@ Kcao neplioourntdlsy btahsee d o n

MEP i soprenoid pathway.
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1.1.-Bibsynthegteoekiofiin and auxin precursors DMA
pat hway

CKs are adenine derivatives carrying either an
moi ebDtuye. t o the i mportaptentvfel ®Kp nseingtn,altihneg bi osyn
compounds has been extensively studi ed and W
Sakaki bar®r 2R8®aoabasada and Sd¥kaki bara 20009

The isoprenoid sidée mehhphatcwpmpopma) e O6DMAPRat e
from the isoprenoid pathway, an essenti al path
organif¥mdere, two diweferaasc mpiakh ddvaegshledamvdie ( f or
the MEMPe(hgterythr)topht pWdhgdhatpel ants possess
pat hways, bacteria primarily wuse the | atter. i
consi sts of t he conver-phosphdt egl(y&reR)al da dy dpey
deoxyxylpunloosspeh ast e ( DXP) . ITati al yvzoendv ebbysi tolme isnzyn
DXP synfFhdgs,eowke acti vi ttyh ecdriashieit t mge Dot tl-eneck
pat hW&yl ndi spensable for this -hemecdi mar i swheare f
protein binds the cofactor thiamine diphosphat

Mg or 2Mh3)
After DXP synthesis by Dxs, convydrogi oinsopfent &i
pyrophosphaMAPP is synthesized in six consecu

second enzyme DXPlie@edeucDgdgr (¢ noenxzes t he pat hway

compound MEP. Subsequentl vy, the isoprene pathw
four single step&hydrmmeyt WMB-ERY(f pyr ophowlpihah e
functions as the precursor for | PP or DMAPP syn
to | PP or DMAPP is pesbprmaed bW¥MBPEpHedthibDhase
enzyme | dopéhbenyl di phosphmteonsvemterlaRgi@ceo DM,
ver,savher easi demprSend osysekad®dMAPP for (8 bprene p

Met abol i tespatfhway arEd not only wused for synth
For exampl e, the first compound i n l i ne, DXP,
pyridoxine (vitamin B6) as wel®} 8%vwhdrhé ai (naes (ali
stated above) DMAPR®W®Bt hesidsf of CK4)cloomptohuen dfsi r(sh
step of CK synthesi s, an adenosi neN-pglregnwladti evce

wi DMAP®t N°mei ety, giving ri®eribpbbdepbampePund

e. g-ATPP. This step is cataliwvoeeénbenyhet plehoes B r
enzyme CYPTy5SAchfreome P450 )mammo xhywgemasyd at e t he
chain, converting riaBh&®t itm nt@ZRées f.eotrBadt h | PRP a
t ZRP can subsequently be dephosphoryl ated by a
to thikeade efeqfrais(a@i Bopent enyan)da(itedriames Vieatka n)
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ri bos-modeopMNosphat e phoslpihkoe (lbh@@Gnyediryo | Gusygr adat i or
of i P amdrtikygi Dhe CK oxidase/ dehydrogeidse CK>
oKamalabusada and(®®akakihbamagh) .review, Fig.

I
pyruvate i Vitamin BT | EP
I - ==
. cJokn,on I yd i & : athwa
= : L Vitamin B6 !
° DXP =

G3P 2.
OH OH 5 H,c OH
Ho-p-0. Lo Dxs > H’CWI/T\° -B-oM \/\o/\o Hon
o} H H
4, 3. @
vo- ‘.3 i 7 L Hiog oM 7NN
WO 8 2 A0 ‘N 7 ey \/ﬁ(\o P-0- P 0 ‘N)),N
~o-b-o-h-o™( o A
L g ..ouo,,o )
@ c
Ha
n,cj\/\q oM

0=P-0-P=0

5. 6.
OH =f =
[} CHy HO HO
3P-0, 2
25 A O s & R CT) o !
0 Fs0_ /"o HO HO DMAPP -
’
tZz

Hy
iP-ATP v e e
H u.cL m 2 &
HN ”/ _OH — 1 ] ) ey
P SN woJodofornref
adenine <uj\,( "o o ..Z o —on
NH,
<71/L) I |P-QDP
CYP i ot
CKX b 3 u[\}}) <
735A LOG ofofoni IPT
)C:;/\ 1 B Ho' om
e " iP-AMP
3-methyl- e e Il
2-butenal = (yrk,‘ o 'NT"I \ CK
P — QALY —
N \Ni)P o«‘“o{ synthesis

HO oM

Fi ¢The MEP piasyinwmalyesi s of DMARR, np&wkeocsuyrnstolre soifs .

Overview of the DMAPP synthesis derived from the Dxs de
concondeg amstymt hesi s of-CKheompopmneasoi & and t Z. In the first
Dxs converts pyruvate and G3P into DXP. DXP can either s
vitamin B6 (
n

pyridoxine) biocsyndt hheasitdheorME®Pampal e wfayrt her thre
converted into DMAPP or I PP in six catalytRcandnd slitRPsc adry
inhibit Dxs catalytical activity by allosteric binding ar
aggregation and finally degr adatdeonnsoyfmtlhxess.i sF uorft htehre, iDsMAPY
compounds tZ and iP. The first step in this synthesis pat
an AMP, ADP or ATP mol ecul e In the next step the LOG pro

upr i blostyed i P compound. The CtYPi7B 5iAntpa ott £2.i nDe@ma catnivenr of
performed by CKX, resimlet iRfpdgutiemabde Abbese;RebB-DBoghsl-ose 5

phosphate; sprxt haBX¥P reductoi somer ase; |l sp, isoprenoid syn
Lonely Guy; CYP735A, cytokinin hydroxyl 68P, GK¥Xcercghtaodahwnd
3phosphatlDe adBDYPyYy | u Imfscesp‘:ha&OaMthDyelrythphbsbhat(eCyt3|d|n4e 5

di pho2ime) iDywelr yt  CDPYE¥Pho2pifaeyt i-di sph &63@ret)iDywlr yt hritol ;
5. ;CMet iDwelryt hr-cyol o@i, ghos-Ahdt-2mg t6iRylu tle ndyilphdospHEBBP)
I

PP, i sopentenyl di phosphat e; DMAPP, di methyl allyl di phos
1. 12-@yt okiiminng mpactful phytohormone <cl ass

Throughout the | ast decades, the role of CK si
unravelling involvemanttuafl | yhiasd | hadremen®piment al
i fecycl e, ranging from root to shoot as well

reviews see Wybouw (840dd Kiee Rgean & dfddehrad ,| etrh e2y0 1

21



1l ntroducti on

mo st prominently act antagonistic to auxin ph

h
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ormodesermhere devel opment al fatei ofespaniseus op
nvironmental conditioers 200fI6%). review see Schall
n plants, CKsdifsmhanc¢e®nsiagnaloinmg mol ec-alnas, tr e
ut puts between the root and the shoot.i Hhe tw
nd tZ, take major contributi ons-ainnd tahbeo vceogmnouunni (
arts of Tylpecpl byt . i neanifavoeabi eonmantr,j tZ co
roduced in the root and tr dh’8eerretthey Bhe phkec

y CH-A8Btaining hi stciydilnaes ek i rnha ssda s sd¢ tnicea tkei dn asseerss
xtracdelalnuHAaewmpdeBt ypsesponse regulators (RR), con:

ulatory cascade | eading’t Coaversecetyhsed o6KOo:«

Q «Q
=]

aling to theompoundmai megshgesPthe root e.
d i mpacts the root architectW®bUsudlyl y,egiuP aa nc
ounds are transported in a ri%asyWhettehde rs tta

- o S
o 3
o ©

sylated CK forms are only wused for transp:«

ignaling is still a matter (°Gf°¥)debate in the s«

c
D

t o -menckki aCtked signaling of nutrient availabil

_‘
c
(@)

i al role in the devel opment 5o0.f Innotdruilgeusi nognl vy
n have both positive as well as negative ef"
obia infection phase, MCK tgiugioaltisi ge xipso sierdd i
i zobi al deri vefdoINdF si isthPeveslp at A 5~3 pmol / g fr e
h of @XIphoSKrresponse i s mediat ed fwira dtolees Q@a MHKn
nfectiwhmisgh i nduces t hep gexier e sesnicoditks gnfigt tt heei s
rotlBT@®S) Subsequheent CMWMoOSERIi N containing histidi
ositively regul at es t hgee ngeesn ee necxepgr nehstyper kihse 0 h s f u
i ke LOG2 (&n@PiegGx 1 iseap@Ksive master regul at

mpact on regul ator-pempoceogteiscre.s lupooaomFmMri son t

runcanenlibant strain showed differenti al expr e:
pplicati,onddmomstrating that Crel contributes
hanges at the r hil%éMimoIngi rtfheocstei an ffteageamti al ly
|l so negative CK regulators |ike CK oxidases (
nd balance the CK -fpaomill.y Fturrarhsecr,i p&@R AoSnh a | regu
odul ati on si)nar e nignpwuad edvaywhi ch in turn can i
o cortical <cell division (dWd €Ko dwelsep omrsiemd rsd ina
ocalized in the emerging nodule primordia and

urroundi YYF iBpi.s sue
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The i mpact of CK signaling on hmadwlvee nd & vhesl o pormen
spontaneous rooti nnadcuwel easbs(eSiINFE) ofcarheo®Ootwm.osyn
exam@®BINdF, can be induced by exogenous applticatio
BAP M.n truntat jlaprooi’8 b%)dven application Saf puri
mel idndt i s artoiotas is capabl e of i nducing SNF, i n
interact i ({®Mspanttanerdtheabmve, atl symbiotic CK resfg
orchestrated dWymahe CHASEI ni ngM. HK r QORoE R tthlrea m

anal ogous protei napldkKlloafisreoguent |y, gain of func
CRE1 fMromr uwoddaitKul dr ofmap(omalsiogs@Epont aneous nod.L

formatiadso result in spohnfta.n®bus nodule format:

Since nodule devel opment and maintenance of t
act i vaihtiypmiesr gy demandiumpg tpr c2cbes% of t he photosy!
can be consumeds(Py ptllaent sodulght |l y regul ate th

interactions. This process -disstnmendcieatsidgnbayl i @ g s
termed autoregulation of nodul ation (AON). Upo
and Cl| eQIBAYATAr/ ESR relaaedber pt e n eddedp e nnd ean t CK
manné’) Successi ywelpyt,i dterse aClee del i vered to the sl

to a receptor compl e xr eccoenppt cosre dkli amflasgtétxeh ( JrikeRo e at
SUNN ¢6tlLper numer pry Cho@WAWAItAand t he Coryne | il
CRN®S) SubsequeRK | gom@dIRRx medi ated transcriptiol
increased production of CKs in the shoot-, as we
RNA mi R2£1'2" Bot h CK and mi R2111 can be delivered
i mpact the symbi ot ide piemtdeerna ¢ fmiammmteora . murdvVMis| av &)
Fbox containingtaargeéeteiimg, nddkledtyi on rel ated pr
proteasomal ([d®dirna d apiossmihoows deri ved CKs are res
number reductdemenidne nal*ffMiwhiere the mi R2111 i s |
degradati-omaon$§cTMpt(do% Comse quenttd y, reduced miF
and delivery to the roots | eadmetdoatedupedt ewnmk

degradation of fWQ¥Yul ati on proteins

23



1l ntroducti on

epidermis
rhizobia P I
cortex
IT
1. 2. 3. 4.
(epidermis
[
\cortex [ . |
[ ] rimordium
endodermis
vericycle
vasculature
. AMP/ ADP/ ATP
iPRP
oK IP>—>
response DMAPP CYP735AI }» CK —» CHASE-HK —» RR
{ZRP '|'
CKX
Fi §CK signaling is a spatiotemporal process displaying va
Representation of varying CK signaling outputs detected
devel opmental stages of the root nodul e symbi aseipso.r tlelrl ust
st ud(iee.sg . eTtriszlﬂién transcri pteonge arealddashibB)df various CK
related genes nd proeefos médhown WiTn abdIWmehamto Irdhgzrods a
present, theC signaling is relatively low in the diffe
concomidatnithecti on, CK signaling (e.g. expressRpPRan) of CK
i ncr eiartsetshe root cortex and pericycle cell tissues at the
surrounding the infection deesprrianoridmar esedd.s Hmerpdiaryg trha
intensities throughout the infection phase (3). Mature r
pericycle tissue, while the infected noduleteeblisascdnsaia
very |l ow CK signaling intensities (4). Bel ow the gener al
i sopentenyl transferase; CYP735A, cyt okHK, nCHKiSELoi xdyil naes e ;
kinase; CKX, chytoahynidmogpanasase RR, response regulator; DI
i PRP, isopentenyl adenine rib sidThethlgturraenS| sZ eiantsipni rreidb of
Liet 2a0l2.08)
CK production was also detected in different ba

t he ver pgtefnier sitdent i fied deri vedgr olanc ttahbei upm a nt
(f or megid gbacttieme fuanc i emesode o | ars Aitds:DMA ¢ fansfer

from phasmi d, cont aii ptit z@f tgreaznesa t i nk & y)n,t hceasn zh en g
transferred into the plant host, where the gen
l evel s, resulting iAffhwommabolge!Adds dpiltainotn sn ofdourl e
forming r hS.zomedaiBlrlaitkiyer hi zobCKmpspducti on and s
various CK compounds$!®>d®fn medf od eotiencstteadnce was s
produce and secrete very | ow quant iltaineds ~05f5 ixP ¢
1¢ipmol / cel |, respectivel y. Despite their pot
produced quantities of CKs -aodul 8sumiNEil ent t
mutant strain and induce né6dtlHoweowremat ivoina oenn dio
overproduction of the CKzgseonmep cdhurnodmgthZ o memiolt iy pii
rescue o0%. timeNF dmort @ mdaAnan odwBas achieved. The f o
nodul es, however, were incapable of fixing ni

for matiiloht is notewor Ehy csothraai nevecnarangi ng t he
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overproduction amonavianwadBul a ktest hwas capable to
primordia fM.r neaatoiovhaNew ert he-bgges pr tH.ecd digiai n
was unable to infect the root and trigger furth
for matifloonhe casdeosopgirill um bplaasntl egsewtdh prom
proteobaltaet émuimal produced CK appear to have p
t he wileaticum agstoinmmom WWWFEKSE) produtéaeé- by
proteobaPseuvdomonas fweuroar e st ® ws t o i ncrease
Ar abi dopsi(aotusat i amn@asisyst t he. patyhdpgmiec
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1.-Nucl eotide second messengers

To ensur e ascuremriisaabnstbansofadapntgo vari ous envirol
changens order to respond appropriately to those
di fferent strategi est ot oenpveirrcoenirvesT tadnm s srueasspaet nedh

above, -ddeopidrnldent perceptliomamdsoft of laavohemdsact i c
resulting in the col bySi.z antéittbré nafat r ao,ppl di-maid ihlit ¢ @
dwel ling plant growthpeprcecmaaux@imgnbalk oemnd-ebke ik e
aceti qdl&i)a@d theypggaRscriptionalPeregwpltatomr oAdn
reseudi ml t egreende expression of ant2Pblh wtiinalrsegdrutcrees i
production of the nucl eotiddeeMPd®¢ond messenger (

NSMare a versatile grouyppofeseingnalhirmggholue c @all & <
comprised of mostly cyclic nucleotide compounds
groups: cyoukieomondes (-cAMMB,) c-ydkbel e300t i5dbes- ( c DNs)
diAMP,-di@MP and c¢GAMPpnuclyedtiicdetsri ( cTNAAG | akd cA.
alarmones al so kneswmuaaisal( p9 ipprGalpi. h g ynmwaotl evceudl & sn
var ioddtiyf f er £ atFtorraietxsampl e, both the cDNac@AMP a
i nvol ved -dpfangbamechani sm tcgrcihbidgCBAESe §tiiode
antiphage siginbhhchgrBgsewiier i o (¢dh’alUpoaephage
infection or dpdetcitdeon, otf h phea geSMs are synthesi
(fODNTasmes soci at éd epmdotheichrecassudsa i mlgyt i cofacQapvati
and consequent(F3? . li2ie GAMP| sd g atnheidri gptheesg € foerrt g7 e,
but i S al so involWedolier &deirreu,l eaGAMPOfsi gnal i ng
downr egulcahteimon axfi s, henceforth improvi®ndg*intes
TheDNd&MP on the other hand, neg¥dtitiovebtHighmdéect
|l evel sliGMP tead to a reduced expressioh29f gen
Gener adldGMP signaling is involved in motility
bact(@%3%ki t h a prominent exanmepslise |lkeiGaw Ittcthac met i
crescehA%.W¥lar monediAMRdace both NSMs involved in
t he

which can |l ead to e.g. inhibition of the purin

bacThd& o umer is tightly coupled to the stri

upregul ation of amino ('3¢43 ghabspngt matiput gerde st
involved in adapt at’P@amfdt @anos matrie@setdrbd ast amanc e
ant i bt3dtit®aci | | uscdsAubPt iilsi sal so i nvolved in det e
DNA damage via the di adeDhNyA aitret ecgyrciltays es)DainsnA n(g
coupled tdamhgeDNApair pradeansoRasdgdédn@ingdr Re cen
(froecombi)n'd@¥erne Mkhown for the |l ongest time to
is the «MMP3gchm®™MPOughout the i astidechdement [
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di fferent processes ranging from motility to m
has been dermamnstthreatfedl.|l olwi wigl Ic hia paduverordainae et fod
knowl edge regarding synthesi s, s i gcnMaN i cnAMP e s p o
di fferent modkiBg.or gani sms

c-di-AMP
3.5-cAMP - general stress
- metabolism response c-di-GMP
- motility - DNA damage - motile-sessile switch
- virulence signaling - biofilm formation
- symbiosis vy - virulence

Nucleotide second

messengers
cGAMP ; alarmones
e cAAA/ cAAG T
- er!Ience _CBASS.anti stringent response
- antiphage response
phage system

Fi gOverview of the nucleotide second messenger family.
Overview of the most prominent sign&NISMrespgomsdeéngmedi atred e
a variety of di fferent c €lAIMP| agre nreeg sap d rys ec.a nT hbee ci MiN/ 03 & ,e5d
met abolism and 1t e ¢ uwlthaatsiimipg incoattii Fointse ncne sa.nsdT hsey NP ci s
involved in stress response and sp@MP figatdbmmoml yDNKn adwma
regul ation of bi ofi l-mme$sr matC. wictreehsdcodt hheeu $naostti IceD N, c GAMP we
to be involved in vi, r logrhc &€ GAIMPI tamn.d Acdcdci tciTdn & AIAR] weirgnahbp
mol ecul es i mplic-ahedphageheyE€BABS Al armones are the | ast
the stringent response.

1. 2-Theyccl i ¢ -nmuocnl oe Bt6i;cdreM P

In the | ate 19500s, while analyzing the hor mon
from different mammals |i ke cats and dogs, Ear |
unusual adenine ribonucl eoti de, whi cbnmedi abhed

presence of epinepghii 8bafhthldy gl ubagomwere able

analyze this compounrdAMPnd itnertnneed fibtP ['DaBiesvap nc AM
year s |l at er , in 19665, Sutherl andpwaseabaot abil &
Escheri eHt)’aThciosl iwas an unexpected discovery, si
time that bacteria coul d Fwmdelrilsy ahcolrineovneanhe nrt esg
research, Sut her |l and r eRcheyisvieodl otglye ioMo iMEl@ & Rriinze
forward 60 yeasaon$, Suhbedefliaddngnd coll eagues <ca
di fferent di scoveries, including t he under |l yi
downstream regulation of wvarious pathways as w

Further moriefi ¢chtti odeot the signaling molecul e c
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the discovery and the concomitant <characteri zalf

with a mbinotrinucleotide as wellkaswpol gpthatseha

1.2.-306LAMPsynt hesi s
Synt hesis codr rciAbMP adeény |l at e/ guanyThd®e cyrcd tasien

can elbhestpdrubl e or membaande magspoisated addition.
regul at orTod anha iSslCsd@&€scubdi viedwan f hesent c-l asses
VI) basedr agatnudr asl e gfueeanté¢ketdets i s not,ewocernt htyh otuhgaht a |
AC/ GCs of the different classes perform the s

independently f¥%¥&m one another

Cl absAC/,&6€mmonly referred to as the @é®Hterobac
predominant lopr dtoeodbhciEer il it he humaiwempsitmiodgen
enter oc!é41 4% ¢di s class, the catalytitcerdmimaiss i
of the protein whereas a potenti-akbr megiibat ory
second AC/ GC class |1 is &l“% oAskntohven naasmet hiempil ti ce
AC/ GCs areasubilkyoxpmait HoR®eos | | us oBrotridred eild a pert |
tens wruec cessfiwlnt ndf eldho®klass || AC/ GCs possess,
catalytic domai n, a receptor domain for bindi
cal modefl’fioor more de3)Bol hseel ds®.11.add obassetdt
to form a di mer wbhbniaon obteh ecra tAadfy&EEYtRiTg)Thact i ve
first class |V AChH BE€ 1iva sAeércbienommiafsi endy ar e@huislad i v
agent of ga<sfooa@mter,i tcisass |V AC/ GCs have been
di fferent bacterirae,praemenidgr awh Mehlse ahrueman pat hoge
Yer samWiab(f980CPlass | \arA@f Ghdye dt hei rCYcTaH adloyntaiicn ( f
CyaB, thiamine)ctomitmh mns mlgat dase EXEXKdI &kii tginaarnt aulrley ,m
CYTH dosnaastommon features with mammal (1&®W thia
Crystallographic analysi sY¥.opbeelveadtleasd hlaV AQ/N G
for msomodi mer with an antiparallel barr el Struc
respectivel®myhFomm.rCl ad/sté4and (IYRC/ G@Gs e the | eas
characteri.zAdCd G@lfadshds cl ass havesmally rdrmherf o
bact dpaatcbndbimtmemg al ytic activeltyse khowomabhbygu

AC/ GOt hese cChaseslMI@bave just rebdamtlcy ebiezad
Represent aditiisvesslredfostel y rel ated ,t oshdraisrsg lav @Y
domaTm this date, class VIIi AChGGhéeéwEpkbanphty i

juj bead )atvem!l us domapthl’®Bhe most wi despread ¢
characterized cl ass Upf uAMG/iGCst hies cchlaarsasc tlelrli.z at |
AC/ GCs in higher plants, class 111 AC/ GCs were

eukaryotes. AC/ GCs of all the other classes (I,
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i n baldt®e Hieace, class 111 is also commdhifly ref e
Due to their appearance in al/l ki ngdomhegf Iif
are def i nceadt ad yy ttilcen | CcHyDc | daosirea | mo nfof) coognyt adi onmanign s i
canoni cal D-K'és(i deutessl bK-XA-Oi( sagbstrate sHKe€ction)
(catalysis, transi)t'iBet vean et s5¢ abdbuibstzmrati ensel ec
aspartate (D) resi dwoerde5sliideuse sanl campg rdoixiBe nlidlz &tsi o n
of the class MytoBE&EtGErCyammreoheahedl | di meei zat i c
membr ane boundamCd GCistcioonals tcrouiclteudr read ©rmeé mlwri amge
hel iiccesnéd&dPeudr t her, cl amay I pbdbs ALY GCene or mul ti
domalthds, 168 n arbd g wmlgati on of thevacdioautbyoécsabecoi vict
(e. g.('®Birgehdto x (9t adre bi otpirot epmnotiwiter’hatFiooea.

catalytic activity, class 111 AC/ G@&sntreedtt a hi
interface of thel'“Bwot €EHDabdomhaes |11 AC/ GC for
two monomeric enkzlyoe&/ @C mreornsezdiiomemr t wpoclgetad yt i
enabling the AQG/oG@inudntoydcilniezre t wat AdFP.Maelwecul es

ATPs baruend in an asymmetric fashion, resulting
in the catldNFi7gt eftaemeElekrar yoti c clascst ailn KAWd GCH
domains in onef @rema i(dpes ecundaoi)nhjen ec @mmp amreirs on t o ¢

AC/ GCs from bacteri a, eukaryoti cHAWe GE€rs, bti maly oa
also bind additionmdl,eaucltesiltiyke nthlammcdinger pene

the catally¢Fdg.cemit ghBta speads eoynp i f i c anitn dti H dier emrciem

st r uclLtiunrdee,r a nfdu rStchindud it il ded | | | AC/ GCs into fou
to ('FCUpss Il1lla ibke dm@F/mnesXXobyFd YERI K. Tte f or
proposed to participate in dimer formation whi
GTP) . In Class I 11b AC/ GCs, the aspartate resic

substithyecrdgxpyltipgnt aaming acidg Tohr egrSgnmnd a
phosphate coor d(i Raetsiindgu ea rigsi neixnceh a( NG e d swEirSiymeg | y c

Class 11 Ildéd fA@/IrGE&g om t heypootshseerassisubgrl tasseds di mer i
i nterflalami no acids -LhstACddGCesf mlifdstsh |1 1 d have ¢
identified in eukaryotes. Further, this <class

substrate sEff%ction motif
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class IV

class Il

Structural composition of the catalytic center of di:
parison of tkefcabohVgdi ACké6@6tetrructures f,radmdfvogur di ff
Catalytic center of the edebBa &actihnoacdnmpHyIdx ddidclyas s | |
DB: JLXRV non cycl i zGlbalses ATIR re@ta@®isgtgieavivt hout f or ming a
another ACI*GBEBcmowmameon of the catatghiitnaedaiccteidv ivtiya oaf
tpriont ei n i nteracti bYWl tals se .| /. ACd IGMGo dpyelasiBnicfornopm e x  wi t h 3
BNOZ For catalytic activitg, anotapamallishE@uGCHoweedrt o f
formation is not needed to (¥8&r)m Cahellydrircelc emhtapesd c
GCs fronm Cyadct drrioamimrf o opm r aP pBLaMC¥harsd seukaryoti @8o6ADCY9 f
,ruBIIR4)O organi sms. Bacterial c¢class 111 AC/ GCs form a hq
nters are formed calga’®ICé ask bilhndACyg GEsdoty ek
) form a (psesdorfeecdtseesysdli meo i casalrytcitar EHD d
ien.bacteri al class |11 AC/ GCs, eukaryotic cl a
y
y

39273,3"

can also bind synthesi s ernahnagnec i snpgh entod se)c ua dejs:
bB€col damplfart AMPHDBWCH, is in complex with the AT
5 -§-Njnépho(§1p-lﬂaATeP. ADCYBt Aup@®PBR4)O i s in compl ex
bstr aGEPPamdleoqy MANTuctures are colored by chain
lionwd)i cating monomeri.ATdrn dd iGigrd ter ssttaneEnahegs as red sph

OO0~V O)~TTVT™ TW~O0 —

Synthesis of cAMP is achieved by all osafertihce bi n
AC/ GEor simpl i cibtryipevfdr voiftetbwic agabvet i ¢ reaction be
canonriecxildttefs cl ass (1 obr AChG6Cesugh revil®¥®s see |
Sinha and S{pPh’dThg 2066i ne odooandi MR elde substr a
selecting residues | ysatnemegmKiNTainedt ya s praerstpaetcet i(vDe
ri bose a@fooATRbnyasaenp ar aganetmé) @t y, Whh d sep htatee

i soor dibnyataenyi ni ne (RYhe®esiidmuteractions are par
stabilizing the tr@n®woi aspaft AtTPatodsAMPe coo0
cof akit bé*Mhiggor 2Cwmhi ch in turn coor @i"h4PeSg) he tri
The met al cof actnarc| meghatl elesp haotstpabatkheedfy dr o x y |

groap the Thirkessidnt f or mati on of abrehcwsepel@%?diheaste
moi et yUpfios heatileehBdr oxyodf gtrtoel p¥Tileroesaect i on | eads
the release of amydHr oxwlt ogpr @dp t h261B3)6. Tthhee 36 H ¢
O3Umoiety, b Uiachfliphme sphat e. iThitshe esluét-aag-e of t |
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phosphatsegpaamdi on of thanpynbophbes p,bdBBA.EAPPI

PPistabiilni ztehde catlay yamcarcginnieme (R) and |l ysine
the enZ{measy). Kinetic studies of mammal i an AC/
preferentially dissociated!®)rom the enzyme bef

i c process of
i s
i ed scheme of t hi
of an AC/ GC per
sis of c AMP. The s
sed on the canonic re
ass 1I1(I4%Ag)y GCeordinati ¢
t he adenine i s achi
drogen bonds formed be
sine (K, green) and an
een) of thelaAF AL at th
ieties, respectivel y.
sidues of t he AC/ GC
idered to be substan
rate selection of
.18%he ribose is coor
hydrogen bond f or me
aragine (N yell ow)
Udhesphate is
nated at the hydrox
i%lgy ngn Oarginine (
). opfibephate i s
coor nated by an arginir
and l'ysine ( K, whi t
aspartates ( D, red) coo
met al cof a%t owhilcihk & nMg ur
coor di natheysd rtolxey | 3 &g
the ribosé'nondcettyhe
osphate. b) The

hematic overview
i
i
i

<S@OVWOTST3Q TSTOoO0OTWLWO MmO
T C OO0 TKK TTTOOIKK D T O

ogw
oo s
o —
-0

t he
yell

co0ogoa"0® o
e I =

- =

o =

ti a phosph
el ease ofDutrhieng3d3dH pr
ransition phase of |
mol ecul e i s stabili
sition state stabil iz
ow) and aspahéate (N,
ased 36H proton att
g
r

{ |
OH OH NS )
HO =P == 0 = P — OH 5 cAMP

I ] -

O (8] \ \

PPi L

ithgnoi@ty, l eading
ation of the synthe
pyrophosphate (1
ncomitantly, the cAMP a
released from Tthiee AC/ G
canoni cal substrate sele
cofactor coordinating and transition state stabilizing re
The pyrophosphate stabilizing residues are colored in whi
The figure i srevnisepw rleifldbeyr t2h0e0 6

O VWO =< ™™~ "0 CO 3
QT T T T OOma~

OS®—-TOM®®M®=TITITIO0 O DT

1. 2.-30Z2AMProl e i n r etgrudmastc roinp toifon

Key targets of c¢cAMP mediated regulation in bac
CRP/ FNRc AMPorr eceptor protein/ fumar at p and
superfamily. Al l osteric binding of CAMP to th

conformation change, enabling specific binding
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of thet weiléd CRP famil yAMPotreisp®niss a@rspr @fh@iwvn ¢
CAP ¢tatrabolite axtfEamarl proheidoll owing passa

characteridtiikes tofanGRP i pti onal regul at oceges wi | |
mo d e | and differeanodsobbdeweempCepefnamitliw ewi lolf
shown.

