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Abstrakt

Bakterie roduStreptomyceg sou zn8m2 producent.i mn o h a
metabol itT. Jejich sekund8rn?2 met abol i smus
aktivn2ch | 8tek, pSi jejichg vizkumu se pos
zalogenich napS. fhaebigenomovmathi cdké® , a nmaold e
techni k8ch a metod8ch metabolick®ho model ov

Tato pr&cgengtcihdk®hoz screeningu na pS2t.
(als) pro cyklizuj2c?2 ami nol evul in§t synt 8§zt

povagoveaenetza kgu znal ku producetrrt. TGN sekund 8§

jednotkou (2amina-3-hydroxycyklopert2-e n o n e m) . Me z i takov® | 8tk
skupin met abevaniTabi | n?2 strukturou [ bi ol ogic
manumyciny. Jedn8 se o mal ® polyketidy se s
grampozitivn2m bakterizm. DTl egi tNDj g2 jsou v

Yal 1 nky . Strétomyoeg monomycirBCCO10 1552 &Streptomyces capoamus
BCCO10 1636 j sou pozitivgemet iiczko®h8ot y s cproece
zamNDSen®ho na algS2kttoernn® sste gveenuf yl ogeneti ck ®m
z8kl adnD podobnasnadh § sebjk2¥ evk 03t gepuoducent T ma
| 8tek. C2lem t®to pr8ce bylo zjistit, zdal:.
SCN jednot kou, a bl oheouj @ Séhpadakhebiyz gv dted
kmeny mu tlsa gebun tak kyme n y ex@msipmuaj 2kcntr ol ou S i
konstitutivn2ho promotoru. Dle pSedchoz2ch
aminolevulin8t synt8zy vel mi CNgdnotlou.8sadnhi
kmene BCCO10 1636 jrsomeuktcaktlc8tmrikgk zalri® py
souvislost p S2t omnost2 genu pro cALAS a kter® vyl
proti r ef erBesobtiis?Ypm$2 xkanéM ik mene BCCO 1552 nej :
jednoznal n®, nav2clamadgdnra@ampwizadih gehand osk sipal
chyb2 esenci §l n2 geN jperdon oetnkzuy nk ep iopsotjSuej 2acn?t
pS2tomn®@ag®my genomov®m | okusu pS2lig nenaz
pS2tomen biosyntetickl ugenoviDjakPhb keduij
metabolitu.

Kl 2| ov 8stsrleopvtaocmy cet vy, sekund8rn2 metabol i sn

aminolevulin8t syntg8za



Abstract

Streptomycebacteria are welknown producents of many bioactive metabolites.
Its secondary metabolism is a source of many important groups of active compounds that
are recently investigated by means of many new methods based on bioinformatic analyses

of genome datanodern LCMS techniques, and metabolic modeling methods.

This thesis originates from the genetic screening for a specific gés)efqr
cyclizing Saminolevulinate synthase. Based on earlier studies, we consider this gene as
a genetic tag of theroduces ofsecondary metabolites containing thN@nit (2-amino-
3-hydroxycyklopert2-enorn). Such metabolites include several groups with variable
structures and biological activities, which include manumycins as well. Manumycins are
small polyketides with a vek antibiotic aktivity, especially against grgpositive
bacteria. However its cancerostatic and antiflammatory efects are of greater
importance Streptomyces monomyciBBCCO10 1552and Streptomyces capoamus
BCCO10 163&trainswere found positive fathe presence of thes genein the targeted
genetic screeninddy theals phylogeny, they clusterear the producents of manumycin
compoundsThis thesis aimed to determine whether these new natural isolates produce
any compounds containingsi unit, and to characterize them in more detailboth
casesals genedeficientmutans and strains expressirads under the control of a strong
constitutive promoter were creatédtcording to previous experience, we already know
that the overproductio of cyclizing aminolevulinate synthase often increases the
production of substances with aNCunit significantly. In the BCCO10 1636 strain, we
have proven the production of substantedseem tdoe directly linked to the presence
of the gendor cALAS and which show weak antibiotic activity against the refer@&ce
subtilisstrain In the case of BCCO10 1552 strain, the results are not so clear. Moreover,
theanalysis ofts genomic dataavailable latershowed that the genome lacks an essential
genefor the enzyme attaching theXC unit to the antibiotic backbonélso, the other
genes present in a given genomic locus do not suggest that a biosynthetic gene cluster
encoding the production of a secondary metabolite may be present.

Key words: streptonycetes, secondary metabolism, manumycins, cyclizing 5
aminolevulinate synthase
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1 bvod

Bakteri 8§l n2 metabolismus je napS$S2| vgemi
prim8rn2ho metrapogBSesme, p8eéri2 buRKky, exis:

met abol i smus, kterl se tak® oblas nazlvsg

gesej edn8 o metabolismus, jeng zahrnuje takov
pouze zasr | i t T ch |kodm2enerkgp Skl eardp §:nt2r egi va n. T
met abolismu nen2 zn8&ml jen u pSkpadbD2baktier

je obvykle spojen se statiacA8r(mNhfa§z220800)p
kezmDnND zpTsobu zwmDinddi tt2o keun eurhd i2ek uapmdukcipr od u k ¢
mal Tch bioaktivn2ch molekul, kter® napom§he
esencN28akkemol ekul 8rn2 biologicky aktivnz | ¢
vyug?2vaj ? vV hum&nmdn2c2daRldet esrei nmderzniz ) mol el
sproting§dorovimi, antibiotickTImi, i munosuprt
Yol 1 nky ettald2010). Rui z

Streptomycet wljznamnjlednPmiodaucent T sekun.
sbioaktivn2zmi vlIiastnostmi. Jedn8 spTadDvI §kni
TOmNS dvnN tSetiny soulasnhD zn8§mich antibiot
(Khattabet al.2016)a Sad?2 se mezi P Thsdo bi2 npgrooatimy ¢gvrmagnmm
bakteri?m a pl2sn2m, maj ? kancerostatick®,
2000). Typickou strukturu manm@myijednatkR t vo S?2
(2-amino-4-hydroxycyklohex2-enon), kn 2 p&inpo variabiln2 hor i
akonzervovanl doln2 SetRDzec, Doba2v Breit Najec in
zTstat zpaokomlDerkawr boxyl ov® kryBmud imyi mmjedmoag |
CsN jednotla 2-amine3-hydroxycyklopeni2-enon).P r e k u r z o sNgednotky@t o C
kyselina 53a mi nol evul ov §, kter§8 vzni-R&A ,komSlielnerag 2
dochg8zm?8sl ekn® cyklizaai k8tan2tmu vhe yhdt ky yk
ami nol evul dhargdtal2 9h0g8zaTénto uni k8tml3 enzym
homologem genbemA kter T byl pougit jako genetick§
producentT | §éNel eadmd kwetgl®PRdBPTC kPVE tuto pr

vybr §ny dviat ikvme2nyn g omiS2t omnost genu
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2 C2]le pr8ce a hypot®za

2.1 C2l e prs8ce

Prov®st anallzu vybranTch: novich potenci

a. ovhNSi t asgletniuviat cel ®ho souvisej2c2ho bi

shluku
b. pokusit se identifiglemwowat®hlo§tshy ukhkit &1z
c.ovlRSit jejich biologickou aktivitu

22Hy pot ®z a

Pozitivn2 izol 8ty kmenT BCCO10 Hh5852 a B
produkuj?2 sekund8rn2 met abdlednotkoubkmereh uj 2 c 2
BCCO10 16360 ek §p 8 me uk c i mahtedemykc 0 m{T , ge kmen
naz 8k lasBg®nu um2stNDn ve fylogenetick®m strom
Kmen BCCO10 1552 je ¥ § mc i fylogenetick®ho stromu sa
kromhRD manumycinT mTgeme dlienld&dpdhofpuedkd uk ci i

11



3 PSehled |iteratury

3.1 Charakteri sStreptomycdsakt eri 2 rodu

Streptomycety jsou vl §lkdokmen@ctisgbawterial uj 2 c 2

S &1 dctinomycetaless | eStraptdrmycetaceae p Si | e mgn esj ep ojl ed M| g 2

toh@&tda $ Goodf el | oramp200z1i2t)i.v nJ2s,0 uo btloi gg8§t nN aer
bakterie vyskytpJdB?2 map P2Sklded gjrank oo soul| §st
endofyt® kolonizuj2c?2 vnitpgtn@my c8esttyi trwaes32 ian
vgech pTdn2ch bakteri?2 pSemhDajp2 ovghmi cd®heyg
amineralizaci (Manteca a Sanchez 2010; Seigtkal.2 0 1 2 ) . Pr8vihD strepto
d2ky svim metabolitTm pTvodcpamchuw,pi kk®hb
obzvl §8gS patrnétalpS20de;gt Vur(Boomdeka 2018). P
metabolitu je geosmin (Gerber a Lechevali
pSevs§gnhN mezofiln2 organismy (ide®1nACteplc

pSilemg optimum je 25 AC), mTgeme mezi ni mi
kter® dokK&®PodwtmPsn rwz me z 2 et@ad998)Strepid@nyck® 55 AC
thermofucusa Streptomyces thermofildso k once dok § g2 smanetal. p Si 65
1939). Pro takov® termofiln?2 druhy je potom
sopel n® pTdy nebo pebal IP9InZenoset & 20092 Kuapovay ( Ki m
etal2012). Streptomycety mTgemenod&lPe hnajnzatp Siz ku
vmoSsk®m sedi mentmo,Sskdkd SwmbitHakvagetalebo kor
2008; Zhacet al.2009; Hodgeet al. 2012; Xuetal 2 019) . Mi mo jin® se
vysky t uj 2 i jako i mahogemry Teobblahm nemoc.i po
napS2kl ad koSenT a hl 2 z. Me z i nej zngmnj
streptomycet ami je tzv. pdtordu mo v(iQbors.t 1b)r,a mt

nabr ambor §ch,d pona DMin&r ® Sje ebtecptgriyaes sbabiéBhaag i e
a Loria 2017; Zhangt al.2018).

12



Obr. 1 Strupovitost brambor po infekgireptomyces scabie#s b |-

G§O2NDdz &0 NHzLIA y I &t dzLIO& al.@048).Yd 2 NJ 6 dzLINJ @Sy 2

Streptomycety

se rovnhg

20N} 1 1dz YAOSYS

L2 Rf !

mT § o WNechitaydok yt ov at

etal.2014) . Nej |l astdlgdt rsoed neasdh HB8éjn2mviraktu
(Pinheiroet al. 2016). Vt a b . 1 jsou nvedeahyg?2pHBrkiadyriept
abezoba t | T mi
GivoligM2sto symb{ZpTsob symb
Termiti t ri@y¥ trakt|tr8ven?2 | i g|Sch?dfakr
(Isopterg pomoc?2 cel uj|1996
enzymTJ stre
Obl ovkegtrigd trakt|tr8ven?2 | i g|Pinheiroetal.
(Achatina pomaed ul ol y|2016
fulica) enzymT stre
KvRDtoligl 8zy na tjochr ana k ok |Kaltenpothet
(Philanthus |sami c; n8s|napaden2m p]|al 2005
triangulum) ol kov8n? siprodukc? an
mat eSskl ch

13



t r o2pi | t| kutikula samic produkce antibiotik Currieet al.
mravenci peluj2c?2chjselektivni 1999
(angl. fungus |Az a hr 8pdoktyrigpar azi ti ck ®
growing ants, | (obr. 2 houby roduEscovopsis
lat. Attina) kter8 napad
zahr 8dky

¢rod M tnNlfFRe& AYyGSNI10S YSIT A aidaNBLIi2YeOSi

hoNX H BYRBYTAaARYI20SK2 &1Sy20F0NK2 YA{NRA&]:?
AGNBLIG2YeOSi yI GStS YNI gSyO&dod aSn@talm).LnjSRall ¢

Dal g2 otdrdkae sstreptomycetjsi n Idmiu h y givolichT je

sobratl ovci. VDtgina druhT streptomycet | e

zv?2 Sat , vjdiohkrosn ©bta a Ikeda 1978; Moceeal. 1988; Cacet al. 2012).

V roce 2017 Nicholletal.z m2 ni | pS2pad dermatitidy psa,

16S RNA odhalen druBtreptomyces cyanepysa k o pTvodce tohoto oner

projevoval o vznikem hnietle2p)c2ch vSedT a | ®z
Streptomyce y i nt elrlagwipllem, skol oni zuj 2 l i dskot

respiralnkEesk®t ®empubvl i ce existuje uni k8tn?z
streptomycet kpoahég@keélgcihadsvizihocrhk Tpl i ¢, avgak Kk

14



t Dchto staleipdisokn® cedr anv2 je zat2m nezn§ml (
nepatogenn2ch streptomycet exi stuj? i pat c
znej zn8mbDj g2 ch p at Strgptomycés cshmalidnsa Strgptomyses u
griseusz pTsobuj 2c2 ®nmyoenhdm? FMyagtramujl @ mahr amip
onemocnin? kTge zpTsoben® houbami nebo e
aktinomycetami je mnohem v %tall 9a8dg6r)e.s iNvem?2 az nd
g8dnlT pSenagel|l | i @i v oltiokryl ar e z®zrevnoi § rp. o dfkroog
nejlastRji nohou. PSi nel ® en® formhN se mT¢§
je nejrorgdpenkRjgh w sutbtroepvikéchpSopaads$t ¢
zeSYsd 8§ nu, Me x i k aet & 2001nZgistreet d.2lA@ ¢ 6an Mycetom j e
jeden zm§1 a pS2padT, rokudSyeptpngceshm&mar j aka pS2 m§
nemoci . Obvykle jsou takov§§ onemocnBhDn2 sp2g
streptomycetamiui munodef i ci entn2ch patvi(Gunneefa. nap S2 k
1998).

3.1.1 ZpTsob g¢givota

Charakteristiokhmymerysemtsorépt vegetativ
mycelia, kter® mTge na prvn2?2 pohled pSi pom?
bakterie jako jsou streptomycety vel mi v
streptomycety efektduvhBvpmdbrseoatopydouna, v
interagovat mezi sebou nebg s n T mi mi kroorganismy a | ej.i
pSek&8gkami ve f 8ciferetalplyod Wesigianatalr201t)e (

Givotn2 cyklus streptmaogsmet pBial kh&r ®mos
vzni k8 (= sporulace) a dozr 8v§s. Jedn8 se o
vyl erp8n2zm g¢givin. Po nastolen2 vhodnlch po
| 2gpe z8&roveR iniciovg8n §i v etahP99cOhddetus str e
al. 2010).Spora pror Tepbg8andmohBI3tk na hrotech
hyf (Jones a EIl1liot 2018) . Za tento jev | e
kompl ex, kterT posil uj érotclvhyf(Fochinagt a.pot3d).d og!l y k a

Takto dojde k vytvoSen2 hust® s2thD hyf,
mycelium. To slukwdvemimoesspiep®oByket IVst § |

lyzuje (dojde pr ogr amovan® bunD| N® smrti) a jeho

15



chyod¥?ch ¢givvieml ePf&zD Yyi votn2ho cyklu se al
met abol i smus strepaobmycietceld®cb8&ady ki oakt i v
antibiotik, fungicidn2ch | 8tek a pigmentT.
pSed dal g2 mi organi smy, kter® tak® usiluj?
Bobeketal.2 0 1 7) . Z 8§ r odviefRe rdeoncchi8azc2i kt zv. vzdugn®ho
vzhl ed koloni? streptomycet je d&8n prs8gvin v
pokryty hydr of ob nClaegsemrdal. 2003nMeantecat al\2008)tJako u (

ug n 8azpeow 2 §, vzdugn® my@®eodbi mmcseki & eprsadlsud .
dovli gky, do wvzduchu. Doch8z2 ke tvorbhD sej
kompart mendilf erkerea ®j sea d8vaj?2 tak vzniknou
avytvsgS2 yt AxCha$etr2 1W93; Manteca a Sanchez
pSetrvgvaj2 tak dlouho, dokud nejsou nasto

vykl2]len2. T2mto je vivojovli cyklus strepto

vznikajici
septum

Obr. 3 Fotografie @ NI YA YA &Y NK2 Sdag 20 0R yi2206NI21 d2eMNON O
vedl RdzOy S YS. dolitodd deldNI Sy 2 LR Rt S CtNNRK HnAnnoO®

Streptomycety se ale od tohotot &4 asi ck

mor fologicky odligniTch vivojovich fg§z2 (ve
mycel u m, spory), mohou odchTl it (obr. 4) . F
zauj mou nevDtvenou vl 8knitou konformaci, S

16



kt er ou rpce pol7vp@menovala Jonesal.nap S2 k | a d uStréptomyees a k ¢ e
venezuelaea Saccharomyces cerevisia®t ®t o f8zi motly oyahle st r ept c
prozkoum8wyatv®ipw®richryetzv. AprTzkumnim r Tst
pohybuj2 a rozrTstaj?. PSipom2naj?2 vzdugn®
odhaleno, yje otsytoaw hwlRl nevhDtven§ vegetati v
pSi klasick®m vegtal2®tli7Tyn2 MenTot hefyJeresgak
streptomycet .Stréh®myces cokliombasSteptomyaes grisels® tento

Apr Tzkumnl r Tstfi neprojevil, cog tak® vysyv
nebyla doposud pozorovs8na. PSi geneti ck®m
pr Tzkumn®ho chovgn? schopny, byl o odhal er

prawdPpnhD esenci 81 n2 geny k-duj2c?2 cytochr
pSi rTstu zvyguj étochrém bo exi§rz®@kothplexk®yl i mo al b T t
dTlegitl pSi toleranci takto vysok®ho pH (J

’ Prazkumna faze

.’ Vegetativni N
, \ , substratové mycelium

-~ -

t2LA& 20N} T 1dz yI RIFftON aGN}yS$S



Obr.m { OKSYl OA@2iyNK2z2 Oélfdz adNBLII2YadSio {L
ge 1 UNSNDPSNE OK RNHzKA &0GNBLI2Y2O0Si YaO&Smexl adl G
AU0NBLII2Ye@OSOFYA &ALINOS geéea2Aayl2dzp hogeltsS Lk @
sdz0 AG N} G20S YeOStAdzyd t2 LINPANIN2@K ES A & YSIES G 16
adz0aliNl 120SK2 YeOStAl | TF6yS GIyAaltd Yyz2zkKz2alF
ki @2NDS aSLI | @1 yAldz 2SRy22F RSNy é 6etal.20In)avyYSy (2 dt

3.1.2 Genom Streptomyeesi 2 r odu

Chromozom streptomycsetvprjTenDl iun%dgomn 20, 8o \
Vesv®m stSedu (pSiblignfe ppBevEgahNcbsemoid
probunD| n® dDI en?2, DNA r eaptldi.k a ckid e gttroa nnsak roi kprc:
se nach8z2 geny adaptivn2, neesenci 8l n2z jal
nebo hydrolyticke@aen®denz HopwoBenR2I0@€¥Y) . Repl
l' i ne8rn2ho chr omozomu pr can? & I8 nctild lova2ssi tcak, y ok
aler epli kaln2 wvidlilky speS2npeaniorh okur uphootvkiacth jcahkr
Ukonl en2 replikace maj?2 na starost tzv. ter
konc2ch. Ty akti vujpntezte\Be@r, b up oA zo8da nartlkydiN nrta K
primeruzposl edn2 ho Okazaki ho fragmentu na opog\
DNA streptomyceCt pjSa yb dmat?§ rka e@®k bv ®2 DBA a
( K2 mpetfale2006).