Princi pGrlegpy.,ottehen structure can betdrwmidat I rQDC
which contains a negatively charged nucl eoti de
all osteric binding-tefmcMadls daain) wihieaolli nognt a
domabBD). -Tamda-tNr mi nal regions are connected by
helli8%.283The | atter also serves as a homoti mer
struc'tQrepi s capable of binding both cAMP and cC
bound amtoanf or mati on, where the nucl eobase of C
of its phoS'fhdthe dradumpsy-acnfooumalt i mna where t he
of ¢cGMP is facing the same (df*h&c tRiSo m nals oliSt smop h «
Creparesponsi bl e for @AM nfbo mnmvaitaigo aioror di nati ng
phosphoribose and nucl eoBB&se of CcAMP, respecti v
Il n t het atpo®, t hiei ndvionPNiRell i ces)(Bf the DBDs are
homodi mer . Upbah obAMMmEiGMPNng to the NBD domain,
shift is initiated, whicheliexadsy twoidxa art eed ibdweash ma
me shortehehgxobyt édfD'8Tdsisdses ethehiixg refsutl h

—

n the relocabiimdihed icks BNMAae mksitmguect ur e-, prese
elices outside and(EBgbUuppgr DRNAmMme@lo)Mdt agt | vy, b i
t he cbhAdMWPRdep-di mer to the target DNA i$fhehchiesvead
he major gr oVl ofhddulgpbadDNAi nd cGMP, binding of
not i nduce the abovementi qrFddy.c ®nf ourpnaetrd kopnaam @ | c)
coll eagues proposed a mod@riegpc owH edr es ead @MP t bthien dpi unr
negativel yCrepe gwhiadch nlyel pCsrepmai anai naocgi V€49confor
Pr otperiont ei n i nt er@rggainodn tbheet wReRNeA pol ymer ase ( RNA
subsequent transcr i(rigptoanraglet acgteinveast,i ome loife s on
i nteraction domains. Oneaectoifvathij)mcdhirsdegre®ednARILRN(
o fCrep whil e the ot her t wo , termed AR2Crgand AR3,
respedtdfmhel WR1 domai nt W@CtTeDr eCdttesr nwintan) @ o mani h he
RNAP89.190Wwhj|l e the AR2 and ARt3hEdNdmMDa i(Mtsoerrimmitnearla ct
domgdimnd the rEfpiubdrund tof( atRitep o rtmee RNAWP! respe

193)

I n comparison to the Crgpamsecfiumptcit o roabld lerrbgdsbpast oorf

proteins can differ dramatically. For iM.stance
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tubercluadtosliesast 10 of 16hslgdmwrAeGsactiinvictAMP a@rod c:
upon infection off ohdddr opHda e t(r-abn0scr i ptei onal
(Rv3676) appears to have evabuedaordiaceaccArMPi. n gTlhyi s
mani fests in a relativel ywm(Ko=w Ic.IKY%ilomdpiam g daf f |
t oCrep (K = T186MYH)(1°%8) Further, crystall ogr &Cagkpi c ana
transcriptional regul aCGrear 1t leebeibrNddi-tnegt hFeeés aneéei k
buried inside t Be miodmblde npean gIF)i,gbhbwhidc hgeprakhesn
absence WP TAMEh@mIrmt ein bound to cAMP only sho\
rearrangement conthrappe dtwvelbincahh eweagpkoened t he intert
DNA i ndimegl ices &red ictlkes. DAs an effect of this
spatial frebdbimces$ IWeCBaseguently, these mino
to rougfhdlyd tiwocr-baedidn®NAapacCGrivgpr oft ei heclmpar ec
the -GQrpp r of€%)n

Unl i keearlCd per pvhi ch are allosterically activated
t he -ICirkpe transcripti cSnnaedl inMeogtuis A 0o wn &tbe dbéstydhent i v
cAMP and. cT®MPt hi s dat e, Glacties i hielCo pt Faknomwinp t
egulwatdir t his bifune€eit’VoiCadp clarr aacltseor ibsiam-dcs ¢ AMP

-

and cGMPy-homnfaor mat i o-n GMRmt ,a didrn t Clorn a | hydrogen
a threonineN-am)nandrobap of cGMPdiegéormedd app
to be the crucial di fference DbCriggveswhi cB6MPecoodt
the conformati onal switch of Clr into its acti.\

sequence ( GGOFNsSCeNa-G-NsA'C  Fi g. 9 )I?28%Werurpgareel, Clr s
preference of CAMP binding over cGMP binding ¢
compared tkacABRMP=N15..8 KMGMP = Ras#..& OM). Yet,
notewohtthe affinity of Clr towards cGMP increas
tar getKg®GIMP ( DNA 0 N3.9 JGR9)
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Fi §. Structure comparison
c MN transcriptional recg
Cray Gregond Clr -amd apo
holsot at e

Crpl/ -1 Fhe tran ripti
regul ators show d feren
activBhé oprotein structur

sc
i f

shown in cartoon represe
are generally colored by
(green and cylhbnhdi Mhhe DN
F-helices are shown in red
helices are shown in ora
present in the crystal S

DNA is skbpweras (grey an
l'ight Thleua)pper panel S hc
t he crystal structures
homodi mMaeipa ot ei lE. from

coliin t h-e( PDBa 4 N9 H) and

hoisd at e, bound to either
DNA (PDB: 1ZRC), or c¢GMP
4N9I ). I nstahe, apdhe DNA
biindgherl i ces are buried b
t heh &l itciersd eDrNNANdi ndi ng.
Upon allosteric binding
F-hel i ces rotate out si de,
binding of target DNA
cGMP binding does not |
conformational shift, her
Cregi ncapable of binding
DNA. The middle panel s |
crystal structures of the

Crpfrovm tube(RuB63I63

i n the PDBo 3D0S) and ho!
stat e, all osterically bo
(PDB: 3MzZH). -Bodht hehe ajy
hoisd ate Gfvahtohneodi mer
show an active conformati
F-helices rotated outsid
homodi mer . Thi s enabl es
nding wfprtohei @rpven ir
e absence of c AMP. Th
nel shows the protein
e Clr transcriptional
S. meiln | toltr¢ AhpbaFol d3 preldercgtilnpodt eihe, fludsddjit mer ) hand t
bound to cAMP (PDB: 7PZA) or ccpVMPteR&®BCI 7TPE8B8MNodiLm&e t hepC

b
t
p
t

be in an inactiswetcecomwhemmatoitomalund to any of the two c¢MNs
activation (3%°% 5 &%eosweovferCEgunCGlirk ei sCrpndergoing a conformati
both ¢cAMP and ¢cGMP, resulting in an active conformation a
As @nsequence to alternating environment al cu

mul tifaceted responses depending on the organi ¢

to. This signal response can range from restru
as well as facilitating symbiotic or @ddt.hogeni
One of shediwedl cAMP signaling responses in bac
upon gl ucoseE.staagllwviat2i0ddMm ,i cosset and coll eagues
studies revealing that, in thewhpckesencedef pgot
necessary for wutilizati oparoef raelptreersnsaetd .v eA dcda rtbhi o
repressed greghepsemwcert, Ssince repression was par
i ncamput ant strain | acking thengotdthegesegpersself
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were a&c@gaAndcedf t he gl yoxylpatkevhs chntenaondes t
phosphoenol pyruvate carboxykinase PEéXAFumthbentr
hal f of the glucose repressed genes identifieq
initiation of carbon metabolism of alternatiywv
manné<’eHer d,kely one of the most prominent e X
transcriptional regdulastpieckddhi.&d)d it tsi @ mcadtMPo ,lwa@srf p t F
shown to positiveEy ceguhdae omabilli epnvor onment

as a carbon source, resulti®8§*.7°7 hiinsc rceaans ebde sawcit
by @rApMBependent transcri ptfilomm@8steat (PR Mbom of
proteins FIhC and FI hD in turn are positive n
resulting in increasefdl,ieprcedsngnsofugenoesal | ke

further regulfatioeycgeineg 1 h&ef 024 §%Upl aro sihg sa pfod
more than 378 promoter -sdAyPedependepdeElrpgalhiacCr

could be identified, most of wh3%)h are invol vec

1. 23-306;c’AMPpat hogenesis and symbiosi s

cAMP signaling was demonstrated to play an in
symbiotic interacti bBbaos DbDh&dafdoensoetn to nblayc tuetriilai.z e
as a signaling molecule to rewire its own metab
signaling properties of its host organi sms th

Fl eckeats 281i189°) More precisekEy,cBME@) odtorxdigreqipmwr
enterotoxi nlsalkialegne@ldregdatipAyp r-shadai le@ c (08 Eedk )bAy

Nt erotoxian<plPependent. Wmannegrl ucose ava,l abili
AMP liekEel sotrevehse h r €sgprhd i datned r eeplrteAdBs itchre of
ame tigeegt iCraptes theseApowegsieon when glucose i
AMP | evel Gregimeodp ,a ttehde r e tiAsBsti elni eved | eadi ng tc

roduction of the LT eessnglemetexpnes€ioonrmer seley,deLl

® T O u»w O O

nterotoxin pr pohdiunctignao ns pcaeg dlailnessepar ati on of ent

—

Mughout (WP Atteonproduction, LT and ST are se:«

—

ype |l secretion syxtewhideep enTdecnatn nbainnnde rt he e x
of guanyl yl cyclase C of the intestinal epith
intracellul ar ac@y?hulTatniecend soft oc GTMPoss the epit
concomitantly ADRARd btos YARR)si. o(ff hofirasc tadd ©st eric int
the activity of ARFs andrihbeonscyelfaotritohn |oefa dtsh et og utar
bi ndprnogt é8, n aGregul at of?3L3) fCuocntsoerquoefntAGs t he GTPa
GUsi s inhibited, which results in(2d*20Wlisttiimaltte vy
the accumul ation of cAMP or cGMP in epithelie

el ectrolyte secrpeatoiten nv,ikacnrABMPBg e b e d) or protei
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(cGMP i gger ed) dependent phosphorylsatiiconf idfr oc:
transmembranechéuli teorda&rrh’@l protein

ETEC strains ar e not the only pat hogeni c bac
signaling. For instance, the <causvat itvueb eargceun to sa
possesses-litleen MCegul at or pr otweainnds , CobiravdMPo famdh i ¢ h

macrophage) regeda@ateoshown to be i nCGrediwead tiicavi fuw
transcriptional regul dtcidavrh i @8 vdmru liesn cnee dgieanteisn gl
dependent i ntramacr ophagé?Li. antsuwhre rpcaunliognsail sa treesg L
macrophage cAMP |l evels by secreting cAMP, whi c

cytoki #¢ oifNfor necrosi)s THaFst am amplbat ant hor mo
in e.g. mediating inflammation or causing cel/l
et 2a01243°) | n the context of the t ublweawl sshioswndi
to be required Mortuobaet authemdas olii gidchesel @ of
dysregul ated formation of granul onvas ,t uvwhirchilion
to evamedicat éd (?2hoi@ftheéry pat hBgenhroalkpket ussi s

utilize a soluble clMhaeaseddmaClif &CtBea t (@@E&Hadk ismo m
CyaA Brpemt mgsi sinactive as |l ong as they are no
However, upon successful secretion into the hos

the host calcium binding proteienr @0 dul i n
Mani pul ation of theERFo®tfadAAMENn c ahhetlepnetrt hdetal T fat
high |l evels of CcAMP, hbképeel kaothisefgairtdst tlayattii voint yc
sup
pertuismsiide (t¥e??Wmdti ke EF and CyaA,G&ohxei nacftriovm t
Pse
dependent secreti@f® itrhteo atche vihd yt odelEIxoY is tr
n
)

prde.ss®Bhi s host cel | fate manB.pud mttdimanc ibsoo st

udomonas ,aecalglieds&xo, i s not triggered b

bi ndi negc toifr iF| faoneancttawns) . Thi s can rdldldt iincramse
ExoY atchi VE¥yo

I n comparisovrstabltihehewlelrdol e of CAMP signal in
i nteractions, reports of the involvemehor of c A
i nstamceaechiteve a higher resi stance against e n\
ryeglLass um peargamgres in a symbiotic i rEtpercddtoiton
fest(tae review see ClU23Yy amd oSghanudIEt hGE&Zit ncaea
grows in the inLrapeltéanas ispa@esywyhfichroni zed ma

pl ahhsynchroni zede guloawttaAMBsnpeandent Emafestt ucae
del et i onl| aa ktehneg so,Acl oyd igvEnaec y A showed an abnor mal

phenotype, resulting in increased | ateral brar
vol umtei l e colonizi g2t Rer thmsglelftdhemi eesnt strain s
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reduced syntheséactoifvde ROSBX)Y.d ®ROS preri @sdemonstrat

an essential Emolcédhlodusyimbyi a shies . Mani pul ation of
| eads tion fheycpteiron and prem@UWre | eaf senescence
The symbiotic inSt.ermecdtiidoontiBethwasen plMardi ciafgot he

highly ocomplrexeadi ous esseeaessahtiaald meagu, atory
whi chi mmpmbhe efficiencysetktltaéard siyntbli owibmg (det ai
As part of -ebBeehatakrpropoersses, autoregul ation
the occurrence of secondMeadyi crammt shaiThi s nfpe ofcie
shown t o -bepeaemdslnt . AOI reduces ctthieo nnsu nmobcecru rorfi nf
Medi cmlgaoont s after already facilitating success:
t heepi cHlodbisymbi.osTihe AOlI regubasosy spafhtvhg out er
protein Moduwl  foirgnal, mpmesgenyé nandhecphanmi tsa gt
activating the tctad at ytee ACH GO t CyaEKI’ . T°*Rga D2 a
| atgyentzheeAIMRvhi ch in tuhe brfggetbsonal transcr
CIt$%9) This signal transducansar ip@atihovaalr r@latsil ¢ &t i
regul onf?®élnseese 1. 3.1 f.dmemmwmre mdie¢tdiplllen Cpmrot ei n:

their catalytic product s, may serve as a signal
the reduction of secondary root hair infectio
ENOD11 péaWwadydi ti onal |y, ewhhsclhtemieg gérgendchl!iimgt he
washown to be essential in (?2f%rception of nod:i

12. #-36;c5AMPsecretion and degradati on

The main goalgonél icrAdMPi s respondi ng ctoondalttiemmnat
which can resul't i n major reorgani zations of (
Logically, when the environmental <conditions ct
revert tnmeedicaAMPd switches, ei t her brymidnoantniroeng ud f
the CcAMP signal response. Decreasing cytopl as

achieved by one of two stratelgl es: secretion or

As staatoeaMe tubersukoews to secrete cAMP and use
factor (s eeB),hawhtieah 1can I-fecaldd tion carnel aaspeed oci BMPh 0 s
roph’@®esen though-moadsit tyA bR tr @ediua e di sc AdVP

paramount i mPortabepatibogietshiecikknyawl edge of the

ma

(@]

mechani sm behind this cAMPTexpale, iirsflswempece sofng
and oleic acid on cAMP synthesis and secretion
the synthesis as wel/l M.s it uwhlee.recplodristi is@ih o©AMP | ie
reconstitutes AC activity, but CAMP secretion |

CAMP in thé'>tHlpwe piemiscnh protein(s) are involved
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secrethN.ont wdfei sulsasil ¢ unknown. A promising can
Rv1636 of tuihrei WeSrPs aIf ogt feagand | yr. onRenvilal 3 6c AIMSP & s pon
protwhinch can be secreted via the?235edR&c rpatodde i
Rv1636 protein coul d al so be detectiemd ectihedser
humai¥®,2“Mowever a direct invol vreameinptu loaft iRovnl 6h3abs
been demonstrated yet. I n eukaryotes, ®&AMP can
binding)cds ket tAdc B3 -dealoloe abh ec t yyiorsgled i Uhfd)ddi scoi c
the human MRP4 mwmldt MRP&g (f @&s ipsrtéahétizhpsr ot ei n

The degradati pepr bobwl8dIR MNESDEH f phosphodi)esviiear as e
hydr olSysice the structur al meAMRNdeqr anchateirdryi neg
elusive, it can onal nubétespifllitertea ththtobskpthoofdi est e
t héphosphatmetiaba aoor Momatuedekdul ting in the for
Based on their sequence homology, PDEs can be s
I PDEssH[ MIIX]JE moti f) are onlyoplrestaetv bAceekiaa,
fisgchepoissess a cl asst %} PrhEe( X HWDHNimeant PDEs i
part of the (%P aBBEsl Idf PtDiEiss ¢l ass har bobD- conseil
[ XGD[ XGNH[ El BH-[ XGHXKwhi ch form a met al?48o®redi nat
of the best characterized cl &ss.diolviatPdDiEYSSs iis dfh
purifiegprCpeAnt si@pwedids capable of hydrolyzing
process is dependentiomst{eé nprtéaee)itcfdPmotbdi Ee@i gn F
o f t he PWIEb rfiroo mvCOpldap( Bilc Ws | dEmdehAt ywaso shown to
transcriptional bW.r eguilnaltfeaduipygg@me i nducti on i
presence (f) c AMP

Studies of different PDEs revealed that the end
beit her8® 0e veMP,20dependent on the PDE and the hy
For in€pdidecxec| upir oelugreMP245d whi |l ef RiBI8® iber cul os
was shown to pramdluAcBe® b(ortaHt?i %0 Th:el )r e a storno afdoerr t h i
product range is a higher flexibility of the ¢
CAMP in differle@madiomg endahydnelygsiphdophodi ebeer
bond® Additionally, Rv0805 was shown-ctAMPbhbi ad a
structural -¢c AdPhewi tof V&t 56l usi ve bi ol ogical fun
RvO8&®dBi ven hydmsbhypi sdAMBOMEAMA a4d:rlat?t® Whil e
botClpdedand Rv0805 show only a diesterMas e aanctthiuvsi t
additionally possesses a monoesterase activity.
adenosine during hyadrdo |-2y@sM®d°)oTh eéb od lha 35, 15161 PDE
S. mewa $ otsih own to d icSAcMPi ma mdat e n I3ydc AMR ep & PHs 3
substrate. This €iAMPr iami mdtsi snmwbeft rad,e5060 s- bel i ev
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CAMP signaling pathwayc AMP nt easnp aamssep,e ca dd icn @ 0y, e3t¢
to the compé gxl «tAiMPn i n?° %t hi s bacterium

o external trigger

AC/GC

ﬁi)s l?_r:_ajir:g CD cir target promoter
ATP  3.5'cAMP / ?n’ome

1
degradatlon ! l

1
1
1
1
1
\
\
\
\
\

- motility - symbiosis
08:) E ‘secretlon - metabolism -
\ - virulence

?

ﬁ) -\
Fi 409 Overview of the cAMP .metabolism in bacteria
Cartoon representation of the typical cAMP metabolism in
CAMP synthesis is triggered. Here, a membrane bound or cy!
can allostericallyripihd toamsdriagttiiovrmaadle rCegul ator s, l eadi
target genes -meTdyipaitcead rceAgMPl at i ons comprise motility, carbc¢
as virulence or symbiosis related ttangsreS@ohakantdédeomu
second messengesecedtr ed¢eheadoée by PDE proteins, resulting
AbbreviMm/i®@G,s:adenyl ate cyclRBE,/, phasnyhadicestyed ase ;
13-The model &rganhsmobium mel il oti

The&prot eobaSitneorrihuinzob{ ams met ef®rtgiefde r) omeslsia ostoii |

dwell i shpapedgneSsgatm ve baceetham. 1R0G. yawrerls |l ago g
ability to engage in laegymbmous cpli anMesdaafaigiome wg
Tri goamreié lai Isptau k eidnttehreest of t he .s criasnt iffoircwaoo
2008, merldadearich parnamohuentseedquenci ng and publ i c.
genome séiPdlenpast four year s aftEBrcolgekeamomebl ic
sequén’e mepododedsses a multipartite genome, <co

(~3.65 Mbp) andexttwoa cthGCPosmo(sfopnya l t hee pthe gamisa s mi d
(~1.35 Mbp) and the chridhi The Spmenagl-ds Bidd MpPy m
referred to as the Asymbioticd plasmid, cont ai
symbiotic intesaenitom] -lydevti inmpgncfornele ti ons, whil s
many transporters andeeesnltchoMiteensgéemticioali ng a
Der family G®P2a%¢) genes

S. meddnd oftoal | ow two different lifestphbesaptoph
i festyl e, feeding on decaying organic materi e
i nteraction partner, it can engage liinf ar atyenbi an
finally diffeJdfentiingt da citRtTmwi annfsMurm sur vi val in
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ni c hSe.s ,medtitl actvnicerdi ety of versatile biosynthesis

traits. These include for example, the synthesi
pl ant {3flecnt iwomi pol ar growth, favor ab?Per ftohe pr o
de neymt hesi s of cobal arhian @ é vhiitgaarhiyn cBInmp)l e x p
undertaken in 30 different enzymatical(?2%feps,

Cobalamin itself is indispensable for t$he func
me |l iCF53X i

1. 3-Speci al fedtMPres gofd! i mgl i hot i

Parti cwelmarlkysbltdhe hi gh abundantSSMobdgeneg pnobd
l i ke the -AddntGaGiDEIFNg di guany |l @alt s < ylc llgarsekdsd MaAC si tnh «
S. métzlex i

To thisnldvatheandtbhué 228 AE€cLE€@Csed cl oser attention
community. Pioneering resiegnalsi ogevarse optedrpfi acr md d
by the group odt Jtatcegulérsi Bert,auithoyr eo ft Hfoanu |l @ udec ade
and hwerkers demonstrated the involvement of c.
interadcti onedmd oittis host p | Meendti sc aajfch € yh er ggpemrutse d

plant derived signal mol ecul e, identified as t
the outer metmdi @niss pAnetéildimhsercd di ng sequence i s
on the ECR pSwyanBfeaedovbel #ams ai tiht $ h&dcoding s
cyaKNsr A is comnrpeoasndtnacdfr edn slruct utermohlowé&éecR

i ke 6d20Mmapifnt er perception of the plant signal,
i nameeembr ane | ocalized ACs Cyak, CyabD1 naNnd Cyab
terminal - dCWHA®B2ch is |l ocalizEeHdild.n Ftuhre hper iapmlad s
revealed that predominantly CyA&?R?% alctitei vimd wo i s
synthesized cA¥dRpeeddntt or &hscriptional activa
| ikrac02d8 ®b20,49B60t h encoding prot@i°nEbet’eumnlomowr
of ei tshrecrO 2tdigeBib 204 O&ul ted in an increase of sec:
event®dditi Medl tgbants infesmed?2 1hiy8 atnte showed
decreased ethylene concentrations within nodul :
infected .Pygi $ he utdhgbehset smodul ati on of secondary r
the course of AOI is mediated by ethylene produ
h o &2¢3)

Botdyimc02a4amd8mb20498 part of .t hlenhGlriradnt ecgulzan i on
regulon was ®@ehpewvddcvianoof Cyald, &nemef itllei:
Overproductircensudft e@yah the downregulation of

swi mmi ng, immoctl nfidiaanyfl Iggenes encoding f dt%%nl atgheel | ar
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Q Q@ O

T
C
t

a

ther davean,gesnexeaenhbecl uster as weldRrXaosdF3genes
ene cluster could be detected among the upregt
ene cauisneol ved in succinogl,ywhanchpriosduicmhpg arnt, a
nfection thread progression(®’)nThbael antéy geag
ncodes put agwhiveh pecan eadtatsmctihf iac sl dmtteo NFs, whi
0 be essentil@i® b rrés ytnhhiiso sdeagttel,ont hceon®drri ses hul
enesmost of which coding fdt°°pPRrt%¢ i ns of unkno
h eno st r epcuebnitilsyhed resul ts, Sonomerindmyga A€d GC &
haracterizat+espohsihe AEHNGKE CyaC by té&at grou

he Johannes Gutenber.g Wnd@ei si tay mefmbManaz bolt

nchored by asttxnTdMHBI nlgi sa i t e h-B-a udci chi-eno@ét neo n e

xi doretlukerase gnat®*uAddimbitofial |l y, CyaCseohfuies
l ust ee2StfyRdef erredoxin motif) close to the cat
xidati-depesndamtabhgti cati on or | mactcionmateiran woft h
emB molecules bound i n'th€omemmi ametascthhadi es

CyaC engages -pirrotaimr dotndiemr acti on net worlki,kecompr

O Q =]

a
t

ranscriptional regul heotr &€hscnringt itchned@ay B3t Rgu | a
ependent )Aegulhat dregi nni-GQywc® fr tthean€galCptional
etwork only CyaC and CypcRBRteingaget eémaat ipornot el
nvolCyafn eunbeund or ATP/ cAMP bodepe nsdieantte .
ctivation of CyaCbs Cataihnytsi ATRctiovictoy,vetrhhe tA
AMP. When CyaC is in the ATP bound ptrate,nClr
nteraction with CyaCcC, but not with CycR. Afte
onsecutive transfetwoftrhaesN&EMptoo€Ght, relgel at
bl e to engagerdtneian pgrndteeiarct i eOl.r Adodsietsi ointad | #&
owards CyacC, Il sswlict ian g oinn o hea&lde If g adare -Cdtfa Ct he ¢

CycR regul ator ombmphekyr e@ounleonClaan be activat

t
t

ranscriptional (2¢3@Rgiudlawhoert heao mpdyecxR ametddras etdhe

ranscriptional regul ation awaits further cl ari
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aining a plerkeol|ldasmaicn FetcliRe mahmeeo@HASE2ng AC/ GCs Cyab
|l ocated in the inner membrlarkee, tasanwelrli pas onla¢ cegao
n of the plant damedyed silgosad malf proteim RROUL2 e,
activity of, r@psabDl,i nGyal2 cainviko |Gyl leeas i se c hTamea s
reimaemssi vati €Gancomitantly, cAMP can bind the
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1t thhieMeodbii asaygrob i o s ( 82088 #OAMa doeaxct i vat esd gnAMRPR ng rou
s comprised of the AC/ GC CyacC, anchorleidket o t
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14-Aim of this study

The NSMc ASBMR 5ibs one of the most ubi quitous sig
ki ngdomandadaf shiofvee t o be involved in vdami8lhe diff
me | iMeodtiicaygmbi osi s, c AMIPnwdlgwmead iing t he negati v
secondary root hair infections. This process i
Cyab1, Cyab2 and CyaK, which are activated upol
natur e. TheS.gemednoen todfins 28 annotat edt IAlCd GCh gte 1
additional AC/ GCs may contribute t8. timmel irleogtuil
Phytohor mones, i ke CKs, are =essenti al regul e

perception and regulation in symbiotic bacteri:

The aim of this work w&s meil @led ©ir mo ntege s adh e
phytohormones in a cAMPrtdee@rnadiems wameetro el uci
CAMP signal Srresmeddaseoasaf upon exposure to differ
to i dedACVl GEr(asdheonsi bl e for thAfCKrsigreralt i pgi agp
mosptot enducer and CyaB as t hieP g eppnes mewaAoO/!t GC,
examined witherdyganamiithbomdaiimngteheherogeneity in th
and physadapgatnbns.

Theext aim was,tohitkehesfaBeastpons 8. | medad witfii ¢
phenomenwmet o'y conser veRhiwiotbhifamorsidhge f urt her , [

response is related to the ability of the speci

Previous studies of AC/ GCs have shown that <cat
on prnetiein interactions of the respdendee AC/
the | aotf dihirwsaswotrok i denti fy putengdgagegi mognciikd laryr
protein i ntCgrPot emimn taé d tywi inn ntghd h@Kn % .e spelnisleo toif
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2 Materials & Met

2-Materials & Met hods

2.-Materi al s

2. 1-Culture media and additives

2. 1.-Gtdwt h medi a

Tabl:e Recipes for growth medi a

For solid agar pl ates, 15 g/ L Agar was added to the grow

* Autoclave prior to use B

** Filter sterilize prior to use using a 0.45 Om filter.

*** dissolved in 100 mM NaOH. Filter sterilize prior to wu
Component Concentratior

LB medi um *

Yeast Extract 5 g/ L
Tryptone 10 g/ L
NaCl 5 g/ L
SOB medi um *

Yeast Extract 5 g/ L
Tryptone 20 g/ L
NaCl 10 mM
KCI 2.5 mM
Mg Gl 10 mM
Mg SO 10 mM
SOC medium *

Yeast Extract 5 g/ L
Tryptone 20 g/ L
NaCl 10 mM
KCI 2.5 mMm
Mg G| 10 mM
glucose 20 mM
M9mal t ose medium (for 100 mL)
H20 76 mL
5x M9 salts * 20 mL
MgSQH 1 M] * 250 OL
Casamino acids [:2 mL
Mal tose [10 %] *’2 mL

TY Medium *

Yeast Extract 3 g/ L
Tryptone 5 g/ L

4 4



2 Material s

CaGA 20 H 0.4 g/ L
Vincent mini mal medi um (VMM)
Vincent basic soll L
CaGA 20H 500 mM] 1 mL
FeeA 6O H 37 mM] * 1 mL
Biotin [1 mg/ mL]1 mL
Oligoel ements ** 1 mL
MOPS mi ni mal medi um ( MMM)
MOPS basic solutil L
CaGAh 20H 500 mM] 500 OL
FeeA 6O H 37 mM] * 1 mL
Biotin [1 mg/ mL]1 mL
KeHP®[ 1 M] * 2 mL
Oligoel ements ** 1 mL
Tab?e Growth media solutions
* Autoclave prior to use.

Component

co

ncentratior

5x M9 salts *

KHP Q 15 g/ L
NaHP @A 20 H 64 g/ L

Na Cl 2.5 g/ L

N HC | 5 g/ L
Vincent basic solution *
KeHP @ 14. 7 mM

KHP Q 11.5 mM

Mg SO 1 mM

Mannit ol 10 g/ L

Na glutamate 1 g/ L
adjust to pH 7.0 with HCI
MOPS basic solution *
MOPS 10 g

Mannit ol 10 g

Na glutamate 3.55 g

Mg SQA 30 H 0.246 g
adjust to pH 7.2 with KOH
Ol'igoel ement s *

H:B Q 3 g/ L

45
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2 Materials & Met

Mn SO\ 40 H
ZnS@ 30 H
CuS@ 50 H
CoGA 60 H
NaMo@ 20 H

.23 g/ L
. 287 gl L
125 g/ L
.065 g/ L
12 g/ L

O O O o N

2. 1.-An®2i biotics

TabB8e Anti biotics )
* Dissolvgd in 70 %0EAOH and stored at
** Stox2@®dA@Qtin the dar k.

wor king conc. [O
Antibiotj Srock ¢ (liquid/ solic
[ mg/ n
E. co S. me | A. fab
Ampicillin ( 100 100/ / /
Gentamycin ( 30 4/ 8 15/ 3 /
Kanamycin (K 100 50/ 1 100/ 2 100/ 2
Spectinomyci 100 50/ 1 100/ 2 100/ 2
Streptomycin 300 / 300/ 6 /
Chl orampheni 15 15/ 3 / /
Tetracycline 10 5/ 1« / /

2.1.-%p8ci al and inducing growth media additives:s

Tabd#:e Speci al growth media additives
* These compounds Mer On@yb Xoebh v edi s moHved in DMSO.
** These compounds were dissolved in either 99 % Et OH or
wor king conc.
Compoun Stock c E. col S. mel i A. fabi
General *
I PTG 500 mhM 100500 ¢ / /
arabinos: 10 % 0.05 ¢ / /
sucrose 50 % / 10 % /
X-Gal 100 mg/ 100 Og/ / /
Cytokinins **
i P 20 mM / 300 OM 300 ON
t Z 20 mM / 300 OM /
kinetin 20 mM / 300 OM /
6-BAP 20 mM / 300 OM /
Auxin **
| AA 20 mM / 300 OM /
2. 1-Baffer solutions
Tabbe Recipes for buffer solutions
* prior to MnCl2 addition, the pH of the mixture was adju
** The TB buffer was filter sterilized using a 0.45 Om fi
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TB buf*f*er *

KCI 250 mM
CaGA 20 H 15 mM
Hepes 10 mM

Mn Gl 55 mM
PBS **

NaCl 140 mM
KCI 2.7 mM
NaHP QA 20 H 10 mM

K HP Q 1.8 mM
adjust pH to 7.2

PBST

PBS

Twe €D 0.5 %

P B S-M

PBST

Mi | k powder 5 %

TE buffer

Tris (pH 8.0)10 mM
EDTA 1 mM

50x TAE buffer

Tri s 2 M

EDTA 50 mM
Acetic acid adjust pH to
6x DNA | oading buffer
Gl ycerol 30 %
Bromophenol 0.3 g/ L

10x FastDige:c
buffer

100 ml/ L

protein ext
for
Hepes
Na Cl
KCI
Mg GI
| mi dazol e

PMSF (optione

raction buf f.
@yva B

20 mM
200 mM
20 mM
20 mM
20 mM

1 mM

(A)/ 5¢
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2 Material s

adjust pH to

protein extraction buff.

for -OXB
Tri s 20 mM
Na Cl 250 mM
Gl ycerol 5 %
Il mi dazol e 20 mM(A)/ 50C

PMSF (optionel mM
adjust pH to

NINTA stripping buffer

Na Cl 500 mM
NaHP QA 20 H 20 mM
EDTA 50 mM

adjust pH to

Ni €dol uti on

Ni £ 200 mM

NaOH sol uNTAnwd Nh)

Na OH 1 M

| sopropanol -NDA uwao)nh ( Ni
| sopropanol 30 % (v/v)
Na Cl solution (saline)
NaCl 0.9 %

SDS eparation gel -PAGE%gef
H20 2.55 mL

4x separatior2 mL
Acryl ami de
(Rotiphorese(C3.2 mL

37.5:1)
APS (10 %) 80 OL
TEMED 8 OL

4x separation buffer
Tri s 1.5 M Tris
SDS 0.4 %
adjust pH to

SD&Stacking gel (PEA Gk, gfedrs)
H-0 1.65 mL
4x stacking k750 OL
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Acryl ami de
(Rotiphoresec600 OL

37.5:1)

APS (10 %) 30 OL
TEMED 3 OL

4x stacking buffer

Tri s 0.5 M Tris
SDS 0.4 %

adjust pH to

10x S ning buffer

Tri s 30.3 g/ L
Glycine 144 g/ L
SDS 10 g/ L
2x Laemml i buffer
Tr-HElI (pH 6. €100 mM
SDS 4 %

Gl ycerol 20 %
EDTA 25 mM

Bromophenol [0.04 %

Coomassie staining solutic

H20 500 mL
Acetic acid 100 mL

Et hanol 400 mL
Coomassie bri

R-250 Lol b
destaining solution (1 L)
H.O 600 mL
Acetic acid 100 mL

Et hanol 300 mL

transfer buf fer

Tri s 25 mM
Gl ycine 192 mM
Met hanol 20 %

pH ~8.3 (do not adjust)

proteome | ysis buffer
Hepes (pH 7.540 mM
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2 Materials
sodium | auryl
(SLS) "
Col P I'ysis buffer
Tris (pH 7.4)50 mM
Na Cl 150 mM
EDTA 1 mM
Tri t-b&d0 X 1 %
PMSF 1 mM
met abolite extraction buff
TE buffer (pt
HPLC grade Tr50 %
[ TRI ZMA])
met hanol (10C50 %
2. 1-G&ner al material s
2.1.-Bohsumabl es
Tab6:e Consumabl es
Consumabl e Provider
9ewel | plate (flat bott(Grei nemebio
9ewel | pl ate aluminum se¢Grei nemebi o
9ewel | pl ate plastic |IicGreinemebio
96we l | pl ate transparentGrei nemebi o
Ami conE Ultra CentrifugMerck Millipec
Cryotube Sarstedt
Cuvettes (for electropoTher mo Fisher
Cuvettes (one time use) Sarstedt
Gl asbeads 0.1 mm Rot h
Ki mtech Wipes Ki mtech Scier
Parafilm Pechiney Pl acs
Packaging
PCReactiomttrilpe,(®.2 OBiozym Scient
Petri di sh Grei neomebi o
Pipette tip Sarstedt
PTFE hydrophobic filter Merck Millipc
PVDF Transfer Membrane Thermo Fisher
Reaction tube (1.5 mL, Sarstedt
Sterilfilter FiltorpureSarstedt
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Sterilfilter Filtropur Sarstedt
What man Paper 3 MM CHR Cytiva

2. 1.-Bi Es

TabV:e Kits
Kit Provider

AnFLAGE M2 i mmunopre Sigma

DNeasy Blood & TissutQl AGEN

E. Z. N. A.-FEurCey cH iet Omega-tieiko
E.Z.N.A.E Plasmid Mi Omega-kiko

|11 BGFEKaPCR DNA and G
Purification Kit

Pi eEBEA Protein Assa'Thermo Fisher
PieEcNestern Blot Sig Thermo Fisher

GE Heal thcare

2. 1.-Bn3ymes, Enzyme Buffers, Anti bodi es and St ¢

Tab8e Enzymes, Enzyme Buffers, Anti bodies and Standards
Enzyme Provider
Al kaline Phosphatase (Thermo Fisher
Bsal Ther mo Fisher
Fast Digest Enzyme Thermo Fisher
Q5 E HRighel i-Pgl PINAr ase NEB
T4Li gase NEB
T 4P NK NEB
Ta®ol ymer ase NEB
Buffer Provider
10x FastDigest buffer Thermo Fisher Scientific
10x FastDigest Green buffer Thermo Fisher Scientific
10x T4-Ligase Buffer Thermo Fisher Scientific
10x ThermoPolE Puffer (10x) NEB
5x Q5-buffer NEB
Antibody Provider
ANTI-FLAG® M2-antibody (mouse) Sigma
Standard Provider
GeneRuler 1 kb Plus DNA Ladder Thermo Fisher Scientific

PageRulerE Prestained Protein Ladder Plus Thermo Fisher Scientific

2.1.-@hdmi cal s

Tab®9e Chemical s

Chemical Provider
1,-@Bi thiothreitol (DTT) Rot h
2-Pr opanol (Il sopropanol) Rot h
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3-( NMmorpholino)propanesul foiMerck

3'-cAMP BiolLog
3'c&®&MP BiolLog
4-(hydr oxyleti lpelrazi neet hane:
(Hepes) Rot h
5-Br com-c hlo-8r nlg®-D-gal act opeyrXar

Gal ) Rot h
6-Benzyl ami nBABR)Yi ne (6 Si gma
Acetic acid Rot h
acetonitrile (ACN) Si gma
Acryl amide (RotiphoreseGelRoth
Adeni ne Si gma
Agar BD
Agarose Standard Rot h
ammoni um acetate Si gma
Ammoni um chiCdni de ( NH Rot h
Ammonium persul fate (APS) Roth
Ampicillin sodiumsal-t Rot h
Arabinose Rot h
Bi otin Si gma
Boric 8 d (H Rot h
Bromophenol bl ue Serva
Calcium chlori dd @i HRed)at eRot h
Chl orampheni col Rot h
Cobaltcth(llolr)i de hexahydrate Mer c k
Coomassie br-2b50i ant Dblue FSi gma

Coppesllfiate pent Ay 80)Ht e Roth
D-( +Gl ucose monohydrate (gl Merck
D-( +Mal t ose monohydrat e Mer c k
Deoxynucleotide triphospheéTher mo Fische
Di met hyl sul foxide (DMSO) Roth
Di potassium piRPR@sphate (K Rot h

Di sodium phegdPghat e ( Na Rot h
D-Mannit ol Rot h
DMAPP Si gma
Et hanol (Et OH) Rot h
Et hidium bromide Rot h
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formal dehyde 37 % Rot h
formic acid Si gma
Gentamycin sul fate Serva
Gl ycerol (86 %) Rot h
Gl ycine Rot h
Hydrochloric acid (HCI, 37Roth
Il mi dazol e Si gma
Il ndB8&heetic acid (I AA) Si gma
iodoacetami de Si gma
I r onc(hillor)i d)e ( FeCl Rot h
|l soprbddy hi ogal actopyranosiRoth
Kanamycin Rot h
Kinetin Si gma
Magnesium chiforide ( MgCl Rot h
Magnesium sujfate (MgSO Rot h
Manganecsctkl(ddi)de ( MnCl Rot h
Manganeswl(fldt)e) ( MNSO Mer ck
Medronic acid Mer ck
Met hanol ( MeOH, 99.5 %) Rot h
Mi |l k powder Rot h
Né-(e#-i sopentenyl )adenine (i FBi omol
Ni ckelh(lolr) e ( Ni CI Rot h
Phenyl methyl sul fonyl fluorRoth
Potassium chloride (KCI) Rot h
Potassium di hydr off@®@pn phosgMerck
Potassium hydroxide (KOH) Roth
Sodium chloride (NacCl) Rot h
Sodium dodecyl sulfate (SLRoth
Sodium glutamate (Na gluteRoth
Sodium hydroxide (NaOH) Rot h
sodium | auryl sarcosinate Sigma
Sodium mol ybdate (NaMoO Mer c k
Spectinomycin sul fate Gl ent ham Life
Streptomycin Rot h
Sucrose Mer c k
Tetracycline Hydrochl orideSi gma

Tetramethyl ethyl enedi ami neRoth

53



2 Materials
thyl enedi aminetetraacetic Roth
trahesatin (t2Z) Si gma
trifluoroacetic acid (TFA)Thermo Fi sche
Tri-sd2boxyethyl) phosphineTher mo Fi sche
Tris(hydramymemeyhgrne (TriRoth
Trit-b@d0 X Rot h
TRI ZMAE Base Mer c k
trypsin Serva
Tryptone BD
Twe €rD Rot h
Yeast Extract BD
Zinc sul fJjate (ZnSO Mer c k
ULactose monohydrate Rot h
2.1.-Be%ices and col umns
Tabl@ Devices and col umns
Devi ce Provider
Agilent 6495 ion funnel mi¢Agi |l ent
Agilent I nfinity 11 1290 tAgil ent
ktaT8¢tart Cytiva
Amer sBamageQuant 800 GE Healthcare
Aut ocl dwd VX Systec
Bioer HB 202 Bi oer Techono
Bi owi zard Silverline (Blue¢Kojair
Cl8 solid phase extractiorMacheMagel
Centrifuge 5430/ 5430R/542:Eppendorf
Centrifuge UNIVERSAL 320 FHettich
Ecl i pseinfierted microscopeNi kon
Exploris 480 LCMS Ther mo Fisher
French Press cell di sruptcThermo Fisher
Geé¢l ectrophoresis power deConsort
Geté¢l ectrophoresis power dePeql ab
HAT Ecotron incubator I nfors HT
Heat bl ock Labnet
Heraeus Microbiological Il tTher mo Fisher
Hi gh preci siNdm AdSal e ABJ Kern
Hi sTrapdml tiln (5 mL) Cytiva
Homogeni sators (PrecellystPeql ab
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HPLC guard

columnem( p@rkti2.Phenomoenex

InfiniteE 200 PRO microtitTecan

inoLabE pH 7ikQ ebasic pH WT W

Laboport vacuum pump KNF
LSRForEésoa cytometer BD
MastercyclerE Nexus GX2 Eppendor f

Me mmert WNB water bath Me mmer t

Mi cr owave Panasonic

Mul titron i cubator I nfors HT
NanoDE POO0O-VUE spectrophotc(Thermo Fisher
Nanospray f| on source Thermo Fisher
ReasearchE Plus Pipette Eppendor f
ROTI LABOE MHanl®é ma@@mnetic sRoth

Sapphire DPSS id state Coherent
Sapphire di aser Coherent

Scal e Sartorius
Scale FKB 15KO.5A Kern

SDEPAGE Gel <caster Hoefer 1 nc
SDPAGE Gel &electrophoresi Hoefer | nc

Senbry Bl otter
SeQuan{p HZILCC

particle si

SevenEabgt eH

Sor ERICI 6 PI

Ther mocycl er

Ther momi xer
Ti tramax
Ultimate
Ultrospec
Uni max 2wellol
Uv Transil/l

Vort ex

100/1000
3000
2100

RSLC

Bi
umn (€m5 0
Me
peek coat ec
Me

centrifuge Th
TProfessionalBi

ofFfFescher

r ck

ttler Tol ed
er mo Fi sher
ometr a

Eppendor f
Hei dol ph
nano Ther mo Fisher
pro spectrcbiochrom
96l at e i ncubat Hei dol ph
nator Weal tec
I KA

2.1.-Sobt war e

Tabl® Software

Software

Provider

Al phaFol d3 Googl e

Bprom

DEXEPMi nd

SoftBerry
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Chi meraX v UCSF
FIl owlJo v10BD Life Sciences

i-contr ol 2.Tecan

|l maged v1. National Il nstituteMdD,ofUSHeal t h,
i TOL |l vica Letuni c20a2m8®) Peer Bor Kk
MassHunt er Agi |l ent

er Gascuel Bauwd agak’fh absher

NGPhyl ogen Ol i v
NI-Bl ement s Ni ko

n
Of fice 201 Microsoft

Perseus v1J¢grgen €d6% Lab

PHOBI US Stockhol m Bioinformatics Centre
Prism GraphPad

Prot Param Swiss Institute of Bioinformat:i

Py mol Schro°odinger

_ Department of Health Technol ogy
Signal P v&é6
Denmar k (DTU)

Snapgene GSL Biotech LLC
Depart ment of Health Technology

TMHMM v2.0
Denmar k (DTU)

2. 1-Ba4cterial strains, plasmids and oligonuc
2.1.-Bad¢terial strains
Tabl2 Bacterial strains

Strain Descrption Ref erence

E. col i

E. BbRL DIFFompT gal dcihrilB&) hNEB
aDE3 acl ITarg &JiVé nld 1 s
ni hal Bt 26)
E. BOHLO1 Fcy-@a9 arabl139 gal E1:Kar i neotv aa l
(st rhsdR2 mcr A1l mcr E200%8)
E. DbdUbi FendAl sufd#44& Atlhigyr Gr aett all
rel Al de o RaD(gUR)EMNIXYSA S 19 939
Ri f sL&®Wr a+ Gai{FRaévd A+
Uvr+ Lon+
E. DbBipar DHBui dA: : pi r + Pl attt 2301 0.9 ¢
E. MobL®6 E. MobDpr-&2 -t hhsdR17 Fi natn al
SUpPE44 Yecdmtbai ning 198% 1Y)

hel per plasmid forf
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E. tBPB MG1l6 3&5acl,ZYA nt ai ns Bernhardt
PAHG69 hel per pl asuni2 Boer (Z20°04
(Hal di mann and?)Wann:
S. mel i | of
Rm2011 Wild type, Str Casee al
1971%94)

a&yaA Rm2011 with markewylacSchadteral
20&275)

a&yabB Rm2011 with markewylacSchadteral
202% %)

ayacC Rm2011 with markewylaicSchadteral
202% %)

sacyabDlD2K Rm2011 with markerl (Schadteral
cyaD1, acnydayazK 202% %)

ayakEl Rm2011 with markerl Schadteral
cyaEl1l 202% %)

ayaE2 Rm2011 with markerl (Schadteral
cyaE?2 202% %)

& yaFZ Rm2011 with markerl (Schadteral
cyaF1l, cyaF2, cyaF3 202% %)
cyahfdyaF7

&eyaGlG2HMNRmM2011 with markerl (Schadteral
cyaGl, cyaG2,andyat, 202% %)

a&yadl Rm2011 with markerl Schadteral
cyal 12, clgaamadylé 202%5)

a&yal Rm2011 with mar kewylaicSchadteral
202%5)

&yal Rm2011 with markewylaicSchadteral
202%5)

& yaN Rm2011 with markewylaicSchadteral
202%5)

a&yaP Rm2011 with markewylaicSchadteral
202%5)

c ya Rm201cly @#ABCD1D2E1E2FWeret al

7G1G2HAUKLMNOMar ker |

del eti ons

of 28 AC/ ¢

202%09
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cy’a: cyaB Rm20d$acyal eintegratt hi s Sacohrakf
the chromosome yaBtiet 20275
ayaB: :cyaRm20é&ly aByal ei ntegre¢this work
the chromosomeyaBtiet 2a02.% %)
awgyaB: :faORmM20éd&ly afBa04_ 0dpRP this work

integrated into the et 2a02%5)
natcyaBcus

ayaB::rl 1Rm20&lyamBl 1602:)(cyaBthis work
integrated into the et 2a0l2%°%)
natcyaBcus

agyaB::atuRmMm20é&ly a®8t ul4KpB this work

2a012.%" %)

—

integrated into the e
natcyaBcus

app KXI Rm2011 with markerl this work
ppKXI et 2a012.%5)
asmc00620 RmM2011 with marker !l «(this work
smc00620 et 2a012.%5)

& ndl Rm2011 with markemldit his worKk
et 2a012.%5)

asmc01754 Rm2011 with marker !l «(this work
smc01754 et 2a012.%5)
asmc01755 Rm2011 with marker !l «(this work
smc01755 et 2a012.%5)

Rm2011 &X' Rm2011 with markerl|l (Sch2per al
pleD, smc04015, smb 201%7)
sma2301, smb20389,
smb20900, smc00038,
smc03178, sma0137,
smc03942, amdho68607 3.

RMP3498 Rm2011 &pSymAB with di Ceatzoal
reintroduced into-t 201%°%)
defi dient,

RMP3499 Rm2011 &pSymAB with di Ceatzoal
pSymB reintroduced 201% %)

wil d-lti kee
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RMP 3 49 8

RMP 3 499

RMP3498clwirom Rm2011 this worKk
integrated into the et 2a02%5)
natcMmcus

RMP3499ciwirom RmMm2011 this worKk
integrated into the et 2a02%5)

natcMmcus

A . fabrum

A. falbfrurm Wi | d type Hami |l t on
Atumef aci 1974’7
C58)

2.1.-Bl @smi ds

Tabl® Used pl asmids

Pl asmid Description Ref erence

pPOFK | ux CD/#

poF K t-thp AC
dudler

pABCa mob

mScarl et

pABEsyn

pEMGB1

pET28a( +)

pHCL147

D

Level 0 WM6CIM&cpdl et kindly pro
backbone plasmildux@b/Christian
coding selquprec®si)( S

Level 0 WM6Cm&cpdl et kindly pro
backbone plasmid con Christian
sequendtcdédanAdfpoC'Sp

repAB&Lsed Level 1 Mo(kindly pro
cont ai nigngomoter sequtChristian
(constitutiEvelcydadt a!
mScarloagti ng sequence,

repABLsed -sopygl eeSct orKr el 2a0238)

mel i | ®pi
protein overexpressi Zhou and
GB1 solubility tag w Wagr®tr 20887

recognition-tseirtme nadd

Tag, "Amp

protein overexpredsag Merck
sequence -(aaldt E&wani h al

K m

PMT178 backboneatctoK Li ent 2a011.28%)
phage attachJsmewmosiet

| a'sls DsshhAAcac&€di ng seql

TE
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pHCL150

pKl18mobsac

pKNT25Spe

pKTZ5 p

p MAL

PSRKKmMm

pSRKKIx FLAC

pSRKKenGF P

P SRKHKPSmco217¢

e GFP

pUT1-&Cp

pUT18Spe

pWBT

pHCL148
promoter
H3Hdodi ng
Hi gh copy
saccBodi ng

conjugation,

i nserti on,
pKNT25

upstream of

pKT25
K nm
protein

MBP sol ubilfity
pBBR1MZXZdSer i ve e obsrtcoragle
V e citarr o mot

expression
andaic | | Uatd B

pSRKKmcont-BLAG6 8wmdin

sequence,

pSRKKmconet@FRE&wosdi ng

Km

pSRKKenGF,P c 0nt&bapss oAMO

sequence,

pUT18C carrying

GCN4, "Amp
pUT18 with
of T18

carrying

wi t h

carrying

star't

backbonerascon:
s e [ @ rdscf eG-FaPn

sequences,

sequence,

used

Spel
star
t he

overexpressi:

tags

codon,
pSRKKm (pBBREMESriva:

TS5 "promoter,

Li ent 2a011.9%1)

numberl av@Ztc Sc ha3adteral

199%2)

Kr et 2a012.38)
Kar i neotv aa |
199%83)

NEB

Kh aent 2a010.884

B. Schl ach

Schaper al
201¢*7)
Krelt 2a01.%°)

Kar i neotv aa |
199%83)

:Sch2per al

20 18°%)
Schlegt eal
20 1%¢6)

Tablé Generated pl asmids

pNMS

Na me

Description

Constructi on

pNMS1:pMALEV

pMal ,
of t he

recogni tion

recogni ti dn

cont ai

r

C

n

Ol igo

oligo

hybridi

phosphoryl ati:
NMS227 and NM:
restriction of
Eco88I and Ac

hybr i
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pNMS1:pMANGHEYV

pPNMS2ipSRKkny aB
C3F

pNMS2ipABCI r

pNMS2(pABCyaB

pNMS 2 (p HCL 1d5x0s

pNMS2i(pHCL 1cdy7a B

pNMS2(p AB-Cy &B

p
c

o —_

D

(@]

(2]

(¢

o

p

(¢

p

(¢

—

S

(

MaTIEV, con-Hia:
oding sequer
nt egr atMBdP i r
oding

nd, "Amp

sequer

SRKKmx FLAG,
ontayaBodi ng

equence, Km

ABEsynont al n

oding seduer

ABEsyn,
romoter

oding

chnpat
sgaql
seqguer

HCL150, &t

oding sequer

HCL147,
oding

cyyab

sefQuer

ABBsygcgont ain
runccaytaeBd di ng
equence endi

cont ai o dDTC

Sp

Oligo hybridi:
phosphoryl ati:
NMS247 N M.
restrictilT&w ol
ng Ndel ; | i
hybrid p Mi
PCR amplif iyegal
cyaBsi ng NMS39
NMS398; restr.i
Ndel Xbal
pSRKKIw Ff | ag

PCR

and

us i

and

and

ampl i firchi

using NMS429 |
NMS487, restr.i
Kpnl and Nhel
pABEsyn via Kj
Nhel

PCR amplif iygal
cyaBsi ng NMS52
NMS5009; restri
Notl and Kpnl
pABEsyn via N
Kpnl

PCR ampl i fdixca'
using NMS498
NMS499; restr.i
Xhol ; i gati ol
PCR ampl i fciyadi
using NMS488
NMS489; restr.i
Ndel and BamH]|
pHCL147

PCR amplif iyegal
cy&Busing NMS!
NMS530; restri
Not | and Kpnl ;
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pNMS2ipKl8mobsapKl8mobsacB,

as mb20347

PNMS2(pETMBFEV

pNMS3:pETMBR &'

pPNM2F pSRKKmMmM
dxs+Pr om.
C3F

pNMS3:
as mb20345

pK18mobsa

flanking regi
smb208Bdi7 gene
del et i'on, Km

pET28a( +) ,N6dcC
MBPTEM odi ng

sequence, Km

PETMBEV,
cyaBcoding

(starting

cont
se
frec

PSRKK3X FLAG,
contdkasding

sequence, Km

pKl18mobsacB,

flanking regi
smb208Bdb6 gene
del eti'on, Km

pABEsyn via N
Kpnl

PCR amplificat
smb20BRX usi ng
NMS549 and NM:
restriction wi
Xbal; ampl i fi
smb20BRZ usi ng
NMS551 and NM:
restriction wi
EcoRI ; i gati:
pKl18mobsacB vi

and EcoRI

PCR ampl i fNi6cHa i
MBPTEVM si ng NMS
NMS567,; r

Ncol

and
wi t h and
p
BamH
amplifical
NMS!
restr.i
H

Vi a

l igation in
Ncol and
PCR
cy&PBusi ng
NMS595;
EcoRI
pNMS294
Hi ndl I |
PCR amplific
dx+300 wup
and NMS597; r
wi th Ndel
p S RBKxKFL A G

Ndel Xbal
PCR amplificat
smb20BR5
NMS6 36
restriction
Xbal ;
smb20BRS

and ni

E

at

usi n

and
i n \%

and

uUusi ng
and NM.:
Wi
ampl i fi

usi n
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2 Materials
NMS638 and NM:
restriction wi
Hi ndl | | ; Il i gat
pKl18mobsacB vi
and Hindl I
PNMS3:pET2@8%a€3F pET28a( +) dxscPCR amplifi<cal
coding sequer3xFLAG using |
a STO®Pdon andNMS681, restr.i
frame-FaAABXxcocNcol and Xhol ;
sequence-eantd,t pET28a(+) vVvia
Km Xhol
pNMS3!pAB@amb2034a pPABCa mob L1 PCR amplificat
|l uxCDABE&I Dropout, Lne2i Psmb2opPacomot er ¢
ter promoter sequLusing NMS572
l uxCDaBH&I ng NMS573; subse:q
sequenctehrapnaC Mo Cl o using B:
dudler sequenipar tssv203RspABCa
L1 mScarl et -FBI
| ux CDABE -Fakn d- hj
r poC -tdeura |
pPNMS3!pAB@amn2034 pPABCa mob L1 PCR amplifical
|l uxCDAB&I Dropout, Lne20% Psmb2opPscOomot er ¢
ter promoter seqLusing NMS574
|l ux CDABHI ng NMS575; sSsubse:q
sequenctehrammaC Mo Cl o usi ng B:
dudler seqgufenipar tssv203Resp ABCa
L1 mScarl et -FHEI
| ux CDABE -FaKn d- h
rpocC -tdeura |
pNMS3!pAB@amb2034a pPABCa mob L1 PCR amplificat
l uxCDAB&I Dropout, Lne2ht Psmb2oparomot er ¢
ter promoter seqLusing NMS576
l uxCDaBH&I ng NMS577; subse:
sequenctehrapmadC Mo Cl o using B:
dudler sequfenipar tssw203R7pABCa

L1 mScarl et -FEI
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pPNMS3!pAB@amco217 pPABCa

|l uxChAaB&l

ter

PNMS3!pABCy a3 F

pNMS3(pABECPFAMP

pNMS3i(pABCy &8 '

mob L1
Dropout, «noont
promoter seqglt
luxCDABE&I ng

sequenctehramaC

dudler

sequlen

pABEsy®nont ain

coding s

efuer

fabrumhemalBog
atul@UM&8cking

codon)

sequencte

aFnLdA &

,  Sp

pABEsymont al n

coding sequer
amino acid s
T140A, Sp

pABEsymont ai n

t runccaytaeBddi ng

sequence

star

(cont ai-Stsa rAtT C

codon’) ,

Sp

| ux CDABE -Fakn d- hj
r poC -tdeura |

PCR
PsmcozpreOomot er ¢
ng NMS590
NMS591; subsei
Mo Cl o B
par tssco22Psp ABCa
L1 mScarl et -FBI
| ux CDABE -FaKn d- h
r poC -tdaura |

PCR amplificat
3XFLAG sequeni
pSRKKInx FLAG
NMS706

restriction

amplifical

us i

using

us
and NM:
Wi
ampl i fi ccgési on
atulflda®@m pNMS:
ng NMS672
NMS87 2,
Hi ndl I 1
pABEsynN
Acc 651
PCR ampl i fciPFd¥"
I using NMS78°
NMS797 c&AM¥ 1 u
NMS796 NM:!

overl ap

us i
restr.i
K
Hi

and

Vi a

and
PCR
restrioc
I i-gi
Accb6!
amplificat
ng NMS529
NMS673; restri
Not I Xbal
oty &8"using NN
NMS595, r

u !
parts;
Nhel,

Vi a

and
Psyn
PCR
us i

and

and
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PNMS3(pABCy &B8™"' pABEsymnont ai n

pPNMS3i(pABCy &FBH!

pNMS3(pABCy &t

(I

pNMS3ipAB-C€y a®B3 F

t

S

(

runccaytaeBddi ng
equence
cont ai-Stsa rAtT C

odon" ,

star

Sp

AB-Esyanont ain

runccaytaeBddi ng

equence

st ar

cont ai-Stsa rAtT C

odon" ,

Sp

ABEsynont ain

runccaytaeBddi ng

equence

star

cont ai-Stsa rAtT C

odon" ,

Sp

ABEsynont ain

yaBodi ng

seq

lackiw©od8nodrg

FLAG

sequel

with Xbal and
| i gati orPsiynn pv
Notl and Hindl
PCR amplifiygal
using NMS529
NMS673; restri
Not | and Xbal

ocy &B"dsing NI

and NMS595, r
wi th Xbal and
' i gati orPsiymm pv,
Not I and Hindl
PCR amplifiygal
using NMS529
NMS673; restr.i
Not | and Xbal

oty &B8" U'si ng N

and NMS595, r
with Xbal and
| i gati orPsiynn pv
Notl and Hindl
PCR amplifiygal
using NMS529
NMS673; restri
Notl and Xbal;
oty &B" Using