3.3 Sekunds8rn2 metabolity

Sekund8rn?2 smeit apobdu¥kt yj sekund8rn2ho r
slouleniny, kter ® nej s o tn,mesozapojeikympoooesug a ni s mu
rTstu nebo rozmnogovsg8n2 (BhRhal 2000) . EXpr e
se obecnh dlbd opyinglGEERIDs t mekabol itt%e Muaj 2c hr ¢
do genovlich, sthilakynt(Be&tG ¢ gerke ndlrwd toar )T zjnd
druhT regulaln2ch protetiondny pgSdtdlizeogvycBk et
amohou bTt aktivovstnSn?2jnaik svingh8l2nmdimi tnaokl evknui
met abol i smus streptomycet ajneti bdooj ekl rbii o#
ljinTmi I ® ivimi vliastnostmi. Je nejaktivnh
m®di u a pSi pSechodulivaciovt ek at ®on @3 uf § Beé b
Procetplic2®12). VDtgina druhT streptomycet mS8§
bi ol ogicky aktivndrthi biSateikka,Jetdaml ©eantakf wn
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pesticidy, i munosuprespama&zilt8itkl® kSRnmgrea wlsy
I nhi bitor y AvijgibhetiRaskaet 2l®R016;;Nandhini a Selvam 2013). Tyto

| 8t ky jsouprassamboxi®c B®rseodthDo myt ¢ etpyug rfp/rceett o
mechani smy,j &jtieck® pEsplBenddmcbhj&nhap$ekhad
exportn2ho syst®mu, jendg pSedch8§8z2 samotn®
Dal g2m pS2kladem mTge blt produkkteranti bi
i ndukuj e u streptomycet rezistenci. Bohug
rezistence VvTIi antibioti kTm i pro jin® pati

pomoc2 horizont8&8ln2ho pSenosu getald0d).ck® i nf

DvhN tSetiny zn8§mlich antibiotik jsou pr
pSilemg vhRDtgina je poug2vang pSéanold.ro | ®ka
Prvn2m izolovanim antibiotikem produkovanl
(zn8&ml dakgt ijrackneycin; obr. 5), objev byl publ
roku 1940. Aktinomycin D patS2 do skupiny |
(orangov® ag | erven®) metabolity streptomyc
roku 1957 uplatl n 2 j ako chemoterapetubokkakT cPhod@§ak
samostat ki@ mbi bac antraoyklipySebo s adi ot er api 2 a d2z|
protingdorovim % inkTm je mogno aktinomyci
tumor T mhRkkTch MkrsamkRowainrey op Ip&dkoha@Konéprio | | st e
2005 . Pol et novhlD objevenTch antimi krobi §lI
Streptomyces ar Tst al od tohoto okamgi ku kagdim ro
maxi m8l n2ho vzestupi0ldegch. oPpe®Wy poddbe§hilnpvW
antibiotik opRDt epat,20@) e pokl es| (Wat ve
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Obr. 5 Vzorec aktinomycinu D (upraveno podle Koba a Konopa 2005).
3.3.1 Manumyciny

Manumyci ny jisak t¥lvinkn ® 8k krgmppIs ob¥%¥ a2 mp
bakt apl 2 ;an2 m, naopak -nneegpaTtsiovbn?2 mp rboatkit egn & m
(Thierickeetal. 1 99 0) . Maj? siln® protiz8§nDtliv® a
byl a objevena sl oul enina pojmenov8na jako n
antibiotik T manumyci nTm. Ma n u my c Streptoyces parvytus o d u k o v
aobsahuje dva nenasycen® uhl 2katn® k§enPmae
gesti|l etn®mu kruhu odvozen®mu od kyseliny
mC>N jednotka R-amino4-hydroxycyklofex-2-enon . Hor n2 mSHjeddatcec j e k
pSipojen PBeesn2duSetkDzaec | e sN@dn@kap-amno p Ses C7
3-hydroxycylopent2-eno) j e p Sliop onj2emmua Ske tm7X @ednotkagebr . 6) .
spolusdol n2m a hor n2znt epo scthraarnank?tme r$estt ck § pr o
skupiny manumycinT, pSil emg nej viRacren2sn r ukt
Set NDzcietal1S* A& )t.l eDol n2 postrann2? SetRNzec j e
otrienyvtransu s p o S§8d § n2etal.B4). S2 | kov §
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Obr. 6 Vzorec manumycinu A (upraveno podle Sattied. 1998).

3.3.1.1 DBlinky manumycinT

VDt gina manumycinT byla objevena pomoc?2
kapitola 3.3.2). Tento vRdecklI z8jem je za
nejrTznhDjg? biologick® aktivity.

Antibakteri 8l n?2 pTsoben? manunitoi nT | e
schopnos vgak vykazuj 2?2 tyywdUuziez ma@ udeBy.R)igapy t ol a
napS$2klad manumycin A, E, F, G, asukamycin,
atopouzeprotigraipo zi ti vn2 m bakteri 2 m. @paxidovouv!| astno
skupinoun a u h |5#C6 foxirén), Kkerou manumycintypu llnemaj 2 a t 2 m p 8§
nevykazuj?2 ¢g8dn® antibakteri 8l n2z % inky (H
pozorovs8na s| abBEcolagd&htetal1994n t ak® pr ot i

Manumyciny majiznhShdunZZemnmypékki adt i nhi buj
farnesyltransferasu t ak, gg ejsgqrthni3ullast s 8t
farnesyl pyrofosf&8tem (FPPRNEgRasf afaesgsphbr
naRas prot ei®nys,e d&2tkw alktzerf unk| n2 mi (jedn8 se
Ras proteiny jsou proteinyrs2 zk ou mol ekul ovou hmotnost 2?2, |
regul uj ? proceaddy n®e po otrasfgkernalc iz.p TMwthauge c2 p
aktivitu jRjdoumreotbeigmnTdj g2 ch geneticklch abn
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rakovinou u |  ovDka. FR®mpdddandzi?2prakluinfyer anlT
Y%l i nkAmRkvE ch n§dtaak 20 0(32)h.ouTato protingdorov
objevena roku 1993 u manumycinu A Haret al Kompeti ci umogRuj e
skupina namC;N j ednotce manumycinu A a pS2tomnos
strukturnhD poetald®O3FPP T@Kaowa manumyciny pTs
onemocnNiNn2ch rakovinou, napS2klad pSi hepat
prostaty (Lietal.2 01 4) . Manumyciny pTsob?2 protin8dor
inhibici enzymT. ®ISi2 omaknowcin@nid ikohiob ejka ma
ng§dorovich bunhRk tak, ¢ge zpTsobuj2 jejich
kysl2kovich radik8l'T (ROS). NahromadRhn2 RC
fosfatidylinositol 3k i n 8 zy ( Pl 3 K)B nabolpAKD (& angl.thjknoma$§ af y

AKR mice. Tato PIBKAKT i ntracel ul 8§r n?2 signsgl n? dr 8t
bunhDl n®ho cyklu, a t2m p&§dem pSi vivoji rak
na sobRD nez8visl laphpijervechRkkistPRA@®hdDwTsobi
dvouvl §knov® zI|l omy DNA, tab®Peai-®2vkpam&dsi hROS
CRC (z angl . col orect al c &n cjea Icled M n 2l iinrei)
kask8dovit® apoptick® dr 8hy, kt earspP-8zgea akti
aktivu] 8, k&ks®e§8u n8§sl ednh akti vuipaktvadal g2 S
DNA opravn®ho elyADRy-mbuz) foyReB z(yp e d 2016).

Manumyciny maj2 rovnhDg i protiz8nDtliv®
Ainhibue expr esi MRNA proz8&nNhDtlivich henT a i
lbeta, 16 a IL-8 zma kr of 8§ g T ¢t @le2015) likdbeta je izoformou
interleukinu 1 (Il-1 ) jeg je produkovs8n aktivn?2mi mo
onemocniDn?2 $1i moluujreakgnidndktoidwrk2oviBoar mz a
aktivaci j e plobteSeab ak oinnvteerrtiuej rkci2n enzym (| CE)
(manumycin A, manumycin B a&ntAlisamydn) vin vitro podm2 nk 8ch pr ok §:
schopnost aktivitu ICE inhibovat (Tana&hal. 1996).

3.3.1.2 Biosynt®za manumycinT
Bi osynt ®za manumycinT byla nejl ®pe pr ost
(obr. 7) pr o dStrepomygces®odosdsbsp dsukaensis
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K objevu asukamyci nuetd. oXppowoskurJeho strukiuea7 6 Omu
j e t@®mhD%atnawtmydecrn Gesn A, | i g2 se ivmipaukiycimt r ukt ur
A m§ ve svP®PMzbormeémhgeovan® vNDtven® nenasyc
asukamycin nese tri@aemzgdbHoan| 2000)cykGoemewx
proasukamycingsu byl Ruiemetal.vr oce 2010 osekvenovs8§n a | e
pops8ny (obr. 8)

R2 C1 C4 C3 C6 C7C9cs C14C13C11 C16
R4R3 R1 B3 B2 Cc2 E2Ci0 A2 A1 D1 D2 D3 C12 A3 M1 R5 Hf R6

38.5 Kb

hoNI y hi NGBS yBASON] ¢ Va ONJzdz0 a by e 2&2dz N
do2 a YA a‘[dzLJ)\y L2 Rf S BS&M@KaeTydzySllﬁmHﬁAlmmayfll QA &of>
1 O0A2Za “yu$IS-C@é(QJHKBJAQSEethEEEQ)Nt 2SRy2G1@& K2N
skuplnaCke ki Rt yN LRt &1 SiAR2 dACK enyigsdd Sy, skapihalzLIA y | 5

EkR Ee3ISyl OA X aregudhditrgniskripge, AsUNISZONdzE dz  oRudef &.2000). G 2 1
Kostrou cel ® mol anCdljegnotkaddo u my c ii n Td ojl en 2 Se
vzni k8§ pol yketi,dopBiul esnygnt ®aow ol n2 p oSdectbdx ec |
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karboxyl ov® kyseliny an esljedndkanPenm uS énalkgoev §b T t
2014)

Bi osynt®za polyketidT

Polyketidov® SetRhRDzce jsou somapESiRkRI amnhol
antibiotik, kancerost at i kFischhacha Wplsh2GD&).i t i kK n e
Polyketidy tvoS2 vel mi rozmanitou skupinu
zkr 8t kT c@o Aacjeedynot ek pomoc? pol ykejgou dsynt he
charakteristicky Uusypyo$Hdi§ryy sco penmaziyddidp o o b
pri m§rn2ho metabol i smu 997Austinh Ndel 200% €eeh i n  ( Hc

aDu 2015) . ObecnhN se jRKSTombdulygh sbm@aj 2
zodpoviRDdn® z@ratb@@E&n2 |jedndtilokdl ovH s¢ ean®b m
Posamotni vibRr a aktivaci pogadovan®ho s

polyketidov®ho Settlyzacnes, f ejrsS@w v®T ldeogri®n® & cAyTl)
aktivovanl subgHiS8n§ Sije ey carden protan, ACP).
Ketosynt 8zov§ dom®na x(yKSaci unmao g Rojnd e ndzeakcair
aprodluguj2c2ho se polyketidov®ho SetRhRDzce.
kondenzac?2, kdy vnik§8r rweaspk&ktmd/Zk edevzl mali khalj 2
pol yketi dov®ho SetRhRDzce & m®mebst k@rboOChkemaA
Poket osynt §8zov® do m®ntilorincadsat nu®nuyj ,2  kntae r SBa drua jt2z
upravit vislednou mol ekedru§ dse jej R etfdrmed nk
dehydrogenasu (DH) a enolreduktasu (ERchbacha Walsh 2006).

Polyketidsynt8zy se dnRDI 2 do nhRDkolika sku
PKStypuls e skiv&d&@®hozpol ypepti dov®ho ckho8mep?l e x u
dom®ny, kter® jsou Sazenyeopmast luipnmiNcipopd @d It u
kroc2ch potSeba, pSilemg kagdhoueSehuapieba
bakterithpahj. s PKSt voSeny samostatnl mim8protein
odlignou %l ohu pSi syntudg2ev pnoyl ypkSit i sdyun t @zoem:
at voS2 proteinov® kompl exbyak tObrviyskd he a e éjyit ocoh
produkty jsou atomatick® polyketi dWT (Zhang
dom®ny .typuPIK B1a | 2 jednodutheoustrvoBeaoyu homod,i
i dentickTch KS do@®A. veSifjormddj 2t haoetsytler u
prost Sednictv2m ACP (typullispriond uak uN?e Ir ovOn0R2g) .ar
sl ouleniny a vysekytunp38che(BhaewnB® Du 2015).
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Bi o s y mGsNpjedaotky

Chemick® sl oul eni nmC/Ns tjeejdnn@htok at yvp up §2apkaod
antibiotik obvykle vznikaj?2 cestou biosynt ®
je typickT j i netal 29p0]. PrekorzofeinB/N ednotky je 8aminoc
4-hydroxybenzoo\WA&8HBRYyseliend g(i4dtermedh8zu Kr
cyklu (L-as p adrste§nti al dehyd) alismu &risst (dihgdroxyaeetora b o
| di hydroxyeta.d®98%). HDvD mol ek um@N jedpatky 2 ku v |
poch§8z? z atmosf ®rick®ho Kkysl 2 kaxygesB zj sou d
(Thierickeet al. 1990).Pr vn2 se ky€U2khpSkpoj cjodr KHEVE v
hydroxyprotoasukamyctn. D8l e na uhl 2ku C5/ C6 vzni k8 er
oxidac?2 miwinEgemg proto rozdDnDI iittypmvgpadu8my ci ny
t ak, j ak byl o pops8no |01 nese epoxidovo
Manumycinutypu llvz ni kaj 2 enzymartymhouclkebor emkukc?
naC5/C6 za vzniku hydroxyethylenu (Hu 2000; Rtial.2 0 1 0 ; P etal®@1#4)k o v §

Bi osymo®zmann2chNjs#leotkDzc T a C

Horn2 | doln2 SetRzec (vRati k@lakaMy ket i do
Horn2 Setprzed!| wEaakrgtoekulyp ak o | e acetg@od,2 k1 ad
isopropytCoA nebo cykloheylkarbonytC o A . Manumyci ny s e na z8
horn2ho SetRhRzce mohouyypudbBdhDhtt SeaNaan ujmnegc |
anamanumycinytypu B( horn2 Set NRzec je vRtvenT). Horr
nap$S2| vV .gemi manumymceé mas yac erblemmin Dmg =t ntTvnoi S ekny
nesou jednu ag ThierigkBet al.d39® Hun2800;\Raiat bl.\201Q).
ManumycintypuBpou g2 vaj 2 | ako s tCarAt,oyre? moloak wlgw j &
methylmalonydCoA anebo malonyCoA. ManumycintypuApou g2 vaj 2 rTzn® s
molekuly. Vp S2 padlN asukamyci nu cyjklehexgkarbonfiCoAs a ¢ 2 mo
(CHCCoA), kteklyseolzinmk8§gizki mov®. N8§sl eduje |
molekulami malonylC o A . Jako startovn¥ymglegkuhap8? k!
jegthD dekarboxylovan® nebo deaminovan® vDtyv

Startovn2 mol ekul a-AHBA dadlln2 d®dtnBz eSe tjNe
z8§roveR s mBiNgesnpthyt ®2mlun2 Set Nz ectypuk(RUi k § p o me
etal.2010 . Tento syst®m obwvykibDbakomateckVaofh2y
pol yketp8TpadhDemanutypyip ond[2 Is2e MPPaKSsynt ®ze | i n
(Hopwood 1997:Thierickeet al. 1990. 34AHBA |je v8z8na na ACP (
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prote i n) a je pSenesena ke ket osyn+ABBAe, kter
smalony)Co A, rovnhRg pSipojenim na ACP. Pol et ko
jednat o vislednl procesu em a mejbeon at ejt e gate . k eVt o
adehydr okgdeyn 8vzias,| edkem | etal@l®.j n§ vazba (Rui

Dol n2 SetNRzec mTge zTstat v podobRD karbo
pSiposNepadBotka, jedg vzni k8L §tekzy8 va Bl &h njaz o
jednotku jsou uvédeiennyprre&kuolzog mhm nle.l eysébivg
(5-AL A) . Ta je intermedi 8 em prim8rn2ho met a
prekurzorem tetrapyrolov® dr 8hy d8vaj2c?2 vz
Pro YWl ely formace manupgtinga suCingCaAn(izvk 8 konden
dr §ha) pomo-&mi neonlzeyvm@llz YAEASsSyntrespek-tive cy
aminol evBelaAl AS;y rkapitata3.318)L ALA mTge vzni kat
jinTm zpTsobem(@brtl@v.j e®5 jdartashfogqud j -AbAlgek ov g 5
odvozena z glutam8tu N\ neshouég?%, | ake pileka§g
pouze Vv prim8rn2m metaboli smu, pSilemg se
organismu navz§jem vyl Réw$peed. @006Zhaggetaal. Hoo b e r
2010).VTji mkou jsou ale nhRkter® druhyCstrepto
dr 8hu pro pri m8ADA @meCdbdlriSshhmusdpjedootkp i osynt
(Pet Setdl20RG . Funkce obou esNzgnoikua@AAB prdvss pr o C
ALA) se nekS2g2 d2 ky cAASo(bbu LOn 2CsNzjedibtkddje v a k t i
nakonecATRl ependent B2 @p&mipd j eyndb h@dehkdrzee ( Thi er |
et al.1990).
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3313Cyklizuj2c?2 aminolevuling8t syntgza

PS2mo pSi f orgNgednbtky&d oplSni2proy ehet Mz ci  manum
zapojeny tSi cénaymyol ewkilliingjt2 synt §za (cAL;
aami nol eCwWAl ilniggtg8za ( ALL) . Tyto enzymy jsou
nachg&8BP3n® bpS2zklosgri®m genov®m klastru k-duj
Operon pro tytvddttg$inNe mSy mya djTe kwemzer vovanT
met abodNi § Edano€Ckou. NistimPeBnptéagumdgemeCr o2z
skupinyi skongrmeadt mer gespm38d&§n2 m tZ8gtiwpcigemrTy
skupiny produkuj o] gdpobddygh@ Iriedea&tmmamyci n
voperonujek | asi ck®m k on z amsalsalW (am®m plbiS,adk):. Druh
je tvoSena z§stupci producentT kompl exn?2c|
polyketidT obsahuj 2 c 2 cnho ecnuoknmmyyc.i nJTe flan 8bGasfri |00 np
ProcALAS @ls) se nag#l§z® or i ent acnemamsalfj(®dbc.2m p Sed
B: Petcal.PORS).v §

Do Epo

A B

hoNIP MM hNASydl OS ELJ\?N\?yséA?SI?;IZBﬁI@BIOI( R2 NY NWOI
YIydzye OAya o0dzLINI g&¢l201802 Rt S t SUnNG61] 2 gt

Cyklizuj2c2 aminolevulin8itnesgent 8ga pe pe
nakondenzaci glycinu a sukcin@oA, ale rovnou jejich produkt, kyselinu-5
aminolevulovou, cyklizuje (Zhangt al.2 01 0) . Jedn8 se o0 uni k8tn
tohoto enzymu, kt ekl8a iyd la® nAlbA3 ak cmanmd ruxc&t izv
v sekvenci aminokyselin (obr. 12).
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—-MNQYLEIFSR--RMREGGS PKAEREFLET SRIAGKFPAARS PL-—GGAAAEVSVWCSNDY LGMGDHPLVLAATREALDEHGAGSGE
- MNLHLESYSTGVTAKE LAE--RRREF LETGRRSGHE PSASARO-—-DGEVDSQ T SVHCSNDY LAMGONPOVTEAMKKT I DTHGVGSG
—MTLHVOLES) - EMKEFAH - HKRQF LETGRNAGRE PSAVARQGHDGTDVE LSVHCSHDY LGMGONPSVIEAMKEA T DAFGAGSGE
—MTNRHMOFFVR--FMADFGP--RKREFLETGRRAGLFPSAVARQGEDGTEAE T SVHCSNDY LGMGONPFVLEATKDAVDAFGAGSG
~-MNKHLOFFAR--EMEEFGA--RRREFLEI GRRAGRE FSAVARDGODGTDVE LSVHCSNDY LGMGONEFVLEAVKNAVDAFGAGS !
--MNRLLOHFAG--ELEALGG--QRRDF LETGRRAGRF PSALARLQDAPSDVE LSVHCSNDY LGMGOHPSVLEAAKNAY DAFGAGSG
~-MNRLLOHFAG--ELEALGG——QRRDFLEIGRRAGRE' PSALARL.QDAFSDVEIoV’%CSNDYLuMGQHPSVLEPAFNA\-’DAF-;AGSG
~MDYNLALD-KATQKLHD "{R TFIDIEREKG CONDYLGMGOHPVVLAA LEAVC
-—YVFSYD D SNDYLGMSRHPOVLGATOET LORHEVGAS!