NMS691 and NM:
restriction wi
Hi ndlIl | | ; | i-gat
Psyn via Notl
PCR amplificat
3XFLAG sequent
pSRKKBw FLAG us
NMS706 and NM:
restriction wi

ampl i fi ccgieiyearB

using NMS672

65

& Met
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pNMS3i(pABC€yaB
smc00620

PNMS3(pABC€y a8
C3F

pNMS3(pABCyYy aB3F

PNMS3(pABCndy acE

p
p

AB-Esyn,

romoter

ckxnpat
sygaql

angmc006@0i ng

S

p
c

equencé,

Spe

AB-Esynont ain

oding seBuer

adherenbomyghe€
a 04 _ 0(415a9¢c5k i n
odon) aMmLdA &

f
c

S

(¢}

—_

(¢

p
p

equencte,

Sp

ABEsynont ain

oding seBRuer

o n st o nhioimocl yoe
l 160acking ¢
odon) aMmLdA G

equencte,

ABEsyn,

romoter

Sp

ckrAd
saqd

andyacBodi ng

S

equencé,

Spe

NMS705, restri
Hindl I I and K|
pABEsyn via Hi
Acc65I

PCR amplif iygal
cyaBmc00620ng
NMS529 and NM:
restriction wi
Acc651; | igati
Psyn via Notl
PCR amplificat
3XFLAG sequent
pSRKKB FLAG us
NMS706 and NM:
restriction wi
ampl i fi ccgdei on
faO4 _0Of4r509n5 p NN
using NMS672
NMS8 71, restri
Hindl I I and K|
pABEsyn via Hi
Acc 651

PCR amplificat
3XFLAG sequen:
pSRKKB FLAG us
NMS706 and NM:
restriction wi
ampl i fi ccagiérildadr
from pNMS382 |
NMS672 and NM:
restriction wi
Kpnl; | igaPBygl
via Hindl 1]l al
PCR amplifingal
rndyaBsi ng NMS
and NMS804; r

with Not |l ani
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2 Material s

pNMS3 pAB€mc01-7
cyaB

pNMS3 pAB€&£mc 0 1-7
cyaB

pNMS3 pK18mob-sa

&l

pNMS3 pK18mobsa
apxkl

pABEsynNn,

cont

Psmcoi1Pss O mot er

sequence,

cor

smcOl754andyat
coding sequer

pABEsyn,

cont

Psmcoipss o mot er

sequence,
smc01755,
rndhdy acBo
sequencé,

cor
S mc
ding
Spe

pKl18mobsacB,

flanking

crifeari

gene del &tior

pKl18mobsacB,

fl anking
anpgpkilor

del eti'on,

prpexg i
gene
Km

in p-RB¢Zn via |
Nhel

PCR amplificat
Psmco1-8smc O 1-7 6-d |
cyaBsi ng NMS80
NMS804; restri
Not I and Nhel
pABEsyn via Nt
Nhel

PCR amplificat
Psmco1-8smc 0 1-7 55

smcO1-7B6-dl auBs i n
NMS807 and NM:
restriction wi
Nhel; |igaPsgl
via Pacl and |
PCR ampl i fcilHR1
using NMS769
NMS770, restri
EcoRI and Acct
ampl i fi cHEitRi2on
using NMS771
NMS772, restri
Acc651 and Bal
in pKl8mobsacl
and BamHI

PCR ampl i fpipkaXi
HR1 using NMS!
NMS919, restr.i
Hi ndl I | and XI
amplifippkKR2
using NMS920
NMS921, restr.i
Xbal and BamHI
pKl18mobsacB vi

and BamHI
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2 Materials & Met

pPNMS3 pKl8mobsapKl8mobsacB, PCR ampl i frinddl

& ndl flanking rrnddgpi HR1 using NMS!
gene del Bti orNMS909, restri
Hi ndl | | and XI

amplificatBR®n
using NMS910
NMS911, restr.i
Xbal and BamH]
pK18mobsacB vi
and BamHI
pNMS3 pKl8mobsapKl18mobsacB, PCR amplificat
s mc00620 flanking regismcOOBRD usi n¢
smc006@0 geneNMS913 and NM:
del eti'on, Km restriction wi
Xbal; ampl i fi
smcOOKBRD® usi n¢
NMS916 and NM:
restriction wi
BamHI ; i gati
pKl18mobsacB vi
and BamHI
pPNMS3 pKl8mobsapKl8mobsacB, PCR amplifical
ammc01754 flanking regismcOlHABH® usi ng¢
smc0l17é8d4 geneNMS904 and NM:
del eti'on, Km restriction wi
Xbal; ampl i fi
SsmcO1MB2Z usi n¢
NMS906 and NM:
restriction wi
BamHI ; i gati
pKl18mobsacB vi
and BamHI
pNMS3 pKl8mobsapKl18mobsacB, PCR amplificat
ammc01755 fl anking regismcOlHABS usi ng¢
smc01f7&85 geneNMS900 and NM:
del eti'on, Km restriction wi

Xbal ; ampl i fi

6 8



2 Material s

pNMS3 pK1l8mobsa
cyaB

pNMS3 pK1l18mobasla

pNMS3ipK18mobsa
cyaB

pNMS3ipK18mobsa
cyasB

pKl18mobsacB,
coding sefuer
f abrcwmhBo mol og
atulwidoOh addi
flanking regi
homol ogous
recombinatior
Rm2011 chr omg
t he ncaytadbBoe us,
Km

pKl18mobsacB,
clcroding sequ
additional f
for homol ogol
recombinatior
Rm2011 chr omc
Km

pKl18mobsacB,
cyaBodi ng seq
with additior
regions for
recombinatior
Rm2011 chr omg
t he ncaytadbBoe us,
pK18mobsacB,
coding seBuer

adherenbomyghe€

smcO1lMARB3 usi ng¢
NMS902 and NM:
restriction wi
BamHI ; i gati
pKl18mobsacB vi
and BamHI

PCR ampl i fciyadt
HR1 using NMS!
NMS6 7 3; restr.i
Hindl I I and XlI
amplifiaBaulbac
using NMS675
NMS677, restr.i
Xbal and Acc6!
ampl i fi cwpaHBR2n
using NMS931
NMS932; restri
Acc651 and Bal
in pKl8mobsac]
and BamHI

PCR ampl i fcilvariatt
flanking regi
NMS721 and NM:
restriction wi
BamHI ; i gati:
pKl18mobsacB vi
and Bamhl

PCR ampl i fciyadi
with flanking
NMS727 and NM:
restriction wi
Hindl Il ; [|igat
pKl18mobsacB vi
Hi ndl | 1

PCR ampl i fciyadBt
HR1 using NMS!
NMS6 7 3; restr.
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2 Materials
faoO4 Owisto9hs5 ad Hindl Il and XI
flanking regiamplifitab#of:
homol ogous using NMS436
recombinati orNMS745, restri
Rm2011 chromcXbal and Acc6!
t he ncaytadBobeus,ampl i fi cwpaHBR2n
using NMS931
NMS9 3 2; restri
Acc651 and Bal
in pKl8mobsacl
and BamHI
pNMS3ipKl8mobsapKl18mobsacB, PCR ampl i fciyadi
cy a&B coding seBRuerHR1 using NMS!
jonst onhioimoclyoc NMS673; restri
ri1&«02h additHindll Il and XlI
flanking regiamplifichtL6G®fi
homol ogous NMS438 and NM:
recombinatiorrestriction w
Rm2011 chromcAcc65]1 ; ampl i
t he ncayjtadBreus,cyaBRrR2 wusing N
and NMS932; r
with Acc651 ai
l'igation in pl
Hi ndl I I and B
PNMS3i{pKNT-2aB pKNT25Spe, ccPCR ampl i fciyasBl
coding sefuer®®2fsing NMS43
fabrumhemaBogNMS886; ampl i

atulivd @ h
substitutions
G205A D2C

amir

and

CyafglﬁzH GZOS% gZiO?1
NMS885 NM:
amplificpa®dm
P208'si ng NMS8S8
NMS851; overl
ng the thr
fragment s;
Xbal
pPKNT25Spe

and

us i
re:
and Kpnl

Vi a
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2 Material s

PNMS3{pKNT2§aB

PNMS3ipKNT2§ aB

pPNMS3i{pKNT-2%aB

pKNT25Spe,

coding

S €

ccC

Buer

adherenbomyghe€
fao4 _ Owlibtohs am

acid
G205A

pKNT25Spe,

coding

substitou

and D2C
cc
seRuer

j onst o nhioimoc yoe

ri1&«0e

h ami

nc

sSsubstitutions

G207A

and

D2C

pKNT25Spe, Scc
me | iclycatBo di ng

sequence

wi tfF

substituti ons

G205A

and

D2C

(compatible t

Kpnl

PCR ampl i fciyadi
Plé2flsi ng NMS43
NMS87 8 ; ampl i

Cy&BlGZH GZOSM gZiOtﬁ
NMS877 N M.
amplificpaBfdnr
P20%fsing NMS87
NMS85 2; over|l .
ng the thro
fragment s; re:
Xbal
pKNT25Spe
(compatible

and

usii
and Kpnl
Vi a
[

Kpnl

PCR ampl i fciyasBl
Plé4fsi ng NMS44
NMS882; ampl i

Cy&j%164H 62074.1 BZiOéh
NMS881 NM:
amplifice&aBdn
P208fsi ng NMS 8
NMS849; ov e

ng the t
fragment s;

Xbal Kp
pKNT25Spe via

(compatible 1t

and

rl
hr

re:

usii

and nil ;

Kpnl

PCR amplificat
cy@Fa'si ng NMS
and NMS523; ai

oty &B2H G2054 830°p
NMS524 and NM.:
amplificpa&¥on
P20%fsi ng NMS52
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2 Material s

PNMS3{pKNT-85s

PNMS3ip KNT-8 54564

G1l57A

PNMS3ipKNT-@ 53°°P

pNMS3¢pKNT-8 5

pPKNT25Spe, Scc
me | idlxatoidi ng

sequence, Km

pPKNT25Spe, dge
coding

no

sequer
acid st
G1lE

ami
D156A and

pPKNT25Spe, dge
coding

no

sequer
ami acids D
substituted v

K m

pKNT25Spe,

t runcdaxtseod i ng

ccC

over |l
t hr

NMS819;
ng the
fragment s;
Xbal
pPKNT25Spe

(compatible t

us i
re:
and Kpnl

Vi a

Kpnl
PCR

usi

ampl i fdixcsal
ng NMS820
NMS821;
Xbal
pPKNT25Spe
(compatible t

restri
and Kpnl

Vi a

Kpnl

PCR amplificat
d XD§56A G|1570 Si n g
NMS820 and NM:
ampl i fi d=P85°%6 rf?
1 ng NMS8:
NMS8 75; overl
ng bot h DN,

restriction wi

us i
us i
Kpnl ; |l igati ol
via Spel
Xbal)
PCR ampl i fdix®°f
I using NMS82I
NMS533; restri
Xbal Not I ;
ofx®%°I°1 using

and NMS821; r
with Notl
pKNT25Spe

(compatible 1t

( comj

and Kpnl

and

and

i n

Kpnl
PCR ampl i fdixcfa f
using NMS873
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2 Materials & Met

sequence enccNMS821; restri

amino acids -£Xbal and Kpnl

codon, contaipKNT25Spe via

additi oftadr AT(compatible t
codonf, Km Kpnl

PNMS3!'pKNT-8%S8%5 pKNT25Spe, ccPCR ampl i fdixt8ai

truncdaxtsedli ng using NMS820

sequence enccNMS874,; restr.i
amino acids \Xbal and Kpnl
contains an epKNT25Spe vi a

St ecppodon', Km (compatible t

Kpnl
PNMS3!pSRKKPHues pPSRKKmMmcont&asrPCR amplif isccal
e GFP promoter seqLusing NMS737
eGF®Poding seqNMS738; restri
Km Hi ndl Il and XI

amplifie@FPdinr
NMS136 and NM:
restriction wi
Hindl || ; pBREHKI
via Hindl 1|
PNMS3!pSRKKPayes pPSRKKmMconta@&is rPCR ampl i f isal

e GFP promoter seqLusing NMS735
eGF®Poding seqNMS736; restri
K m Hi ndl I | and XI

amplifie@FE®P®DINr
NMS136 and NM:
restriction wi
Hi ndl I I ; pBEREHKI
via Hindl 1]l
PNMS3!pSRKHKPIyss8 pPSRKKmcontwwerPCR amplifiygal

cy aBGF P promoter seqLcyauBsing NMS92
cyabBhdGF®odin NMS398; restri
sequence, Km Hindl || and Xl|

amplifie@FE®PDInr
NMS136 and NM:

restriction wi
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2 Materials
Hindl || ; pBEREHKI

via Hindl 1|
PNMS3‘pSRKKPgys8 pPSRKKmcont@werPCR amplifiygal
e GFP promoter seqLusing NMS922
eGF®Poding seqNMS673; restri
Km Hi ndl Il and Xl
amplifie@EFE®P®DINT
NMS136 and NM:
restriction wi
Hindl I | ; pBREHKI

via Hindl 1]l
PNMS3!pUTZ8 aB pUT18Spe, corPCR ampl i fciyaai
coding sefuer®®2fsing NMS43
fabrumhemaBogNMS886; ampl i

PNMS3(pUTL8 aB

atulwiéd®oh

Ssubstitutions

G205A

puUT18

codin

and

Spe,

ami n

D2C

cor

g seBfuer

adherenbomyghe€
faO4 _Owibt9h5 am

acid
G205A

subs

and

tit
D2 C

CyafB162H GZOE:ﬁJ gZith
NMS885 N M.
amplificapaB®d8h
P206fsi ng NMS8S8
NMS851; overl
ng the thr.
fragment s;
Xbal
pUT18Spe

(compatible 1t

and

us i
re:
and Kpnl

vi a |

Kpnl

PCR ampl i fciyadi
Plé2flsi ng NMS43
NMS878; ampl i

Cy&BlBZH 620511 gZiO%
NMS877 N M.
amplificpapaB8dn”
P20¢f'ls i ng NMS87
NMS85 2; over|l .
ng the thr.
fragment s;
Xbal
pUT18Spe

and

us i
re:
and Kpnl

via |
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2 Material s

pNMS3¢‘pUT 18 &B

PNMS3(pUT X8 aB

PNMS4(pUT W& s

pUT18Spe,

cor

coding seRuer

j onst o nhioimocl yoe
ri 1&«02h aminc

substitut
G207A and

pUT18Spe,

i ons
D2C

Scor

me | iclycatBo di ng

sequence
sSsubstitut
G205A and

pUT18Spe,
me | idlxatoid i

sequencl'e,

wi tfF
i on s
D2 C

Scor

ng
Amg

(compatible t
Kpnl

PCR ampl i fciyasBl
Plé4fsi ng NMS44
NMS882; ampl i
Cy&ij164H G207ﬁ»I gZiO%
NMS881 and NM:
amplificga&gBdn
P20%fsi ng NMS8S8
NMS849; over|l .
using the thr:
fragment s; re:
Xbal and Kpnl ;
pUT18Spe via
(compatible t
Kpnl

PCR amplificat
cy&Pa'si ng NMS
and NMS523; al
oty &B2H G2054 830°p
NMS524 and NM:
amplificp&P0Mn
P208%Hs i ng NMS5?2
NMS819; overl:
using the thr:
fragment s; re:
Xbal and Kpnl ;
pUT18Spe via
(compatible 1t
Kpnl

PCR ampl i fdixcsa i
using NMS820
NMS821; restr.i
Xbal and Kpnl
pUT18Spe via .
(compatible t

Kpnl
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2 Materials & Met

PNMS4(pUTW&PE°¢* pUT18Spe, dxsr PCR ampl i ficat
G157A coding sequerdxPdse” St%7fsi ng
amino acid stNMS820 and NM:
D156A and GilE5ampl i fid=85°6F?
Il using NMSS8:

NMS8 75; over |l

using both DN,

restriction wi

Kpnl ; i gati ol

via Spel (comj

Xbal) and Kpnl

PNMS4(pUT W&®*°°? pUT18Spe, dxssr PCR ampl i fdix¥a°t
coding sequerl using NMS82I

amino acids PMPNMS533; restri

substituted vXbal and Notl;

Amp ofx®%°9°’1 wusing
and NMS821; r
with Not | and

in pUT18Spe vi

(compatible 1t

Kpnl
pPNMS4(pUT W&® pUT18Spe, corPCR ampl i fdixedaf
truncdaxtsodli ng using NMS873
sequence enccNMS821,; restri
amino acids -£AXbal and Kpnl ;

codon, contaipUuUTl1l8Spe via !
additi oftadr AT(compatible t
codon,/, Amp Kpnl
PNMS4(pUT W&'$S pUT18Spe, corPCR ampl i fdixtSa
truncdaxtsedli ng using NMS820
sequence enccNMS874,; restr.i
amino acids \Xbal and Kpnl ;
contains an eépUT18Spe via !
Stecmdon,” Amp (compatible t
Kpnl
pNMS4(pWB-TyaB pWBtontayaB PCR ampl i fciyadt
coding sequerusing NMS460
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2 Materials & Met

NMS595, restri
Xbal and Hi nd]
pWBT via Xbal
PNMS4(pWBEyYy &B8" 'pwWB,contains PCR amplificat
cyacBoding seqcy&B"using NMS
starting at Cand NMS595, ro
AT&Gtart codo with Xbal and
l'igation in p'

and Hindl I
PNMS4(pWBTy 8" 'pwWBTctontains PCR amplificat
cyacBoding seqcy&B"dsing NMS
starting at tand NMS595, r
AT&Gtart codo with Xbal and
l'igation in p'

and Hindl I
PNMS4(pWBETyYy &B8" ' pwWB,Tcont ai ns PCR amplificat
P cyacBoding seqcy&B" U'sing NM!
starting at Ffand NMS595, r
AT&tart codo with Xbal and
ligation in p'

and Hindl Il
PNMS4(pWBEyYy &B8" ' pwWB,Tcont ai ns PCR amplificati
b cyacBboding seqcy&B" Using NM
starting at \Mand NMS595, r
AT&Gtart codo with Xbal and
l'igation in p'
and Hindl I

2.1.-s8d oligonucl eotides for plasmid construct
Tabl® Used oligonucl eotides
Restriction enzyme recognition sites are marked in bold a
mar ked in bold and italic smal.|l |l etters. Nucl eotide subst
NMS Na me 53" Sequence
NMS13eGFRbdIw catct A@GGTGAGCAAGGGC
NMS21eGFRi ndlel I Cada@agCTTGTACAGCTCGTC
NMS22TEW¥Yco®&8vlier hHymbg it c SG&EAAAACCTGTACTTCCH#

fw
NMS22TEMWcc&5ler hHeynbg i gt &@8E€ETCTGGAAGTACAGGTT

re
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2 Material s

NMS 24

NMS 24

NMS39

NMS39

NMS 4 2

NMS 4 3

6 XHi s NMBdPv er han t aCHATCATCATCATCATCA

6x Hi sNdwB8¥Per hant aADQGATGATGATGATGCA

Hybrid fw
Hybrid re
cy aPB oNd & Iw

c y anBo S tXobpa le
c ISrt dNph e le

atulXealw

NMS43f a4 _ 0X4b5Dlw

NMS 4 4

NMS 46
NMS 47

NMS 4 8

NMS 4 8

NMS 4 8
NMS 49

rl 1&606ZFIw

cy aB d Iw
C ksrt o-Wh el

cIPgoKp rflw

cy aNed e lw

cyaBo ST®6
dxXhdlw

B mHle

NMS49dxmso0ST®RAaale

NMS50

NMS51

NMS5 2

NMS5 2

NMS5 2

NMS5 2

NMS5 2

cy akKBp rle
dxNc dlIlw
cyarBCYC
cyarBCYC
cyarBCYC

cyarBCYC

cyaPBoiNo f

D162H

D162H

G205A

G205A

W

atat AGGTCTTCGGCATGA
atct E46CGAGGTGAAAGC
agct ACAATCCTCCTCCGC

o o o

@]

catct ATGAGAAAATTGCTG
CTGGATT

catct ATGCGTTGGCGCTTT
TTTCGAAG

catct ATGCGGGAAATATCT
ACAGAATTGGA

catct ATGCGCTGGAGATTT
cagtt aCAATCCTCCTCCGC
C

caggt F6CCGAAGCCGGAGC
GA

cat@t E6GTGGAGATTTTCC
cad gatiCAGSCGAGGTGAAAGC
catttc GAGEACACAACTGCC/
ACCCGATGCCG

catttc GLELGGCGGCGCCGAC
caggt STACAGCGAGGTGARA
TC

cat catGEHETGACACAACTGC
C
CGATCCGGCGBEATGAAAA
TTTTCBATCTCGCCGGATCG
ACGGCAGGGGCGACATAGTC
GAT
GACTATGTABCGCTGCCGTC
A
cagcggcA@GETCTTCGGCAT
G
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2 Material s

NMS5

NMS5

NMS5

NMS5
NMS5

NMS5

NMS5

NMS5

NMS5
NMS5

NMS5

NMS5

NMS5

NMS5

NMS5

NMS5

NMS5

NMS5
NMS5

NMS5

NMS5

3cyanBol oop KPTQeP

3dxlsoop: N®O® kr e

3dxlsoopNbp 6 &

4smb20BRHI nd wl |
5smb20BRKbale

5smb20BRXKb & Ilw
5smb20BREcoRE

6 MBMNc d Iw

6 TEWBamHlIle
7 Psmb2054$a|W

7 Psmb2oBus a le

7 Psmb2oB4s & Iw

7T Psmb20Bus & le

7 Psmb2oB4s & Iw

7 Psmb2o8us ale

9 Psmco2Brs & lw

9 Psmco2Brs ale

9cya®BYCEcoRW
9cyaB ndlilghTm r e

9dxSadlw

9dxXbaloSTOPoptir

caggt adACGAACCGGCCGT
GA
cagcggc@eCcGCccGgCccCcaGCcC
GTTGAGAATGACGATGAG
cagcggclcAgQCGCATATCGGCC(
GACGGACACTCCT
cada@g€CCGCGCTCCGGCAGA
catct @8GaAaGTCTCCTGATGA
GACGAA

catct 8GEATGCTGCCCCAA
cag@aGGTGAAGAGCTGTTC
cat catGGEATGCATCATCATC
ATATG

cag gatGCTd CTGGAAGTACAC
caggt GG6EAGTACCCCTGAG
CTGT

caggt ACATTGGCCGTCGTC
CTA

caggt GGEAGTCTGGACGAC
TCGC

caggt ACATTCGCTCTTACT
GGCCA

caggt GGEAGCTTGCCCGCC
TCAC

caggt ACATTCCTGTCTCCT
GAGTGACG

caggt GGEAGCGTCAGGACA
CTTGTCGAGA

caggt ACATTGGTGCTCTCC
ACCGAC
cag@aGGACGATACCGCAAG
Caa@agtCTACAGCGAGGTGAA
CG

cag&@g SITGACACAACTGCC/H#
ACCCGATGCCG

catct 8GE&8GGCGGCGCCGAG
GACG
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2 Material s

NMS 6
NMS 6
NMS 6
NMS 6
NMS 6
NMS 6
NMS 6

NMS 6
NMS 6

NMS 6

NMS 6

NMS 6

NMS 6

NMS 7

NMS 7

NMS 7

NMS 7

NMS 7

NMS 7

NMS 7

NMS 7

NMS 7
NMS 7

NMS 7

3smb20BREcoRW
3smb20BRXbale
3smb20BRXbd&Iw

3
7
7

NN N O O

S

mb20BRHI ndlel |

Pcya'ﬂi ndiwl I
PcyaXb ale

atulXealw

atulAd®eag =l

3

c

c

c

c

O W w

(@)

x F IXagr le

yadBHel i x1 ATG

yaHel i xXbdWTG

yadBHe | i x Xb HIWAT:

yadBHe | i x XV £AW G
yanBo STAE c G =l

X FLAGc € 5nm
XxXFLAGc & =l
12r35&p o Riv

[6rl d oBvaamH le
mcO00AROG I

y a5B0 0 X Iw

y abB0 0 dhoiwnd lel |

mal718Piadiedd wl
mal718Psaledle

mal715P,adiedd wl

ag8aGCACTTTTCCCATGT
atct BG6GAGTCCGGTTAT
atct 8G6CGTCGTCCCGTT
aa ECGGECAAACCGGTCGG
aa 8 AAACCGCCGCTCGAC
catct GF6ACAGCCTCGAAA
AATT

catct AFGAGAAAATTGCTG
CTG

cag gt a0dATGCGGCAGGGGC
cattc €dF GTCATCGTCATC
AAT

o o o o O

catct AJG@GGCGGCGGCCTG

GC
catct AFGCACATCATCTTC
cc

catct ATGGCCGGCGTCATG
A

catct ATGGTGCGCGAATTG
C

caggt €ASCGAGGTGAAAGC
GCG

caggt SATTACAAGGATCAC
caggt aTACTTGTCATCGTC
Cag8aGEC6CGAGGCTCCTGT
caggatC€Cd CGGCCTTACGCT
C

caggt €dATTCGGCCTTCACGC
CGC

catct EGAGCTGCCGCGCCT
C
caa@&g6GTCTTCAACGCCTC
TGCCGG
caa@gAGECCGGCATCGGTCA
catct AFTETCGAACGTCGGA
AG
caa@gTGCGGGGCTCCTATT
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2 Material s

NMS73smal715Pafle8le
NMS74f a4 _0Mc5co66=I

NMS74r | 1602 6%l

NMS 7

NMS7

NMS7

NMS7

NMS7

NMS7

NMS7

NMS 8

NMS 8

NMS 8

NMS 8
NMS 8

NMS 8

NMS 8

NMS 8

NMS 8

NMS 8

NMS 8

NMS 8

NMS 8
NMS 8

6

0

2

2

5f a04 _ OnMcPTE0 P

6

CIHREc o RWw

cIHHRIJAc c 6 =l
CIHHR2Ac c & 5w
c IHHR B a mH le
Pcir &6 Cc & 5

cITri40A f w
cITri40A r e
cy aNBh ele

PschO&\IZQtf IW
Pschlf\lSQtf |W
Psmco1Psa d Iw
cyaBo STOP
re

dxXbdlw
dxmsoSTOP
ri 1603TOP
re
atulnd9STOP

Kprmle

Fr ameKhp irfet

ri1603T@AEC G el
7f a04_ 0nM4obS/T5@AR Cc 6 &
7atulidST®PBmMIle
7dx68D STAXRE Iw

frimel

friapmele

fr ke

catct AGACCATGGCTGCAG
caggt aCACTCGGCCGCGGT
caggt aCAGCCGTGCAGTAT
GCC
cag@aaCGETATGGAAGACGA
G

caggt aGCGATTACCCCTGC
caggt aGCCGCTTGCCCAAY
cag@aatAAGAAGCCGAGGGCC
caggt aGCCGAAGCCGGAGC
TTGCGCGLEGACGGACCGG
CCGGTCCGTEIGCGCGCAA
cagct agACAGCGAGGTGAZRA
TC
cagcggcCAHATTTCGATTGT !
GTGC
cadcggcltc@QCGATAGGGCT G!
T

cat caaQQ@TaAalTAGTCCCGGA/
caggt LGCAGCGAGGTGAAY/
CG

catct 8B§&6ACACAACTGCCA
CCCGATGCCGG

caggt £GGCCGGLCGGLCGCLCC
CCGACG

caggt £GGCCGTGCAGTATC
CCTG

caggt £&d GCGGCAGGGGCC
AT

caggt £&CTCGGCCGCGGTC
C

caggt &ECCGTGCAGTATGAC
caggt £dECGGCCGCGGTCGH#
caggt aGCGGCAGGGGCCTC
catct AGGCCAAACCCAAC
C
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NMS 8

NMS 8
NMS 8
NMS 8
NMS 8
NMS 8
NMS 8
NMS 8
NMS 8
NMS 8
NMS 8
NMS 8
NMS 8
NMS 8
NMS 8
NMS9
NMS9

NMS9

NMS9

NMS9

NMS9

NMS 9

NMS 9

NMS 9

NMS 9

NMS9

NMS 9
NMS 9

7d

XBBS noSTOP Fr

Kpmle

7d
7d
7f
7f
7f
8 f

(o]
—

O O 00 00 0O 0O 0O 0 ©
-

nw v 9 9 9 9D

xB156A G157A f
xB156A G1l57A r
a04 O0DI156925H f w
a04 ODIBE9IBH r e
al04_O0G2B055A D20
al04_O0G2BM05A D20
|l 10084 H fw
| 1©0B4H re
| 16@R27A D208H
16@aP7A D208H
1D862H fw
1D862H re
16205A D206H
16205A D206H
O1ABHI nd wl I
O1AMBXbale

-~ o~ o~ -—

—

u
u
u
u

mc

mc
mcO1RABXDb d lw
mc O1MRARB®BamHle

McO1MAB®HI nd wl |

mcO1MABXDbale

mcO1MABZXDb dIw
mc O1MARBABamHle
nNAHRMHi nd wl |
ndHRIXDbale
ndHR X b & lw

n HR B a mH le
mcOOKBRMHI nd wl |

caggt €SI TTCGCCTGAGCC
TAATC
GGTGATCGGL®CGCGATGTC
CGACATCGCEBCGCCGATCAC
CCTCTTCORIOCTGGCCGGCT
AGCCGGCCAGIAT GAAGAGG
CGACTATATTOBSCGCCGCCGT !
TGACGGCGGEMLEGATATAGT
CCTGTTC@ATACTCGTCGATT
AATCGACGAGABT GAACAGG
CGACTATGOCE®T GCGGCGAT
TGATCGCCGGATGACATAGT
CATCTTCORTCTCGTCGGCT
AGCCGACGAGGAT GAAGATG
CGATTACAICIBGT GCCGCCAT (
ATGATGGCGGGEIAATGTAAT
caa@gGECACGGTCTCGGCGG
catct GAACAGAAGGCATC
GCGG

catct AGEGATAGGGCTGCA
AGC

cag gatlCCSCGAAGGGCTCGC
cada@gG6CEGGCGGCCAGACG
catct EGE6TATCTTTGCGTG
TCCGG

catct E4ATTTCGATTGTGA
GCCG

caf gatGed CTGCGGCTCCA/
TGAA
caa@gTTTCCACGGCCAAGC
CCG

catct EGE6GCTTTAATCACT
AAAAATGC

catct ABACCGCCGCTCGAC
caggatCGCCGGCGACGT GC/
caa@gAGECCTGCATCCGCTG
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NMS9

NMS9

NMS 9

NMS9

NMS 9

NMS 9

NMS 9

NMS 9
NMS 9

NMS9

NMS9

1smcOOKBRXDbale

1smcOOBRXDb & Iw

1smcOOKBRMBAaAmMHIe
lppx!| HRAK n d wl |

lppx| HRXK ale

2ppx| HREK & lw

2ppx| HR@Bk mHle

2Pcya%OHi ndiwl I

3cyasB00 Himdmwl I

3 cy adBo wAic ¢ & 5w

3cyaB o0

dBavmnH le

catct ABETTCACCTCGGGT
TGCA

catct AGECACTCCTCCTGC
TC
CaggatGEACTCGGCCTTCAC
caa 8gEGTCGACAAGGCCTG
catct aF6CTCTTTCGAACG
GC

catct 66ETGTAAAGCCCCA
CCGAAC

cag gatCECCGCGGAAAAGCC
C
cCaa@&gAGCTCTTCGGCATGA
caa@8gEGAGCTGCCGCGCCT
C

cag gt SACAAACATCAAACA
CATCG

caggatTCd TCAACGCCTCG!
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2.-Met hods

2.2Microbiological methods

2.2.-Gether al mi crobi ol ogi cal met hods

General bacterial growth conditions

I . GrowtH. odol i

Generally, tEhe smhdapeactiweee cultivated at 37 AC
agar pl ates. Liquid cultures were shaken at 20
the growth media at the concentrations shown it
'l .Gr owth. onhiel i | ot i

Generally, tShe megtspaitnis veere cultivated at 30 A
TY agar pl ates. Liquid cultures were shaken at

to the growth media at the concentrations showt

' 1 1GrowtA. offabr um
GenerAl | fyalfrarmAetrunyef aci)enwasC58ul ti vated at 30 A

on TY agar plates. Liquid cultures were shaken

to the growth media at the concentrations showt

Preparation of cheemiccedlllsy competent

The preparation of Eheaelkihs!| yscbmpetdemwmtn an ad
Eli zaveta Krol of the peutbhlald%éd protocol from |

For the preparation B.f ccelleinsi,c atlh ey rceosnppeectteinvte st
out on an LB agar plate withouovearnnitgsh®de dACant
Subsequently, 150 mL SOB media (without any ad
single coloaoayeammidgtBRTovamd 1500 pmapprax. OD. 6. N

culture was distributed in 50 mL falcon tubes
the cultures were pelleted for 1sOu preirm adtan 2, v@&
di scarded. The cell pell ets were dissolved and
50 mLcdlcle TB buffer, foll owed by another 15 mi
mi xture was pelleted for é&r miinsaar @i, 5 0t hegsap
cel l pell et was car efcuollldy TdB sbsuoflfveerd ainnd 1708 OmLOIi c
to the mixture. Af ter caref ul mi xcionog ,e dc erlelasc t wa

tubes and fl ash frroogzeenn ulrshien g hleing wiad Inyi tcompet en
80 AC wuntil wuse.
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2 Materials & Met

Transformation oE.pkcasmsd DNA into

For transformation of plasmkEd ,ONtAe lilns cvheerng ctaHl d v

i ce.