1

ALEREPAEPHGKEDAVLFTSEY SANEGSLSWLAGAVDDCOVFSDSANHAST I DGLRHEGARKHVFRHKDGRHLEELLAAADRDK PKFTALESVHSMRGDL . ghanaensis ATCC14672
LLEKELADLHGKADALLFTSBY TANDEAL TVLAGLPEKCVMESDEMNHAST I DGLRHSGAEKR IFRHNDTAHLEEL T SATDPDRPKMIVMES VY SMGGDY S, Johii ATCC BAA-1276
LLERELADLHGKADALLFSSEY TANDEALTWLAGRPGDCVIESDEMNHASL IDGLRASGAEKR I FRHNDTAHLEELLSARDPDRPKMIVMES VY SMAGDY K. sefae KM-6054
LLEAELADLHGKEARLLFTSGY TANDESLSVLAGTPKDTINESDEKNHASE I BGLRHS GAQKH I FRHNDVAHLARLL ARAPADRPKLIVLESVYSMSGDT 8. aizunensis NRRL B-11277
LLEKELARFHGKEARLLFSSEY TANDEALSWLAGRMPGTIVY SDALNHASE TDGLRHSGAQKR TFRHNDVAHLEEL TARDPADRPKLIVLESVYSMSGDT S. aureus SOK1/5-04
LLEKELARLHGKEARLIFPSGY TANDEALSVLAGRAPDTVEESDOLNHAST IDGLRHSGAEKR IFRHNDVAHLEELL ATADPDRPKLVVAESVYSMSGDI Sac. espanaensis DSM44229
LLENELARLHGKEEALIFPSGEFTANDGALTVLAGRAPGTLYFSDELNHAS L I DGLRASGAEKR IFRHNDMAHLEELL ARADPERPKLIVLESVYSMSGDT S, nodosus ssp. asukaensis
LLEQELAELHGKEARLVFSSGY TANDEAL TWLAGRAPGTLYFSDALNHAST I DGLRHSGAEKR IFRHNDVAHLRELLARADPERPKLIVLESVYSMSGDV 3. parvulus DSM40722
TIEQRLAELHCKEARLYFSSEY TANDEAT TV AGRAPCTLYFSDATNHAST THCLRHSCARKR TFRENDVARL RELLARADPERPKLTVLESVYSMSCTV S, grisecaurantiacus M045
RLEAEIADLHGKEAALVFSSAYIANDATLSTLRVLFPGLI IYSDSLNHASMIEGIKRNAGPKR I FRHNDVAHLREL I ARDDPAAPKLIAFESVYSMDGDE R. capsulatus SB1003 @
ELEQELAELHQKDSALLFSSCI ’3‘;.‘-]DSTT.E‘TTJ‘-.K:LPPTE.T':'SDAGN:?IA:;A;Q\—‘I'RbIEGN‘J(F'VFRH.‘. DPDHLKKLLEKSNPKIPKIVAFETVHSMDGAT H. sapiens e

reverse

HLLAF TAGLARRYGAVTFL DEVHAVGAY S PCGAG AR DEVHCEE THVIGTLAKAF GMIGEYVABBAVLMDAVRARERS FVETTALPPAVAAGALAAVRE S. ghanaensis ATCC14672
BPLARTARTAREHGAMTFLOEVHAVGMY GPEGAGT AAGLG TADEF TV I MGTLAKGFGTTGGY TAGPAELVDAVRGLSRPF I FTTAL PPAVAAGALAAVRH S. lohil ATCC BAA-1276
BPLARTARIARKYGAMTFLOEVHAVGMY GPEGAGTARSLG TADOE TWIMGTLAKGFGTTGGY TAGPAELVDAVRGLSRSFIFTTALPPAVVAGALAAVRE K. sefae KM-8054
BPLARIARLARRYDATTY I DEVHAVGMY GPOGAGI ARREG TADOE TWVMCT LAK GY GTVECY TAGEARLVIAVRTLSRAFVFTTSLPPAVARGALEAVRY S, aizunensis NRRL B-11277
HPLAFIADIAKRYGASTFLOEVHAVGMY GPEGAGI ARREG IADDF TW I MGTLAK GFGTAGGY IABPARLVDAVRSFSRESFIFTTSLPPAIARGALAGVRH 5. aureus SOK1/5-04
APLAQTAFVSHRYHATTFLDEVHAVGMY GPOGAGT AAREGLADRE TWFMGTLAK GFGTAGGY TABPARLVIAVRSWSRSFI FTTSLPPATARGALAAVRE Sac. espanaensis DSM44229
BPLAETAALARREGATTF I DEVHAVGHY G POGAGT ARREGTADEF TWVMGTLAKGFGTAGGY TAGRAALT DAVRNFSRCF T FTTSTPPATARGALAAVQH S. nodosus ssp. asukaensis
BPLAFFADLAFEFHAATFVDEVHAVGMY GPOGAGI AAREG TADRE TWFMGT LAKGFGTAGGY IAGFADLVIAVRALSRPFI FTTSLPPATAASALAAVOH S. parvulus DSMA07T22
AP_AEmDLAE_FHAATWD:VHAVCMYGPQCACIAAREGIADRFTVFMCTLAK(‘F\CTAGFYIAGPADLWA\'RALSRPFIFTTSLPPATAASALAAJQH S. grissoaurantiacus M045
GPIKEICDIAD ¥ IDEVH? R. capsulafus SB1003 @
CPLEEL SHOYCALTFVDEVHAY , H.sapiens &

TGGTHNHFHY S. ghanaensis ATCC14672
IGETHHYHY S. lohil ATCC BAA-1276
IGGTNHYHY K. setae KM-6054
IGGTNHYHY S. aizunensis NRRL B-11277
IGETHHYHY S, aureus SOK1/5-04
TGGTHMHYHY Sac. espanagnsis DSM44229
IGGTNHYHY S. nodosus ssp. asukaensis
IGETHEYHY S parvulus DSM40722

S. griseoaurantiacus M045
iR R. capsulatus SB1003 @

H. sapiens »

Juhge

1RGSDEE--RRRPAENARNTHGLLRERDT PVLEDRSP IVPVLVGEDRMCKRMSALPLERHGAYVOAT DR
LRTSFEE--RORLRENARLTHRLLRERGI PFLEDGSHIVS IFVGDDALARR I SALLLARHGT YVOATHA]
TRGSEEE--RORLHANARLTHRLLTERGT PFVEDGSHIVS TFVEDDALAORVSALL T ERHG TYVOATIA]
LRNSOVE--REVLAENAQLLERLLDOEADI PFISPDSHIVSAF IGDDETCKOASRLLFERHGI YVOSTHA
LESSDEE--RDRLRDNAQLLHRLLDERNI PFVEFMSHIVSVFVGDDSLCRKASEFLLORHGI YVOATHA
LRSSEVE--RERLARNARLMHRLLTERRI PFISDOSHI IAVEVGEDOLCROASALLLRRHG T YVOATNA]
ERHGTYVOPTHNA]
LRSSEAE--RORLARNAGLLHRLLGERRT PFVEDESH IVSVEVGDDAQCRRASATLLERHG T YVOPTHA]
LRSSFAE--RORLAANAGLLHRLLGERRT PFVEDESH IVSVEVGDDAQURRASATLLERHG T YVQPTHA|

PAGEEILRIAPSAVHETEETHRFVDALD S, ghanaensis ATCC14672
VRAGQEILRSAPGAVHEPAEVEGFVRALD S, lohi ATCC BAA-1276
VRAGQEILRSAPGAVHOPAQIEGFVEALD K. setze KM-6054
JPLGQEILRIAPSTVHGREDVENFREALR. . aizunensis NRRL B-11277
GEEILRVAPSATHTSSDVEKFAEALD S, aureus SOK1/5-04
VRTGEETILRVAPSATHTAGDVEKFVEALD Sac. espanaensis DSM44229
VRRGEETLRVAPSATHTTGOVEKFAEAVE S, nodosus ssp. asukaensis
AGEEILRVAPSATHTLGOVEKFREALD S panvulus DSM40722
GEEILEVAPSATHTLGDVEKFAEALD S, grisecaurantiacus M045

5 LEKTAEGOKLRDAQOMHAKVLKMRLKALGMPLI VPVVIGDPVHTKAVSDMLLSDYGY BT PSPVHDLKQIDX rMD R, capsulatus SB1003 @
LEGEEGQALRRAHQRNVEHMROLIMDRGLPVT SKLCDLLLSKHG ) V; RGEELLRLAPSPHHSPOMMEDFVEKLL H. sapiens e
GIWSELGAARRY S. ghanaensis ATCC14672
GIWRELGVTRAQGPHGSPGTDG S. lohii ATCC BAA-1276
GIWRELGVPRAREPRPAG K. setae KM-6054
GIWKELNIPTATDRNWLS 5. aizunensis NRRL B-11277
GIWDELDIPRTEHTRGN S. aureus SOK1/5-04
GIWQELGIPTGPTAG Sac. espanaensis DSM44229
GIWRDLGIPRAQERAGR S, nodosus ssp. asukaensis
GIWQELGIPREGVRGA S, parvulus DSM40722
GIWQELGTPRGGVRGA S. griseoaurantiacus M045

LS R. capsulatus SB1003 ®

LAWTAVGLPLQDVSVAACNFCRRPVHFELMSEWERSYEGNMGEQYVITYR  H. sapiens e

N OdprotediakiBriiz@ Scgpéubatus > 6t 2 3S1 o0 GSEQ

“[@Sy'ONY 1tFrarnod01ée0K LINRPRdAzOSy (4
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CALAS | e gknemals\hanol@gem genhemA a ten | ze
genetickou znal| KN preaddwd &krotuT [ID®tkegk ng
identifikov8ni genet i cka. 2155 Soreeirg myl vrgce m
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2015 proveden u cca rnéedMamnizol &h ThisorepT o lc
zjigtiNDno, ge sekvencet ygpeennu spyrnot et AlzAS alh®heel
ZpSiblignn 1500 izol 8tT strwhpdadmyaokmolbyl o
degenerovanimi primery urleno aldFragménak o poz
odpov2daj?2c? pogadovan®mu produktu PCR mnl
osekvenovg8n a na z8kladhD sekvence byl sestas
pr 8cniljz byl y vybr §ny Stept@anygesondmycinBQCO1015320 | 8t vy

a Streptomyces capoamB£C0O101636.
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subgroup |, o 5. peruviensis N'F{Igt 1SP-5592 N !
o
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0 ® S. viridosporus TTA STRVIR. HSUIGEEUU .y 3_0 o
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———————BCCO10. ] g
ATCOZT08, = o nncnmamimm @ -

e BCCO10 1405
BCCO10_524
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up Il L_190— @8, rapamgcrmcus ﬁHHLsam

subgroup Il
1.00

BoCo1o g0gtCC010_495
COT0_948

Sacch espanaensis DSM44229 BNB-48530
Sacch. espanaensis DSM44229 BN6-50240

A. orientalis HCCB10007 +2/BCCO10 107, BCCO10 474

Lo RGO D 5B
) _{—F—Bccowo gie
ol pocotogss | BCCOT0 575

. 1 - BCCO10
1.00
BCCO10 5&?&‘&)10 1548
BCCO10_666, BCCO10_670

S. griseus grrseus NBRC 13350
s Sp XylebKG-1 SACT1-5610

1.00

branch |

pranch Il ’—‘*

500010 1514
l
— aceots. 17 5. sp XylebKG-1 SACT1-0214
= Ch. violaceum
=i Strep. roseum DSMA43021
100 S. peucetius NRRL WC-3868
— S. rimosus rimosus ATCG10970
1.00 1.00——— BGCO10, 210 el
1 —3§. resisfomycificus NRRL IS.F'-SI?_‘:‘BI5
00 1.00 10_31 ¥
100 BEC0i0T, is ATCC 700358
BCCO10_740

BCCO10 877
BCCO10 878
o R
?Tl‘l_l A mdc lulans e

1 BC _1582
4{ Schizos. pombe

BCCO10_210 *
H. sapiens

=
——— M. musculus

BCCO10_129

R. capsulatus SB1003
BCCO10_741

=
BCCO10_942

7 A 2 2, A

31

z

N

i A R2 gedomalss (1 SHONO LINRS v di LINPY O3 ]y (S &

¥ Mo Céf23§Y§L] Ol & e« @NgIY Té’réléfﬁli-V')/LJil‘ﬂASR'lﬁj)

A2 d2oA | &)



YShlI o2t Aldzd WSRy2i(ft A0S 3t D2 08a3 dzl 8 RRENE RaZOBY
L2t &1 NBBARRIA G2 YéEOAyYydzz T1StSyS TylF6N LINRRAzOSY Y
TylFE6N 1a663sp LINR Y NYNK2 YSiGFo2ftAaYdzd | ySR
alyzadaliys o0SG0S o0SiT Ot RYyS NBFTFSNBYySG6yN a
2SNBSyeéeYA OALNFYA 2a2dd &is| BSYO6A | & &N ab B
al. 2015).

332 Hl ed8&8n2 producentT novich bioaktivn2ch

VpSedchoz? kapitole ddogmninzgm2indml 8gelneg ti rcd

naj ehog z8kladhD byl iolvydh EiNeddptkunZdnichbydyn t i | §t
vybr8ny dva kmeny pro tuto pr8ci. Genetick®
znal osti genetiky biosynteticklch drah a ma
jednu z8sadatdwmz yimodudentifikovat®d ishmakghbol
kter® |l ze dost | asto n8asHKteidmdwdt .v hlosddod mi ®
arychlejg2. Nevihodoumene, @Ye kzachgh §\bajl 2a

bi osyntetick8 dr&8ha pogk pSersd addyn, mntapS2 m

adeec2m % inkem integr8z a rekombing§8z.,

Hl ed&8n2 producentT novich zaj2mavich bioal

uvedenT mi | tySmi
a) Tradi |l n2 techniky na&avivofestdcradD hl ed8n2 akt

Tyto techlimiegynw?2j idpgb®® prochil ¢él8yekalhnheizsmd
Y%l i hins®®st o doch8&8z2 k Analezen2fd jig objev

bi osynt et istuk (biosgnthetio gehe clusteBGC) vl abor at or n2 ct

podm2nk8ch neaktivn?2. Pro minimali zaci
objeven®ho) j e mogno hl edat me z i strep
zneobvykl Tch bi ot olplTe da&8meb oakpSivkrtoyl i me zk
aktinomycetami, res pekt Streppomyceddishragti n 1T mi r

a.2019).Lze je t®Wyg%UspPHEMNsecreeningu aktivi
identifikovanim c¢c21 Tm, napS2klad pro v
kancerostati k. fada aktivndohhl®8tpoK olvy Ine

dvac8t ®ho stolet?2 testh®8na pouze na akt
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by Akti vace krypticklch BGC v pTvodn2m pr od

Jak ug bylo zm2nhDno, |wdlbowalt o BGTc hmTgedn
neaktivn?2. Ni cm®&nnD pokud se jedn8 o kry
rTznimi pS2stupy. Nejjednodugg2m zpTsobe
mi kroorgani smus Kulotui vupensed.ogdat oum®d m8 |
dos8hnout vel k® nadprodukce hprodudcanTl ch |
upl nND jinTch, novd.2bBO0OMmpl e8I eaktBeLide doj 2
kryptick®ho BGC vystalleadowv Pr2omuca@&ntzdr G|
nel dus?2 ku, patagénenm (Onaketsat2 0 1s1) , osmoti ckl m s
zmNDnou pH m®edia, pSm®dmnoatd.tWDgkbchokéy
je mogno uv®st expearndieant ( Sck)dydop Sm@&InNE r
u S.coelicolor A3(2) (producema aktinohordinu),S. antibioticus(producenta

aktinomycinu) aS. griseus{f pr oducenta streptomyci nu) %
antibiotik (Kawaieta.2 007) . Ji nou mognost2 mTge bt
vdan®m genov®m shluku, jjeehtoo reelgall2al ma o§
mogn®ho pleiotropn2ho ef ekt uetal20l8.anou bi
| de§l nt2akjpe®m pS2padhN prov®st met abol i c
divokTm typem a mdaa®mn2BBCk me nte2am vdan 1
kryptick®&hreantB®&C kovat. MTge s-eut)gemwdnat se
o] nnNmg s e pSedpokl §d8an®hobi ocessyemtcd t8il Nk @
Proveden?2m extrakce sekund8rn2ch met abo
k mene, a jejich ngMSedmdgpmodlihizokr @t iL
BGC charakterizovat (Challis 2008) . Op a
ostatn2ch Dbiosynteticklch drah a pos2l e
popogadovanl metabol it rmetzmgielnadmliidcenBt i f

modelu poducentan silico.

Samotn8 predi kce exi st encdnegark?o vdRchboD kmoygr
jig d2ky rychle se rozgi Suj2c?2 dat ab8ze
softwaru pro vyheta208y8n2 BGC (Bar al

PSenesen? ¢genhoevt@hroolsohginikkhuo dpor oducent a
Produkce het er ol ogn2m producentu mTge blt v
zda se podaSil o nakl onovat cel T genov
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d)

pogadovan®ho metabolitu. D8 | per ojdeu cvema din 8
kter®gj €®s kdlatbhiowaavtatr n2 ch podm2nk§8ch, ne
novich metabolitTzkhdmhi baosygpermeTizklch
mu t aGorhezHEscribano a Bibb 20)3Vneposl edn?2 Sadh je rov
vheterol ogn?m pr odpucermteun, i da&kl namktiawvov
Heterologn2ho producenta obvykle wvol 2 me
produkce pogadovanich ryekhid®h®r n? Tht umed
charakterizovan® geSépiakly) atmepabolyicemu j

heterd o g n 2 mi p $.lvidansc €4nlt1y4 | sS®ri e kmenT od
odS.coelicoloraS. albusJ1074 kt er ® j sou gmearimaizacc ky upr
sekund8&8rn2ho metabolismu a z8roveR je s\

sekund8rn2ch met ab8.labuslTL Oprotg k @ eMeelsp .k TGedn o i
aobsahujeB32 genT, cog ho mMNh&p el menyeé mt gy

(Zaburannyiet al. 201 4) . Dal g2m vhodnim heterolo
S. coelicolor (GomezEscribano a Bibb 2013Me z i nejvyug2vanhj gz
kmenyS. coelicolorp at $2  BacpefcdlarCHOI jen§ byl sestr

%l enl eprodukce polyketidT tak, ¢ge genovlI s
del etov8n a do genov®ho shluku pro prod:
(McDanielet al. 1 99 3) . Dal g2 | a IBSooodidolorM312, S.k meny |
coelicolorM1146,S.coelicolorM1152 aM1154. K| onow8 mfordi f i ko v § n 2
cel ®ho Dbiosyntetick®ho kdmedirfui ctkaS ,i natbeyc
m?2 s sit@spegific integration sitgs, mT g e bTt pSenesen do
producenta (Ochi 2016).

Geret i ckT sdhrSeema?mzgn avlyocst i speci ficklch et

Jedn§ s e o] variantu genetick®ho Sscreert
specifickktbr@®ndgamdu Ille§itel 558 ouy ret§evtiisd U® 2n,a
BGCv | aborator n2ch? nppoodnZmk 8zceh ovBCR,g i t 2 me
sepostupovalo i wS2padh hl ed8n? producent T s e
obsahuj2c2ch hdmdmojl @lygo gg e m nelmzghuckyt kelm zjug 2 c 2
aminolevul ingt synt §sNgednoteypoj en§ pSi bi os
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4 Materi 8l a metody

4 .

1 Materi §I

411Bakteri 8l n2 kmeny

Streptomyces monomycBCC0101552

f ZdrojpTda, botanick8 zahrada Tbilisi, G
Streptomyces capoamB€C0O101636
 zZdrojpTda, degtnl pr akameyn Mount Camer oo
Escherichia collSUREF
T  jedng8 se o kmen pbugaoa®h2 pBNA pvecdéd
pl asmidovich vektorT
f obsahuje getacZprob-galaktsida su, jeng umoHpRUjoe t zv.

sel ekcin

j e mut genechnpro rekombinaci DNA (tznneobsahuje geny
zpTsobuj2c?2 gtDpen?2 nebo rekombinaci
nese genyprorezistencfM i t etracyklinu a kanamyc.
genotyp: endAl, gInVv44, thl, gyrA96, relAl, lac, recB, recJ, sbcC,
umuC::Tn5uvrC, el4e( mc-hs@®Rmr r ) 17 1 FE[ pr oAB+

| acZeM15 Tnl1lO0]

kmen byl pro tduotvoo| MmBaor WPpee S®hHh ke v
Ph.D. (Bakteritogick§l a b o,Pat a 8 ogieaumikmbiobgiep i

LF UK)

Escherichia colET12567/pUZ8002

T
T

jedng8 se o kmen poug2vanil pSi procesu
kmen neobsahuje methylasy, tzn.e doc hm&@z2hyk ac i DNA, I
umogRuje pSenos DNA do streptomycet,
pro methylovanou DNA

vchr omozomu nese geny pro rezisten

tetracyklinu

vpl asmidu pUzZ8002 nese geny rezistenc
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1 plamidpUuz8002m8 t a k ®orMU s 8mi se konjugac? nefy
umogRuj e konjsmgad®riT gglasmn dawh R@Pl4ap o mo c 2
genu

1 genotyp: dam13::Tn9, dcm6, hsdM, hsdR, zR02::Tnl0, recF143,
galK2, galT22, aral4, lacY1, xyb, leuB6, thil,tonA31, rpsL136, hisG4,
tsx78, mttl, ginv44

1 kmenb y I pr o t ut oDr. BertglEmGusern (BDdpartmentuof
Molecular Microbiology, John Innes Centre, Norwich Research Park,

Velk8§ Brel t §ni

- Senzit i Banillus skbtiliesuabspspizizeniATCC 6633 (DifcoTM, BD)

T kmen vyug2vanl pro biologick® testy
T kmenby | pro tuto pr8ci pougit s dovol
Ph.D.

4.1.2Vektory

- pBluescript SK+

T kIl onova€E%xolivektor

1 obsahuje tzv. multiple cloning sifMCS),v 2 c e n k4 omm®te,c 2 m?2 s
kter ® sdachgarmh8z?2 v

T pokud je velEtcoly pié ¢ Buign2él auwo ds el ek c i n
m®di u o bgadalBTGiscop r Xadplythiogalktopyranosidl
obsahuje gen pro rezistenci k ampicilinu

T vektor byl proddwdldégprng Ki®epS®dhiktovs
Ph.D. (BakteriologicBl a b o,Pat a8 ogieaumikmbiobgiep i
LF UK)

T restri k|l n2 mapa vektoru je zobrazena
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EcoRV

pBluescript SK+ Klanovaci misto
2958 bp

Smal

~/ lac promotor

0 =
"x_‘- -___f'

— o

" pUC ori

hoNXP mMn wSEGNR]1 6N YI LI endiogranhHDRAW3RGES a4 O NK LI
| ARET @

NJ
F 26t &G |5 Rodapiglicuy

NERION & ATINMB CIY-Bly i 1 621 A Rt
- plJ778
T jedn8 se o plasmid, jehog | &8st (tzv.

disurpcials genu

T inzer | n?2 k a z eabdf pro $pskanbnuyginevougrezistenci
aoriTm2sto pro konjuyghd npl pSmindsv &h o §k «
do streptomycet
restrikln2z mapa vektoru je zobrazena

kmenb vy | pr o t ut oDr. BertgiemGusgr (Bdpagrtmenuof
Molecular Microbiology, John Innes Centre, Norwich Research Park,
Velk§ Bre) t §ni
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HindIlI - 518

EcoRI - 1943

ho NP mp wSAGNA]TON YI LIINESNI ¥NHzLBEWW? Dy & S& 0 H ¢
L32 dzOA (G @ OK NREdANRAZ o6fyINaOK | YsNREAeRNAMCinINBITI' A aNIB3 ¥ GAl 116 Yy N
L6t GERYyRNALI 6y N LInjSy2a FAYyLfYyNK2 LIl aYAR2ISK?2
- pGM160
f jedng8 se o multikopiovl Ashuttled (bi

jak vVE. colitak veste pt o my c e teg§ad. 1089 Mut h
T u streptomycet se jedn8 o termosenzit
1 nese rezistenci na thiostrepton
T restrikln2 mapa vektoru je zobrazena
f vektor byl proddwdlodgp?r.ng Ki&egS®dhikto vs
Ph.D. (BakteriologicBl a b o,Pat a8 ogieaumikmbiobgiep i
LF UK)
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Xbal - 7525
HindIII - 7501

HindIII - 5889

hoN®» mc wSAAGNR] 6N YI Liprogisnu fORNWZ2dDiaylc 615 yaps¥a G + 1
L322 dzOA @ OK NXB B8la RA 1065/UNCGK TsrdN ¥ f & da G {15 Rdz2NON NBI
thiostreptonu. pSG5I' NBLJX A1 F 6y N LR 6+ 1S LI Yy NDINE. cdlg2 dz T dzy ]

NBLI ALFSYN L2661+ (S toliRgpr'y NGNS + &5 #zSNEagt WA - SOBND | 2 Y LIt
24S10Sy20tyo

- PALS4K

1 odvozen od pMS17 (Rodrigué€zarciaet al.2005)

! plasmidn e s calsg e n p o dk osnisltniTtpremotorems2im n T m
konstitut i v reAnirzprodocentatasukamyniri nodosus
ssp.asukaensis.

1 obsahuje gen pro rezistenciagrany ci n u a m2 st o pr o
dochromozomub a k't e FC31f 8§ g a

f obsahuje rfevmhWd treans é&id)l n 4 mopdoR Wsjt 2eck?
konjugativn?2 pSekjneodn & os esta es loutytcleg v

T restrikln? mapa vektoru je zobrazena
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hoNX wmT

6 FFB).O2RRCR Gt G5
0l 1TGSNASYA (1Y@ H3NNEKN
k apramycinu.6xHishemAasuAl

Xbal - 7209

BamHI - 7167
Sacl - 7128 EcoRI-117
EcoRI-T115 BamHI - 312
Apal - 7079
Apal - 7062 Kpnl - 832
Bglll - 6990
EcoRI - 6675
Bell - 6469 HindIII - 1330

HindIlIl - 6134 Sphl - 1344

Kpnl - 1353

Sphl-1771
HindIII - 1773
PsI- 1785
Bglll - 1785
EcoRI - 1861
Sacl - 1925
Apal - 2028

HindIII - 5165

HindIII - 2506
BamHI - 2512

HindIII - 4749

Sacl - 3027
Sacl - 3778

asukaensis

413Kul tivaln?z m®di a

N e #i fivedeno jinak, tak:

- pro pS2pravu m®di 2 byl@ pougita

- pro YprawvwougHtlyylyM roztoky NaOH
101, 5

- sterilizaaetpkbB¥Yhbhapb&ivi21 AC,
Givnl agar (Nutrient Agar)
- 28 g ¢givnl agar (Nutrient Agar,

- d

LB (

opl nDno do cel kov®ho objemu 1

Lennox broth) m®di um

- 10 g tryptom (Tryptone, Oxoid)

- 5 g kvasnico® h extraku (Yeast extract, Oxoid)

40
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5 g NaCl

- pro tuh® m®di 20magau$Agar BatteriologaaN®. ¢ Oxoid)

- dopl nDno do cel kov®ho objemu 1 000 ml
pH 7,21 7,4

YEME m®di um

- 3 g kvasnico® h extraku (Yeast Extract, Oxoid)

- 5 g peponu (Neutralised Bacteriological Peptone, Oxoid)

- 3 g slado® hextraku (Malt Extract, Oxoid)

- 10 g y(lacer)z

- 340 g y@heacHhNen - z

- dopl nDno do cel kov®ho objemu 1 000 ml

- pH7,2

po steril i zaoztok2,p 8 MgCE(n2 smlernd nl2i tr m®di a)

GYM m®di um

- 4 g ol(LackNen
- 4 g kvasnico® h extraku (Yeast extract, Oxoid)
- 10 g slado® h extraku (Malt extract, Oxoid)
- 1gNZAminA(NZAmi neE, Type A, Wako)
- 2gNaCl
- 3 ml OB sot
T OB soli

A 0,166 g CuS@5H.0
0,25 g FeS@7H.0O
0,12 g MnSGt5H0
0,5 g CaCGi2HO
0,3 g ZnSQ7H0
dopl nDno do cel kov®ho objemu 100
skl adonvgdnoobflaz®h o skl a
- dopl d@noel kov®I0®Omliobj emu
- pH7,3

A
A
A
A
A
A

SOC m®di um
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- 4 g trypbnu(Tryptone, Oxoid)

- 1 g kvasnico® h extraku (Yeast Extract, Oxoid)

- 116 mg NacCl

- 38 mg KClI

- dopiMnbo cel kov®bAm obj emu

- pHB6,91 7.1

- posterilizcip Si d§ny st(@ar200m):2 roztoky
T 2 ml Mg?* roztok (1M MgCht6H,0 a 1M MgSQt7H;0)
T 2mi2MDg | u¥k - z

2X YT m®di um

- 16 g tryponu(Tryptone, Oxoid)
- 10 g kvasnico® h extraku (Yeast extract, Oxoid)

- 5gNacCl
- doplmMndbo cel kov®IWoOm obj emu
- pH7,2
MS m®dium (Mannitol soya flour)

- 20 g manitah (Lach-Ner)

- 20 g ®wmoukyo v

- 20 g agan (Agar BacteriologicaNo. 1, Oxoid)

- dopl nBred kdv ®h ADO0amb kohoutkovou vodou

4.1.4Roztoky a pufry

~

TAE z8sobn?2 pufr (50x koncentrovanl)

- 2M Tris (SigmaAldrich)

- 1M kyselina octovs8 (Appl yChem)

- 50mM EDTA (pH 80)

dopl dHXOnoa pogadovanl objem 500 ml

- pro elektrof Sre@AAnTpoug2vegn 1x

Nane€® paabhaosowue!| ekt r of or ®zu (6x koncentrovanl

- 0,25%bomf e n ol Swh) (SigmaAldrich)
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- 30 % glycerol (w/v)XSigmaAldrich)
- 5x TAE pufr
- dopl dHmnoa pogadovanl objem

Skel n® ml ®ko (Glass mil k)

- v 800 ml dHO razsuspendujeme 4009k e | pra&hu,p r o m2 c B&nairg me
anech8mesd@t

- centrifugujeme (10 mip $i000 rpm) avzniH s e dri arremn?2t o 0§ ande
300 ml dHO

- piSd § mes;dbiB0B koncentce a p St @m@&me a ochl ad?2 me

- centrifugujemg10minp $i000 rpm) a sedimenta & k ro@yjeme dHO

- pHY

- z8sobn?2 50% suspenzi i80oABodjobDakcphbdivsd§

Roztok Nal

ve250mldBO rozpust2z2me 450 g Nal

- pH roztoku upr av? nsgmgAdml o2pH2® mM Tri s (
- pSi d§nM®eSOL g

skladj e me pSi tneSpllodtA ¢v®hAC sk | a

NEW WASH

- 100mM NaCl(Lachema)

- 1mM EDTA (SigmaAldrich)
- 50 % etanol (v/v)

- 10mM Tris (SigmaAldrich)
- pH75

STET pufr

- 8 g s g(tacheNer) z

- 5 gTritonu X-100(SigmaAldrich)

- 10 ml 0,5M EDTA (pH &) (SigmaAldrich)
- 5ml 1M TrisHCI (pH 80)
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- dopl nNDno dobjentu X0 kldl¥G® h o
- sterilizaaetpkbB¥hbhap&ivi1i21 AC, 101,5 kPe

Kysel T  fcklarofolm

5 g fenol (SigmaAldrich)

5 ml chloroformu (Lachema)

1 ml dHO

5 mg8-hydroxychinoinu (SigmaAldrich)

- skl aduj efBze tvma\g@doid ts4pfad tph

Neut r 8§ kchidgrofofme n o |

- kysel Ichffenwlf orm polt SeplEwvEmeobHCe(pe m 1M T
8,8) podobu 10min

- po oddnRDlen2 f8z2 odstran2me horn2 vodnou

- ke zbyl ® f&zi pSid§meHCphEHI8®\wWo dobuzlomirbj em 0,

- po oddRlen? f8z2 opNt odstran?me horn? f

- zbylou f8zi pSeneseme do tmav® | §hve a u

TE pufr

- 10mM TrisHCI (pH 80)
- 1mM EDTA (pH 80)
- sterilizaagklpgwob2mail al1 AC, 101,5 kPa p

IPTG (isopropytb-D-1-thiogalaktopyransid)

- 0, 2M 2Zrdz¢ob\bdrbO
- poug2vansg vislvedn®8ikiomge&ntmMace
- uchov §vigne ACSi

X-gal (5bromao4-chloro-3-indolyl-b-D-galaktopyranosid)

- 4% z § s o0 bwdimethylformamidu
- poug2vansg vislvedm®BO kOm/icraint r ace
- uchov §vignme ACSi

Pufry pro enzymy
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10Xx

T4 DNoaAfr (10xk T ®DNALigase buffer, Thermo Scientific)

A00mM TrisHCI (pH78pS25 AC)
100mM MgCh

100mM DDT

5mM ATP

10x Klenow pdr (10x Klenow buffer, Thermo Scientific)

500mM TrisHCI (pH80pS2 5 AC)
50mM MgCh
10mM DDT

10x FastAP pufr

100mM TrisHCI (pH 80p 8i7 AC)
50mM MgCb

1M KCl

0,2% Triton X-100

1 mg/m BSA

10x B pufr (Thermo Scientific)

10mM TrisHCI (pH75pS8 7 AC)
10mM MgCh
0,1 mg/ml BSA

10x G pufr (Thermo Scientific)

10mM TrisHCI (pH75p8 37 AC)
10mM MgCh

50mM NacCl

0,1 mg/ml BSA

10x O pufr (Thermo Scientific)

50mM TrisHCI (pH75pS837 AC)
10mM MgCh

100mM NacCl

0,1 mg/ml BSA
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10x R pufr (Thermd&cientific)

- 10mM TrisHCI(pH75p$ 37 AC)
- 10mM MgCk

- 100mM KClI

- 0,2 mg/ml BSA

10x Tango pufr (Thermo Scientific)

- 3BmMTrisacet §t

- 66mM octan draselnl
- 10mM octan horelnatl
0,1 mg/ml BSA

10x EcaRI pufr (Thermo Scientific)

- 50mM TrisHCI (pH 75 pS87A C)
- 10mM MgCkb

- 100mM NacCl

- 0,02% Triton X100

0,1 mg/ml BSA

10x Ecl136ll, Sad pufr (Thermo Scientific)

- 10mM Bis Tris Propn-HCI (pH 65 pS87A C)
- 10mM MgChk
- 0,1 mg/ml BSA

10x Kpnl pufr (Thermo Scientific)

- 10mM TrisHCI (pH 75 pS87A C)
10mM MgCh

0,02% Triton X-100

0,1 mg/ml BSA

Dalpp2ug2van® roztoky:

- 0,5MEDTA (pH 8)

- octan SM@EHVY 3
- 20 % glycerol
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- 2,5M al0mM MgClz
- lysozym 10 mg/ml (v dH20)
T vge sterauticllv&8nw wSi 121 AC, 101,5 k

4.1.5Enzymy
DNAIig8 z a

- TADNAligase( 5 U/ el , Ther mo Scientific)

Fast AP al Kalai ck§8 f osf at

- Fast AP Thermosensitive Al kaline Phosphat

Kl enowTv fragment

- Kl enow Fragment (10 U/ el, Thermo Scient.i

Restrik|ln? endonukle8zy (Thermo Scientific)

- Bglll, Bstdl, EcRI, EcARV, Hindlll, Kpnl, Msd, Nad, Not, Pst, Sad, Sma,
Spe, Xbd, Xhd

RNS8 zAai roztok

-1 mg/ ml dHO steriln?
- pSevaSit pSi teplothD 100 AC po dobu 10 n
- uchovgzatAg

T4 PNK

- T4 Polynucl eotide Ki Bmlabe) (10 U/ ¢l , New E
4.1.6Antibiotika

Pokud nen2 wuvedeno jinak, tak:

- na pS2pravu roztok T an®Dibiotik byla poug
- roztoky antibiotik byd yAQchovg&vg&ny pSi t

Ampicilin (amp)

- koncentrace z8sobn2ho roztoku 100 mg/ ml
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- poug@?2van onceftrack e dn&B0i ue g / ml

Apramycin @pr)

- koncentrace z8sobn2ho roztoku 100 mg/ ml

- poug?2vang8 vl slve dng®RIOi uog/cralnt r ac e

Chloramfenikol €ml)

- koncentr ace z®®mpmivé 100 ethanaldu o k u
- poug?2van8 vislvedneg®Bd gnbncentrace

Kanamycin (kan)

- koncentrace z¥mgmn2ho roztoku
- poug?2vang8 vislvedn®®Bd gib mtentrace

Kyselina nalidixovs§

- koncentrace z®mgmin2ho roztoku
slve dne®d b mtentrace

<

- poug2vans

Thiostrepton thio)

- koncentrace zIs@huBPMS®O roztoku
- poug?2vansg8 vl slve dnmeRIOi uogq/cralnt r ac e

4.1.7DNA oligonukleotidy

N§zev DNA olig Sekvenceil DNA (5
1552LRF TTCTGG TTG TAC GCC ACC AC
1552LRR CTG CAC CAG ACG CTGATTTC
1552PRF CAT CTA CGT CCA GGC CAT CA
1552PRR GGT GAG CGA GATCTC CACCT
1636LRF GCA GAC CTC TTC GCC GTAGC
1636LRR TCT GGG AGG AAC TGG GCT TG
1636PRF CAC CGA GCT CTT CCA ACT CG
1636PRR AGA TGC TCT CCG TCC GCT AC
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Spec200 ATT TTG CCA AAG GGT TCG TG
Spec1300 TCA CCA AGG TAG TCG GCA AA
1552wtL GTA TCC GGC CAT CAC GTT GT
1552wtR ATC CGC TCC GAA CTG TCC TC
1552wtonly GCT GAC CCA TGC CGA GAT AG
1636wWtL CCT GCG CGG GTA CTT GTA GG
1636WtR TTC GGA ATG GAG ACG ACG AT
1636wtonly ACA TCG TCT CCG TCC TGG TC
Tab. 2bt 1 §6 5b! 2{ AHDY ey { FANRIEHINA 68 5§ OS5y OS 5b ! «
2t Ad2yd]fS2iARe o68fed R2Rtye® TFTANN2dz DSYSNR . A20¢

4. 1.8 Velikostn? standard

Thermo ScientificE GeneRudUse250td10B00OBINA Ladde

GeneRuler 1 kb DNA Ladder
bp ng/0.5p9 %

10000 30
/ 8000 30

/ 6000 70
—_— / 5000 30
— %4000 30
u— . 25()) 30
===1"" 3000 70

— 29500 25
—2000 25

— 1000 256
—1000 60
g— /50 25
—500 25

=

o C_J"lO'IIO‘JD'}CD—l@m

-
N

(&3] N n

1% agarose

0.5 pg/lane, 8 cm length gel,
1X TAE, 7 V/cm, 45 min

ho N my St AR200NON yEl & Hikeldd ISNIJG N2 T2 NB T dzd t njé
z: https://assets.fishersci.com/TFS
Assets/LSG/manuals/MAN0013004 GeneRuler 1kb LRdder 250ug UG.pdf
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419 Komer |l n2z Kkity

Ki t pro I zol aci chromozom8l| n?2 DNA (Wizard

Promega)

- Cell Lysis Solution

- Nuclei Lysis Solution

- Protein Precipitation Solution

- RNase Solutiofi 4 mg/ml

- Roztok RNasyA v DNA Rehydratation Solution

- DNA Rehydratation Solutioin 20mM TrisHCI (pH 7,4), 1mM EDTA (pH 80)

Kit pro izolaciplas mi dRNWA ®E. coli (High Pure Plasmid Isolation Kit, Roche)

- Suspension Buffer (50mM THYCI, 10mM EDTA, pH8,0 s k| a tedngianl v
pSi )4 AC

- RNAsa A

- Lysis Buffer (0,2M NaOH, 1% SDS)

- Binding Buffer @M guanith hydr ochl orid, O0,5M octan di

- Wash Buffer | (etanol, 5M guariil hyrochlorid, 20mM TrigHCI, pH 6,6)

- Wash Buffer Il (etanol, 20mM NaCl, 2mM T#&Cl, pH 7,5)

- Elution Buffer (10mM TrisHCI, pH 8,5)

- High Pure Filter Tubes

- Collection Tubes

KAPA 2G Robust PCR Kit

- KAPA 2G Robust Hot Start DNA Pol ymerase (
- 5X KAPA 2G Buffer A with MgCbh

- 5X KAPA 2G Buffer B with MgCh

-  5X KAPA2G GC Buffer with MgCl

-  5X KAPA Enharter 1

- MgCl2 (25mM)

- dNTP Mix (10mM kagdl dNTP)

- vge skl a®dv &ArCo pSi
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4.2 Metody

4.2.1Metody izolace DNA

| zol ace pl a sBErmdold®amiookDaNRAssetl 2011)

1. Kul t ur uE. doluznalokl kuj eme do 1,5 ml LB m®di a
antibiotika a kultipljasmevipShkes zhwma vikes
Eppendorf pSi 37 AC na tSepalce (220 rpn

2. Kulturu zcentriguj um@®meSpim Rlus, EEpperidorf? centt
vchl adov®i mt 4t A®¥pmBSs. 12

3. Supernatant odlejeme a pelet rozsuspendujeme ve zbytku tekutiny.

4. Do zkumavky pSidg§me 300 Ol STET pufru ob
zvortexujemeVortexGe ni eE2, Scientific Industries)

5. Zkumavku inkubujeme na ledu pobu 10 min.

6. Pot ® pSeneseme zkumay, Grant)tankubuemen?oninl o | k u
pdi0o0 AcC.

7. Zkumavku centrifugujeme (Mini Spin Plus, Eppendorf W | adov ® m2 st nos
AC) DO®irpmPp&dobu 25 min.

8 Do nov® zkumavky odebkmZeme§gte GC2p@r Ok} a
200 Ol vychlazen®ho (4 AC) isopropanol u.

9. Obsah zkumavky dTkladnhD prom2Zth8A@. a sr §

10.Pot ® c e n t(Mini SpingRlug, &ppendorfyfc hl adov ® m2 st nost.i
p S2000 rpm po dobu 10 min.

11.Superna n t odl ejeme a pSid&me 200 (Mdi 75 %
Spin Plus, Eppendorfjc h1 adov® m2 st 000 pmpod¢ba5mMrC) p Si
Supernatant odlejeme, opRt pSid&§me 75 %

12.Pel et nechg8§me vaspgi® néadyuetucihs TE puf
Skl adujeme pSi 4 AC.

|l zol ace pl as Aicdipvo@®obNAkpmer| n2ho kitu (Hig

Isolation Kit, Roche)

1. Kul t ur uE. wund&&| kuj eme do 2 ml LB m®di a
antibiotika a kulti pljaemevipSl s z nwma vkes
Eppendorf pSi 37 AC na tSepalce (220 rpn
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2. Kulturu zcentriguj um@®meSpim Rlus, EEpperidorf? centt
vchl adov® 4m2AChop$i 14 500 rpm, 5 min.