50 to 100 OL cell suspension was mixed wi't

50 ng of plasmid DNA. The mixture was incubat ec
shock at 42 AC for 30 ds,in hae wetl drs hvaetre. aAfati enr

for

at |l east 10 min and concomitantl|l y-DRAO0 OL

mi xture. Subsemiuenadg, waberegéberate87bACi houba

1 h Af ter regeneration, cells were pelleted at
The cell pell et was redissolved in the remainirt
the cell suspension wacso mptlaitreidn o nt L8 am@mro pid iad te
cells were inowkatmedhat 37 AC

Hori zont al g e npea rt g mtnas!If ematviimg t r i

For l asmid DNA transf &r. imedmd. tofi @ brceomij pigeanti omt r

t he

p
performed fopdreaevitnagl tmhat itmg Epr iDEdEprai nHeoaf aam
d

esired plasmid served as a donor: Conjugat

donor to the recipi &nt Mvad&eémbdil peedsbyathe cont
plasmid borne tr aensf¥#8%)genes (Finan

The recipient strain, donor strain(s) and the

and LB agar plates containing bhker appg BOp rAiCataen de

37 AC, respectively. Next, all strains were re
adjustedsdoof aln. OChe adjusted cell suspensions v
(recipient : donor : helper) for transfer of on
2 hel per) for transfemMhef fiwal phvadmmes odt tdhe
300 OL. oOf this <cell suspension, 10 to 20 OL
antibiotics and, after drying of oOhergspdgth&e, th
foll owing day, cells of the mating spot were
Dependent on the transferred plasmid, either a

si ze

of a si p&SR&Kwacsleadn yp, | afsoari tdefpn fthhe mati ng sp

pABRased pl admiods )t her mati ng-bapetd @i asmp&d8or

conjugating two plasmids at a time) was resuspy

nodiluted and in a 1:2120 dilution on TY agar pl a
anti bi oti cs absansbeddr noen rtehsei sptlance genes. The cell
three to four days wuntil single colonies were \
Gene deletion/ insertion

For genome &editing, e. g. del etion of a gene o

capabiS.i tmetloflpoetrif or m homol ogous recombination w
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S

|l icating pKl18mobsacB fsuicided vector was u

bp homol ogous sequence of only the flankin
erted intgpadcdB®leaspKd8morbor i nsertion of a gen
erted onstkop gpKhi8dnobf | anked by approx. 500 b
he desired |l ocation where the gene shall b
gene insertion conStrmedtiiadwaectso nijnagraoamarieaglohng c
uences enable the first homol ogous recombin
0

—

me at the desired | ocation. After conjugat:.i
gle transconjugant <coloniesmegtedwi wgtbnkaiNam
e streaked out on a fresh TY agar plate supp
ACerni ghretx t per transconjugant 3 mL TY me
culated and incubated at 30 hAdCu tf otrh e2 4a nht i dti
ection pressure allows for a second homol og
respective ceddcpBlrascmadhkbkeop&l 8Mmbtber i ncubat
00 dilutions of the culture were streaked o
10 % sucrose and incubated at 30 AC for th

i bl e. The adeddt 9w ewd eicse| | s, which did no

mol ogous recombinatioh kye&tap8&8ndarst i o navcehrise

c

a

r

rose into the t(3%finc cceolnpsoustdi IllevammtcaBi ni ng
stma dk bone. From the sucrose containing TY a
eaked out in parallel on TY agar plates cont
amycin and incubated at 30 AC fowinrd a&n I n

eptomycin but not on kanamycin containing

red gene del etion/ i saesButiicoindeanvde cltoosrt. tTloe v

nt, a cPCR enstrhai neswastperf or med.

ermination of the growth characteristics

De
Fi

e X
an
oL
i n
ad
wr
cCo
fl

d

d
d
a
v

u

rmination of the growth charactaeweildt ipcatEesr
[ 100 OL TY medium containing the appropr.i
sconjugant col ony. Per sof aian st mgée icoade [ooe
r iweemret t ested (biological triplicates). The
incubated at 30 AC fwelR4phate 4dha2KeOrr pBubd
Vincent mi ni mal medi a (VMM)t icboinottaiicnsi nagn dt hac
ucing agents was icrudduwlraet.edowi ttthel bdlankr, e 1
ed to 99 OL VMM containing the -wame pddit¢i wa
pped approx. si x timestiwihtth fpdradfnigl nof( ttohee
ered withwel Istpelratlee 19i6d with conddnsaendring

orescence were monitored *#8DAgptbeumdeantmko
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2 Materials & Met

of tchhentir ol program (v2.0. 18.a)d. tMaenietGdrPe d | werr e
(excitation at 488 nm, emission at 522 nm) ovel
were performed every 30 min. I n between the pl.
5 min interval. The cul tturTehseoa@®l ee GRRubbhuede st
were normalized by subtracting the respective

mean and the standarghaddviedtFiPon |labuebe e®dOd hv &
bi ological triplicates were calcul ated.

Crypo eservation of bacteri al cell s

For pr es elE.vadadloime b ilro f ade lulns , the desired strai
3 mL |iquid LB or TY medium containing the apg
cultures were grown -purndatidc tsa mttd oeniatrtyer ABMS O ymor

For a DMSO stockur&5®wa®L mofxetdhavidathl t150 OL of DN
and st ed0edAiCat For a glycerol stock, 500 OL of t
50 % glycerol (v/0)mi xdoredgtmingt e idir& dH at

For -prgservatwiedn @fl ad&s containing 100 OL of s
OL of 50 % glycerol @)v/wasniadkdedvittdh eaceh ivel IH a
al umi-snauarl . After sealing, the plate was shaken

additional twedrnspdrden{twi3out con8@nhA@. rings) a
2.2.-Reporter based detection of promoter activi
Tecan plate reader detection of fluorescence/ |
Promoter activity uti lbiazsierdg meirtkheer (ae GfFIPY) o roas cle
based marker (LuxCDABE) -weas dpdtaetremi nFeidr sitn al 096
containing the appropriate antibiotics nwas ino
Per strain three iofdeapesndiegnte ccoolng nuingeastei otnead t eedx
(biological triplicates). The plate was seal ed
for 24 h at 1weO00 ppmtensaa@er. nBehsemuenmbiy, me

(VMM) or MOPS mini mal media (MMM) containing th

i n
ad
a

Th
we
cCo
no
fol

no

ducing agents was icrudduwlretedowi tthhel bOlangkr, e 1

ded to 99 OL VMM/ MMM cont a,i ntimey plhaet e amees asdel
transparent foil and incubated-wat |3@lACef ah a:
e s@nd fl uorescence (excitation at 488 nm, e
re monitored using thé20@cpnophotemetbae Ltoht
ntrol program (ewea.nd. 1&OGHP . f ITher e ence/ I umi
rmalized by subtracting the respective val ue
uorescence unit (RFU) or relative |l uminescen
rmal i zed f | uor ecsec evnacleu/e sl uwneirnee sdcievni ded by t he
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ODboval ues. Next, the mean of theasmptcul wae @tdoran
subsequently, these values were swdrntgtarcucetd Valown
After normalization and calculating the RFU/ RI
the RFU/ RLU valwues of thr euel abtieod.ogi cal triplic

Fl ecwwt ometry based detection of fluorescence

Firs
t he
200
supp
h at

desc

t-cal puree of the respective strain was prepée
appropriate antibiotics, with a single col
rpm. Fr-oml ttthries, p¥ emL VMM conbatnbngtitbese a
|l emented with either solvent or 300 OM iP
30 AC and 200 rpm. From this point on, t |
ri bed by Vétid tbBetnmienroworatltht erati ons. Briefly,

to aone®D0.4 and then 1 mL was pelleted at 4,000

was discarded and the cell peloll @it PB&s amas kepdn
unt i | anal ysi s. To monitorS.t helpdav@uldast iioMm ale Gl
fluorescence was monitored via the BD Fortess
excitation | aser. The BD FACSDiva 8.0.1 progra
FIl ow Cytometarwasndexported in the FCS 3.0 file
28, 000 events per sample were perf?dtWsmedg ather c
FIl owlJo program (v10.8). For measdeemenng  hoene
single conjugatwieogrealanaxXx yereidment

2.2 .-Ln3wirvoot ei n i nteraction

Bacterial two hybrid assay

To veriinf ypraongpeiont ein interaction, the bacteri al

according tet KdWi mbvani nor experi mentBl| adliust
BTH101 wtarsancssd ormed with corresponding pUT18Sp
pairs. These plasmids contained the gene encodi
a coding sequence encoding either -ttrhaen sTf 10& noart i To2
1660 ng plasmid DNA per construct wasE.addeldi to
BTH101 cells and incubated on ice for 15 min.

for 30 s in acaomdemi tbaartthl yanidncubated on ice foc
regeneration. For regeneration, 100 OL SOB was
for 1 htr d@&msef earomati on wawelplergloatme.d The apl9&t e wi
a transdapreinar Itio i ncubation. After regeneratio
min and 1,200 rpm. 20 OL of the culture was pl:
and kanamycin and weoeerncdhet dblatowmendApaynt a
contal@dn®L LB medium per well suppl ement ed wi
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i nocul ated with a single colony per well and |
covered with a transparent lid prior to incub.
mi xed at RT for 5 min and 1,200 rpm. r10plGdt eper

containing ampicillin, kanamycin -Gasl .weTlhe alsB 5a0¢0
pl ate was prepared in a square dish with 60 ml
then incubadwedr ditg 8@ wA@ by i ncughatt iiomn tahte RdTa rokv.
i ncubation, the spots were documented using th
cearansformant, four independent colonies were
a strong and -ppecéefinci ptretheaec tpilolZl, 8 sce r B THPS

pl asmid combinati on. As a negative epornottreoiln, d
interaction, served a combination of th& teste

Zl#&nd pET@Pbasmid partner.

PoplZi nked apical recruitment (POLAR)

The Rloiprzk e d apical recr ui-prmetngi n( PiOLtAGR)acp i @oinei
developed by Hoong Chuin L% dhe MmMeomas Gs Bamstk
strong and reliant | ocal iCaautlioobna cotfe rtahcer efsceped &durs
pole, which is alsoEtrcefFwheheexpreswaes shown
52 aa long fragment of PwopZgomerimedti be HBHK4iI h
for a robust interaction with the high@Et.209%der

Due to the smaidlomaiimne setriveesHAKM4A-aagekoel bEkntabpyc
one of the proteins of interest to the cell pol
as a bait for the potenti aln iwndttér adtei ctnvaaps rl turmoe
mScarl ett and sf GFP attached to either the bai
H3H4ag) or the prey protein (only tagged by a
el egant mbasedcobyerovapiinonhebh pint eviawd i ons

| . Preparati on of Eel efcBtPrBo ccoenhplest e nt

For preparation &f &IlBRBt rcoeddmspettenret strain was
LB agar plate containing ampicillin. The ampic
hel per ,whasmi dt a | ater stage, mediates the int
genomkE. otbhia HKO022 phage att aauHlHmanmte swviatse .prMexat
i noculating 5 ml LB medium supplemendbedr wi ght an
at 200 r pm. -cFulotmurteh,i s2 50 emL LB sauumpplceé mhémthedvawi i
at 30 AC at 208 erfprm.drmt iwlasame@Bhed. Then, the
42 AC for 30 min in a water bath to induce the
heat treat ment , the culture was incubated on ic

[ g for 420A0mi nThaet supernatant was discarded and
250 micoilde 10 % gl ycerol aad!| d wi@Ge%wgt hcé&0ODolmL i
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Each time the cells were pelleted at 4,000 I g
supernatant was discarded and the cedlld pk0 | @&t
glycerol . The cell suspensi @ | dasPtORI| pdegaf ddamsch 8§
frozen in liquid nitrogen. The86|l ACtunotbompasent

|l I .El ectroporation &f pBAEBmcdl DBA i nto

For i ntroduciamgl +iphae $ pir &y | ncIdABI2i8 , bot h pl as mi ds
simultaneously electroporated. Her eand allp rpex.
40 ng -pfadvmid) was mixed withE50T8BRBotekl sctadc
i nto a sctoerdi lel eiccter oporati on cuvette and incub
el ectroporation, t he cuvette was dried using

El ectroporation was pefrdfeovrinteed uwsiitnhg tthheet B pod rl aotwoi
1.7 kw.l m@&di ately after electroporation, 900

cells and transferred into a reaction tube. The
regenerati on, cells were pell etassd daetc aht@@0 ITheg
pell et was redissolved in the remaining media |

suspension was plated on LB agar plates contair
cells were inowkamedhat 37 AC

Il I Mi croscopy based eprradtueaitrn oinn todr gatoitcen n

A pawelture was prepared by inoculating 3 ml LB
tetracyclin&. wiEBRBa siohghg cont ad md npgla absomihd st.h e
The -pulet ur e was i nocwebrarhiegd2tda® BPmMACThe-maé xtoscay,
medium containing chloramphenicol and tetracyc
culture and incubated at ¢g@0/f AaCp parto x2 0 00 .rdp.m Tuhretni,

arabinose were added to a concentiaeign Aft a0w@

the culture was incubated for approx. 20 h at
For i maging, an agarose gel pad was prepared.
HO by boiling and i mmediately transferred on a
sl i de, two more slides were stapled to allow co
The agarose was allowed to solidifyedAbnetWwar d

agarose pad and sl ighet lcyeltli Istuesdp etnos i dins t rAif b wetre
suspension, the agarose gel pad was covered wi.t
mi croscopy. Prior to microscopy, an oil dropl et

performed usi ngctolpee NicH depgsmeii gfped wi t h a di ffere

contrast (DI C) CFI Apochromat TIRF oil objecti\
phasentrast Pl an Apo | oi l objective (100x; n
fluorophackisewad by a green DPSS solid state |3

(Sapphire) with the5B0HFmMEBRefiVteexsbps5623640 nn
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em bp 624/ 40-52m) e’k Fe& bp 472/30 nm, bs 495 n
|l mages were acquired withmaht Apdeg Fcrmigpd headr &l&5v iecl
(EMCCD). The abovementioned devi-Eleesmemetrse sofnttwa
(v4da.13). I mage processing wasElpeemefnotrsmesdo futtwalriez i
or Imaged (v1l.8.0_0345) with -Foemdtod | ow8 ny. p) u
ND2 Reader.

2.2MpIl ecul ar Dbiol ogical met hods
2.2.-BPNA manipulation and assembly

DNA i sol ation

|l . Il solation and purification of genomic DNA
For i solation and purifi &atimerd iHbmigen¥ micon D&KL
streptomycin was inoculated and incubasthetl at 3

appr ox. 1. The DNeasy Blood & Tissue Kit was uU:
foll owing adaptations: §o@rf ils) o lwaatsi auns eld . mLT hceu Ictel
redi ssolved -bofR26€0 &nhdAThcubated at 56 AC for
eluted ip0.20TchedlelHiti on was dil ut ed otf o 1dt tt @i 12 0a
oL .

' 1 .l solation and purification of plasmid DNA

For pl asmid iEsolcathiiomL fLrBontontaining the appro
i nocul ated with a singl e ocvoelronaiyghat6d T pomubB&Bbedp
i solation, 4 mL of this culture was wused. Il sol
E.Z.NPlAasmid Mini Kit | according to the manuf
eluted i.@8. 50 OL H

Amplification of DNA via Polymerase Chain React

Il . O5 pol vimasaseampl i fication of desired DNA f

To amplify specific DNA regions from genomic or
reaction (PCR)EHitgrhl deliingy t BMA QBol ymer asé& was p
Hi g¢h del ity DNA polymerase was used due to its |
than t-pel ymgrase according to the manufacturer
according to the manufactureréds manual

Tablé ®®»| ymerase reaction mix

Component 50 OL react end concent

5x E@suffer 10 OL 1 x

5x EM5 gh-EGGancer

(optional)

10 OL 1x
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2 Materials
DMSO (optional) 2.5 OL 5 %
dNTPs [ 10 mM] 1 OL 200 OM
Oligonucl eotide oL 0.5 OM
Oligonucl eotide oL 0.5 OM
FHi geh del it DN 3
B = Y 0.5 OL 0.02 U/
Pol ymerase (200
Templ ate DNA (1 1 OL 10 to 50
H20 ad. to 5C
After adding alll component s, the reaction

mi X

di stributedr éacttiwvoon RQURbes (25-pOhgremmmhywas Taeéj uPs
according to the manufactureréds manual . pPrincinrg
(1) DNA denaturing, (2) annealing of ol igonuc
annealing temperature is dependent on the char
(G€ontent and Il ength), while the el ondgyadiiroend t i n
DNA product (approx. 20 s/ kbp DNA). The anneal
NEBmwCal cul at-bocildomfpisné / t mcal cul pt oFomel.hdasm/c#all/c
only the homol ogous bp compared to the templ at e
for reenziymei oecognition).
Tabl®ed ®»| ymerase PCR thermocycler protocol

Step Temper a Ti me Cycl e:

| ni tial DN/ 98 AC 5 min 1

DNA denatur 98 AC 30 s

DNA anneali 50 to 7 45 s 25 to

DNA el ongat 72 AcC 20 s/

final el oncg 72 AC 2 min 1

I I .Over-é¢xapensi on PCR

For introducing different mutations in a gene
i nsertions of the coding sequence) without i n

recognitionextdéarsiovrerP@R was

t wo
The
to
At

usi

or

mor e

bridging
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2 Materials & Met

oligonucl eoti de, homol ogous to the to be merg
purified usifQyctlhee PH.rZe. NKiA according to the m
bel ow) . Next, the DNA fragments served as the t
of each fragment) containing al/l components de

reverse oleg.onUWcilregpttidi s -R@Rcari oqr amh xr, e chu Qebd t o
was performed. This all owed the DNA fragments t
(added through the Dbridging ol irgeoarcud loengt,i derse e
enough e¢empltahe desired merged DNA fragment. Af
reaction, the oligonucleotides annealing at t h
added and -aeédcati o®PCR30 cycles) wasr epaectfioormevda s
subjecte agarose gel el ectr opdtrreasdtsi camn df rsaurb s &

(see bel ow) .

Il ' 1 Tapol yvymebraasseed verification of colonies (cPCR

For verification of genoSmi cmeddall edtiionesd s fiuns ep lt
construction, col ony TR@R | (yonReG Ra)s eu twialsi zpienrgf otrhree d
smal | amount of bacterial cells (roughly one ¢
reaction mi x, which were directly added to the

to the manufacturer 6s manual

Tabl®&Tagol ymerase reaction mix

Component 15 OL reacti end concent
10x TheT™BoPber 1.5 OL 1 x
dNTPs [ 10 mM] 0.3 OL 200 OM
Oligonucleotide 0.3 OL 0.2 OM
Oligonucleotide 0.3 OL 0.2 OM
Ta-®PNA Pol ymer as 0.075 OL 0.375 U/
Templ at e single co

H20 ad. to 1E¢t

The BHGRRgram was adjusted according to the mani

temperature is dependent on the char aotnareinstt i c
and |l ength), while the elongation timegrodudepen
(appr ox. 1 min/ kbp DNA). The annealingmtemper

Cal cul attoogdlonhppsne/ t mcal cul pt or. neb. com/ #! / mai n

TableTagol ymerase PCR thermocycler protocol

Step Temper a Ti me Cycl e:

|l nitial DN/ 95 AC 30 s 1
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2 Materials & Met

DNA denatur 95 AC 30 s
DNA anneali 45 to ¢ 30 s 30

DNA el ongat 68 AC 1 min/

final el ong 68 AC 5 min 1

Agarose gel el ectrophoresi s

To verify the correct size of DNA fragments af"

of pl asmid DNA, DNA was separated by size in ¢

di ssolved in 1x TAE buffer by boililmgtpriphrortes €
chamber. A serrated comb (possessing either e.
agarose and then the agarose was allowed to s
chamber was filled with 1x TAE bhéfagamnsdet hel c
DNA was mixed with 6x DNA running buffer and | o
gel . 1.5 OL of the GeneRuler 1 kb Plus DNA L
compari son. DNA wasl3@pWdrifaanbe di@nt.a nAfSX, ertwh e agar
gel containing the separated DINIAS waisn ciunt aonute tahn

bromide bath (1 mg/ L ethidium bremirken.prior t

Cleanup of PCR products

Purification of PCR amplified DNA fragments, nc
the PCR reaction mix, was FfQuyrcrliee dP uoruet Kuisti nfgo Itl}

manufacturerds manual. The DNG®G. was typically el

DNA extraction from agarose

Purification of PCR amplified DNA fragments con
reaction mix, or per default after the overlap
and Gel Band Purification Kit foll awiengletsh & e nhe
DNA band was cut out of thecrageamr.osEhageDNAtwds z
eluted i.@. 35 OL H

Quanti fication of DNA

Determination of t he DNA concentration of pur
genomic DNA was carried2000-VUusi sgeat Nahophopom
t his, the device was 0l amétedf oeacwamwdg ht He ODNAM

DNA solution was deter mi ned.
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Restriction digestion of DNA

Foll owing the standard cloning procedur e, DNA
digested using restriction endsespecli éase hguazyping
of the DNA mediated by a restriction ersetcogni t
restriction enzymes were used due to there | ow
Addi tionall vy, the plasmid DNA was i ymiadalolny i a
concomitant steps using the thermos&hei di gesatl
reaction mix was incubated for at Il east 1 h at
Tab2@ Restriction digestion reaction miX

Component 50 OL reactic

DNA 2001000 ng

restriction e€0.5 OL per 1

10x FastDiges5 OL

Fast AP (opticl OL per 1

H20 ad. to 50 O

O ¢
L

After restriction digestion, EQyc |DNAPwrae Wiutr iffa
the manufacturer6s manual. The XX@NA was typical/l

Oligonucl eotide (primer) hybridizati on

For oligonucl eotide hybridizati on, t wo compl e

sequence (e.g. promoter sequencpPprprwgreompdeaeryea

the oligos wer eOreAddiutbii on aleldy-fmbotHphot ybasedeuote

a PNKpéFvnucl eo)t iednez yknmien atsoe al |l ow handling in co

Tab2& Oligonucl eotide hybridization reaction mix
Component Vol ume

Oligonucleotid1l OL
Oligonucleotidl OL
10x T4 buffer 5 OL
T 4P NK 1 OL
H.0 ad. to 50 O

The hybridization react-cypol easwcahriled Dokl owi a8

gradual cooling allows annealing of compl ement e
Tab?22 Oligonucl eotide hybridization thermocycler protocol
Step Temper a Ti me Cycl es
56 phosphor: 37 AC 45 mir 1
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denaturing 50 AC 10 mir 1

final denat 95 AC 5 min 1

gradual coo 95 AC t 1 AcC/ 1
DNA |l igation

After restriction digestion of the plasmid bac

using the T4 DNA Ligase. The plasmid and inser

The | igation mix was either incobetedgat RT f or
Tab2® DNA |ligation reaction mix
Component concentratior

DNA plasmid kapprox. 10 n

(@]

DNA insert approx. 50 n
T4 DNA Ligasel OL
10x T4 buffer2 OL
H20 ad. to 20 OL

(@]

Typically, the whole | igation r eak.ticoonl imi x was

Gol den Gate Assembly and Modular cloning (MoClI c

As another met hod of plasmid construction, t he

descendent modul ar c¢cloning (MoClo) method were

on Type |11S restriction enzymes | ike Bsal, w h
recadadmin moti f. Hence, the Goladsesne nbatye nfestsheordo | ayl
to perform a one pod restriction and Iligation

were designed to possess the same overllbang af't

Ligation was performed by an added T4 DNA Ligas

TabP2é¢ Gol den Gate Assamisleynbdryd rM@aClto on mi x
Component vol ume

Gol den Gate Assembly

DNA plasmid backbone 1 OL
DNA insert(s) (15 nM) 1 OL (e
10x T4 Buffer 2 OL
T4 DNA Ligase 0.5 OL
Type 11S restriction 0.5 OL
H20 ad t o

Mo Clacs semb |l y
Target backDbloine 40pABM)O0. 5 OL
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Reporter s evgeucetnocre, (4L00 0. 5
Dual termi nat evrecsteogrue 0. 5 C
Promoter sequence (ol 5 OL
10xT4 Buffer 2 OL
T4 DNA Ligase 0.5 OL
Type 11S restriction 0.5 OL
H20 ad. to

The Golden Gate Asaendmlyl yanrde aMotCil mn was Pperforn
cycler with the following program.

TabP® Gol den Gate Assamlsleynbdrnyd tMeClmocycl er protocol

Step Temper a Ti me Cycl es
Restriction 37 AC 2 min
20
Ligation 16 AC 5 min
Denaturing/ 50 AC 10 mir 1
Denaturing/ 80 AC 10 mir 1
Typically, 10 OL of t he Gotdanot iGan e miAx s evimls| yu

transformati onE.i nctool icompetent

Sanger sequencing

For verification of the desired plasmid constr.
termination sequencing method (Sanger -psaerqtuyenci i
company Microsynth Seql ab. The sequenctiimg samp

companies6 instrudt0ioomg/ ( tOLpiDNaAl liyn 86 OL react
OL of a single binding oligonucleotide [10 OM]

2.2.-Pr@tein handling

Coi mmunoprecipitation (ColP) assay

PrincipatllPy,extpleg i@ents as well as protein dete
performed as previ oaits RDIZAEsRrii dsfeldymeaetiydeedori ai n

produci iCEBFCyaanBl t h-eomtegal i yer ai np SRKKBny Fh 4 Gpt as m
confer resistance to kanamycin were incubated
kanamycin and supplemented with either EtOH or
ODooo f 0.4 to O0.6. Subsequedstinkedt twe t bul2t umlLe o
formal dehyde for 15 min at RT and shaking at
guenched for 10 min at RT and 80 rpm with 25 ml
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M) and pelleted at 4,000 I g at 4 AC for 10 min
ice cold TE buffer containing 0.1 % sodium | aur
PBS. Cel | pell ets were resol ubi lainzde dl yisne d4 uml nic
French press instrument and a small pressure ¢
Cells were passed through the chamber three ti

was pelleted by centrifugationThe 80ec@a0@dli | gsal

incubated-FwWAGh Mantaif finity gel (FLAG i mmunopre
proteins were purified according to the manuf ac
with 3TFLAG peptide solution.