3. Supernatant odlejeme a pelet rozsuspendujeh& \0 Suspension Buffer

4. K smRsi 259 dglme s Buffer, opatrnhD pr om?2
zkumavky.

5l nkubujeme 5 min pSi pokojov® teploth,.

6. KsmNsi pSdMBantel 85@®&n®ho Binding Buffer a
pSevracen2m zkumavky.

7.1l nkubujeme po dobu 5 min na | edu. Pot ®
(Mini Spin PlusqrmrBpprmrmdorf) pSi 14

8. Do zkumavky (Col |l ect i oronkti (Hmk Pure briiet st 2 me
Tube) a do n2 pomoc?2 pipety pSeneseme s
stoln?2 centrifuze (Mi BOOrpE,dmin. Pl us, Eppen

9.Ze zkumavky odstran2me proglou ¢gekutinu
promlvaokhoWameht Buffer | a zcenMinii guj ume
Spin Plus, Eppendorf) S i 50Qrgm, 1 min.

10.Ze zkumavky odstran2me proglou dlekutinu
promlvac2ho roztoku Wash Buffer [ a zc
(Mini Spin Plus, Eppendorf) S i 500rgm, 1 min.

11.SbNDrnou zgKruamplvkw tsekutinou odstran?2 me a
pl astovou zkumavkou typu Eppendorf, do k

12Do kol onky pSid§me 50 ul ®ktxoTB2paefemaraf
(Mini Spin Plus, Eppendorf) S i 14 500 r pm, 1 min.

13.Kol onku odstran2z me dasmdéaaunNA kskladugrbes a h uj 2 ¢
p SIA C.

|l zol ace genomov® DNA streptomycet

Vgechna mnogstv?2 jsou pol2t8ny na 1 g mycel

1. Mycelium kultivujeme W EME m®di u obsahuj2c2m sachar
pSi 28 AC na tSepalce pSi 250 rpm.

2. Mycelium zcentrifugujeme na centrifuze (Z 326 K, Hermlejido n ~ @0Sipm 8
pSi pokojov® teplotnh.
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3.Zcentrifugovan® mycel emewb zml§8§ g7 Fheo las ahowzjs
34% sachar - zu.

4. D81l my &el i u pnglysbAme(Sigméldrich)a pr o m2 c ®ifhe
inkubujeme vev 0 d n 2 (JB N®wmGrart)p Si 3@l &ALt ov® zkumavce
Eppendorf.

5. Kagdlich 15 min suspenzi 3x prot8hneme pi

6. Inkubace ve vodn?2 | §zddj dper oppSihdg§ nd2om dkoabpyk, y

kekapce suspenze na mi kr oskoppircoki@ns nfdmad | o

suspenze a jej2mu zgelovatiDn?z,.

7.PSidg&me 1,2 ml EDTA (pH 8), opatrnhD pr
roztoku ppnasy . Znovu s miksbujgme Bm2nauht § npeSia 30 4
vevodn2 | 8zni

8. Pot® pSidg&me 0,7 ml 10% D%, ver 8m2 AICSE me
| 8z ni

9. Suspenzi pSeneseme do odpaSovac? baRky :

10minvpokojepy ®ttnD.

10.PSi d&§me 6 ml chloroformu a protSep8v§gme
11.SmNs pSeneseme do sklenRnich ce@0Orifugal
rpom,10mi n. Horn2? f8zi odebereme pomoc? skl
zopakuiemé znovu pSidg&me Bnumtl pgreantpdhekpoy vbPn®em v
tepl oth, ng&sl| e nddl o rpdSfi cdr§mme, 6p mmt Sep§v §
acentr i f ugQQrmménim Si 8

12Horn2 f8zi opNt odebereme sklenhDnou Past
pSi dgrhe chl orof ormu im prot Sep&§v&me 5 m
13.0p Nt smNs zc @MtOr irfounguj5emeé n() 8 a pBerdre2m f §z i
zv8gen® zkumavky a url 2me hmotnost vzor
400g pSevasrena® sRMNIs imkgrAiCj eme 1

14.Vzorekp Sem2 st 2 aeSiddb§ heediu obj emu 5M NaCl a v
15.SmNs pSeneseme do k&dinky, pSid&me pol ov
visledng8 koncentrace byla 10%) a smhs
Pasteurovou pipetou. BRDhem sr&8gen2 se DN
16.Takt o navinutou DNl vyghez e m ®Ih ® c hMm%%e e tlh an

anech8me sugit na vzduchu.
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17Po uschnut? DNAppfSemeseme@liass ov® zkumav|
kam pSid&§me nav2c 500 Ol 1x TE pufru. DN
viednici pSi 4 AC.

18.0al g2 den po puluz ppuSy tdrBretel NS avml smbdn ®h o &
100%vychl azen®ho ethanol u.

199Novou zatavenou Pasteurovou pipetou s mDs
navineme.

200DNA znovu ol 8 cvhyncehmzsb2% neRthhobanol u a nech§&
navzduchu.

21.,Po uschn wetedemdifFApepSou do plastov® zkumav|
kam pSidg&me 200 Ol 1x TE pufru.

22Takt o DNA skA@dujeme pSi 4

|l zol ace chromozom8l n?2 DNA ze streptomycet

Genomic DNA Purification Kit, Promega)

1. Kulturu streptomycetk ul t i vuj eme na t SeHME c m@diSu 2
spS2slugnimi antibiotiky pSes noc pSi 30

2. Do steriln? 2 mli plasdonvi® pkamasd«me t¥ pn
azcentrifuguj eme na s(MoiSpirtPlug &ppéndorf)f uze ¢
p 94500rpm, 5 min.Odlejeme supernatant.

3. Kpel etu pSiEDNT®Rmé0c3 4G ozymu, opatrniD pr om?2
pipety.

4. 1l nkubujeme 10 mitne prBo bCHRQOKBDIaD) 37 AC v

5. Zcentrifugujemena st ol n?2 centrifuze <cadrfyri fuze
p 94500 rpm,7min.Odstran2 me supernatant.

6. Do zkumavky eISiNgmeei60lay sdamsatSonllutproom?2 c
pomoc?2 pipety.

7.l nkubujeme 5 min pSi teplothn 80 AC. Nech

8. Ks mNDsi pSild §meRNDXW. Prom2ch8me opatrnl
zkumavky.
9. SmNs inkubujeme pSiin3d7 plod poneddiEme 45y

napokojovou teplotu.
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10.PSi d § me 200 e | ProteandPklezdmpiDt &tvioon e x
Inkubujeme na ledu po dobu 5 min.

11.Zcentrifuggemena st ol n?2 c e n(MiniiSpiu Rles, Eppenddrfy i f uz e
p 94500 rpm,3 min.

122Supernatant pSeneseme do nov® plastov®
pSi d&md s opanol u. Prom2ch&8me pSevrace.]

13.Zcentrifugujemen a st o | me? centrifaze(MiniiSpiu Plus, Eppendorf)
p 94500 rpm,3 min.

l4Supernatant odstran2me a pel et nechs§g§me

teplotDn.
15.Po0 vysugemeéletups®s Id Sm@¥%anol u. OpNRNt zcentrif
16.Et hanol odstran2?me a nech8me pelet wuschn

17Po vyschnut? zkuaethalEguffu. pSi d&§me 100
18DNA rehydratujeme inkubov8n2m lpdoicidobu 1
pSi 4 AC. Takto.DNA tak® skl aduj eme

Glass milk izolace DNAza gar ocsgelu ®h

1. Na 1% agar z o gel neneseme DNA Ladder (Gene ruler 1 kb, Thermo
Scientific). Vedle mbjgadowveaneome DMNAR [kreo
p Si d 8/Mmabjemu 6x loading buffer.

2. Po skonlen?2 elektrofor®zy pomo’c?DNAKal pel
Ladder a | 8st vzorku. Tentbhoarpw2ow?2gne kr agzetl au
(5 Ol Gel StarE Nucl ei 8OmAM&TAE). (Lonza) rozp

3.Po osvzcen? prougku gel u WVOrienwjpmel em wur |
sepodlestandardu @ b a r v 8 szBrku, kdes i zaznal 2me pol ohu
apruhygeluzase n§slednh pSPianolg? meagetednde N s e |
zneobarven®ho gelu vyS2zneme.

4. Gel ov1 f rg@gama®ly ge B u 0B @liNal Hnoku.

5. Gelvpl ast ov® z k uma v mkubujenyepitu e rEnpopbel nodl okruf  ( QB T
Grant ) ,udkids&afarAe® r o z(pmasxtizm& |l nN WHak 5 mi |
inkubace zkumavkp § r k e 820D pr ot Sepe me.

6. Po skonlen? inkubade ftkdmawakdopS®ImntmavKme
skel n®ho ml eka(dozivex e@enieeE2, Scientifi
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7. Zkumavku inkubujeme 10 mnl edu X sepumkc ®@nt ri fuguj eme ve
centrifuze (Mini Spin Plus, Eppendorf).

8. Supernatant odlejeme a sedim2i8x promyjeme Inl New Wash roztokem

9. Po posledn2z2mapkomyttlt Bkyednou kr 8tce o
automati ck® pi p edztgkuNeidvivashPalet forsespendujgniee k
ve200l st e®id nBNAIHel uuj eme mmSi 53 AC po dc

10.Zkumavku na 1 min zcentrifugujeme a odeberaime | i st ® wKyer i | n?2

supernatant sluovanou DNA.
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422Met ody daDN® pr8ce s

Fenokc hl or of or mov g8 extrakce DNA

1. K roztoku DNAumapkastyoyp® Eppendorf pSid

chl oroform ve stejn®m objemu jako je roz
Roztok s DNA achleot o®dmnmmenmf pmaoanéxe h 8 me kr

3. Plastovou mikrozkumavktypu Ep pendor f stol 2me na stolor

5.

SpinR us, Eppendorf) BRI 14 500 rpm po dob
Odeber eme vodnru DINSAzZ ia ophSeadlausiatptgpu d o | i s
Eppendorf

DNA pSesr§gasm@emét ®iNAuU ost anu sodn®ho a ¢

Sr§gen2 DNA octanem sodnim a ethanol em

1.

Kvodn®omot oku DISM p$it ¢ @Hi® oobjemu 1/10 objemu
roztoku DNA

D&l e pSidg&me 100 %20v yAcCHBlols@mezh foztokutDINA n o | (

3. Sr §3 2 me4Ommetoebpul-800t PAC nebe20p.SAeC noc v

7.
8.

Roztok$ o| 2 me na s {MniSpiA Aus, Eppeéndoiff $1izel4 500 r p
po dobu 15 min pSi .4 AC v chladov® m2stn
Supernatant odsut rmPiddgohjemy76 %pelyethl|l azen®h
ethanolu2 0 .AC)

OpNt stol2mearndauséops? ad% 5M@i0n rpi pd A
vchl adov® m2stnosti

Et hanol odstran?pnieasatkopve®receneghb8met vna v
Pel et DNA r o zIlg TEspufi nebo vdD5 0 Ol

MNSen2 koncentrace DNA

1.
2.

Rozt ok DNA naSed2?me vodou stokr &t do ob]j

Na spektrofotometru (Ultrospec I I E spect
absorbahpovPS®l ve kZ@ennTch kyvet&ch Q
Q,LKB Biochrom). Jako blank pougijeme 10
dang8 DNA rozpugtPDn8 (obvykle 1x TE).
Koncentraci DNA vypol2t&me na z8kladn vI
Pokud A= 1, pak c¢cDNA = 0,05 g/ ¢l
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4. Li stotu DNA (kontaminacisprimaredeypSizjvlis
d®l cem280u ur | 2vateghurwa PPKPddMByYy se mDI pot
1,82.

Gt Dpen2 DNA restrikln2zmi endonukl! e8§zami

Gt Dpen2 DNA bylo provs8dhDno restrikln2mi eno
pomoc2 pPusrdTgnRoktok pro gtNpen2 mNDlI vDtgi

Se Z.

3 el roztdBueQNANAD), 1

-1 el pS2slugn®ho pufru
1 €l restrikln2 endonukl e8zy
5 ¢l dH2O

Doba ¢t Dplens? hboydlpah yImpBh2 teplotN PTr9gAd@ani e
vt ermobl ol ku (CH 100, Bi osan) .

Pro gtBhDpen2 dvBDma restrikln2zmi endonukl|l e8zc¢
Pufr byl zvolen takovli, jeng se nejv2ce bl?2

Ligace DNA (Sambrook a Russell 2011)

1. DNA po fenolchh or of or mov ® eexrt?r adtch a rao | peQre swy8sju g -

navzduchu a k peletu pSidg§me:

- 2 ¢l 10x koncentrovan®ho T4 DNA |igaln?
-1 €l T4 DNA |ig8zy (Thermo Scientific)
- 2 ¢l PEG 4000 pro ligacficy tuplTch koncT

- 15 g0 @dplokud nepSid§vs&me PEG 4000, upr
2. Inkubujeme12 hodiny, pS2padmnBr m®&Ehemddmt pSi 22
plus, Eppendorf).

3.Lig8§zu inaktivujeme inkubac2 10 min pSi

Defosfoy | ace 5EkoncT DNA po ¢gtDpen2 restrikl| n?
1. DNA gt NDp2me zvolenou restrikln?2 endonu
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2.Po ukonlen2 gthDpen2 pSidg&me do roztoku

pufru pro Fast AP akalickou fosfatg8zu a
3.l nkubujeme 10 min pSi 37 AC
4. Po inkubaci inaktivujeme fosfat8zu 5 m

DNA agar-zovs8 elektrofor ®z g¢Sambrook a Rusgelb nt 81 n 2
2011)

- Agar -zovl gel: 1% agar - -za IXTAEpukKue mE LE
+ 104x Sednhdnl barv2c?2 pS2pravek Gel St a
- Elektroforetxi @lE PpSipravend z e Z8s

koncentrovan®ho TAE roztoku)
- Nan8peca2 61 koncemufovpmd agag8grc¥You e
ve visledn®ckohken
- Veli kostn? standard: Ge n e fowbee2b0TtM 1k b D
1000 bp (Thermo Scientific)
- Napnt 2. 90 V.

Vzorky naneseme do jamek a neeh8mhmérpbtboedtc
vany vyjimeme D NA zvi di t el n2 méV nawsit2lcem2ma ptodansi
(UVT-20 ME, Herolabp vy f ot 2 me.

PCR reakce

PCR reakln2 smhRDs m2ch8me n&®CRedeagomopdugte
KAPA2G Robust PCR Ki't a postupujeme dle p
Teplotanased8@aeés[eprurml 2 jako pr TmBDrn8 hodnota t
virobcem (Generi bcieoltkeocvh® m oPbdRe npur 02b%? h(C8l :v

T 16,3 Ol Bterilnz dH

T 5 Ol 5x KAPA2G GC 2pufr obsahuj?2c?2 MgCl

T 2,5 Ol 2mM dNTPs

T 0,25 Ol Forward Primer

T 0,25 Ol Reverse Primer

T 0, 5ed@pl 8§t ov® DNA

T 0,2 Ol 5 U/ Ol KAPA2G Robust DNA pol ymer §
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Krok Teplota Las Pol et cyl
Pol 8tel n295 AC 3 min 1
denaturace
Denaturace 95 AC 15s
Nased8n?2 |[PrTmDrng |15s 35
Elongace 72 AC 90 s/kb
Fingln2z 72 AC 5 min/kb 1

Tab. 3Rozpis PCR.
Kl onovg8§n2 PCR fragmentu natupo
Fragment

1. PCRf agment pronkRhesem8Sma lkglar-zovou gel o
(Consort EX2 4 3, Mer c k) a pogiadol agelnuf zpaogmoecn?t
Glassmilkk metodyE| uce DNA byl a prove@ena do 25 (

2.Pro fosforylaciel a3i®@vieam®c DNASi3d Omhe 110 x PNK
mM ATP a 1 Ol PNK.

3. Inkubujeme t e r mo bTheradStat plus, Eppendd S i 37 AC po dob
min.

4. PNK inaktivujeme w e r m&udQBdl, Grantp Si 70 AC po dobu 10

5. DNA extrahuj e mec mleartaf8d rnhem,f emtod| 2 me ve
(Mini Spin PluS§pOEppengor dpbpSE mén. Ode
pSesr§8§g2me pS2davkem 1/ 103 abpm@muo0B8mM Na.
vychlazen®R206 AChan&r §&$e mRC40 min v

6. Centrifugujeme ve stoln2 centbODfpmze ( Mir
po dobu 15 min. S uip & § m3aobj@myt75%oethbneljl e me a
acentrifuguj eme $ie5084pmpornidoundmt ri fuze p

7. Supernatant odlejeme a sedi ment vysug? me

8. SuchlT sedi mert7 rOdz psuGetrei mpSzivdgkhe 2 O 10
pufru, 0,501 2 mM dINTPKI eanolw enzymer mbbkobukpue:
(ThermoStat plus, Eppenddrh S i 37 AC po dobu 15 min. l
inkubac?2 pSi 70 AC po dobu 10 min.
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Vektor

1. 0571 Og (1 Ol) veplkaotravetNDpdmevce typu
vcel kov®m objemu 10 ,Gdkubyedeé 3 @ podihyn enzy m
p $iogadovant®e it rap l{TherdidiStat plus, Eppendirf

2. Pro defosforyl aci 560 tkjoemmw § SO, § srte e @oliol ry2
pS2slugen®ho 10x pufru a 1 Ol FastAP. O
enzymT, kterlT by R4 Inkbbujeme maex imm$Il oD k 4
(ThermoStat plus, Eppendpg Si 37 AC po dobu 10 min.

3. Fast AP inaktivujeme inkubac?2 pSi 80 AC p

Fragment a vektor spoj2me do jedn® zKkuma

1. Do zkumavky pSi d§ mee u tsrt &lj mihowfarrbéj eermo |
aextrahujeme. Odebereme vodnou f§zi a pS$S

22VyschlT sedi mebhitsQ@leo 20 mzt JdiHed ymex 21 egal n?2
pufru sATP, 101 T4 DNAOI i p&ESY 4802 )t el mabobalj keme
schlazen2m (Ther moSt a2t2 pA Qi sn e jEp®nem d2o rhfo)d i
pSes noc.

3. DNA pSesr&§8§g2me pomoc?2 ethanol u.

4. Provedeme el ek.talippioz adgl &u.nnDk

Kl onoDNAfrégmentusk ohezi vn2 mi konci
Fragment

1. Fragment DNA, gtDhDpenl reesltkdwk®m-?2ditj emu o
byinanesen na agar-zovou gel ovou peolteBkt r of ¢
i zol oge§ru zpomoc?2 Glass mil k met2dy. EIl uc
steriO.n2 dH

Vektor

1. 10 Ol vektplrasgowWNWP2mkumavcel tkoyw®mE pbe reana
20 O pS2slugnim enzymem, i nkubuj eme 2 |
vter mobl ol ku (ThermoStat plus, Eppendorf
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2. Pro def osforyl aci 56 koncu pSi d&me po
vter mobl ol ku (Ther moStat pl uSmnEppendorf

3. FasAP inaktivujeme inkubac2 pSi 80 AC po

4, Gt Dpenl vekt mra kaglar naoesengel ovou el ek
EV243, Merck) gp ot ®o | ogve8lnu zpomoc?2 Gl ass mil k met
byla provedena d200k t er i20.n2 dH

Fragmentavektorsgpo2 me do jedn® zkumavky

1. Do zkumavky pSi d§ mee u tsrt8elj nthtofarrbij eenno |
aextrahujeme. Odebereme vodnou f 8zi

2.Vodnou f&8zi pSesr§8§g2me pS2dawvdk enbjle/mT0 ol
100% vychl azeh®hdClet hamsYeaonmA 40 min v

3.Centrifugujeme ve stoln2 cent500rmze ( Mit
po dobu 15 min. S uip e § m3aobj@my 75%cethdnely e me a
acentrifuguj eme veS508mmpondbumEmt ri fuze pSi

4. Supernatant odlejeme a sedimerswy g2 me na vzduchu.

5. Vyschl T sedi mehtOrF ozQaamsit? $ned e 2 Ol 10«
pufru sSATP a 1 Ol T4 DNA tleirgnaosbylc & |l llanzkeusb?um e
(ThermoStat plus, Eppendorf) pSi 22 AcC

6. DNApSesr§8§g2me pomoc?2 ethanol u.

7. Provedeme el eEktadiopioz adgl dunnk

423Met ody transformace bunhDk plasmidovou DN/

PS2pehebltr ok onpuenBkoliSUREaR. coliET12567/pUZ8002ro
elektroporaci
1. Do5ml LB sm®dis& u ¢oioflkyzia calnktpip §mdovanBu kul tu
coliakul ti vuj empSesSin Ba7l cC (t \SBEN0®GtLe k )N p Si
220rpm.
2.2mnarost!l ® kultugop mlzadBk uni@dtieao d® baRCc ¢
bezanti biotik. TSepeme na tSepalce pSi 37
3. Kultivaci ukonl| 2 me, @&d7kadd gt &tud tah\w? Ideo sd
Kulturu neusts8le na | edu.
4. Kul turuv sthl amen & 326&KnHemi¢f upzSei Q@O rphC, 6
podobu 10 min.

62



5.

6.

7.

Supernatant odlejemeasl i ment re2@mu st & dne d®O,n 2t ot ®Q

opakuj emeou.j egthD jedn

Kul turu opnt lsd D 2 rde jsauljeme @atmmRk yod

rozsuspendujeme &, 5 m| | edovli®h% gsltyecreirlonl2uhoa r o
po5001 do steriln2ch 1,5 ml plastovIich mi

BuREQuUgi j emel ol mop &r aci a8®heA®. uchov§gvs

Elektroporace el ekt r ok ompet e rEt ncoélic SBUREb a nH k coli
ET12567/pUZ8002(Sambrook a Russell, 200)

1.

Kvysugen®mu ped @den2DNBNAoocst anem sodnlm
pSi d&§me |l kDUnpet ent n2Ec eoli BURE Nriebo E.  coli
ET12567/pUZ8002 pchb®,me a i nkubujeme na | edu 10

SmDs pSem2st2me do vychlazen® el ektrop:
provedeme transformadil e parametr T pS2stroje (Elect
830,B T X E) E.pati:o

T naphDtz 2,0 kV
T d®l ka9pubgu
T 10 pdzu
T g&amezery v kyvedl mm
1 intenzita ple 20 kV/cm
|l hned pSidg§me 1kultork kulBv@ene #i@&dhiva nlkau b §t or u
(NB205L, N-Biotek)p SiepBdtz%C st §1 ®ho t Sep&§n2 (120
B u Rkyygeme namisksLBagaems pS2slugnlmi antibiotil

5. Miskusk ul turou inkubuj eimek pls8&-€dl,PaleghpSi 37

Ko nj u2pgehosplamidu z E. coliET12567/pUZ8002 do streptomyet

E. coli ET12567/pUZ8002

1. Bu RE.goliET12567/pUZ800% yr ost | ® npaS2LsB um@diimi sant it

pSeol kujeme do 2 ml tebhpp®hsl UBnB®dntai bb

2. Bu RE.YoliET12567/pUZ800X u |l t i v uj e mE\B205L, NiBtekp a | ¢ e

pSicB,7 220 rpm pSes noc.
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3. Dal gpSedehkujeme 150 Ol kultup$2 dlou d@rsT mil
antibiotiky a kultivudod#me pSi 37 AC, 220

4. Po dosagen?2 pogadovan® opt (MnikS@inRlus,nzi ty k
Eppendorfp Si  4000ApEn, po dobu 5 min.

5. Swernatanbdlejeme a pelabzsuspendujemed¥ 0 ml LB m®di a, n§gs.|
centrifuguj@orpmpgo8dbusminAC, 5

6. Pot® proces zopakuj eme.

7. Po vy jcentrifugy supernatant odlejeme a pelet rozsuspendujemmel\LB
m®dinea | v® p | a avceaywREpzekdarin

Streptomycety

1. Sporypogadovan®ho kmeme sstlr®e ptBetnwSoise®d i u v
sterilnnNn ogetS2me 3 ml 2Xx YT m®diem a
zkumavky typu Eppendorf.

2.Spory ve zkumavce podr500b2@m@moStatpluspt n2 mu
Eppendorfpo dobu 10 min.

3. Pot ®p &kr §m pSi d & me u® Bicoli BT12567(pUZ8002a yy
centr i f ulgbop empe dopuSLimin.

4. L 8st supernatantu odst r amzsuspendujemee zbyl
anapi petuj eme | ej na Petriho misku obsah

5. Kul turu kultitverjmrmet #Cedp Pidcd&®®ho dne.

6. Dal g2 den T ombustGemed@adolWw anou koncentr .
nalidixov® a pS2slugneRit@enamnt iplSiemtSiglea,] m:
at 2mto roztokem pSel ej eme poNarkgsdinumi sky
nal i di xovou jsou streptomycety pSirozent

7. Misky kultivujemevt er most at u, dokud se neobjevz p
4. 2.4 Analytick® a separaln?2 metody

Extrakce sekund8rn2ch metabol i tT ze strepto
Inokulum

1. Do 30 ml GYM m®di pogadbokan®me &smemnyg st
akultivueme48hp Si 30 ACp %ia 2 S® prapg m.e
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Fermentace

1. Zinokul a odebereme 8 ml a t ykulzvajeome k uj e me
72 h Kulturu stol 2me pSi O0pOapmo$upem@ant epl ot |
sl ejeme do odpaSovac?2bbRIR&kmi aa d$u me rpnraat
( m®di em) zvl §¢g8S.

Supernatant

1. Vsupernatantu rozpust2malNaO@l2gdlal (2&by
nal00 ml supernatantucca 5M roztok).

2.Kroztoku pSidgme 1/ 30 dopbg Seomua ce2t hbya Raccee t rfd
mi nut tSepat na recipchladov@Semas treo PtSii
vet mDn.

3.SmNs stol 2me pSi poilbd0mEM.® tepl otND 15 min
4. Horn2 ethyl acet8tovou f §8zi pSeneseme sk
kterou u20gAte dokud néd&®kami2me pr8&ci s

BuRKYy

1. KbuRk&m pSidg§me aceton o objemu 1 cel kov
2. Suspenzi tSepreneSengadl reeivpnr§dlenvce 30 mi nu
vchl adesv®@osti , ve tmhD.

3.SmNs pot® pSefiltrujeme pSes filtraln?
odpaSujeme na rotal n? vakiconwroBHeddighar ce (L
Il nstruments) |p8&zint e3p7l 0AQ), vpoddt2l-450 se pot
mbar.

4. Pot ® baR@ev zbyde pouzef aeé® mapagSovE&n¥od
akez byt u kapal i3nopjemp &8 d §nhe 2t hyl acet 8tu

vodpaSovac2 baRce na recippnodchd at Se@Pal c

m2 stnost.i ve t mnD.
5. Pot ® smRs stol2me pSi 0@@epkoj ov® teplothN 1
6. Hor n2 laceetth§t ovou f§zi pSidg§me do odpa!

ethya c et 8§t o extrakce kzeSsapernarantu.
7. Ethjacet St ovou f 8§zi odpaSujeme do sucha na
vodn2 | §znhD 3 716@0Mbara podtl aku 150
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8. Pot® do odpaSovac? baRky nalejeme pSibli
opl 8chneme skl enDnou pi petwvakyzda max®hakt n
skla, kdy je extrakt zklkadhuwjetithe A@Sin na 100

Chromatografie na tenk® vrstvpD (TLC)

Mobiln2 f&8ze byla tvoSena benzenem a aceto
tvoSily TLC hlin2koW®b5deskwer(ckl)C pDiklriya a® el
sfl uorescen| nsm indi k8torem F

1. Vzorky naneseme na TLC desku tak, aby b
sebou tvoSily rozestupy o vzd82ocmnosti 1
ods p o d okfaje.o

2. Vzorkynae s eme na startovamPkiost 852pambyg?2Hain

3. Po zaschnut?2 skvrn TLC desku vliog2me do
f8zi do vigky 1 cm. Wrynwa jmali lurk?o nfl & 2ne | d «
lcm od horn2ho konce TLC desky.

4. Pouschnut 2 desku vyfotogr adrugteanep @uS§i joeznt
probi ol ogi ckT test (viz d§le).

Biologickl test

Pro biologickIT test Bhcilus suptitisuTgn byl kudtieujerne t i v n 2
ve30ml komer|l n2ho TSB m®dia (Oxoid) pSes noc

1. Do | tvercov® gmivagdriak, abpt @ jn & ®em®rd $ 2ahifoh)
dno. Miskusn®di em nech8me ztuhnout .

2. Do dal g2ch 25 tnmlk urt ®hwa S earl &mand ir @ Np Siyd Hma
Imiteku® kul t ur y oBagdllastsubiii¢ cT2 mporgphNt pSel e]
a ophNDt nech8me zatuhnout.

3. Namiskuse zatuhlpot m®pdSemog2me TLC desku ¢
extraktT tak, aby mezi d e ssknskousataklbg ar e m n
poneclB 15 nhianmitn 8w n2 m pbwxahu pag®r w odstran
ami sku kul tOACuU jpsSmes mPic .3

4. Dal g2 den pozorujeme inhibiln2 z-ny a vy
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Kapalinov8 chromatografie s &VNMPpablestir of ot on
atandemovouhmot nost n? -HWVYISSMIMS) (LC

Extrakty zk menT BCCO10 1636 a BCCO10 1552 byly
UVIVIS-MS/IMS. AnaVv iy hadmd®c obvy8 y pamem Ing. davigm
Kahoun,Ph.Dp Si Ji ho| e slke®s Wind tv eBwd MjNo wi c2 ch .

Kapalinovs§ chromatografie (Liquid Chr oms
jednotlivich slogek extraktu na z8&8kladnD |j
f §z2 umhtrm@t oyr af i ck® kol onh a mo b i |
chromatograficBouHrRotoasunprep®ktrometrie
MS) se veCspopupgh¥8§sjako detek| n2 technika,
ZzZLC nejprve pSevedeny na ionty, kter® | sol
hmot nosti a n8bojeen(zm/tzy) vagerc &l ateidvnne®t | i W
zaznamen8ny ve formhD hmotnostn2ho spektra

Vkagd® anallze vzorku byl yceplr@® vieM ein W | zS§ zorbe
z8znamy jednoduchlTch skenT (full scan MS)
vzni k!l Towh faz2algenment ac?2 z pSedem definovanT
ilont T (data dependent full scan MS/ MS), a
ioni zace vyhS2vanprnbdlhaktcels®@ranpalml. zywW t ak
z2sk8vs8§ny pln8spbkoral a2F8&8M$ VIl SAdFSMS/ MS

dl e definovanlTch podm2nek.

Pr o kvalitativn? anal T zu byl pougit Ppr oo
ScientificE). Program je vhodnl pro anall

c2lovich sloulenin.

PS2pmrawvorku k analTlze:

Vzorek byl pipetou pSenesen do plastov® m
15ml , kter§&8 byla @@dtgi pogawdmua 1®Simi 20 p Si
supernatant pSenesen tho 4@0e®Dn®rd eir h z ryt
veskl enDn® HPLC vialce o objemu 1,5 ml. Vi
a vzorek byl pot® i hned analyzovs§gn.
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Podm2nkKW/NVBE®S/ MS anallzy:

Chromatograficks§ separace byl a provedena
WATERS ACQUITY UPLCBEH C18 @ 0z mNDr ec h 5We Ixi k20,s1t 2mm 8ss

1,7 Om (l2slo produktu: 186002350) na ¢
Ultimate 3000. Jako mobip%$h2dafvkzen Aybygl
mravenl|l2 (0,1 % obj.) a |jako pmsctkialvrk2e mf § z
kyseliny mraven] ? (0,1 % obj.). Tepl ot a
kol onov®ho prostoru |linila 30 AC, pr Tt ok

syst®mu za vichoz?2ch po dtam?4ndeskhoglrd@dare nt ov ®
Objemn §st Si ku vzorku byl 2 Ol

Reten|n2 | eéMobiln2z f8zeMobiln2 f §8zce
0 95 5
1 95 5
21 5 95
22 95 5
29 95 5

Tab4DN} RASYy G 2.06 LINEIANI Y

Spektrofotometrick8 defemoe zB8yhamwprphvedel
vrozsahu 19800 nmaz §r ovelRiwu z8znamu 4 fixn2ch vl
250, 300 a 500 nm. Hmot nostn? detekce b
elektrospreje Thermo HESI Il lai ne 8t o¥ ® | past i Ther mo Vi
pSi§sl eduj2c2ch podm2nBS§&W:;, mnapiDioz ankakbap i
prTtok hlavn2ho zmlgovac2ho plynu 60 arb.
20 arb., potenci 8l na br zACFVcByly gdvedé&ny r od N p
z§8znamy jednoduchT chrozsdhe20q200mf &l |i szc8am ahy |
skenT produktovich iontT (pdraetkau rdzsgneln dve nt

200-1200 m/z.
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5 Vypracovsgn2 a visledky

5.1 Srovngn2 aminokyselinasvlich sekvenc?2

Oba kmeny BCCOl1l0 1552ganBCCOk®ujpkd36repaql
pozitivn2 na gsSHRemA mnoRkrtotg@entuyl o vhodn® pr
aminokyselinovich sekvenc?2 produktT danTch
vgechna aminokyselinov8 residua konzervova
aminolevulin 8t synt 8zu a tak® zda obsahuj?2 i wvgec
aminoky sel iny bylygde@eiteb@. P8dHouPro srovng§n2 b
jednotliv2 producenti zn&gjebnotkuu manumyci nT ob

RSFSRSFIFTTSLPPA
T

T
2 300

VSDDSHI VY

SVFVGDDALCKRASALLLERE

AL
AP AT QAAP A
VT cr HEE PGTDG

t 2L 8 2 ®RNK ONdzaYiNI v S
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hoNXP Mo t2NRGYHYN | YAYy2] e aStiiyRdadk 2SR WSO
LINE RdzOSy G4 | 1YSy4a ./ / tSmcalvum prodacent annimydinhSan  mMc oc @
aizunensis; producent Ece0230], S. parvulug; producent manumycinu AS. nodosusssp.
asukaensis ¢ producent asukamycinu,S. aureus ¢ producent colabomycinu ES.
xanthochromogeus ¢ producent reductiomycinuS. bambergiensisproducent moenomycinu
A, S. hygroscopicusproducentL-155,175,S. lohiig producent bafilomycinu B1, kmen BCCO10
MppH ol StSyt Tyrélrlos 1YSYy ./ /hmn mMcoc OFALf 20
& K 2 R yptoduk&mals genu S. nodosusssp. asukaensise a 2 dz Yy | 6SNYSY LERR
lYAy2ledaStAy20t NBaGAGUA ! SN &%2 dzAMNERRIYS |1 ¢
2a2dz 1 @eNI T ySyl Of dzi Stvitow SABASRsdzl6/ SINBFS Y 2 O K LIANE §516 O
0t Singtdl.poasd

5.2 Genetick8 anallza kmene BCCO10 1636

Kmen BCCO10 1636 byl zgkbadWWtgepe§cick®hlor
na pS2tomnos themAo n®el noegtui cgkeonuu anal Tzou 50 kbp
byla zjigthRDna pSaltasmampst ogecbnu Sddpgewnidi®n
CN jednotky (obr. 20) .homBYy laye méyb jdeivoesnyyn tie td ac
genov ®ho shl ukStregiompcesmadoskshspasukaensis( kter T se S

mezi manumyciny.

7 8 9 10 11 121314 16 17
o mp mmp ‘« e mp ) 6
20 21,8Kb
I I |
18 19 als 22 23 24 25 26 27 28 29 30
|
@QW@ - (e
21,8 30 40 45,3 Kb

31 32 33 34 35
sémad@e

45,3 50Kb

t2LJAa 20N¥T1dz vy RIFftON adGNIyS$S
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hoNX¥ wn [21da 2 SGSEA12aGA pn 10 Ldskmerel SOnjSy &)
BCCO10 1636. Popis jedrdte OK 6 G SONOK  NIyWA¥S @éinih wt g defRldz2 NO )
L2 G Sy OAt £ yN Syl evyasSh diyIRe RFgzNY &S CNASHBE G Q@2 £ 2 Ty N
1S 3ASYyAY 1s5sRddzZ2NONY o N KESdries &8 gem y 12V ¥ DRMA >
2aiGlGyN hwCo
ORF| t 2R20y2aiG 18 Funkce bS2oft AO(

./ GNY yaLRNJ f+ 4GS |RPE38095.1

t&yt 65y N
[

1 (0! ¢ttt T 204t kLIS aLk2GnSoe ! ¢t
podjednotka)
KAGAYLH T w2l Ll222@dt yN 3 & WP_123971906.]
v chitinu.
K2 3dzt F 6y N Fl{xFT ol al OKI NA R4 WP_123971905.]
MFS (major facilitator aSYONI y2@ée (NI y WP _089106019.]
ddzLISNFF YAt @0 |[TH1EFRS 2avY20Ad
al Nw GNFyaiNjwS3dzZ I OS 2 LISNZ ) RPE38091.1
NBT AadSyOr @a&cA
FYydAoA2GA1Z YI L
STt dzEYy NOK LJdzY LJd
rrr 1 ettt il | @RNRf ed & dzO X N Y WP_143675131.]
LINE 1 2YF2NXI SYN
¢Sdwk! ONW GNJxFT ok yIF 5b! I Y WP_089104339.
NB 3 dzf + G2 NJ 0 dzzqodmoth O &€ & i NXF
produkce antibiotik atd.
g | LM FA2RSLISYRSY|hEARIF 6YS NBRdz] § WP_136722945.]
2EAR2NBRdz] Gt 1
9 | GQytochrom P450 hEARIF 6y S NBRdzl § WP_129251097.]
10 | Ferredoxin YFEOGFEelt 2N 2 EAXWP_030077822.]
LINRE OSa 4o
MFS (major facilitator aSYONI y2@ée (NI y WP _093713798.]
11 (A dzLISNF I YAt &0 |Y2€S1dzA yIF T+ ¢
tlaku
TetRO NI YA NBEUHIE {WSRY 21 2YLIRY Sy (2 WP_165234659.]
alLkzcBygirairziaaro]
al Nw 4N} yaONjwS3dzA I OS 2 LISNRyY WP_120682186.
NEBT AaGSyOr @46 A



https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_RPE38095
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_RPE38095
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_RPE38095
https://www.ncbi.nlm.nih.gov/protein/RPE38095.1?report=genbank&log$=prottop&blast_rank=1&RID=8KJ4AFZ3014
https://blast.ncbi.nlm.nih.gov/smartblast/smartBlast.cgi#alnHdr_WP_123971906
https://www.ncbi.nlm.nih.gov/protein/WP_123971906.1?report=genbank&log$=prottop&blast_rank=1&RID=8KJGSAHT011
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_123971905
https://www.ncbi.nlm.nih.gov/protein/WP_123971905.1?report=genbank&log$=prottop&blast_rank=1&RID=8KJV7MF7014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_089106019
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_089106019
https://www.ncbi.nlm.nih.gov/protein/WP_089106019.1?report=genbank&log$=prottop&blast_rank=1&RID=8KKD2RV2016
https://blast.ncbi.nlm.nih.gov/smartblast/smartBlast.cgi#alnHdr_WP_093508471
https://www.ncbi.nlm.nih.gov/protein/RPE38091.1?report=genbank&log$=prottop&blast_rank=2&RID=8KKH4VPG014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_143675131
https://www.ncbi.nlm.nih.gov/protein/WP_143675131.1?report=genbank&log$=prottop&blast_rank=1&RID=8KNAUSM0016
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_089104339
https://www.ncbi.nlm.nih.gov/protein/WP_089104339.1?report=genbank&log$=prottop&blast_rank=1&RID=8KR8FVZM014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_136722945
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_136722945
https://www.ncbi.nlm.nih.gov/protein/WP_136722945.1?report=genbank&log$=prottop&blast_rank=1&RID=8KRG09RB016
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_129251097
https://www.ncbi.nlm.nih.gov/protein/WP_129251097.1?report=genbank&log$=prottop&blast_rank=3&RID=8KS6504F01R
https://blast.ncbi.nlm.nih.gov/smartblast/smartBlast.cgi#alnHdr_WP_030077822
https://www.ncbi.nlm.nih.gov/protein/WP_030077822.1?report=genbank&log$=prottop&blast_rank=1&RID=8KSF8K98011
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_089106019
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_089106019
https://www.ncbi.nlm.nih.gov/protein/WP_093713798.1?report=genbank&log$=prottop&blast_rank=1&RID=8KSMYC8X014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_165234659
https://www.ncbi.nlm.nih.gov/protein/WP_165234659.1?report=genbank&log$=prottop&blast_rank=1&RID=8KSV93JZ014
https://blast.ncbi.nlm.nih.gov/smartblast/smartBlast.cgi#alnHdr_WP_120682186
https://www.ncbi.nlm.nih.gov/protein/WP_120682186.1?report=genbank&log$=prottop&blast_rank=1&RID=8KTNRFP8011

FYGAOAZ2ZGALlZ VI

STt dzEy NOK LJdzY LJd
NI yaltR2tt T 1|t NBLR2Sy N 3If &} 2 WP _055587560.]
F2aFt 20S RNI K&
. FADBRSLISYRSY Gyt nfSy2a S& SRy SE Y WP_030921499.]
2 EAR2NBRdz] Gt 1 molekuly na druhou.
¢Sdwk! ONW GNJ+xFT ol yIF 5b! X Y WP_035865210.
NB I dzf + G2 NJ odzzd2aY20iA01ée a
16 produkce antibiotik atd.
17 | SDR NADMBSLISYRS{hEARI 6y S NBRdzl § WP_030921519.
2EAR2NBRdz] Gt 1

18

| & L2 ( ritdin0 | &

WP_165941468.!