Mass spectrometry measur elmnsammplfest hveerpurgdrife
described (Fdgviadhoslmeg service provided by Dr. L
facility for mass spectrometry and el ement ana
University of Mar bur g. Rel ative scolrPe s(a¥p |l cefs e
was calcal draeadta®n of the sum of all/l peptide s
relative enrichment of the detected proteins we
with the coverage value of the respectiwe prot e
covered by the detsamrlde ptegd tit ddeHt))u deelgwteed sh asi s f

plots were performed (41 ng Perseus V1.6.15.0

|l n_ vitrpr pireoitreiinnt eracti on assay

|l . Protein production and purification

For protein [Eur i&dibclatsitornagi nt heas used. Her e, t h
desired construct was grown on LB agar pl ates
pl ate a -Abemll LBre was inocul atoercer aaitad) ha2thC urbm@m.e
The next day, the preculture was used to inocul
ODoof 0.05 and then incubated at 3cpo0ACappra@dno
0.6. Upon reachistiog DXBsE gdest eed pPpOadedt byn awas ti
of Il PTG to a final concentrati onCyoaBop20olt ed®M t o
production was achieved by addition of | actose
The respective culture owas ndtg@h50 nrcpurbh.atle®T Gt orF
addi ti onadleepde ntdeenR production of th-eapgrofTbienpxt

Hitsag is needed for affinity chromatographic pu
next day, the cult WwWr0e® wasg pfedrl et @ dmian dmd t he
di scarded. The cell p el lceotl dw apsr odtiesisno | evxetdr aicnt i300n

this point on the sample was constantly placed

using a Frenchi Prersess sanrde achamber ( max. vol ume
psi . The cells were passed through the chamber
The crude |l ysate was then subjected to centrif.
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AcC. The resulting cleared | ysate (supernatant)

Purification of the protein was achieved by af

HP column. Purification of the ptrde¢eei oewasppeat
at a flow speed of 1 mL/ min. Pri dPHP oc osl aunmpnl e
was equilibrated using at Il east 20 mL of the r
col umn, the cleared | ysate was,| deaicke & od ru ntnh avacsc

with 20 mL buffer A, followed by elution using
performed in 30 elution steps 8 2 mL each. Aft
elucidated usi™Myoa h-¢U¥anp®cobpal photometer. For
bl anked once with 2 OL of the respective buffer
di fferent el utionds wa s ddtidrtmirreedd . b aSlewdt i om 6
chromat ogr aph hper ovkittae ds t bayr t

After protein purTcfoil cuartni oma,s tshe iHpipseTdr aapgnd r egen
column was first wash@df wliltdhwad byastr 4®pimig Hof
20 mL oNTAhet Nipping buffer. After stripping, t
|l east 4® frmoll IHHwed by regeneration uszsmd uld otno

The regenerated column was stored at 4 AC. | f
NaOH and/ or 30 % isopropanol , may al so was per
manual . NaOH wash was performed to raeatowaaedprec
| i-pooteins. | sopr apgamrare dwa soh rvearso vpee hydr ephobi c
proteins as well as | ipids.

I Il . SDPAGE based separation of proteins

Proteins were sepaacrraytlieadmiidre armgleSHDS Hordtl o®%D8g th
PAGE method. After prEat edbonRilpurlicfi@latofont He opr o

(crude lysat e, cleared Ilysat e, was h, el utions’

i ncubated at 95 AC for 106.mimeduAlottéenatisv @ley,| e
10,000 T g for 10 min and the cell pel |l et was d
i ncubation the solution was al lgowdePS®EScodhedouw
|l atter was prepared in two-PA&Earmpaotue | stge g auwntbielr
the separation gel was prepared and 3.3 mL wer €
steps). After pouring the seéemwmapr otfi amegedli quntdo s
covered with 99 % isopropanol and allowed to p
avoiding air bubbles at the top of the separat
was decanted and theredaclPirngrgelo wasdi mgephe st
the separation gel, a serrated comb (uswually 1°¢
the protein solution. The stacking gel was <care
gel was al lmewée d& et d opolayppr ox. 10 to 15 min. Aft
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gel was either used directly or stored for up t
and storing in a plastic bag aye#h WEs Ppbacpdot 6
el ectrophorese chamber and the chfaemberPeaevass diinpl
10 OL were added to a single pocket. 2 OL of th
served as a size standard for comparison. Prot e
appr ox. 1 h. Aftergedepnaaryathieomgt &tithece dSdDoSsnia s si e s
solution. This was achi eoedr msiihgaitkte mgbwt stB®i mipmyg
controlled heating in a microwave til/l boiling
shaking at 50 rpm. After staining, the Coomass
destained using the destaining solution.

Il I lL.L.mmunodetection of proteins via Western Bl o
For immunodettagiged of oFkags, a Western Blot w
SDg el was not stained after separation of t he

transferred on a PVDF membr-Bhet t(r..2 Tobm)dovisao,a
membr ane was cut to size and then activated in
activated PVDF membgreanewearned stehpearSaD |l y i ncubat e
for 10 min. Next, a transfer A-B B Id avti tc dodw sva s @als |
Three pieces of Whatman paper (soaked in trans
served as the base. On top of this base the PVI
PVDF membrangeti he TEBBSfAisandwi chodo was ftimaéeé zed
pieces Whatman paper (also soaked in transfer

avoid air bubbles. After assembly, a Falcon tub
remove air bubbles and excesseVenguydcl Asedr wat
using the two screws to avoid uneven pressure
transfer f-gem tbet BOSPVDF membr ane was achievec
to 15 V and 200 mA (per g@gdadle) PVdOF Inemmbr Afntee watsh e
with 20 -MmLsBBS8Tion in a 50 mL Falcon tube (pro
on a rolling shaker.-MSsblsequemtWwgs dhec&®B&a&d ar
was shortly washed witar lbhemLsRBBET wabhbhti bhe RB
decanted and 15 mL PBST cont ai nS.ngmed.adllqtgeer il feit
monocl|l onBLA@NEht i body (mouse) was added to the
at 4ovhe ndmgha rolling shaker. -alnhtei boaeyt sdawt i DI
transferred into a new2BalA€ConThebmemhdasetowad

times with 25 mL PBST each time at 4 AC for 1
Sci e hMPiifeircce Western aBlcoetr XignawasEnthsed for ch
detection. For thi s, 400 OL of solution | and

PVDF membrane (protein site facing upwards). T
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evenly distribute the solution. Chemil umi nesce
|l mageQuant 800 device with the automatic expos!

exposure ofS.upmedell80Opel (et ) .

Proteome analysis

| . Preparation of proteomic sampl es

For tot al proteS.n meedtedldodtii &b fmrLonMY containing
inocul ated and grown at o0 AAC 4at AZAC®rmwmmdisgo 4

pell eted at 4,000 I g for 10 min and the cell |
% NacCcCl solution. Subsequentl vy, the cells were
were resolubilized iimg 5s0t rnelp t\ONMYW cd oan taanidn suppl el
300 OM i P or EtOH as a control (aBmecubt umes aw

incubated at 30 AC for 24 h at 200frpm(eAfgter
at «@®f 0.5 andsodfmll)awe®OP pelleted at 10,000 I

supernatant was discarded. Pellets were8GIl ash f
AC until further processpamgaltiCeillptliimceas eser e pr e
For lysis, cell pell et s;Owand Bappobubi FDzeed DH |
beads were added. The solution Wa4 homogemi zed
6,500 I g (3x 60 s + 15 s pause intervals). Af
added and the mixture was incubated for 15 min
20,000 T g for 5 min and theckbkepernabani owas ul
protein content was d&BEA mMPMNedeivi alod duayn BK i¢to c a& ch
manufacturerds manual . Prior to mass spectr ome
total protein mass of 50 Og.

Il Mass spechaoendtpryot eome anal ysi s

The following steps were performed by Dr. Ti mo
I nstitute for Terrestrial Mi crobi ocagphpoxRreohegi
phosphine at 90AC for 15 min and al&yflort ed0 umsiim
in the dark. Dried proteins were reconstituted

for 10 min. For tryptic digestien afl It rpympdiern natn

overnight. After digestion,a SfLiShawa sc opnrceecnitpriattaitc
trifluoroacetic acid (TFA). Peptides were desce
cartridges. Cartridges were prepared by adding

with 0.1% TFA. Pept i dbersatwed ec drotardieddg eosn, ewjausi H & d
0.1% TFA containing buffer and finally eluted v
dried and reconstituted in 0. lL&hTbAadogadadpdly an
spectrometry <carrieddBOoutnsdamuaenExplbonested to

RSLC nano and a nanospray flex 1ion source. Pe
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reverse phase HfL G ARl cm)-hpas&ewi im C8 MDesi n |

Mai sch). The foll owing separating gradients wer
and 6% sol vent B (99.85% acetonitrile,mOnabeésfo
at a flow rate of 300 nl / min, and an additional
raw data was acquired in data independent acqu
Be k kleern seetn(%2F). I n short, Spray voltage was set t
and heated capillary temperature at 275 AC. Fol
set to 120.000 at m/z 200 and full MS, AGC (Aut

a max.ctiimjn ti me of 50 ms. Mads0s0 . r aAn@Ce twaarsg ed e tv ¢
fragment spectra was set at 3000%. 45 windows
Da. Resolution was set to 15,000 and max. i nj ec
enerogy 25, 27. 5, 30 % was wused. MS1 data was a
centroid mode.

Anal ysis of DI A data wWas vpeersfi @mmeld. 8u suisnign gDlaA LU

databas&. fmemd 2%t .i?°3Full tryptic digest was al|
cleavage sites, and oxidized met hi oni neds and
bet ween runs and remove I|likely interferences wi
was set t ¢ atstse nmeoddregl eatnei n i nf erence was based o

strategy was set to any-ru@ fbirohl!| azgtuiracy Wwas (
dependent . Library generati oNNwautpet st owe semaf |
evaluated using thei paf em@Qdahnht edM dou tgfintc®elshse DI A
Saf eQuant script was executed -NONn atnhad y8i sp arot .

precursor intensities to reptrtegsremtte ipm oa s£sing n md re
done in Saf eQuant wi t h redundant peptirdhe omssi
approach. Sum protein intensity normalizati on

mi ssing values using a normalqdiastiibetsi ovrer feur
normalized by subtracting the mediosrmampf eedaelstc
(Stude¢metss )t was used as a basis for volcano pl ot
Perseus V4°7)6. 15. 0

2.2.-BEnB8ometabolite analysis

Preparation of endometabolite sampl es

From a 15 -onkl tTYr @ r e50 mL VMM containing strepto
either 300 OM i P or Et OH as a ne§at mgRem2Z0olnli r ol
WTorezyasB rain ¢to@of al. D After 24 h of growth at 3
culture were mixed with 5 mL -80ueAC)h i ndg sstorliubtuitoer
reaction tubes and peld eA@df cart 1108 ,mi0r0. 1T hge apnedl |
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80 AC wuntilFdrurther exxgeri ment , the cultures
technical triplicates of each strain.

For metabolite extraction, pell ets were resol
(stored f-»0 AR@) hamd subsequently the same
(stored 200 AC) .h Tahte mi xture was Bhakbbagedtf ar 0
rpm. The organic and agueous phase were-separa
10 AC for 10 min and the wupper phase was
hydrophobic PTFE filter (0.2 Om patB86 d&iCzeant 4l
anal ysi s.

HPL-Based endometabolite detection

Qualitative determination of metabolites

at the Max Planck I nstitute for Terrestrial
performed on an Agilent I nfinity

(150 T 2ecm prartiScl e size, peek coat edf)
specificity gm@alrtd.cl emm,i z2). A constant

at 40 AC using mobile phase 8,p(HL ®,mN ugprprmemienn ea
medronic acid a final concentration of

acetate in
oncentration
t he
40 %
stant at 75

foll owi

- O O
-

® ® 4 d® O S5 O O

positive
ditions:

uli zer

w T S5 Qo S

ed on their

=

termined
t he

O o £ T 3 0 © O

<

i ding
Mas s
optimized

Tab?2®& Metabolite

90: 1/, apdélt ®ni tsruiplpel etme nid e d

B; c®én g toa ot
% B.

ioni zation
ESI
pressures200p4di ¢ andldr ¥f mgngaCompou
mas s
e integrated
based

r el

transitions

using

5 OM). The injection vol

st eipls mainnd clo nnsetaar nit@ raatid m 7e5n it 9% mB ;D 5
main9 40 Mbi B; fOom 40 to 75
AmaAgi Isortct 6 4Bt eon whsnmale

wi t h an
3500 V,

mo d e
spray voltage

transition and retenti

using MassHunter
on spiegn asle ciomtde n(sGPtSy).
me t aowamll iutee

ative signal i

Cel

standar ds.

, collision energies,

chemically pure

characteristics

PrecurProdt

Na me
|l on |l on

Col I'i

Cel |
Vol t a Accele tim Pol ar
9 Vol tag [ ms

Dwe l
(Fragmer

r
]

AMP 346

[(elN{e]

ADP

9

7

3
(
425 . ¢ 1

6
8
27.
33.

[0)
NEF, WN[ S

380 5 65 Negat i

380 5 65 Negat i

NNO BN

103

pIH 1 1L2 9C0 cHR LuGnns

siominleart

wi t h

el ectros

nozzl e

sof t war e.
vCaol uunet sw a ¢

nt ensi
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ATP 505.¢ 527 21 380 5 65 Negat |
cAMP 328 T34 29 380 5 65 Negat|
SQZ/P 169 3; 550 380 5 65 Negat |
DMAPE 244.¢ 244 9 380 5 65 Negat |

2. 2BBoinformatic met hods
2.2.-BnlsDNAcanal ysi s

DNA cloning

I n sddrstoruct designing and analysis of sequen:

software SnapGene at the most recent version a

whol e chr omosome, pSy mAolelminide tpibywBl oaded from
database. Additionally, further informationdbds o
Genome database, were considered.

Promoter prediction

Prediction of the putative promoter region was
provided by SoftBerry using the standard settir

2.2.-Bn2sptotein analysis

Signal peptide prediction

Signal peptide prediction was performed using
the Department of Health Technology of the Tecl

the standard settings.

Transmembrane domain prediction

Prediction of transmembrane domains was perforn
provided by the Department of Health Technol og
(DTU) and PHOBI US provided by the Stockhlol m Bi ¢

settings.

Protein characteristics prediction

To predict the physical and chemical par ameter

provided by the Swiss Institute of Bioinformat:.

Phyl ogenetic analysis

To assess the phylogenetic relationship of Cya
KEGG Genome database was performed ugsahgethe
thresh®ld Sefuences (cutoff 280 bits) were sele

(di fferent strains were considered as one speci
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anal

ysis). The phyl ogenetic tree was gener at

(https:/ / ngphwlsaqmegnyt he/ default parameters (AC

phyl

ogenetic tree ( Newi ck format) was upl oade

(htt ps:// Dt.ol . embl . de/

Al phaFol d3 protein structure prediction
Protein structure prediction was performed usi
provided by Google DeepMind. For prediction of
predicted as a homodi mer bound to two?'moClercul e
and Dxs were predicted as a homodi mer.
2.2.-8t8tistical proteomics and Col P data anal ys
Perseus

Analysis of proteomic and ColP data wa ") perfo
software. Typically, the data was converted fr
(tdblimited) file format. Additionally, the Gel
with the English deci mal separnat omas[ |l.oadedf i nt
softwar e, and different values and informati on
foll ows: descriptive information (e.g. gene/
assigned to Atexto; numersiiczeael (iamf)oronratp emt i(dee ¢
assigned to Anumerico; the to be analyzed nume:i
Aimaind category. I f necessary, the different ms
AiMat ching rows by nameod rephmmantdes Nwerte fHhoup
ACategorical annotation rowso command. Afterwar
subtracting the median of a column from each si
the normalized val ueisngwetrtee tfpenmsutoa mietyg aiisn | og
val ues. Prior t os apmeprl feo rtme sntg-t @S ttTowdoe niidsss i g v al
i mputed via the AReplace missing values from no
was performed with the standertd i iWwsdtoifo Oard al
respectivel y. The ADown shiftd determines how
standard deviation (SD) of the actual val ues (
times the SD bel otwhet hactauvadr agal uocefs ) . The AWid
di stribution of randomly generated numbers in
generated values are in the range of half the
shifto shift sest hdeownmpant iesdhévBXd &* SD bel ow the av:
the AWidtho determines the width of the gaussi a
The values were imputed separately for each <co
Studenttdds ( wBTawopl e test 0 command, ssadeadr danpgar
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unpaired), t-hal dwlgguxlya) edmmd dl adraxige) (Kere pl ott
a scatter plot.
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3Resul t s

3-Resul t s

The majority of the f dalhfmobwiincgdcrineédbdnelrt, s Nao &M,. p &t t
Paczi a, N. ,arAeman( 2 ANFHASIEndependent cytokinin
triggec dsMBOsb§nRilnarghiiznobjl mBanzil é 0ioe@i2 6B06b:

10. 1128/Bb. 00585

3.-Di scovery of GCKaigewucpdo@btrer activat.

Of the 28 classs ImednAWiHtfE€EwW bahve been subject t
Redox state dependen{® &t welalt R®a L ghifdauyeaC cat al vy
activity of the CHASE2 domain containing CyabD1
recent(?3e’hls | atter response was shown to play
reduction of secondary?23fcdt23R)lair infections (A
I n the framewolk hgfpot hiesi BhdmeRrhZbihlercapabl e o
responding to more than one plant -nespomae.ed
Compounds of the CK phytohormone group were chc
significant impact (658 nodule devel opment

To tewhex.hemeRmd®t1L i s responding to exogenous

CAMP dependentt manmreevi oustlygr gdeets cpr dmat eGl ract i

utilizi-ngrgbde gELtomoter sesumee higroodm ntgh ea gpernoet e
unknown f18° owaisonc ho sgchapreTchmotRr is boudd kkey ClI
transcriptional activator, upon binding of eit

c GMPC%) The promoter sequence GFPopli mge & ewguetnrceea m
mi-dopy p | paSsRii Kdmn d i s introducedwiilndt®WTPtehied Rm20
conjugRm2®hl transconj uhgep B8 RK KenthFePromas rtdreugvtead  a s

a control for badkFgliggo)und subtraction

To test a potential CK dependent cAMP signal re
chosen. The fir sN°-(atisvop ecnoraedneynlh dB) arZde attriaans(t Z2) ,

are two naturally occurring CK compounds with
N--moi eotfy t he adenine ring. These two compounds
i sopentenyl side chain (t2z). The other two CK
screening, were the synthebeaozyloamiorud@RBr) i,knien e(t
possexasunfurmelnzyndi nstead of an i sPenpoe rettleymy | si
four CK compounds wer e cihmog ernatbiasreal .0 nFitrhset fardd
these CK compounds have alreadysbegeral shownes$port
in plants and thus were frequent1°). 288 edi it nowvall

by the choice of these CK compoudrdhai et igropu

aromatic) were covered and r epr(éFemntterde mBdyo Itewo ¢
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acetic acid (I AA) of the auxi(nFilwhytAhbhoxirmenar e

generally known for their antagéif)stic role to
a) CK
o
™ T _~— population
Aciee l B, | /) Q:
I !
050 | | psrikm | [ YRS QY
1 ) Q I
. 522 nm ! 2
ATP 3,5'-cAMP L ______,__.J- ———————— 4
./ ! P smco217s -“_"T """" 1
— Exc. I' > ‘I
Cir — — 488 nm & \ !
I
| Emi. 1 ~ I
! SRKKm | |522 nm ! @® I
intracellular : P —____,J. -——- Q_ -
b)
cytokinins auxin

T
N
>
>

(o]
I
[~}
(o]
I
@

isopentenyl
{

NF \ N
G D )

NH NH NH

kinetin 6-BAP

\ o

NH NH
N \ N N \ "
P P
N N N NH
Fida2 Schematic ovetwargwtofpriomet@Irr activity assay.
a)Schematic overviaewebf ptbomotCénr activity assay. An exter |
compound, triggers the catalytic activityl ioke athr &AICd &ICi, ptl ie
regul ator Clr bi ndsos @AMPacand es wiotndhbeasmatt i on. -d AMR hies act i
capabl e otfhtemirgeitn gPymematsd@ he p-BsRiKkBr@FPeporter construct ca
Psmco2pisomot er sedaoawmstr aam aneé GFFoflli amesBiiadnoeg. AP Clor
t hesmcB21pg omot er sequence | oc®dme 2786 AR @ her t SRKKannstruct I

transcriptiona¢eGh@dne adndncowrfsddeently to eGFP protein pr
eGFP protein canexbcei toabtsieonveadt v488 nm and detection of the

furfuryl
benzyl

cells containierGdFPomestp8RKKIo not poaAMRcke peGFderntn marClar .

cells containiemwFEFéohsest p8RKKmerve asuadcbhtooésfencéeasubrr a
frame of this elx)pedvaremiteaw ocsfettulpe t ested hormone compound s
of the CK hormone group and one compound of the antagonis
adenine derivatives with alternating etcdarrcihmg n€Ks Cwnsth
i sopentenyl side chain (i P and tZ) and two synBWAEe)i cal Cl
side chain. The auxin compound | AA has an indole base wit
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The eGFP fluorescence was determined upon exoc
abomenti ccoempbounds and wer e compared t o i ncr e
exogenouslicyAMPhpl CEdcompounds -BRP kndetcéead anvdeby
Cl-dependent t ramtsicwvaftpittd mbea a@ylert pfm@dn@tseeadi ng to
roughd ys2a&and -fsorelvdienchange in eGFP fluorescence
control. These inducti or ArMPt edse paernad end mpa roartolt ee r
byexogenous application of 200r &Mped&Bi M. yand 1
I nterestingly, tZ, even though it is structural
fold change compared to the solvent coliBYrol . N
Mor eoverinduheAdMPPsponse is only visible in the
mi ni mal Noneadheanges in eGFP fluorescence could be
suppl emented cultures when gr owlpn upppaenheel )c o nslee
of Et OH or DMSO as the solvent foweispPpodces (ot
S, upper panel ).

Rm2011

3000
S 2500 >
© 2000
& 1500
[T}
2 1000
o 500
4 9

0 tata | “ O i

\
RN R
& &« o N ° S »
[300 uM] cAMP

Fi g 3S. meRmMROLL is ealmlade ttoo erxogenous applicatgen pfom@&Kisew
activ.ation

Measur eme@RP offl uorescence modiyaR€K;Poby-eteliFr®emodt er construc
the RmM®D4dtrai-thepeCident promoter activation was tested up
naturally occurringsCKe wihtah naf iiPsament &yl ft wopbbpapteaic

side chain BRAPhetand &hd @G@uxin plant horlngopnpel ileAdA.c ATMR rsaetrivoe
as a posi ainde apphticalti on of the solventol( MMEO)r smevtes wsr
conducted @4l thi vaafttMdrncent mi ni mal medi a. Bars represent

(shown as diamonds) fafomebibédohggratndrsphi cacteison ( mean v
of RmB@tbotrhiengk$RIGF®onstarnwdctgr own in the )reBpret ilver comapt é
the standard deviation.

Sintlkee pr @smeoc£78 a t arget pr dmoktee rt roafn stchre pCRMP N a
Cl r, I dedmoedt ®Hdeeth etnhder 0ot e 8 &SEP f |l uoreskRm2@ El

strains har bor-Pshd-g@E® rSRIKrEKWe ti ndd atadleyt i ¢ acti v
of one or mul tSi. plneRAC OGGsn ccefl screened alsksk ough
AC/ @Cene deletion | ibraFgr ®&ftPiob Itiesshte df obry. tNeidsa h
This deletion bibgheydebmprboeest A&GI G& ngirsosupng
del eti on strainsACNMiGGssi hlg snuimt | @f e protein conm
sagyabDlm2Ksing t heoHASECATCH a&&Cningéd, Fil gwer panel
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Addi ti omaldaltyr,aitnh,e delvassiC/ Gf® dil ng s €2qWesnecrevsed a's
a negative controlastAsaiaxpmpddadt emdb,t trlespond to ex.
i n a CAMP dependent manner, duecltads I®MCH eG.Clsa ¢ k C
Surprisingly,rtespoonli veCkKaihantsvpasBtrhaei asi ng only
t heyacBodi ng seqmed®d®6é&Fl4,g.upper panel). The CyaB p
363 amino acids and has a size of roughly 40 Kk
terminally |l ocated trans membmamal helat a¢ yt( THMHS
14, mi ddl e pratnheelr) .p oNoe nftu al signaling domains ar

[ soivent [] iP [300 um)

N
= e

3 5000
& 4250
O 3500 &
T 2750 o
I E
S 300 +—
L 200 1
100 4 bt o ~ﬁ—
el calvalalasalealia ® [
rlcs|lolelo|S|T|lQ (L8 2l3]3]2]|%]% Q
SISl S| seleleleldlcss|5] 88558
gl a7 |8 Sl 377 ° $
© >, Q Q < g
S A N R ' N
%) o I 4 3] 3] o I o © 1) © © o 1 o ! 1
| : 1 1 ! i
:I | @@@B . @@ !
e | | g Y Lo
H} il (e Al
1 1 1 1
I| 1 1
]
]
z z ]

Figd dentification of CyaBCA&Cthe CK responsive

Measur eonteRP fl uorescence -me piSRIKkhmdoy-ec76GRPemo dt er construct
exogenous appliCcht®dn360 OM Vv®nt CK response screen in gro
of all 28 laahshsC! @Bedi ndi cat edAGKGI@Rdlilci e:y’pAbd r aiest ed strain
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Rm2011 backgr dRendht s tocdwaiBnan.g he native |l ocus via doubl e hol

utilizing a pKl8mobsacB suéespadeseegcho®noyasbse oisre stali dineaeTK e
common protein strACt BC soHfownmnebelledweteach strain. The tab
thAeC/ 6€Cn the given strain which are stildl present (gree

Measurements were ccunducivad VbaAcéntaf mEme Walt rmedvad as a
negative control azEdy atBhep abytep:| ceyneBidaieds served aBamspositi
represent the mean of three single val uesaf(tsehrowna caksgrdiuar
subtraction (mean value of biological tr i pdGFéemotnesst.roufc tt)he |
Error bars represent the standard deviati on.

To verify CyaB asAQ/h@&C t€CiecBoedsi pnogn ssievgguence was r e
back into the native alyraBmbyYamahi hobaskgmnodhme.
pur pose, doubl e homol ogous recombinati on ut il
contai ndywagBetihtee fl anked by homol ogous regions (5
Chr omosomal c¢ompclyeanBe nt & irtoemsopoofinosni ve strain back
restor eddetphreend@ponse, verifyirnegs pOyte€d BEEi ¢ he CI
14) . Addi CyiaoBfmrad dfyed t o be responsible for t he
compounds Kki-BiARR idhenonndster ated by the reduced eG
ayasBBrain harbor iPangotetedPerPRKKm®mr ( €0 8)s.t Suct

3.-ZZharacterizat-CpaBofespen<€K

3.2Titration of i P

I n pJlanPaconcentrationweigfil~3t  pmmodat gl &8 xpeshed
NFs for 3 h and ~1 pmol / mg flkeshapwuamuiglhd sbhen n
det ec®®P€4°To elucidateCyaBetrtsponbe @GKscribed alt
physi ol ogi cal-t irterl eetviamn ,e xameriiPment was perfor med
i nduction concentratGlorn derpiegngdeernitn gt rtahnes cQyiapBt i on
Psmcozpresomot er | og@RKIPHOeAcrPeport er Aso rextprewcdte.d,
a stepwise reduction of i P concentration from 3
eGFP fluorescence. Within the blovamdbddrei ¢ © @fi ntphoii
the mini mal activating concentratidml|ldf chBndew
compared to the s18)l.velntt icsotnhiartod ovoaFtisgy.e pwi se r es
theeyadBtraidect eainrcgentrati ons of i P was detect
exper i melditA (pHFiagusi bl e ehx psl acnoautlido nb ef oao fwecarke rcers p
more of AQkeG@tihdér pr exsyeasR r,iamhhnotweev er t hi s awaits
Addi tionall vy, monitoritm@m2hO®WI gcomwt oi mieth@vi ne D!
Psmco2er@FPeport er,ocvoenrs ttrbuectcour se of 25 h in the
concentrations of iPrealkadesdoalONMligh808tANMNnat.
aftienmoculf @aralotnur es suppl emented wit3h &Aefl epanel
Simultaneous detection of the eGFP fluorescence
at |l east 200 OM i P displayed,vwami cihncocerarseel aotfe de G
time of visible FirgowtShhghbht agaatel pn
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600 Fid5 i P téxpatimant
2500 Measurem&SFP 6f uorescence medi at e
8400 mi-do pPYSRK KPEmco2-€76FPeporter constru
ESOO- in t he Rh2hEe y a8t r aitni.t riaPi on
. 200 { experi ment with increasing conc
q,mm fromdvMsa o G80i0n the RmM2&YWBWT and
; 0 stravemm.sur ement s wer e conducted
l&- . @\@@Q&Q@Q%@ . c,“,\@,\c,“,b@,f,ﬁ,b& cultiviant i hnnce nt mi Cumalur esedi a
- - supplemented with the solvent (
iP [uM] iP [uM] negativeBamomsntrepresent the mean
Rm2011 AcyaB single values (shown as di amond
tri plafctaetrg sboauecnkd subtracti on (mean value of biological tori
the pSRBKKRonstamdtgrown in the X espgpeaotri viearcso nrde prieosnent t

deviati on.

3.2The whole popul ation rlegpphdedtbPexogenc

Regul ation of signal transduction pathways ca
triggered in a fraction of tSheaSRwhlol guopopm!| aehs
systodim météf)?8tHence, it was tested whether the
ofS. meRm2 ®113 isora whwh e popul ation wide phenom

questi acny,t ofMeadw y experi ments wWSRKKnehfeo@Ped usi

reporter construct, elucidating the whole popu
i P. As expected, acll ;mbsBICt @&IG1por Oc ysdorf aithepopul at i ¢
not respond to iP in a cAMP dependent manner .

contr olm2,0 MiThseh oRvSs shcoRedi at ed eGFP fl uorescence.
aftiemduction with 300 OM iP, Wioelkphs yp 6P| ®t Db nt
respondBsécob-tve®Pependent maéaner (Fi g.