[ Ad¥YHaGyeOK 1
sRf 2dzKkée Y 1gsgl S
chain fatty aciefCoA ligase)
K FYARAMBY Gt

HomologasuD1] 5 Rdz2 NON
aeyidt il dzz 1 G NI
jednotky kR 2 f Y N Y dz

LR2fe1SGAR2OSYdz
YIydzy@ OAy A | YAH
pcodnp: LI2R20Yy 23
ANRB DYt YN ydzl £ §2

WP_093508255.]

5/ YAy 2t SOdz Ay

HomologasuD2 81.53%

WP_093502023.!

(ALS LR2R2oy2aid yl 11
ydzl £t S20AR20S a9
5 YAy 2t S @dzA @y HomologasuD368.97% BBA21084.1
(ALD podobnostnd + 1 f F RS &
ydzl t S20AR20S &8
¢ NI yalNALI YN |48% podobnost asuRIna SEF00489.1
[+t 1t F RS ANBOY!} Y
sekvence.
23 | Hyp G S (pfo@ih é WP_078901157.]
24 NAD(P)/FBRSLISY RS|t njSy2a S& SRy SIB Yy WP_120682158.]

2EAR2NBRdz] Gt 1

molekuly na druhou.

Ketoacyt / t &aeyit

HomologasuC462% podobnost
Yy TtH1t1FRS{ERAG
sekvence.

Ys Rdz2S {F Gkt &dA
t Y{ @G&LJz H LINE
LRt &1SGAR2OSK?2

WP_037909573.!
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https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_055587560
https://www.ncbi.nlm.nih.gov/protein/WP_055587560.1?report=genbank&log$=prottop&blast_rank=1&RID=8KTTUZ5N016
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_030921499
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_030921499
https://www.ncbi.nlm.nih.gov/protein/WP_030921499.1?report=genbank&log$=prottop&blast_rank=1&RID=8KU2237H014
https://blast.ncbi.nlm.nih.gov/smartblast/smartBlast.cgi#alnHdr_WP_035865210
https://blast.ncbi.nlm.nih.gov/smartblast/smartBlast.cgi#alnHdr_WP_035865210
https://www.ncbi.nlm.nih.gov/protein/WP_035865210.1?report=genbank&log$=prottop&blast_rank=1&RID=8KUG5GU3011
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_030921519
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_030921519
https://www.ncbi.nlm.nih.gov/protein/WP_030921519.1?report=genbank&log$=prottop&blast_rank=10&RID=8KUGU6ZT014
https://www.ncbi.nlm.nih.gov/protein/WP_165941468.1?report=genbank&log$=prottop&blast_rank=1&RID=8KV7SPKX011
https://blast.ncbi.nlm.nih.gov/smartblast/smartBlast.cgi#alnHdr_WP_128510941
https://blast.ncbi.nlm.nih.gov/smartblast/smartBlast.cgi#alnHdr_WP_128510941
https://www.ncbi.nlm.nih.gov/protein/WP_093508255.1?report=genbank&log$=prottop&blast_rank=4&RID=8KVAFW4R014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_093502023
https://www.ncbi.nlm.nih.gov/protein/WP_093502023.1?report=genbank&log$=prottop&blast_rank=1&RID=8KVPV5VN016
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_BBA21084
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_BBA21084
https://www.ncbi.nlm.nih.gov/protein/BBA21084.1?report=genbank&log$=prottop&blast_rank=1&RID=8KVWJMBS016
https://www.ncbi.nlm.nih.gov/protein/SEF00489.1?report=genbank&log$=prottop&blast_rank=1&RID=8KW2KEB7016
https://www.ncbi.nlm.nih.gov/protein/WP_078901157.1?report=genbank&log$=prottop&blast_rank=1&RID=8KW7SR0C016
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_120682158
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_120682158
https://www.ncbi.nlm.nih.gov/protein/WP_120682158.1?report=genbank&log$=prottop&blast_rank=1&RID=8KWDKZNB014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_037909573
https://www.ncbi.nlm.nih.gov/protein/WP_037909573.1?report=genbank&log$=prottop&blast_rank=2&RID=8KWYT1D3016

27

TKA2Sa0GSNIT I

HomologasuC1548% podobnost| WP_157856180.

Yy T+H1tIF RS aNRJ(
sekvence.
t2f @1 SGAR a&y{dFNI2dFON t Y{ 3 WP_051950824.

TONI GAEI Toefs
YS{TGSNB Y2Rdz &d
18021 0et aeyidtl
I Oef NI yaAFSNI T 2
@1 Soy2dz R2YSYy o
LRNAR2EFf F2aF1t {

Neobsahuje acytarrier protein.

JhEARI 6y S NBRdz] 6

WP_120682162.]

og | SDR NADMB SLISYRS)
2EAR2NBRdz] Gt 1
sg |AcyH at f A3 TF|{!'1TGAGFOS YI adyédWwP_078901158.]
LInjSy2a yI tY{®
NI yaLreRlt il YIEGFfel dz2S LnjSy WP_078901159.
. 6ySoz2 206S0yS 2l
2KNI YAS8SYS NRI L
gasSie 5! $tRAFAC
31 | SDR NAD(M SLISYRS) OEARI 6y S NBRdz] 6| WP_051950829.]
2EARZ2NBRdz] (1t 1
32 | NAD(PWt T I 2 NON |OEAREF 6Y S NBRdzl 6] WP_051950830.
EnoylCoA Katalyzuje konverzi cinebo WP_157856181.!
33 |[K&@RNI Gt T I kAa&ijtransRJ2 2 vaileb Kd&nzymu
A.
34 | NAD(PYt T I 2 NON |OEARLFG6YS NBRdzl 6] WP_051950831.

35

SDR NAD(H S Lszl“?
2EAR2NBRdz] Gt

oE ARI 6y S NBRdzl 6| WP_051950832.]

Tab5h RKI R2@F yS Fdzy| O3

BCCO10 1636.

kter®

sost at

Ot evSen®
t voSz2

n2 mi

hypotetickTl

zn8&mil mi

20S0nSyeoK GSUSONOK NI Y

| £33 2] g BunchgengBiFrépmyces yeschonensis

bi osyntetickIl kI
kl astr yetahZ20®©®k 8 (anti SMASH

a s

5.3 Disrupce genualsu kmeneBCCO10 1636

I pSest o,

pravdhDpodobn®

synteti

dg s p aBimei

zovan®ho

nf or ma

nT
Ge

kgeneti ckou [

funkce k-dovanich protei

sekund8rn2 ho me tdaabho® tiktyu .
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https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_157856180
https://www.ncbi.nlm.nih.gov/protein/WP_157856180.1?report=genbank&log$=prottop&blast_rank=1&RID=8KWYT1D3016
https://www.ncbi.nlm.nih.gov/protein/WP_051950824.1?report=genbank&log$=prottop&blast_rank=2&RID=8KX8FV5E016
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_120682162
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_120682162
https://www.ncbi.nlm.nih.gov/protein/WP_120682162.1?report=genbank&log$=prottop&blast_rank=1&RID=8KXGS63X016
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_078901158
https://www.ncbi.nlm.nih.gov/protein/WP_078901158.1?report=genbank&log$=prottop&blast_rank=1&RID=8KY82GVZ014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_078901159
https://www.ncbi.nlm.nih.gov/protein/WP_078901159.1?report=genbank&log$=prottop&blast_rank=20&RID=8KYG469M016
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_051950829
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_051950829
https://www.ncbi.nlm.nih.gov/protein/WP_051950829.1?report=genbank&log$=prottop&blast_rank=16&RID=8KYG469M016
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_051950830
https://www.ncbi.nlm.nih.gov/protein/WP_051950830.1?report=genbank&log$=prottop&blast_rank=1&RID=8KYG469M016
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_157856181
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_157856181
https://www.ncbi.nlm.nih.gov/protein/WP_157856181.1?report=genbank&log$=prottop&blast_rank=15&RID=8KYG469M016
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_051950831
https://www.ncbi.nlm.nih.gov/protein/WP_051950831.1?report=genbank&log$=prottop&blast_rank=4&RID=8KYG469M016
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_051950832
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_WP_051950832
https://www.ncbi.nlm.nih.gov/protein/WP_051950832.1?report=genbank&log$=prottop&blast_rank=3&RID=8M06JJJ9016

wul astnit, mohou blt pouhTm produktem pSes

genov®ho pSenosu, kterT nen2? aktivn2. Vhodr
Di srupc? genu dos8hneme jeho inaktivace, é
prot ei nu. Di srupci genu zlaz ek apzreotvu® s k - djuejhroc 2 v
kanti biotiku, a to metodami mol ekul 8rn2ho k

Kmen BCCO10 1636 obsahuje 3 geny pry nt ®z u  a sN jeSnotyo j e n 2 C
kdol n2mu SetRzci manumycinfdl cha kiybsoegldinm spr
S et N 1ECFEML(long-chain fatty acid CoA ligase all, ORF2),5ami nol evul i n§
syntasthamA,a a mi d ams(ORBL2)uGeralsby | c 2 | eink -ddiusjreupc e
cyklizuj?c? ami nol evul i n 8je glysinyansuktiayfCoA enzym
zavzni ku kyseliny aminolevul ov®, kt eNr ou nav

jednotky kl2]ovl a je konzer voyN\jadhotkeuap S2| v

Disrupcegenu byl a prroezidskieenepgmmodBadApro] 2 c2 ge
rezistenci ke spektinomyciraoriTm2 st o pro konjugaln2 pSenos |
konstruktu do kmene BCCO10 1636. I nzer | n2
ramendi LR)s1491bp dl ouhT m ¥s e k eah(lcfcal) a Dgkerh genug e n e m
asa na prav® stiBR)IFI40pr ap®dt ambéhm Y%sekem tv
ams a zbytkem genuals. Homologie obou ramer(LR, PR) s okol 2als genu
vchromozomuz aj i gSuj e %l i nnou tobrn2f)l .o g 3 a g mikdanbli
konstrukt byl sestrojen | ekt r ok o mp et EndolnSURHE, b mBl§ @l n N
pSeneE.ediETA2567/pUz8002 odt ud byl konjugovg&n do k
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) — g _ —
el _ =
b)
thioR oriT
9 — ikl _ ams ——

Obr.20%2 SRy 2RdzOSyé Y2RSft Lakh (dzlidz LIS NIRA ARMAIONS
kmene BCCO10 1636/d af SRy é Y LRfoph(@)Nai§ arBsBy dY0 h 6 St Oyt Lk
geat SRYSK2 OFf 208§ 81| IN&T & & ( Sas@ B ¥ dzip| BERADEAAT A Yy & § 2
rekombinaci mezi pgy ARSY | OKNZR Y2 g9py &ifeneRBCO@1) 368&@ (C)
+éaf SRyt LJ2 Rerontozoml J&alB/Nedsyd KNI T Sy NBT aalAi Sysy N 1|

Amplifikace | ev®ho a prav®ho ramene pol
vektoru
Pro amplifikaci | ev®ho rameneafhdRkénya p

n8sl eduj 2c?

dvnD dvojice

primerT

1636LRF

GCA GAC CTC TTC GCC GTA G(

1636LRR

TCT GGG AGG AAC TGG GCT TQ

PCR amplifikace
|l ev®ho r

Ol ek 8van
velikost: 1491 bp

§

J

1636PRF

CAC CGA GCT CTT CCA ACT CG

1636PRR

AGATGC TCT CCG TCC GCT AC

PCR amplifikace
pr avr@nere

Ol ek 8van
velikost: 1495 bp

§

be

Tab.6t NX Y S NE

LJ2 dzOA G S
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Ampl i fikace LR a PR probhRDhla pomoc?2 PCR,
DNA i z olda waork8 kmeneByQOUO 1636 (viz kapitola 4.2.1). Produkty
PCR reakce (5 0Ol) byly naneseny na gel ovol
probnDhla specificky a zda maj2 produkty pog
druh8 elektrofor®zazokke dypojadoesaer®oPCR (
I zol ov8ny zgeluametodou Glase @itk qvizakitola 4.2.1). Jako vektor
promol|l ekul 8§rn2 kIl onov@Buécripp Kt u po @ K uf Tap2l aw mi d
SURE £ modreb 2 | o u sel ekci . Fragw®egzlhu,LRnS8Ss!| BRnNn
fosforylovan® na 5E konc2ch pomoc2 polynuk

Kl enow fragmentu, byly viogeny zvI §8gS samos
(vi z kapitol a 4. 2.2) . FosSmdr yd tobhmets®R® hloR mi¥
vpBluescript SK+fa f osforylovan® EBE®RRVbyWltdpeh®@denan? s
pBluescript SK+ (obr. 2) . Gt Dpen2 1 Ol pBluescript SK+

prob2halo zaShmoagli kdav®@mOobbjR&Emu 10 OI pSi t
1,5 h. GthRpen2 0,5 O0g pBlueScript SK+ pro n
REEcARV.-kbadce vektoru byl y2dde¢fass fAPr yall ka8 ny k®
al i govw&Rny is PR a4lR)z kapitol
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iE E z
Te 3 d
1 =
5 wly
P LR { i
i =
B e i
] |
B m
wren | 4 < s |
W
1638 LR 1636 PR
1881 bp 1885 bp
EnliTl - 619 - GEEAG Enlill - 619 - GOCEG
pa] u comet Xpa] .4 Py
£ LT ] ©_ELOr
[f e - i - CTOCA G Dhol - 6 - CTOCA G
| Sl o 4- L0k € Tl - 70 - CTOGAC
58 - Gy A Hiwell - 878 - Gy Al
i ATEG_AT €l - #i - ATOG_AT T
ultl - AT T - sas- wicer 1 BCORY
W - 847 - GATATC EceRV - 687 - GATATC sif————
!MEI Tl AT EcaR] - T - GAMTC
~pa e eene. L] B ma . T C_TGCNG
e R RS i S T e R LERR P
Basgl] - 718 u.m\ v, Bas] - 18- CEAIC €
Thk Sped - T2 A°CTAC T
1 By Al - 530 - TETAG A
2 1 o - T8 - OGO GE
G gy - a8 - CBECT G
G 11 SeachY - T8+ OC_GEGE
b O mnea’s TEC (1 B0 = 80 - O e W TS
T Sarl ©_AEC
] Bl - M COGOE €
Erell - 4445 GTAATT T
f‘iﬂ 4446 - C_TGOA'G
el - A3 ACTAG T fmal - HIE - COCGEE Yooy o g aoore
Al - 4432 - TCTAG A = VEEEabLR-F - [1-30] - Ton=64.9C J'Mkrl!l A430 - GG \IE C

DA R PRF - [1-20] - Tw=615°C
Bl - 0T - ATGATC T

Fafl - 447 - GTCGA L
Kpni - %04 - G_GTAC'T
Narl - 813 - GGG O
Bpil 632 - A'GATC T

Bglll- T02 - ANGATC T

Mard - 893 . TGGOCA
Sl - 943 - COCGGEG

Sowwall - 1827 - OCCGGG
Ml - 1431 - GROG_OC
LadGahPR-R - [1476-1495]
- Nl 1499 ACALCT T
il - 1506 - AT'CG_AT
Sl - 1204 - GITOGA €
Nfigl - 1520 - O TOGA G
Kpnl - 1830 - 6 GTACY

< 163GablLR-K - [L47I.1491]
Ecalll - 1500 - GTANTT ©
EealV - 1503 - GAT'ATC
Al - 1503 - ACAGCT T
Nhol - 1384 - CTCGA G

Obr.2lt 28 Gdzld LINDYNKZ | {| RF 2t Y N2y R @HAM SK# & dzOA |
2 @S102NHzd [ SOS NI YSy2 6wy o60&f2 (Sm2y20ty2
GNRA1G6YN SyR2ydzl f St 1 2dz0 t Nt @8 byNIBIMeSofigt SIoHt wo 6 & |
Ed@ws NBAGNAR]1S6YN SyR2ydzl f St 1 2dzd

el
NS
a

O<
N D¢ —°

Po ukon|en2 |ligace byH yoli RURESEpDmMhty Vv o
elektroporace (viz kapitola 4.2.3) a 300 Ol
obsahuj 2 c 2sarhpRilinen® PTGia¥gal promodreb 2 | ou sel ekci . I T
prob2hal at pSmesb axow pAiSGC. t\eyhdro®nlob Bb7yilcch kol on
zekt erTch byla izolovgna plasmidovg DNA (Vi
nej prve poorSazvdies§immed @sn pBl ueScri pt SK+ a byl a
na agar-zov® gelov® el ektrofor®ze jevila v«

podrobeny restri k] n? anallze pr o ovNDSen?2
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orientace. Konstruktvelikosti44®2 bp obsahuj2c?2 LR byl oznal e
ovelikosti4456 bp obsahuj?2?c?2 PR p1636PR.

Pro restrikln2 analTzu Bpllé&X8 raRznkwy | y pou
fragmentT o ve7Bdbp(@br22) . 7R20 bpesatBi k|l n2 anall
pougit Kemnzyza vzni ku fr a2me@bt.d). 1 035 bp a 3

Obr.2wWwSaGNARTSYN |yl teéell 1 2REBJINGDAlzdzvzhibuc oc[ w |
FNFIYSiEaAA12aGA THH 0L I 0o Fd5% ajRESTOAMADY No
2NASyli20tye 2L 6ySod WH{12 @StAal12aiGdyN &adl yRINR 0
kapitola 4.1.8.

1000
750

500

250

t2LA& 20NI¥T1dz yI RIFtftON aiGNYyS$S
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Obr. BWSaGNR {6y N | Yimicdiclt wl 2 yiprillglAOR Ny WP dz F NI 3
1035bpa3421bp.Vzorek2 S LRT AUAGYNES PE2ANRSHIEOAG WH 12 OGS
oef LRdzOAG ¢KSNY2 {OASYOGATAOu DSySwdzZ SNUX GAlT |

Spojen2 | ev ®hoevgedep koastrukth o r a men

ObnN ramesab@giv@g@2rk krolprgpoRemai eat aci |
mol ekul 8rnz2ho klonovg&8n2 (viz kapitola 4.2.2
nazvsg§n pleBAL.RPRoO(p1l636LR dEecaRlmelindBilbgd enzymy
vli ogen EcR&HmiBnap16 3 6 PR nesouc? prav® rameno.

EzoRl - 4448 - GAATT_C

- EcoRI- 1501 - GAATT_C
%, EeaRV - 1309 - GAT'ATC
HimdID - 1513 - AAGCT_T

!

HirrdIII - 5947 - A'AGCT T
< 1636alsPR-R - [F924-5043] « Tm=64,4"C Xial - 21 - C'TCGA G

Bgill - 5080 - A'GATC T

..r
Bgill - 4855 - A'GATC T __ 4

[4449-4468] - Tm=61,8°C __
EcoRL- 4440 - GIAATT_C —
- [4411-4430] - Tm=624°C ~

Beill - 3641 - A'GATC T

| Xbal- 2919 - T'CTAG A
Spel - 2925 - A'CTAG T

Obr. bt ONK (1t 2y20F ONK2 LJl2aldzlddz aL}22SyN Lmcoc]|
p1l636LRPR o velikostb87 bp.

Po ligaci byla smhRs jegtEBoRVeBBouP$i hgpBp
vektoru pl6BcRLa&HIng oo cdoyggltoRpk&n k® (12 bp) se
obsahuj EccRV pgrt8ypth ® m?2 st o. T2mto postupem j s
plasmi dT neobsahuj2c2ch ¢ §BH. rdiSURERbjyelnyl pfornaogcnie n
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el ektroporace transf or mov 8n kultiace msizolaca kt em p
pl asmi dov® DNA n 8§ &dpiwlddAlal stejnhD jako v

| zol ovanl konstrukt byl opRt podroben re
fragmentu LR a jeho spr8§vn® Bgliliemt aod ek §8t§M|
byly fragmentyo velikosti 225 bp, 214 bp a 4608 bp (obr. 8).

1
, ;
10000, 4
6000 S .
Ll o
3000 Yy
-

2500
1500

1000

750

LT

500

250

Obr. BWSAGNALGYN Fylteélt 12y admgpeKondruktdwe oc[ wt w
OGSy SBoliLeYSY @1 yAldz FNIF IYSyYy (G4 2 WS 12@%M] H&Emipy
alFYRIFINRCEENNRR2 GZOASYGAFTAO DSySwdz SNuT GAT 1+ LY

VI ogreenz?i sk@anémny mezi | ev® a prav® rameno

Mezi obRD ramena LR a PR byl a d&8d4adA vI ogen
pro rezistenci ke spektinomycinwaTu mo g Ruj 2c2 konjugaln2 pSen
E. coli SUREF a kmenem BCCO10 163®Hr. Z7) . Tato inzer| n?2 k aze
zpl asmi du plJ778 a byl a vygtBHOQRleanHndllt est r i k|
Kl onov8n? prob2hal o met odawupo (vic lkapitola 4.8.2).2 DNA
Vzni kIl T konstrukt nesl ng§z38wbppl636LRspecPR
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EreoRI - 4440 - GAATT C

|
W BarEIl - 1258 - G'GTeAC_C
j

ll:'wRI: - 1043 - GAATT C

Xbal - 4 - T'CTAG_A

BEIl - 737 - G'GTaAC_C

Xbal - 1375 - TCTAG_A
Spel - 5861 - A'CTAG. T

Xbal - 3835 - T'CTAG_A

scriot =2
.—'_.tﬁ N BNl - 2883 - G'GTRAC_C
HindIII - 2936 - A"AGCT T

Obr.Zbt GNK (t2y20F ONK2 LJ2a&addzlddz LINE LMcoc[ wt w
TN AYSyYy(dz 2aadhdokTdzc NOKNE SRy & FNI IYSyd LI8ehpc[ wa LISOt

Restrikln2 anallza prbn2oviR8Sesty p&2tjemmc
vevzni kl ®&m fragmentu byl djpdooedbébyd ¥endvoul
pomocBsEIREo| ek §vanT mi 146 bpa 23ddmadbry B R) . Pot ® byl

konstrukt ¢ tSpéaddmd d v o j(isc 20| RK § v 825 bpmai#55 r a g me n
bp; obr. 28B).