112



3Resul t s

Total eGFP intensity (au)

solvent iP [300 uM]
Cyao Psm002178'eGFP Cyao Psmc02178'eGFP
D WT P sm¢:02178'eGF P D WT Psmc02178'eGF R
b)
6h . 24 h -
®1Rm2011 L Rm2011 :
300 yM iP vs. solv. | | wq 300 M iP vs.solv. | | ®SMb20495
P P
P P
v - ||
1 1 <9 Lo
1 1 1 1
] ] 1 1
] |} 1 ]
1o rol
fg ) E EO ExoF3 o
o™
T 1 i LpxC ¢ Fo
$ i I #SMb21247 t i
2 SMb212369 ° ¢ SMb20495 b
D« 1 4. $SMa0229 o  SMc03298
- [ )
- _ 4 10SMb20246
Pip2 ¢ 1 M SMb21246 SMa1410
‘ Q I et e e L L
& & S S
o h l . o o
1 1 - - - - -
-10 -5 0 5 10 -15 -10 -5 0 5 10
log, fold-change (normalized quantities) log, fold-change (normalized quantities)

Fia6 i P dependenrte sppooprusleat i on
a)fl ecwwt ometry measurements usiAQ/ Gled i Riy%sbtirla iWT caonndt atihnei ng

p SRKKPEmco2e7@FPeporter construct. Measur emeuwlt tsi iwaetr &b nccoenndtu c t
mi ni mal medi a. Hi stograms show t hHe) 0Oe GRRengisgnaMe afSmommen t
performed in biological triplicates. Hi stograms bpf a sin
Prot eome atnhdim2Lild WT strain. Protei 6 &x2Zddhtafotne rwacsu lctairwa
Vi ncent mi ni mal medi a suppl emeOHEd 3W0t OMeii tPherMas el vsepnetc
measurements were carried out by Dr. Ti mo yGlaantdt eprr oatte otnmh ec

Vol cano Pl ot-sammloav tthdedn0dfl WT prfroomomel tures supplemented
i P compared to proteomes from CEHI OHYestsopbl emeneed wneh Ik
of protein abundance; horizeoatak Hdog¢®PHOEGmeenlsBigaamdndsan
hi ghlight proteins with higher abundance and red diamond
solvent( Eto@HWlil ch were previ aepleyn daaste gCthat aPE i°hs ias Cl r

Moreover, to gain a ge@QeaBldemomesst ophysi dlhegi
pr ot epornoef 0 fl i RM201laxWTacBahtdures grown in the pres:eé
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i P was performed. For this purpose, I perform
Rm2011 Wak yaaoBd | t ures suppl emented @M tihP ea fttheerr 6
and 24 h of growth. These two tiQgpBi depewdeat
shoeoat well -taeasmladgpS.atmeBRromdfei ns were extract e
pell et s. Proteins from the culture supernatant
set&prther processing and mass spectrometry an
performed by Rnd TWi°mog &aahtntterat t he core facilid
pr ot eobmsdtcesct etlseipmi t h p e ptsiedxec eierdti eygoilatdi leolgange >
compared to solvent exposed cultures were consi
peptide ionftemsavt ¢ibssd ol o gchlangwere considered a
abundiamteshol ds indicaféedébadndosseteppd! é maktai np t
SH). After 6 h osfevopunlottieviantsi omer enéi ghe trlecawedwa s

abundiantWT i P samples comparnwhli ¢l hadwve sprl ewind u g
identif-ct AMPi deggéndseengta bGahdli®f t er o2BUYy Bt wbei ns wer e
hi gher abueidghetr eandwer abundant cobmp@br,g.dc t o t
I ntriguingly, among the higher abundant protein
the Clr regMbl200nd Pavlmd €A MPISdepended transcription
been demon%t 7%k ti%°d her, the protein ExoF3 was de
abundant proteins after. 6TeheoGR neulctt Beatmiedn | on i
was shown to be transcr i pdteipoennadlelnyt atcrtainvsactrei dotiom
upon overproducti oh'°®WE EheediChBEr GFXMORD 4®0&r S

were higher admyrmsBampgl én. t he

3. 2EZaminati onCyoafB trhees ppoPhse on t he gene and

To test, whetdbpentéadet Cya8ponse to i P is based
of d¢yaBenei mducti on odt dlhyeiyjCytal@eptrPovmot er sequenc
the whpdeyg aBeqguence were phaded nwgs@m@BEmne

| ocated ocoopps®KHKpmdas mi d.colnosfé hteh kdse pRRndent e GFP
assay, performed i naxtyhasBt RmR2 b bt WT damde transcr
activactyiseBhdohencefotthmPi di rechkli kiedogge risn dtihree cctatya
activity of thel7afyaB protein (Fig.
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D solvent D iP [300 pM]
< Q. PcyaB
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-
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PSRKKm

o

cyaB PcyaB
eGFP cyaB
eGFP

Pc aB Pcyaﬂ
eGFP eGFP cyaB eGFP

eGFP
Rm2011 AcyaB

RFU (eGFP/ ODgy,)

cya’
100 IIIIII"IIIO 'Dl.
80

o0 ™ Hs?,tg.a

‘ l‘*’

b

RFU (eGFP/ ODgyp) ~

Fi 47 Examinati€ya®f res@oinBe on the gene and protein | evel
Measur eonkeGRP fl uorescence a& yabhhleC/Re@ROiIldV8Tr ai n after exoge
application ofEte@dH)h®&00isPol wdnte GFP fl uorescenc YSIRKKmedi at ed
pl asmi d coretGFiernidn qagt sequence eithercyyprntdhnonatera e pumonece , o
Pcyapr omot er sequenceyagdenlke t ke t wioodtodh§& OPatter two are plac
upstreame ®F R ddcdieng s@equseinnepel.i fi ed pl asms$ RK Koy beeGireR naf t he

pSRKKPeyagy aeBGF®Ponstructs is depicted on the right. b) Upper
by t h-eoppiSRKHKPEmco2276FPeporter coAE€t GlGcfti ciyPsrittrheei n containing
| owo stoglepl asis Yo PrAtBeCi nicpapr oimet Pr sequencey aBoddithilyge nat
sequence or truncated versibgmd axd oisndiacat esqpyatelf@aveEmreyptd me It :
coBTH101 strain co-hbatnraggehei droagdy plasmid pWBTI. The p)
promoter sequence ariydcBedithmgegrsdedeemad ivre the truncated ver
The empty pWBT plasmid servedvease agrmemngaoinveglBioas rodnt &it mia
OM I PTG and-Gal .mg/rolt eX n production was achieved by | PTG i
CyaB homodi meFrors ttrhuec tpurreed.i c t (i2éne b stehrev eArl p(hhatftop sd:3/ / al phaf ol d
used and proteins were predict?®and nt wo hAThPTdmared o tbtoeush.dl it me

i ndi cat el atyheer sl iopfi dd he i nner membrane. Only Meoas wrifemdert s wo
of a) weenrde bc)onductedl Rdiviat Nibmoeant mi ni mal medi a. Bars repr
single values (shown as diamédds})i é6momf bt bkeogiodalent r i Elti
negative control. Mor eover, for values i n beGHRokagr ound
per f ornkerdror bars represent the standard deviati on.

CyaB possesses f @aalr3 0T, MHISH I3 IbMH | T:MHDb 39161, : TMH | V:

aa®d7117) foll owed O6KDItohma a@lalt@a3l8y)t iacnadoaserormed and
di sordeteedci cCad33B8B&6U4IFi(g. 17b.riTghfupthet-iPi ssect
response, truncation experiments of CgwBBwere
coding sequence was mutated, resultisagrim nailt h
TMHs or del et-d mms eorfv @ ch ed-ineocomid e a b da &CHiI th.f 1€y ght

panel JhgspPomoter sequence followed by the muta
cyaBere cloned into the | ow-Psyarsd nignter cadpye d | ian
cy’strain via conj-RPgastyiacBo mpThme ptABCi on construc
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e WTadBodi ng sequence, served apABRspwmectbwve a

-

h
served as a npgBEsyer conaresynthetic plasmid con
esistance cassette, an origin of transfer (RKZ
ol E1 origin of replB.cactoBamn f el pomap dghaet ipd na simi
|l so conepABELeraon mefg atph epsArdib® .o f.e t Trhieep ABCe r o n
ncodes for the replicative system proteins Re
|l osely resembling.tghe imhregmad eemde i nttoo tshien gcl eel |
opy nu¥ber)
s expected, compt ¢’mdmtad tni ovni aofecttlog@i ¢ product i

-

otein | edréespansd eiam t PeddpamisSPRK KPaginhie17£1
GFPeporter assay. Further, ectopic *pmptement ¢
| so rescruespoemee i PHe ga.t Vilphdewyietf occran bet cwme |l uded

C
a
e
c
c
A
p
e
a
no-nonser-vedmiCnal tail of CyaB is not necessary

—

he CyaB mutant proteins |l ackingneidateal ytgieg d o
upon i P addition( FKiogul d1 mhe) det ect ed

Unfortunately, verification of t heseUFRLeAS@ |l t s
antibody, 1:1000) as a proof of the presence
feasi bCyaB protein content within the cell app

| ocaotned he-PpABCplla@smiedi ally comparedAt of abheuf@ya
which is detectable in Western Bl ot analeysi s, S
was below the detection | imit wistehtiunp.t he fr ame
To compéuashaet emi ssing verification via Western BI
assay inOEhe BOAMMP1L strain was [Eer B@HbdOd. s$irmd en
S unable to produce c¢cAMPyadhea®toi ta idselteie oind e

background to test catalytiEc adadldizodiynglf-fam AK
gal actosi dase enzyme) expression i s under t h
transcriptionarlp rBeyg u | aad dirt-b oo #o b F-8-r dd-®-Dy |

gal actopyr@alo)sitde t(fKe growth media, a strong bl
of fk-chel actosidase enzyme and henceforth i mplies
AC283) TchyeaWBl aaldViHt 8T MH VWut ant coding sequences W
to thehdodgto-adipg vectwmderWBiThe ac oRptrroaniot ef . Prot

production was inducGM PO a&dditthieongrofwt hOGmedi a.
SspotE. oBOHLO1 containing the pWBT empty vector
shift due toftumetl aanll oA Cd AP raonddu cnticsosnidmaghg | vy

b-gal act osi dd se pemfOwméelle otdheot hathdrrned bl ue fo
containingcytapBeapWB@d@. Interestingly, -ay&Btar col
"spot is visipbloaducit hoincrmafli rayCH (GrCc tainide sh étheset i mp
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Cy &B'"™ mut aretmai ns cat al yTthiec alt haeat imuittaynt s di d not
activity in the fr(Ringgbl.ofSitrhcies QyxgpBrgamesndsses f

the CHD domain needs to be |l ocated in the cytop
the inner membrane beginning in the cytopl asm.
TMHs may | eads to umgsuone sosff udy aiBn cionrtpoo drh et h e n «

CHD facing towards the peri pl absenh eah owlni sohfi nagl Ic a
|l eads to a free cytoplasmic CHD domei nihmghy al yt
t hat it i seipmodegt atdrgartioc 6y @B needs to be memb
successfully dimerize and become catalytically

3.2C4#aB produces CcCAMP upon exogenous i P apcg

Representaci aesC/o®@C ks, as the name i mplies, we
ATP or GTP as their sNBNEtAMPeot 03€@MPaAueeabhe t
produc€® dHtehhecleg se dwhhet her CyaB asmdws aaGCACataly
actiiwi tryespiomhse to

Previously, Laur a Wer el and Neda Far mani des
bi functionatlriarys orfi gthieorCdlIr regul ator. This bifu

the target promoter sequence wilti lg,asmmidbbdeonkAMPNoO

Cr-pi ke transcriptional acti®W&% ddrentce, d gtemetr @t pa
mut amhi ch is only able to respond to one of th
either CAMP or c GMP, promi ses t o be an el eg

abovemendguesnteido n

Within the substrate binding poékei edtgfy TEGFr A4 40AT
via a hydrogen. bbloveyYeB, 3Thr 140 is ngoGMR,nvol v
making it an attractive target for mutation (se
in ¢tlhceodi ng sequence changing tchoedohhes40tcodonm
Cl®AMinut ant and concomitcafftMt gdiimg reoegoecence het oge
t hepPomoter sequence | ocated upstreampABCt he (¢
Psypml asmid. The -PesfAVCiomp| pmBGt at i on ndarmsdturcwedt
i NtWT& Isrt r ai nec Y WB* ssdcayaB n; s®ep BlBb),. FDel.eti on of
clgrene in the WT* background was achieved by do
the suicide plasmid pK18mobsacdumeogitoan sni(n5g0 & wbhop
t helgrene. pABBsyenmpty vector served as a negatiyv
above, exogenous application of 400 OM CcAMP o
containichgenehein i ts nati ve chr omodepmnd delndc us
transwcal pacbi vadmntooprgomot @ae Pe a-chindg -fltddd da chBhge
compared to the sl8d)v.enQGatcalnyttriocd acrtiignati on of C
and concomitaNSNy)pil edudosddda i n8 cdncocxiprg 0omot Be P
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( Filga) . Consequent |l yalilsrhe aRm2@ dhpt ABERhsiyengipt W e
vector did not show a trantsarmrgeett i pnadathecre r R at i
exogenous application of either c¢AMP, cGMP or
Rm2011 seeWB* rain vi aP.rt FeMcpABC ruct , a strong t
activati @iopfe otma eP can be detected when 400 ¢
18a ) . Strikingly, application of CAMP does not
PsmcozpPreomoter, pr €®i*Mingt amtati ¢ hiendeed cBMP. i nsen
Further, i P application, as tcrAaviiPs arpipdtiicartalo ng ct
the-t@lrrget pr déo)t.erHe(nFciegf.ort h, this i mplies that
response, is producing cAMP and not c GMP. Di f f

C*AMmut ant variant to Clr produced in the WT* |
compl ement BEfM oan t hée ISWTr*ain from the | owAtBeC si ngl
Psycnompared to a chromocslomat hex@Wimhiésstonai of (nat |
18b ) .

a) [ sowvent [ ipr300um) [ cAMP (400 uM] [T cGMP [400 uM]
2500
o r

2250 _

3 2000 %_
=]

1750

1500

1250 S
1000 —
750 0
500 —

b
0} &0
WT* | empty | CIrfm"t"‘E
WT*Aclr

i WT* \
]

E Cir-target
mJ l > promoter
i
I
]

RFU (egFP/ OD,

b)

]
]

[comP]— !

| CGMP | H Clr-target
1 Py : promoter
| e
I WT*Aclr

Fi 48 CyaB I|Iikely shows AC and not GC activity upon iP ind

aMeasur eoe@REP fl uorescence modgiyRRkKKPambycielir®embdt er constru
after exogenous applicht Od)3@vw fi Pe OMAHEA MB 0 bGMe £#IGGMP. The

reconstitutedyWB*)esgaBtai (s, besides the reportceorpyconstr
pABBEBsyml asmiTdhaet c k®di ng sequence is | ocated on the chr omosc
& lIstrain contains, besi dest hteh ee mpetBoyp,eBrE(nsairg/tia a1 ca , n ed & thiew «
contorolt)h ePcpeAB®¥as i ndicated. The c¢cAMP Zi*Hfs eprsoitteii vne wQlsr ancuhti e
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by a p nt mucreadiimgn s equeérece c¢ hangiamg ctohd eMreTahsr ulr4e0mecnotdso nw et roe
conducted @dl thi vaafttMedorncent mBar malFremedsant the mean of toh
(shown as diamonds) fafomebibdohggraltndrsphi caceison ( mean v
of the respective str ®iGi @b as baonudc hggr otwhne ipnS RKhKem )r e Epeot i ve
bars represent theb)stSinndpalridf ideedv isacthieomat i ¢ of the experi m

application of iP, CyaB activity is trigge™epr catnedi n tdiemerh ¢
is able to transcriptionall ysnmeatpirswoanod eirt su ctihdMPgetn dp rbdivddt e r
The #2Mprotein dimer only wutilizes c¢cGMP.

To furt htehLypaBoifndeed has an AL cestpdbRsetheact
met abolites AMP, -cADNWR ATPt aedp 36, B® synt hesis p:
| 5. me | itlhoet iconversion of the CcAMP precursor |
adenyl at e ksinmcaOsl¢2 88achld Cconversion of ADP-to ATP
di phosphate skncrOdd%ed Hd k (

To get an i mpr e-samido nstheofrm t daeédj U Stnrgemretl 8 | P ,i | hav
extracted those metabolatyadBulftrwme RKRm@Odwn WiTomand
in the presence or absence of i P. Targeted qu
metabol i t-®lS/ vM8 WwW&s performed by Dr. Nicol e P

met abol omi csnodapvrdusmaimhss ft{per tcBudme pviagt.isobngni f i c
2.f201'd increase of intracellular AMP extracted
withOB0OP, compared to cultur ess as ucpopnlternoeln,t enda swidt
On the other hand, no significant c hamrwygds of
cul tures was 19 e tuepcpteed | (eFitg.panel ) . No significa
oul d be detectedat nasBatah nRmZ @ lelr ad®,dh umpfp egr awtgh

AMP coul d be det escatmegpd eisn cPomplalrdeadnptl @ ss o tal esrot  a

c
and | ower right ,pthlmeldh & ns efgoelisdt iiomgahrye als 6 of i n
c

fold increaseyaBRandWwWas nev(i iggh.t | ower | eft pane

though the increase ofaxyasBtrraacien |iud airn siAgWwPi fiinc ar
the solvent control, the concentrations of int
andgcyasBa mpl easf t6éaurht i asrad imenar |l y t he same. A possib
coul d hihdhe CyaB catalytic activity is either tr
exposure to i P and that maybe ohalsI®I€C/ GiGsr e of
responsabgkeerfrtonr response to i P.

Af t er c2ul thi,watniloyn smal |l but significant changes

extracted fromaRyn&Bllt uwTesansduppl emented with i P
suppl emented with solven19 coppdr bpanelts).t eddd
significant ~30 % reduction of intracellular AT
was detected, whereasignl yiaasmatyhaaBagdnibost hai
was obserMedl ¢wWwerg.right panel ).

Consequently, a s{fghdfinaentaseaofyi htwoacell ul ar
in Rm2011 WT samples extracted from cultures s

sampl es extracted from cultures suppltemémange swi
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of intracellular cAMPacyanmiud ah¢ demiPtebdy&Eopgl €h
panelln .concl Cd¥*dmut ahet screen and endometabol it
compounds tihraditcadtyd i ¢ activity oniajyCgad tupoan i &RC
activity and the production of c¢AMP.

Dsolvent
AMP ADP
[] ip 1300 um
o [N nH ~\_ NH
A~ N 2 N
w0 b oA el i o Eo Lo~y
HO HO Ton M=~ HO HO HC; OH =
5 B0 _ 6000 T——
=Ste *%*
£ 45000 +-—— E — — *
8 o 5000 +—— T
$ 37500 % 9 £ 1
. e ] @ 4000 oo o
@ 30000 = O n.s.
a n.s. a8 ()
£ 22500 — @ 3000 1 1 1 &%
3 15000 1 5 2000 H |- oo | L1 L]
Q
~— O
wn 7500 1 ;1000. - L1 4 H H
T o
o 0 o 0
Rm2011| AcyaB |Rm2011| AcyaB Rm2011| AcyaB |Rm2011| AcyaB
6h 24h 6h 24 h
3¢,5'-cAMP ATP
= N
o NH o o 0 (o]
AU N 2 P
0 J W)\ﬂ/ Cya HO-P-0-P-0-P-0" ?N\\Z\\’
oot on NN HO HO HO s w N N
HO " HO OH 7
1500 _ 25000
g n.s g |L|
Q dedk D 20000
812('.'0 e
1z , * o (2‘» n.s.
o 900 f ‘) o 15000 T 1
Q ‘f n.s. 3
£ 600 — £ 10000
g g n.s n.s.
£ 300 - £ 5000
g 3 i
o o
Rm2011| AcyaB |Rm2011| AcyaB |Rm2011 AcyaB |Rm2011| AcyaB
6h 24 h 6h 24 h
Fia9 Shamd Foenrgn i mpact of i P application .on the cAMP met :
HPLC measurements of intr 86 elRAMPI anre t MNVP,| iAtDePs . AEPt macdti on o
the Rm2011 WwiyashBd atihne was performedl 6iiimaavidmeelnth mifrtiemal
supplemented witlEté&H)  h00 sOMvielRit Extracted metabolites we
Paczia at the core facilmdlyeod!|l enemadv | omé ctsr amat rsymalThe n
AMP, ADP, 3MPRAdM dare depicted above the diiwvan sgrhaepne. oAd AiM
conversion to ADP by SAM6kl 2(8a8d)e, n ycl oantsee ckuitniavsee ,conver si on fro
(nucl edospihdbesphatS#Mobib®d&3eand finaldAMBR ymit dhasCi/ $§@.fg .3 6C\5adB,
SMB60621) i Bashowepresent the mean of three single values
triplicates. Error bars rAespgregd erkts ti ma-i setad edsdargd ddavcidantt it ocrh.e
P<0.(0*5) Pxmd 0865), n.s.: not significant.
3.2CyaB independent i P response

I n the previous chapters, yaBepaenddodrtd nShep adn sse
mel iIRmM2t0ill t o exogeanompd yonfdgi hlei eCK pl ant hor mon
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di ssected tHéesemevponseey of characteristics of
I n thtbhapuér, the focus is placed o0o868. thel ChaBi
Rm2011 to exogenously applied CK.

To shed I ighti ndrepemeely aB.esmekmzo 1oif, a whol e
proteomics approach was chosen to identify c¢oml
sayasBrain. For this purpose, | performed a whol

andeyacBul tures supplemented WWtihP e fthhearn dsfo2 4v em t
growth. Further processing and mass spectrometr
performed by Rnd TWi°mog &aahtntterat t he rcoomeet rfya cainldi 1
pr ot eoSminccse. no major differences between the tw
24 h timepoint r edseus ctrsinmetdh est @owh oavm c¢h g .

Detectetdenpnsh pept i dex cienetde mshiotlaidelsolyange >1 ¢ omp
sol vent exposed cultures were cwincd deepslades h
intensiprioee®i ns >wbtd ahbhogere considered as | o)
(thresholds indicat e2d@, a ssewdpp It erde i fi a6ey®Ppton FPg.
i nducti on, i ac ylasBt ha WIT, aam i ncreased abundance
gene clsunsht2e0r8smiB 2 08A@mal #sIlnBal 7clo5ul d be detected c
to the negastolvdein@@nt. r oflh e¢ ngaeln7alssd ma 1 7eln8c o de t he
adenine deaminases Ade3 ansdnaAldieldicoceaspeahni aden|
guanine/ hypoxanthi ne pehranmeca saeb.u nldta nicse mdt e vhoorstel
significant laayy dsit glme m dcrotniplatehee WeH osltdr ainnc r(elaosge o
1.7 and 1. 3 f orSMAId713r, e sApdeecsiTiragea nye)s. s imb 2 6-8 4 7
smb208§d448e cluster encode two putative transcr.i
i ke d Sktk2i08 4 1) or -l ake Ad &R0 44) , a putati ve
transmembr adMb2PB84e6ri as(well -aAska puSHMBRPBHAHACT B

and the (pané@subenit of a no X isdoogrue dddd2iCadsele3 1(a n d
SMb2 0342) .

To test, whether t het hsanthr2e0a8sdaddl egdbuen dalncet ef pr o
is dependent on transcriptional activation of
Psmb2osasthb20@4B ds m2opas 0o mot er seqeseb@€O©8§ddt thaster anoc
Padeandaadpr omot er sequaednegdlemeot | tbeer were tested
reporter assay. For this pur poyad, h erwd ptoor tse rn gcl oen <

pl asmid pABCa c@adsainiagdsidregrP mot er sequences

|l uxChbéape&rodPrhot or habdus WwWeme necsrceincect ed and i ntr
Rm2011 aaMfaaBnd ¢ lha&slaIC/ GiCe f i c iy%snttr ai n. T eco2pAsBCa
| ux CDArBeEEpor t er construcfer esnecrev e@lyoar®@Isrn Padependent

transcripti obxaolgeaowuisv atpipdn.cati on of 3ol @m i P
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increase of transcri fptairgreal pammtneatdgetrpalPoefd tthoe td

solvent control i n.As hex Rpan2o0 & tr awiTs csrtirpatiino n a | act
detect ek yiaandWat rai 20( Fi gft panel ). Further, tr
of tshwofdF omoter wupon exogenous i P application
strain background, I-fecaldd nign ctroe aas e ocuognmp ayr € do utro t

Thi s respehsgleiwwhy as eak yiasBt n dafe~ftoMod i ncrease comp
olvent control) and wdastcam@beFitgyt!l panei h .t A
int atdepermd®nt transcriptsimgppubomoet eévatwbinclofi

romoter was no-tlepenae hseed)C henPpEIfPPmemtesnt i fi ed i r

s
h
completely dependent on the presencesmpdozamr cat
p
cAMBependent transe¥phthogpaePuaomboyeirs only showed

response towards exogenous i P afpplld cahtdmge il rear
of transcriptional activity compar ed ytsot rtahien s ol
( Fi2gh., l eft panel ). Qmodsbenscehiept ihamal &cti vity
higher in the WT strain upon i P application, w

t haxyaBndy’strain background compared tsq Ftilyge r es

20, l eft panel ). The increas®ndofxs ameteir ptuipoma |
application is in HHiependienh iherdagbesnh ipPOt €
SMb20345 in the RneaBt rWaitl haongdgh not significan

smb208diie cluster2@)yoteins (Fig.

While tisenbgéBddcodes a pdtiekmt itarlanTsectrR pti onal a
the geme202sa@ mMb2024Aa50de a putative efflux tra
(SMb2 0 346) and a putative &8MbRDBHEBEYI nSMbXBINEG y pr
contains farme KRINDt gnc e, nodu)l adgfifolnyx cpednhp/dime nsh roa
protein doBMbRPO34WwWhpbesesses a potenti al Tol C d
SMb2 0 3 4Bh20345 and Tol C weonlvadl peidern tei xapPol ryhn. s To t e
hypothesis, single deletsimbrR0O@d&8mblo6§dbethwer esp
generated via double homol ogous recombination
containing flanking homol ogoussmbrze@®idsymiz2 (354050 b p
genAn. influencedepehtdenCyiBaB resppSR&KPHtcestsed Vi
eGFPeporter assay, was anml 2 @& resencbt 220dhdf boafrFtieg t her
20, ri ghsi maeeld)sd not respond to exomge2a®U4E6 i P
del etion mutant was not generated.

To test the transesanpdsdsonapoatervecopsofuBts uti
pl asmbRKKnont ai niane@ r {4®@er cPmot er seque@Eo0 dinmdg t he
sequence, were constructed. However, 4uea@rtransc

Padepr omoter were detectabl e upo@M eixPo@diiagusAnappl
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explanation for the increased protein abundanc
for example an increased stability of the prote
encoding either Aded4, AdSMal dDiw/atatoe @Utf &tcit ¥ ea gp & rhre
Clr dependent i P responXxie) (see chapter 3.4. 2, F

a) 24 h {1+ Ades o ] 24n | I sMb20343
©w 4 Rm2011 AcyaB i
iP vs. solvent| ! iP vs. solvent ! |
{1+ SMb20346 t4o® SMat717
< - 7 b
= i 1°SMb20344
5 | SMb20342-—3-'! SMb20346
g ™ = SMb20347 ™ A i Aded
a . SMa1717 } ¢ Ade3
= _ |+ SMb20344 i SMb20347
S ™o - SMb20342 N A
' 1* Ade3
................ o SMb20343____ e e T | AL
“ “SMb20345 J : \."‘\,.i‘\‘.l‘SMb20345
4 . ';%l, :,‘
(= a1 (=
L L] L) III L L 1 L) L] Ll L] L] 1
15 10 -5 0 5 10 15 15 10 -5 0 5 10 15
log, (normalized quantities) log, (normalized quantities)
b) [] sotvent [] iP[300 pm)
~ o150 5 __1000
& 8|105 g 800
o x| 80 &8 3
- 15 1 R & 600 1
E 1200 F 5 & 400
2 800 5 G
> 400 o o 200
| ] LOA QOO0
N HHENEREEEEHE R T
AN NN MBI REE WT  |rsmb20347)\smb20345
(W - S T W - A M. W W /- T M- B . N
Rm2011 AcyaB cya®
smb20347 smb20345 smb20343 aded sma1717 ade3
smb20346 smb20344 smb20342
. . C) 500
smb20347 putative transcriptional regulator (TetR) -
smb20346 putat?ve efflyx t(ansmembrane protein d% 400 1 &/
smb20345 putative acriflavine family protein o
smb20344 putative transcriptional regulator (AraC) o 300
smb20343 putative isoquinoline 1-oxidoreductase beta G 200
smb20342 putative isoquinoline 1-oxidoreductase alpha A o
sma1717 adenine/guanine/hypoxanthine permease 2 100 ﬁ
L
| o d
Psmc021?8 Pade4 Pads.‘!

Figo CyaB independen$. i Relielspibbinse of

Put ati ve acrifl aoxinéor dé swwqtua sneo |l ameé ddeni ne deami nases ar
induction, independent of CyaB. a @ yPasBbtraome ®naltgshnseatrR
carried oudul2t4iivha tad/fioomerent mi ni mal medi a s UfEplGHmend@ @ dOMI t h

i P. Mass spectrometry measurements were <carried out by
spectrometry and proteomi-sampVMel tasb &f eaRwPB dtbevihihecodmvad

cultures supplemented windht S0RedMt uPresompapeéede medtt @) wi t h
Vertical deftaled ¢hamgel @ protein abundanceyahoeizobhboéaf: d
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l og(0.05) = 1.3). Green didegtomascimaskempraoanei oasamdge tdieamon
of ¢dme208dide cluster. Per strain and condition three biol
Measuremkeombnescence mediatedtdodplyepABChowl asml dxECDABE&I ni ng
operon and upstdmedeisadbdsk®r2odabselb2Bparsomot er sequence in the |
oz y aoBc | alsIC/ GG f i ¢ ylesrttr ai n. RMegahstu rpeafee® P f | uorescence medi a
t he -crd dyYS RKKPemmco2-e7@FIPeporter constr ucas mb OtBesrmBRMR2 8@ 6 aWh,
Gene products of each gene arMeadsiurteende ntn ofh ee GfoRviefalt badgrfets cce
by t heompiSRKKrhasmid containing the eGFP g¢gmdiinffeassBience a
promoter sequence i n AdiempRn2f0iledd WSanse2 e ddtifegde he cl uster i
shown. Measurements wecal toiad u\ibraade 2t4 rhi rmifmalr medi a suppl ¢
sol vielttCoH) 300 BGaM si Pr.epresent the mean of three single ve
bi ologicalafterpbiackgesund subtracti dmratmsamfvalhee refs pleicd |
harboring eiPbgn empt pABEctedGiFPomspERKKmWres suppl emented
solvent (EtOH) servedra®rabanegatriepeescsentVYolhecard amldatrsl wer
generated using Perseus.

3.-Examination of CyaB ortholog I P respo

Represent atfiavneosfRyoifz otbhiesocnepaed se a mul titude of d
ranging f-rowmi mgfstat e, as well as pathogenic a
the high wvariabil i tRhiafobliiajdeeseayjl cevel enti htehri nt hteh en
di scovdé&yeadB response described aboveS.i smel imli ateid
Rm2011 or if also CyaB orth®Rhdgwobdfaoetathe rdirfd perr
|l ifestyles,depleoowenn t@sponse. | f s o, is this
orthol ogsiksomngpgcaiygmba opglianti nS.er melk idoop lilainkte
associated/ pathogenic fntammam@hindn agsoics aaevrdon
capable of responding to iP?

3. 3Cbhbnservation of CyaB amohihizlobs Bmamrmlept i v

To test the hypotheses (frodkysed Bboyel opdéacai &KEGG

Genomesdat abase was screened for CyaB orthol oc

Rhi zobiusdsmaget he BLASTP tool. Il dentified proteir
shared the same protdaiem miomadi i osurr tctamseneMBr an
ter mi nal catalytical domai n, no further domai n
prediction database). Wi thin the fors@me edfatti vies

the -smeddi ed dgnebac®bri zo,kinssrmafneBri nor hi.z dHeirem 9,
27, 2, and 10 di frfeesrpeengte nsppeeant @s noh gt aeé | east o
CyaB or,twbpbpéogdentiaf i eed soFisge.e Fi g. S6) . Based o
as role organisms and varying |lifestyl As, t he
fabrCbmf or Merulnye f aC5B8Rns j o hhi&4(fborimB 4 leugpi nosar um

bv. V3i8cjilaatn.d adh LLarsemsze r”A chosen as caredipbatses f
assay. RWhjbainstahso engaging in a plSantmes$yibi o
A. f aibs umenownpdt i@genitcs infection of -gmlldnts |
di sease. On t hEe oatdhhearesr emsd, known to interact
pat hogenic nor s@gmmbAdodiitci owaayl | (yFi g.he orthol ogol
high protein identity of S2iahinuddd4n%tdared fol1| BDw
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CyapB, GyaB(@RLI1602, the f olg) oathydagB Gy LERRP4 04595,
in the foltdowiompa€CpadBtSo QnedBridatmpenct i vel y.

a) b)

0.25 +=—

Rhizobium

A. fabrum
(tumefaciens)

Agrobacterium

E. adhaerens

Ensifer S
«>
: z . S. meliloti
Sinorhizobium P fohnstong
(legquminosarum)
S
Fi @81 CyaB is conserved amonRhiczlobsidaamedleyyt i ves of the
a) Coll apsed phylogenetic tree representing the relations

f amidRliszobicoongpaag ed t oS.CyradRnif2Ar0althi. b) Simplified represent
ofS.mel ialnadt it he three chosen species harboring a CyaB ortho

3. 3C%aBP response is conserved among CyaB o

To test, whether the CyaB orthol eggasBrreai ma pvaabsl
compl emented via chr omosomal i ntgagBcaytaiBomd of t h
cyaBt t hecwaBoicvues by double homologous recombi
integration constructs wutilizing the pK1l8mobsa
gene flanked by t woo fh otnodcoygabBoiswesreeg i omrsst r uct ed.
chromosomal lgrtimdleggausdgenes ar ePcyspdemothmfe con
S. meRm2 @t l-c AMPr dependent pr omontetrrslacdcatvad i om
P SRKKPBmco2e76FPeporter plasmid, showed eoexya&aBy str
strain produciQuaB h@y Bt heddigsgndealodmd 8 nducti o
respecedompmpdryed to the sol viemitn ceoodidv@itayETode over

CyaB s r ou-gamldy-f3th 06d ,hirgehsep ecwtmipvae l€,afBrocsm mel i | ot i
i n a&lyecBompl ement ati 22 )Tk &ryaiBno n{pHiegme n tdeids psltaryaei dn
the weakest i P -r@lsep onGledrwda schemcel i nduction upon
thougByted®at hol og has the highest protein ident
% i deoabvompg)@yafBroém mel i | ot i

After successfully showidregetnlde nd o tsxadraVv gttii cral o fa

here teswbedhayna BeshyeasBt r ai n background, the quest
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the i P response i s alosra had riosge rnvad d nign stpheec i Gysa B Si
orthologs are |l ocated in the inner membfane an
perception domai n, except the cytoplasmic CHD

could be invaolesedniset hedr gu p tPatkrea ( sSABLCr t er per me:

signal percegomann( ColABE&r signaling domains). T
i Pesponse repertoire i s conserve®ymampha@s mihae
contai nicnpgr otnnoet el sequehoedianngd stehffeu e nnteava $ ot i

constructed. This enallll-ddp¢ heeamms@p omeatedrer t AMP
assay in a heterologous species. Due ta the s
ortholog upon | P gpsptlriaciant,i oans iweltlheas the paras
from the symbiSot mgAl | Dapsrtoynies eodf t o be an intere
for testriensgpanhsee icconservation. -Rtctlerect ot r@addci i

P SRKKPBmco2er@6FPeporter Al afsawirdau mcnonj ugateipemdemmhhe i
CyaBCI-coAMP response upon i ncreexaosg enngo ucsolnyl eawhpslait el o
tested. Compared to the solvent control, exogen
OM i P |l ed -a®dafa@a8d i nPghcerameedd ated eGFPifml atthhreesc
A. f asbtrruari n hkdagc kgersperc2byel Yyn( Eobogqparison, appl i«
i P t8. tmeRmMm2A il WT c o mptSRIKKPIRG -r@FEPeporter const
|l ed tof aal &1li2ncrease@di)ndddedirte ficaafnFibge.t ceme-| ud ed
response repertoire (if t here -rag ®p omosree optrhoetre it
CyaB), i s fommskeasd onewictl tofskeh i rzenlbd ftaacngied yh i ¢ h

di splays a different | ifestSyl enedomparied to the
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a) [] sotvent [] iP (300 um)
e [ nodule [T] freeliving [li] plant associated - —
2 8000 ) o)
a 6250 + * ]
O 4500 +—(— — ]
= 2750 |
& 1000 4 o o
2 1000 F —
z = '
o 250 I 1 -
0 400 OO0 OO0
non cyaB
RmM2011 | compl. Ensttor
identity | 71% i 54% [ 52%
positive : 81% : 70% : 66%
AcyaB |
b)
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O 2sp [ 1 cir
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Fig2 -CyaB response is conoentheod oggmdbongeCyaBaRhivzeshifacmemd he
family

a)Measureme@EP ofl uorescencep INRKKaEL c2@76FPepbeter construct
Rm20WTstrain anydaBabhlkground ocyadri pnadBriththeobdigng sequences Wwe
reintroduced into the natiseyatBackkmosaoamdl|l stoaani onmaofdoube
recombination wutilizing the pXABombsawmd| Iswy adrddey apld tassdni d .
orthgengs are under the tr adysperroinpotti eorn as e dguoenmoedorhfl Godfin.t he P
Protein identity antVupesshtalvgseri(Nemd!| efmnranhe gi veomorthol
S. me lairleotd hTchven .non ¢ o mpd yeatBanctkeygd o u nde rsveesda ian negat ibye contr

MeasuremeGFPofl uorescence pRA&«&iKPahce de G-y etploe t er construct
Rm2011 WA. ahawT usmt r ai n. AddiPtsiymnad miyd @op@B&8E€mohgrasPBPquence

and ¢lheeodi ng sequEncmeRm20mt 1 was i nArofdatcedmd mimeoze7s8 P
transcri pti.oAnali mpdtiifv @tdi smcheme of the expeCdlmemtsadhesmasp
(red = nodule associated, green = plant associiafteesdt,y lbd ue
of the species. Me a s u a B tR2elnotitsu [wieirivea tafoonma e aitt e ani ni ma | medi a s
with eitheErn GH)I Y@M BAMsi Paprieheermean of three single val ue:
from biol ogiacfatlert rbiapclkigcraotuensd subtraction (mean valwue of b
strain harbor ienGF tome tggnecR KgKrmo wn i n t he )reEpecti barsondpt e
standard deviati on. A's tteersits kssi ginnidfiiccBatnet. (85 huatieeg@et s@ €051 ,

P<O0. O00***), n.s.: not significant.

3.4denti fication of a CyaB interaction

I n the previous chapter, SI thefmo2®1X atedr &€ 6 po rad
exogehppplied phytohormones ofClthelePkndbasts man
Further, I was able to identify the responsi
characteris€CyaB oésphmrese P | was able to provid
consenvatfidadhis response for CyaB Bhi hobbgseaéd

family
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CyaB proteiins saccmolmptosreda otferfmiwnmral N TMHseramaaala C

catalytidoalai @HDI ocalized in the cytoplasm. No c
annot hmadmal s, it was demonstrated that the ACH9
by binding of forskolin to the catalytic domai I

by direct ©bliPbhdndgngf PphoGdihre f@usdkot¢amnmal ytic do
ACO9'71)8. mel iplrpttiet ei n i nteracti onl iokfe QGyraat swirtihpt
regul ator CyeR kaendt rtahnes cQrippt i onal r é®d8)lhgmae Cl r
the f ol |l owisnogc ucsheadp toenr i denti fi cation of a poten
which could potenti adylayB bree sipnovnoslev.ed i n the i P

3. 4EXxaminati caiyadd¢né heont ext

Coding seqmneecastiodbnipartners oramer @tadihnsa yti mivo |
case ClyeaBi Pesponse, are often | ocated in close
exampl e, t he di rtelcatutierv alebvbeneameel dNfsm At éArkl t h e

pat hhwawy!l d beechasti ¢ gt ed due t o t he nslrcobsdeisgpucandc e at i
directly upbBeyagenrhnea’lLi kewi se, -CtyceR Cya@r acti on
di scovered due to the ggn&EndyyedRpdb oirgh scedft’efn cels e
Hencefiotrttwas anal ypzreodt ewmet heenrc o @ étdh ely mdBegreen e s

nei ghbaorrheoddc vioH esGyd®B nr esponse. For this purposece
strains were generat ed, -olractkhirnege odnoewnostt y eBaem tghern
The three upstreramigrraedi, nqmaanesinbh@éHeadiehg a
putative multisesmppéeifiedDecodiasg) an MFS transport e
downstreasmcdOmp@€Ocodi ng a pdt &tei pe oprynnsall f a
di rectdyamBnas he chr omosome. The otppkEnpPppXl down s
(encoding a polyphosphate kinasespacdi ael e)xopa
opposite direction. Del etions were carried out

pKl18mobsacB suicide Véanmnbkomgloogausi nggit owiws f or

del eti on of t he Ireeaswiencg itvhee giemteer geni ¢ space in
The eGFP fluorescence,coppg8REKKPadoB/BF P & p o rnti er

pl asmid, was detected in all/l generated del etio
growth medi a. However, no severe diff eroeunfcdes i 1

be detected for the single delet@ibiR8adtr &inly ¢
del etion emcORNFEdene atnmwamplpd okecrease of eGFP f

medi at edp DRK KPgweos£:GFPeporter co28as)y.r ubor € v gr., S
PPK ankBXIP as well as t h®M6opOubt2alt | avree iprhiypdlsepd at e
met abolism, a potenti al influence of wvarying ph

growth medi aHowaesy drecstefdf.ect of varying phosphat

i yaB response coul d, bleowert egaredal ( Fig. S
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Next, to get an impression of the influence of

regul aticoynaggpbpnet hectopi c compl ement apABRsyYmnstr L

Q

suwné rde const pABERsgpnl arshmi d ei t hecy agBemtea ian eodh et h
nder the transcriptcyspmadlmod emt rsaefgauEefg eieths r n avti it \
e first d o wsnnsct Or Oe6a2n@ iy caeBm & h up t o t hree upstr
nsecutively added to the plasmid.hreEs@elcat ver
e

-~ o~ O
o T C

nent er gemisc as paudeat i ve promoter sequence. The

s o o
o ©

re introdecyaB rai @ tvh@ conjugati on. Changes
medi at e d SIRK KPghen 7@ GFPeporter construct upon appl
were det eeetyadBt raien conplaB-Bsiyengnpt ievector serve
negative control and theyRgBg®dli WTiteontaaunahgec

| ocus, served as a positive control. cBa@atBopi c
construewvealed only a weak eGFP fluorescence ir
% of the WT response). Addi smoA0®d0 tthe edotwopi

compl ementati on hoavredt rau cmi noonrl ye fsf ect (~30 % of
I nterestingly, ectopic commpdieaoBOmtsatriucn , u shiam @ otr |
cyagBene and the fireatlmcplsOi6r2e2amsgéhed in a str ol
compared tocytaBBadp pB88&Bmc006adAst rect®r i n§g0appr o x
% of the W] rnrespecsSéd eplwyse addition of the t
smcOladdmc01dbby had minor ad2Bbji onal effects (
Based on thesal yeheedlttrsa,nslcr i pt icoynagpshar s$usi bensdol
using the published traf$scmedtli2ibrntoSehd@ainesi t e
col |l s@fer @, tmanscriptni dphestr anato tsyeayBr 9 ndet ect ed.
However, promoter prediction wusing the BPROM
putative promot er30s ebgpu enpcsetyra¢fydn dikdlxG C TaG dl 0
boXGATAAGABe absencabi&Sdew@&dmaBnd t he correspor
upstreami meghendata of Schl ¢ter and coll eague
unsuigrabwth conditdyagBenfforxprepaveny ahdw promot
streofgtmihteaP.ipe omdotnergemkeral pouwénti ally result i
ofcyatBr ansbeil ptve det ecfti ome Immgé¢ thoibn .Ademshady
transcription sutpasrttroekaim le@gk s8ilnocceatheadt h géeées ar e
on the samea staeadtdhr ough wvehfifcehc tlcedagb dpal na uisn dorl eeg s ¢
abundanccyeatBbAnscri pts and henceforth t®3cgdn i ncr
The dominant transcrsimrtOilgre bet aamtd i tpeotcefntt lae¢ r
effect only shooned hae nmigmcBopmeclf ¢ ment at i on.
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Fig3 Characterization of ctylad genomic context of
a)MeasuremeBFP ofl uorescencep &RMKKanexe/GlFYP epbeter plasmid i
Rm2011 WT sstirnadi¢reean d nc g babhadi nusp oafnd d o wn sMerassaum egee@®ERB .0 fb)
fluorescence mem$ RK Wanc o bg87G FtRheepor t er pl asmid i EyRMB2011 W
background. Ectopic eoymphemgnbanidostirai hhewasdbhehfi@gwed by
single copy -pdyacsomitda ipnABQ cyepit hreot e hesdquence and the codi
cyaaB one or additional IsynctOlDe& 20 wtAlBdErs gcaomrmpgleennee nt at i on const
contai rciynagpotiheg sequence with up to three upstream genes ;
(intergemwiac ¢ glahdee Yp-RB8LNn empty vector ser vMeda sausr eamennetgsa tw evree

coverage
S
(34
o

\l

conducted eafutleriivkadtVhomeent mi ni mal medi a s Epl@etne3ndtOe dDMvi t h
i PBars represent ¢ hei mglaem wdl uehssr e( shown as di ambmners) fro
background subtraction (mean value of biological-triplic
eGF®onstr WEatr)or bars represent the standamsdadefziadifiaoBnn. c)
genomic coildtemel WD h £d9Red bar s csohwoewodghee single nucleotid
on the chromosome. Arrows show the given gene and its <chr

3. 4pBymA gene producdsemaind CHALSEI smirneg nprtot e
involved inPthes@ypyaBe

Since analysis of theyadBedenoei ghbwowr hopds-ever e ¢
CyaB response, i nS.t medadrgothes wap, st hecdioemnaifnor CI
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containisgnppbakeha CoHASEN was extensively studi
as well as bindidgmaifnCKobyalCHASE hi stidine kin
Th&m20st1trmonnsesses five ddoiniafienr ecnantCGHAWSIEng pr ot e
which are the AC/ GCs CyabD1, CyabD2 donmaiCyaKThaeavh
i nvol vement of t heGyaBrrodaspgnrss e nhashealirPeady be
chapter 34) 1, TReg.ot herdotnmao nCHAINER ai ning proteir
di guanyl ate cycl as®eSM6Op3hloédsapiMa A L BIMOSrl&ZBe cont ai ns

CHASEH omai n, whMa 0 & 3% PossessesdoanaiCHASE4£specti
Di guanyl at e cyec |l abes sprcodd wmgss eGipPedi whNj,cthNj i s
commonly known to be involved in e. @l rMeguleati o

whet her thhem@HASEont aini ngs8M@gg3hagdvad®e adwecl ase
i nvol ved -CynaBt reesipPnglepenhdentCl transcriptional
Psmcoz2preomot er | og3RIEKPQMmeder@eporter construct we
t haxX VI strain. Thi bButstadiaguwma myilsastees caydl ase encod
genesi noftloft adel etsemdc 0 Cobngldyst i I, whipclesdoes not con
CHASIEel at ed)(*dPnuapion i P induction, no difference
t haXVét raadmpared to the Rm2011 WT strain could b
the CHASETIin containingsdsgpanghtatel cgpichheel ved
i €£yaB respaams)e (Fig.

Next, a broader scr eiemt groac tai opnot peanrntivred ra €ddra Bp r o t
i €yaB response was perforifEByaBFdepehdsnpuresper
testea SymAa strai B2 RMP8 4@e8gapl asmid pSymA i s coc

harbor a varietywoabmigfemes clluiskershe,ewhcodi agepr

essenti al for facilitating a symbiotic interac:
nodul ke do cragot s. Therefor e, a possible involve
gene product-depentdkeat CpadaBnt hor mo nTeh BEMPS3p4®On9s e i ¢
strai"sewWied as a pogdlihtiisvestaantnr wolri ginally hai

pSy mA and p SyemdB adned e was concomitantly compl
megapmi ds, to restok®Biohd WMPEa®Bt wmmal RMP3499 a
derivatives originating from the Finan | aborat
I ntriguingl ygclcaondailnygs isse fqoutiphdehems WT*Bst r aieve al ed

a point mut ation in ctidtenelrmpa8sulctoideogd aanf (aThEI OtPo
TGA). This premdobar e eSTOPed ciPmhamottypesiofedot |
RMP3498 and RMP@d®t9a sr a.ta itBelmoceep)a tlheldrene in both
strains via doubl e houwmbil loigoiusg r&acphKhBmabsancB

cont ai nalgrg netheour | aboratory ifhtakeadl bRmAh®ino | ©
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regions (500ilp gaveh). sap Sty ohAtalWe ®s tnroani csont ai ni n
WT Idlkredi ng sequence.

To t eeshty ptohh hwehseitsh, e r gene products of pGSyarBA ar e
respotnise , i P resmoipgmaédtofaitrheand the concomitant
fluorescence npedH KakPge o -B¥@FRPehpeor t er eoarmsdlryuzdd.w
Upon i P induction, a strong eGFtPhapsSgmahdcoul d
recons Wimtat e@dfing.. Zhbh)st hmpkeientirety of pSymA e
products is not (essetCtyiadl Irye)s piomwsel. veQnliyn at hre
derease in signal intensiapyredtund ai o ec admiteerca ce dt
WTAB st r.ailnnt er est i awgSyyhA noWéTt Bhs ttrhaei n responded si ¢
stronger to i P apphieaniaoWTRmRta@mdioru.r A appossi bl e

for this could either be an increased abundanc
of another protetCwaBnwvetpedséen whechPstill awai
a) [] sowvent [] iP[300 um] b)
750 3000
o i
600 E ji 2500 'tl
H g 2000 i
o ) <
O 450 = o '&
& & 1500 |
O 0]
2 300 | 2
T 2 1000 s
o o
150 = o
500 -
0 |§b M 00 0 400 &0
ApSymA*| WTAB*
Rm2011 AcyaB AXVI Rm2011| AcyaB MP3498‘IRMP3499‘

smeos17s( sP J{ cHASE ]+[ GGDEF ju{ EAL — o

pSymB
SMc0137 +[ CHASE4 *[ GGDEF ]-[ EAL }

Fi@g4 pSymA gene pr odudcotnsaiann dc oGu-bASMPI rcg/ cpl raoste® ifd. mel il ot
Rm2011 are not i fCwalBv @t sipro ntskee i P

MeasuremeGFPofl uorescence pa&«&KPahce de/6lFyW etploe t er construct
Rm2011aWTlgaBhd ( ajVsétthred3dn (p Sy h@RMP3%9&nd recofi®dtirtaiitred WT
(e SymAB + pSymAB27 °REBPINHPYIfied schematics of ( adorhahien prot e
containing diguanyl at e soyc l(ads) e/t hpeh agsepnhoagu $oe cAcawttagsedi no fi st tsen
bel ow the respective graph. Me a s ua welnteinvrast YWoemrcee nct o nmd unci tnead ¢
suppl emented wi(tHht @Hntehgeart i3we vGMEBBOMSsi Pepresentwot h®emean of
ingle values (shown as di amafntdesr W aokngrbauwnd gs chatl r acrtiipdn
i oil mal triplicates of the r es peCFtPiomne t.g tuEcrdri)anr hlaarmho ri evgr € s
tandard deviation.

s
b
s
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3.4C3§aB and orthologs interact with S.he MEF
mel i Rm2011

Thus farsi melida hpeasef diehet gemesc ysalBor od e Htelhegon of
fi@EASEO mafianm¢ byt ai ni sipgr epsreBr.te immR M2 0ltli or t he del
of the whole megaplasmid pSymA showedHaascée i ki
cea mmupneci pietxagteir o ment (Col P) coupled to proteil
spectrometry was performed to screen for poten
purposepr CyeatBar mi nal | 'y t aFglgheG twaigt,h weas3 xpr oduced
mi d copy SRKdumoder t he comeryapr oot dee yiregBtti h e n .
The SRKKBFLAG construct served as a wmpeyyabBive
strains carrpySRkgBE FL ASKRKKeey aB3F construct were
in Vincent mini mal media supplemented with sol:
purification. FBLAGuUr aggeat ChplaMB@® fMA xmanttrii x was
Further processing and mass spectrometry analy
performed by Dr. Uwe fLoirn mea sast stpheec tcroornee tfrayc ia ni dt ye
Théi ghest enri ched-cormptagierd itde ntthief-merdgaul ver es
exposed to supplemewneéen’y yasaweékel Sas to 305, 0M i P
suppl ement a8fwa st atbhee cSydep Kk & x p-pohl obsspeh at e synt hase
Dxs is an essenti al protein-gdyrtehadigdribyg etaBe f i
(@P) and py rduevoaki-yey ltuol-pBes phat)e’> BXRruci al prec.t
the MEP pathway of the terpenoid backbone ©bio
synthesis of vitami oppili d¥°bhicenh nie) s aadt Bbe f or
TPPas a cofactor ahdndbiommenns. al hprsotdeimmer i s di sbart
either di pmepihyd mHdtyd ( DMAPP)pyoprboisptme et enlyPP) |,
downstream products of t he terpenoid backbor
monomerization, aggregation @Pdl rdtiera¢sdtyi ngl yd,e gl
a known precursor of(3t8h¥®%i P and tZ synthesis
To verCdlyPtmesul tprotkéenpriat eiCa@tBr &&m bnetl iddreon i
the CyaB orthologs identifsed amhdptdmsdodIneri ze
S melwdotiesthractier i @l atsvwaByhyGenar al | vy, Dxs is
conserved among bacteri a. Due t o tEheiard hcaleoseen sr
(FAO4 02550))] oRLsOt9arm3d)i f a(bAtuumOsriMdw a very high |
identity towsar dsewbD8® tfdfor, or88 % and 83 %, respect
Needl|l eMuanns ch al gori t hm). Hence, a potenti al i nt
respective speci eSs. wneilb |tont&eDys from

The BBWMiay based on the reconstitution of two f

split adenyl ate cyclase, each fused to the prot
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areroducned hé&?Ec ABBHLO1 (3% agmpt et @eain interactior

t he

proteins of TRt eamdlstd d@enalsso ainnt eract . Thi s

T2518 dependent CAMP product i ornjc AaMiPd dceopnechodnei ntt a

tra
add
a s
an
wer
Sin
wer
for
for
res
cen
Ect
Sac
pro
s e
con
Pro
s hi
pro
Mo n
det
ort
The
by
seq
det

nscriptionall aacgeineat o dinnbgg atl Mehteoesr zdyameB y

i ti-mmo#d hI58r nddDyglal act opyr-@alo)sitde t(Ke gr owt h
trong blue color inbdgacatetesttasprenenpme ahdt
i nteract4daonnd df@g@telde pTDF ei ns ofand tfler&gme ntT he
e fusedetmi hahe €f the proteins of interest t
ce this system is based on cAMP synthesis, C
e generated. For this purpose, codon mutati
t he Ly anBesEiolfatd haemmMdend adomdimD164H, G207A and
theRCypBhwdnte®nimntroduced by site directed
idues are predicted to be necessary for met
ter of the respective protein.

opi c productieuncionfe ZzIliPR) pedfordtohmeai GCN4 prote
charomyceseaqerealviassi aae n e gdaettievcatnienoga¢ ir od ¢ f pr ot
tein interactions of the here analyzed prot
fterdbei absence of blue staining for either
firms the introduced catalytic deficiency of

tperiont eiimteelaftti be CyaB* mutant proteins resu

ft, confirming the successfsMorprodgeggcprir onhebdh
duction could be validated following the sart
itori nQy ab* @dpxotteciinn  i,n tae rdaicsttit@mcati invi ex gb lcwau | d

ected for the inmtle& aznd-0@pdBael wehlfy Brsfor
hol ogs fused to the T25 fragment, c2blmf i r mi ng
absence of bl ueT2sHt ainndi-Tndyg afBors itohnes Dxisght be
t he | ewwenrb ec o pyf the pUntd&i piagmidte T18 fr ac
uence. Thtihsaticnedritcaaitne st hr es homady obiec EgaBY ypt o

ect thiisnitnherRBTHIiaoaxnsay
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a) b) pKNT25
CyaB-C3F vs. 3x-FLAG
1300 pM iP Dxs +
<
(7]
s o
3ot CyaB * = o
E = 3
1 (7] -
&Ni 2 w
o oy
[} =
N Q.
Ll :E
%5 S g
B oo g 3
fsq" »’é kS |
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log, fold-change (rel. score x coverage)

Fi g5 CyaB€yaBYthologs interact with the essenti al MEP i s«
synt hesis pathwhyoSmr orteeliin olrxis

a) Col P experi mertopwS RKKmiasgni dhe omit@dapnodo mgt e hesdquence ani
cyaBbding sequence wiFLAGapnodddigt s e geanedn 8o a th et-CifeF-n3sde r @y aB
as a bait for putativeryash e aamnytdsBAm ap ar tcoeptSERiIKKBmnEh &4 G e
const(rEu\éc)etrved as a negative control. ProteilnipmtVYiomcani on
mi ni mal media supplemented with 300 OM i P. Eluted proteir
core facility for mass speTh¥VolmeanrTy Rhdt-seddemiveen tt easnta loyft i Cys
C3F samples compared top8RKBmpFtLYA Q)e c tVoerr td acpdtla lao tqtheacdh glei rod :
protein abundance; hori zomrnvtaalued ectotgepd f10i5ne = sli.g3n)i.f iGraenecne d(i
the detec@G3xF &£y BDxs protei-flgbr bd 8 pnticdaatsaal byyt Tiwcoa | inactiwv
ort ho(l@ygasBh x $r oSm mePrboein (ErodBAHNN@GlL cebltswmwepéates
containing 500 OM |1-B3IG. a6dhdDPv g bor thfonddsgesBc hi eved by po
mut ations in the coding sequences altering the codons: A
Cy afBr &m meCy &tni@y asta s wel | as Aspl64 to His, Gly2d7 to Al a
respectively. The | eucine ziSppehadomagcesCcZrREV mfsi &€ M4 gfart c
control for unspecific protein i-inttegraadti iomrs. ammrdo tpeoisni tp rva
achieved by I PTG induced gene expression from tvweer epl asmid
taken af toevrergaitgwdthh AC and 24 h at RT (in the dark). Exper
triplaxadesqgyadrapl éxamelsa(py)BTH spot assay is shown.

u
o
p
c

t

To further valpirdoatteei nt hientperroatcetiinon bet wemernvi @ypyaB
protein iemxtpeerrawndesnaper f or med. For t hi sbapuwrdpose,
approach -loifnkRalpZapi cal recruitmeéeidt P@®DPIDARY was
organi zi n)g @s:duoltoebianctZzeri cralslcenttarsf orm cytopl asm
the protein concentration i s (2°®aAdhdiing obneayldnyd a
oligomerization domaioopnf$o®PoeZl,yt®2 mea aHBH4Iwas
sufficient for spo®cinfdifgdmnidl iroibpgpt iPbepHA8884a pr ¢
tag enables the cell pole | o&alicpaiion of the
Throu
as the bait for the potential interaction partr
f

t he

ghout the-pPOLARNpIi oteirmact-i aggadspypt ehna §

| uofcGeRH ore ssuper,f owhdielre GFhPe) pr ey plasasgesses
(mScar). This enables an el egant approach to s
i n witveodi zi ng -bfd sueod ensiccernccsec opy otlefi nno npreotaeitm on
mScddl uorescence wil/|l berdcytftopkdsmnot hemembit &n é
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on the prey |l ocalization), while the bait prot
26, upper panel ) . On the other hand, if the mS
increased at the same pole where the bait foci

this clearl y ipnrdoitceaitne si nat eprraoctteiionta nlile tpweseyn ph @tt te |

(Fi2gg. | ower panel)

Figh Schematic overview of the POLAR met hod

The POKEARoOPELZI nked Apica)l ®Rescawitomedbosmedcr peodegem i nteract
assay, designed for analysisi nofé?poThei met pbodt éisn biastedar a
production €f PopdmEEtheEBRB strain. Popz is forming clust
bait protein (DxsfGFR sf Itulagrgeesdc ewmitt ht aagh, sas wel | ascwith an

crescegnegtus Uf ficient -tbusterui Hef@Ref fdPoodpitZz, i @« ®Sor med at the ce
protein (CyaB*)nmiSsataf§gygeadargestibfnat he prey protein i s not i

mScar fluor esderfde swidl li nbt he whol e membrane ciprcautnefierr enc e
interaction occur s, the mScar fl uorescent intensity wild.|
(]l ower panel). OM: outer memberingl,adml,, CRnecymembasme, PP

The POLAR assay waf.pd&mBlR®r md dEaii MGtLIBeA 5 der i vat i
| acki hgctdddi ng seéedWeFnucretsFertB2® estrain contains
hel per pl asmid for chr omogemed nt aitreigmna@atplas mifd
HK022 phage at2&clhmetnhi ssiexeperi mental setup, th
bai't and thgneaeatabvet iICymfB.* rmpe(osteee trBeTdHt i o) above
served as the prey. For constructionrepotther ba
pl asmid was used. Thi s repop€edi npd as engdade nccoent @
crescentwihs$ ch i s under t he transcripti oanal con
promoter. DownpotpgZermansiE R bdeng sequence with an
H3Hdequence -andtihe Bodaéedingheequence, -l ackin
codon, was introducpdpchadwmgt segmenfcet @ead i n fr e
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