81



it ol

1
10 000 )
6000 ‘ 8000 !
| 6000
i) . - -- ——
2500 i 3500 P
- AR 2 —
S ” 2000 )
o ‘ 1500 '
0 - 1000 —
500 e
750 —
250
’ 500 a—
A B
Obr. B6'!' 0 wSA1GNRISYN Fyltell 1 2B68L0 NG &izy AIWE B
FNIIYSyide YraN @StA12ad W mnc oO0LI F p Honm 0L 6

Ll2Y2Opead LL® +1 yAl1fS FNIIYSyide WHaR OStA|2& iy
adFyRENR o0&t LRdzOAG ¢ KSKep@a4{1@8ASYyGATAON DSy Swdz !

VytvoSen2 fingln2ho konstruktu ur] en®hc
BCCO10 1636

Fing§ln2 konstrukt byl tvoSen fragmentem
Vektor pGM160jemu | t i kopi ov] Ashutttdrenio g en #Ziutniky m )r
pr o b2 hajE?colitd ajka lk ev st r(ezkapiwolay.t.d.t 8§ c h

Konstrukt p1636LRspeSpgRHiM,vektgripGM1&On p o mo c
byl gt NDp Xbal aélindt Yymy ol ek8vs8§n Hvld vpnilk wmeing?
fragmentu (636 bphnenkt @rio funkci vektoru esenci
restr i k| nHAindingHndllbssso p Hindlll 7505 obr. 1 6 ) a n8vrh Kklon
pSedpokl §dal Vapl n® gt Dpenel k®dhody fvaganemua tu?
p it Dpen? Ypé d @dnluvekidruh pedefésfr y| aci vektoru pomo
aligaci fragmentu p1636LRspecPR do pGM160 gll @ | &kg e n 2 pl636LRspP
dor est ri k| mihdileso.Varikistt ek v Dt g2 k ons t2tluldpt O ve
sn8zvem pl63GVdRrs39ec PR
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Xbal - 7515 . TCTAG_A
HirdITI - 7501 - AAGCT T ]

.|

Wk maedimn 1507 aa

Hirdlll - 3559 - A'AGCT T

3 L0 .
Hidlll - 12211 AaGeT_T, e ST e
. N sel - 608 - TGGCCA
EeoRY - 11649 . GATATC Bl 867 - AGATC T
Fglll - 11455 - NGATC T _ ;o AGAT
55 - MG -~ | J/ /. Bglll.1092- XGATC_T
Sphl - 10609 . G_CATG = i Sacl - 198 - G_AGLTY

. T # Nhal - 1555 - TCTAG A
HimdIID - 10599 - AAGCT T i,
. ; Sael - 1594 - G_AGCT'C

W
."- o BuEIl - 248 - GGTeAC C

Xbal - X886 - TCTAG_A
Pl - 2911 - ©C_TGCA'G
w, BamHl - 2920 - GGATC C
Parl - 3030 . C_TGCA'G

i~ Bpin- 3739 NGATC T
Mecl - 3751 - TGGOCA

= BawHl - 4440 . G'GATC_C
N Baml - 4461 - G'GATC €
Sacl - 4480 - G_AGCTC

|\
\
)
EeoRI - 7960 - G'AATT C 7 ‘\%
Sacl - 1958 . G_AGCT'C e

I
EcaRRY - 7423 - GATATC
& 1

Sphl - 6822 - G CATGC I 1
Parl - 6561 - C TGOA'G Porl - 5646 - C_TGCA'G

hoNXd N¥ bt By20F ONK2 LR2addzddz LINE Lmcoc[ walLSO
konstruktu o velikosti 12 MM 06 L) yS&a2dz-ON y6M. S@ Limcoc|[ walLlSOt w

Konstrukt p1636LRspecRBM by | transf oEmdi88RES, do bunt
kter® byly pot® vysetlLyB nma®dPeutnr ijhaok nsies ksyp eokbts
tak ampicilinem. Po izol aci kol oni 2 probDh

anallza.

Restri k| roBr.3@ nalrfodc@ h@l a jak u pl1636LRspe
konstruktu pl636LRspecPBM pr o | epg%l iploo®@vmugn2ektijor u [
nezn8me jeho kompl etn? DNA sekvenci, a nej
Ob a pl asmidy byl vy BantHl, @4EH, nMsd, ¢adDap Xbd 2 RE
spSedpok!| §danou tvorbdabh7)n§sl eduj 2c2ch fragm
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BanHl Msd Pst Sad Xbad
12 bp| 3145 bp| 8562 bp 96 bp| 1331 bp
1284 bp
9066 bp| 2696 bp| 2886 bp| 10880 bp
pl636LRspecPEM 10670 bp
915 bp| 3478 bp
A
38 bp| 5751 bp
1529 bp| 3145 bp 38 bp 96 bp| 1331bp
p1636LRspecPR 5851 bp| 4235 bp| 7342 bp| 2895bp| 1575 bp
B 4389 bp| 4474 bp
Tab.7t njSRLIZ2 1+t RIFyS @StAl12aidA FNI IYSGMipa
NBEEAGNR]TSEYN FyFrBpl 8b2NBL yI 20NY¥T11dz ono
A B A B A B A B A B
10 000 -' —
ED:”:‘ e m—
o - L
2000 - 7 &l
1500 @ = - e o -
1000 @ L - -
— —
il — -
— —
il
oS00 —
- —
—
250 e
BamHI Mscl  Psil Sacl Xbal
hoNX on wSadNR{ 6y pPEMEAYa plesdLRspechBaVelcl[ 2w a3 Cht (w2 a G y
a0 YRFENR o0éf LRdzOAG ¢KSNXY2 {OASYGATAOM
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PSenos fing8ln2ho konGMdoluneheBCQOLGIBIBL Rs pecF

Prvn2m krokem byl a transfornkacceli el ekt
ET12567/pUZ800%konstruktem p1636RspecPRGM pomoc? el ektroporac

Po transformacE. coli ET12567/pUZ8002 konstruktem pl1636LRspeeBR

byl kmen kpuS2ttiovnonvo§snt iv spektinomycinu, kana
PSenos k&rndiETLX5&@74~ZpUZ8002 do BCCO10 1636 b
(viz kapitola 4.2.3). Po i zol aci 4 vyrostl’

1636, byl y kol oni e op@itumocab$ &b 8hyg?2 nap el
akyselinu nalidi x oovdo uz birtol EVARSEMBZ8002.1 i gt Nn 2

Zkol oni 2 byla vybr8na jedna, ze kter® |
pomoc?2 k okimueWiziard &énamic DNA Purification Kifviz kapitola 4.2.1).
ProovRSen2 pS2tomnost.i pl as mi du kdmpihaeemipr ov e d €

pri mer T:F +kge&60LaR636PR + specl1300. Primery spec200 a specl1300
byly navrgeny podle reizi otbhdén|rn@melnaz eatbys avhlu

pror ezi st enci ke spektinomycingprolNasendajuz puw
pri mer T mFdB3BARKobr. 3). PCR produkty byly naneseny na gelovou
el ektrofor ®zu. Pro srovn8n2 byly naneseny d

rameno. Produkt grimery 1636LRF + spec200 a grimery 1636PRR + spec1300 by

mNlI $iThl BEONbp vNt g2 nkEie3IRBd(keév ®6B8&8MM&N 0)
produkt 1636PFE + 1636PRR ( prav® rameno). VIisledek vyhc
naobr. 32

Ieve rameno inzercni kazeta prave rameno

o -

I S

1636LR-F  spec200 spec1300 1636PR-R

hoNX» om { OKSY y | & Fdrwayt)N- spSbRROY(révidiie) avspesl18]0 w
(forward) + 1636PR 6 NB &S ﬁSO ® ~ALN & ylIK2n$ dzl T d2N 2NAS
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1iLR  2LR 1PR 2PR

10 000 10 000 s
8000 8000 | sl
6000
5000 6000 | ame
5000 [
3000 L
2500 st
3000
1500 : —
2000 ,
1000 el
1500 e
750
500 1000 |

750

250
500

hoNX oH t NRRdzZlGe t/wd bl RBEDA § pNY SEISIKES NI MM
F aspec200 o velikostitln ¢ 0 LJd H[w 25 LINR Rdz| (iFavi@dLRw LA2AdzAA G N
FYLIE AFA120FYyS fS@S NI YSy2 4Dpivbf.yWwhHavo IPR feproduktic o ¢ 2
PCR £J2 dzOA G NY LINRA Y S NAR GivelRddtvEd4 bp. 2PR je@Rpradukiem za
LJ2 dzOA G N LINK &1636BR m&lofck wk Y LI A F A b Reilosy 1895 bilidkadS NJ Y Sy
St A12alGyN ailyRFENR o6éf LRdzOAG ¢KSNX2 {OASYyGA T

|l ntegrace inzer|l n2 Kkazety doadishupce moz o mu

genualsv chromozomu

Tento krok vedl wyt voSen?2 del el n22BE@O10MB3IGaAa Nt a Kk
spracovn2m ozasal en2m 1636®

Konstrukt p1636LRspecRBM b vy | tvoSen kromhD inzer]| n?
( LR, PR) tak® zbytkem vektoru pGM160.

Kmen BCCO10 1636 o b3l&RkbpacPRGd12 bpl azmmiod kp ¥ 8§
dopr ol amovan® Er lke navbesyaetr wjv2yc 2 b adR0 mil Y E ME
sespektinomyci nem. Ta bylmalnkaye pdv@t odun yp eurnmiisst
proreplikaci plasmidu 30 AC pSi 22Q 2r p4r8. hPob yd pl ybnauRk a
dot Sepal ky s teplotou 39 ACHi duepeP®? 50omnd
spektinany ci nu vyt v§S2i nsteelgerkalcni2 ktalzackt ynado chr o

homol ogn? rekombi nace. Ta dalea PRIJgemamgne z i s ek
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konstruktu a mleaamsnmdmozemukhengBCE@10 1636. Dojde
ke zdgemu@staldl j eho nahrazen? genem pro rezisten:i

Po 24 hodin§8ch kultivadeal@Sich3dehC byl d®l
visev tak, ¢ge byl odebr&8nskymbbkahtu? g2 aM8)
se spektinomycinem a na thosteponemosbesdad®Auzj 2 c2 M.
104 10%a10%. Mi sky byl y ktudrtmosotvastny p3Jidetnepl ot N
i zol ov 8nomisSk M&l on®dd emn a spekdynomygienemh p
(MS m®dium + thiostrepton) ze stejn®ho dne
znamenal ohogne | dgplPorkkombi naci me zGM konstr
a chromozomem aztr§tow pBytgled \kewmomoriu @G
nat hi ostrepton. Naopak rezistence na spekti
integrovala do chromozomii.Dc ht o 8 kol oni 2 byl o ophDt rozao
mi sku obsahuj2c2 MS a spektinomygdaosma mi sku

vyrostovp S22t omnosti spehkitosomgpi aabu3ldbykey kci t | i\

t2LA& 20N} T 1dz yI RIfON aiGNFyS$S



hoNX¥ oo 6!0 tSINAKZ2 YAXPRAAONBLKAZZNOM afizli VB
/'l hmn wmcoc oLJNyESEMBQmMQMu@}KM$IWQ>{M Y dz LJnM OKt 1T N
TONI GS Toedldz 12yaidNyz] (dfa e yNBOKATGSYIOAD S | @ SH KR 2N
1GSNE (@2nAf LINY @S LR Rall Dyazpdz o6 toa G SR KEBNIA Edz &
a{ YSRAdzy 4S8 aLBNFOY2FRVE YK Yy FITNI2YyAND ¢cei2 12¢
AYT SNEYPOKNRYSTaYd NBTI AadGSyOA ylI & LISdistupcy 2 Y& OA Y
genuals + OSOKY G§SRe ylITylédz2aNZ OS AyidSaNt: O0S Ay
gaLlsSoySo

Spory zvypr an® kol oni el ibyd §t jregz @ koI y n
sespektinomycinem (vgdy thiostrepttnenm),t abychorm sei na I

zbavil i pS2padn® kontaminace divok®ho kmen
mycelia a jedinTimebmiunpPlehbamd t Wpempi k2 , i
Upol yploidn2ch vegetativn2ch myc®li? je mo

kopi 2 germeomuud axziv se tak moh oWTgenonsemeProtoy skyt o
jsme pSi PCR kontrole monep8Sthdmoo&meRERKON
typicklchj @®dm® Waol &ni e byla potom izolov§na
k o me r |kitu2Wizard Genomic DNA Purification Kit N§sl edovaly t Si
templ 8tem byla izol otéBdiseppc DPNAMDzZdOIMBR®RBONA
typu ( WT) kmene BCCO10 163t6DmiR®R kpornbh 2nhaacle
pri mer8f (tab.

Reakce Pougit® pr i|Velkost Velikost
produktu u produktu u 1636
16 3dsmp WT
1. 1636LRF + 1636wtonly| - 1686 bp
2. 1636wtL + spec200 1850 bp -
3. 1636wWtR + spec1300 | 1885 bp -
Tab.8w2 1T LA & 1®nyMd Aty/FvOSAYA LINAYSNA || 26S1t Ol yevYa

VpS2padhD prvn2 reakce byly primery navr ¢
di vok®ho tyasgenbsBElLp2 pdt SebakDvPRSize @YeWPp
1636anedl 63alsgp cog by znamemBhe®hylje WYepRgr8§.genu

VpS2padhN druh® a tSet?2 reakce byly prir
vchromozomu za levim i pravim ramenem di vok
spec200 a specl300 jJjsou specifick® pouze p
pri memolg Pujl épgS2tpadn® ApSedg2vE&n2i vnelwmRomea egr
respektive plasmidu, kterT se zaintegroval
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avy gt Dpealdgenervd imdnso u  z a i Th2zne rpléreka Thgaez evtzn.i k n o U
PCR produkt ani u dMo®h o , ani u voln®ho pl asmidu, an
plasmiduVp S2 padh zaintegrov§n? alsgehu@daddAgpn) as mi du
vznikne pouze jedenfzr agment T buNt o u MWtrounmt®, pnSe2bpoa o IB el
WT 1636 sl ouigvndza K aikic3dsgeeg.ant&opak potvrdil a
zaintegrovan® i nchremofomddgbrk3g.z ety pS2 mo v
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1636wtL  spec200 spec1300 1636wiR
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hoNX» on {OKSYlI ylIaSRtyN LINARYSNA ylI 5b! RAQ2
kmene BCCO10 1636.

Produkty PCR byly meheveny ehoerk3d.g @f o0z ®z au
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1636 o velikosti 586 bp ale objevil se jak u WT 1636, talc oatsh O 2 O TyLYSylLtfzs
2SRyt 2 RStL/BEYRNaAN YSER) lareakeSi{Id L2 dzOAGN HENAYSNA ™
1636wtonly.5 St S6yN {YSYy 4SS LRRInAf2 2R 2¢ odzyS| @e6A

(B) 2. re4 0S8 11 LRdZOAGN LINAYSNA wmcocsgild[ b aLISOHNnN
umc oalsB S LING 2 Yy 2 & GchramyorosNbtyrpenalptoduGieimeo vebikosB30
LI 6/ 0 od NBF1O0S T LRdOAENONNIRY S =Yz gl 36 ¢ & @y Nt

umc oatsB S LINNG 2 Yy 2 & (ichramyokzoBiNdbtyrpenalptodul@ainé vefikosiBas
bp.WF 12 @StAl2alGdyN adGFyRINR o6&f L22dzOAlG ¢KSN¥Yz2 {0

54PS2prava nadprodukln2ho kmene BCCO10 1

Pro pS2pr akvun? hadpkrnoednue byl pougilt pl as
sdovolen?2m poskytla Mgr. KateSina dket S2] ko
z producenta asukamycin®. nodosusssp. asukaensisp o d silnTm konstit
promotoremermEg.

Pl asmid pALS4K bglektnejpdsace trans
doel ekt r ok o mp e E.&dli ET12567fpUZBAOZ NRURkyYy byly vyset
m®di um obsahuj2c?2 apramyci n, kanamycin a ¢
pl asmi dov8 DNA a pS2tomnost pl®@ serhieku rhboyfloar o
Jako standard gor ovn8n2 sl ougi | pTvodn?2 Epdolasmid.

ET12567/pUZ800h e souc? pl asmi d pthelkSU4tK®nk ull Bt i m®advi8un ae
provedena konjugace (viz kapitola 4.2.3) me&zicoli ET12567/pUZ800HALS4AK
amezi divokIim typem kmene BCCO10 1636.

55Anal Tza extraktT sekund8&8rn2ch metaboli

AnallTza extraktT sekund8rn2ch metabol it
pomoc?2 TLC, bi ol ogi cMSRHCeMSt easntad Ta ap bomd @2 pl @
panemh g . Davi dem Kahounem, PheBkIimp$i BlhidDgloas k
Postup extrakce a kupjokectB4.anal Tz je pops8&n v

Pro TLC anallTzu bylo potSeba zhotovit
zdi vok®ho typu kmene BEOEPLOdaBBBZ2HWNTKkmERBE ) R
1636 obsahuj?2c?2 plasmi depgreld £k o( karBetntep ALCICAOK
(1 6 3abs)gObr. 39. Kmenl 6 3adlsgpe dob N provg§dNn2 anallz je
pS2mNsi WT bunhRk, proto byl tenm®dikmen v

obsahuj2c2m spektinomycin pr o mi ni mal i zac
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Spektinomycin se jako antibiotikum Sad? d
pS2tonmnxotsrtakvi u nem8§& vliiv nasopsTEAUM THle@ol §E
rozpougthiybalj eneKaneny byl y @Y en®tdrn ak c ik dleu Ibt
vienom pS2padh jalgbukavdajh®mkgy®elpad®it a

hoNX» oc 6!0 5A@21é GdeéeL) 1YSyS .//hmn wmMcoc VY
./ / hmn wmcoc 206al Kdz2NON Llagranychdn. (CPS[f{S6W Ny Il Y& Y
BCCO10 16360 dzz { I YA 2 DHAsR&E RORWA yasy FREEY ySK20 204
AYyT SNIWNB i K ESSYON yI aLlS{iAy2Y&@O0Ayd® a{ YSRAdzY 32

551Anal T z aBAC@®®n636 kultvova® hwoGYM m®di u s gl ycer ol

Sekund8rn2ch metabolity kmeG¥MBGEEOLO 16
obsahuj 2 c? glycerol , boypuyg t €t ya caw& iy nn e ped
ar oz pudgthDrmoy of or mu . Na TLC desku byly extr a
j e popksa8miot oM e 4.2.4 vednmdaaolUL@Proesekandgh .a
podet ekci sekund&8rn2ch metiabod i dTo wphSdv | mm§
sviDtdoe3iagbr.383 a druh8 TLC deska bydbm39pougi t a
Manumyciny totig obsahuj?2 konjugovaM® vazby
jednotka UV svDhDtl o agpls6@lbsuajheu jtea kvt @dy.c ell ipuSeis
je na TLC zSejm®odu&cke s2km&8mBrwmn2ch metabol
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kmenl 6 3aistpy | pougit jako negativn?2 kontrol a.
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obsahuj?2c?2 gluk-zou, byluwgtelXxdtlrya h(oavc8entyo nn, e peot
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Obr.61LGa{ lylteéell SEGNI|1G&SBYSYKSYNN/-NERdzPCc dc T
& LIS G NHzY SEG NI | & doalR B & B®IS/ sNekttum xia&tR S g2 1 SK2 & LddzZ |
LGa{ &LJS1GNHzy SEGNI 1ddz yI RLINPRdzZl 6yNK2 UWSySo bl
oblastive T mn YA ydziS

U vzorku 1636 + pABS4K1Byl7& mownhp®zwor o\
novl ch sodbrods). Twol i§n k(y maj 243,9menaneanjl2n2p oddacsbnou af
ke stacion8rnmanfwmyci(mwetenle214,a3 min), ale
n2zkou abwebnobahc R00d®40 kr/zhtedem keitlivosti metody by
se mohlo se jednat opkastamichcipowmIceku ft a
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