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Anotace

Pr8ce se zabTinvB/o knveai nntviatzaitvinvzo Z | catpieinuz] Mind u
vb a k t eBscherichibcoli, vyugrepmrt ®r fl uor es ovkomplexd ho pr

GFP:MinD.Pod k|l ady pro n8vrh a validaci mat emat i
| asosbNRDrnlich studi? nlkdydek wazrbeos cue rzl2rs2km nAickhr o
obrazov§g pagranlinge& Jv Matematickl model je re

programu Matlab.

Kl 2] ov8 sl ova

mat emati ckl model , Edcheachiacolif Min proteing, fluereseeh h z a ,
mikroskopie, GFP obr azov§ anallza
Abstract

A purpose of this work ig-vivo quantitative analysis of the distribution of Mirgdotein in
Escherichi@oli, using a fluorescent reporter Gppotein in the complexGFP::MinD.

Data for creation of the design and validation of a mathematical model btaireed using
time-lapse fluorescence microscopgtudies. Acquired imageare analyzed with program
ImageJ The mathematical model is implemented via Matlab.

Keywords

mathematical modegjuantitativeanalysis EscherichiaColi, Min proteins, fluorescent
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2.1 POPIS BAKTERESHERICHIBOLI

Escherichiaoli (Obrl) jei @ 6 Ay 1 2 @A Gt oF 1 GSNRASLIB G(INRDNNE SG &
YAINRTFEsnS tARN | 2A02800K)R2 @Rt 2 AN DY SOK 6 X 812
OYGSNROI OGSNAI OSIFS 06nSOl1e -SYVWSNRONM] & inS@2\
OAYINYS G171 00 LInBONL R BAX SREBSSWHMOR2LIY T SEAA
LINfNG2Yy2aiGA O RdZOySK2 1eaf Nldzw A | SNROYNOK
2LIGAYHE YNOK L2 REMYNE IOKS A} B2 1 HI/S NRSBY dzil @ Ni 8z(ideE
VNR T ONNnSYNNOKGBBH] (4ENAN @S aiGnS@s

{1ttt RhdzaBKA 20KNI yySKz2 LI+t OGS T @FySK2 0dzySe
6T 1 2A00d2S- 1T RAFESISHESNANRS || ReOKFON nSGST SO
KyY2idy2aidAr OSt Saeoyli|Sil SNpENCA RagrCRadyONHziBabje 15% !
YY20aiON 5b!olSi SNRIAYVINYN GKNRY2a2YSY>X 15 Rdz
resistenci na antibiotikum), chromosomu (DNA)» b | LJ2 ONOKdz Yt O0A 6N &
L2 Ke&odzeS A (1 @@yHAYdARIRSE o®R®RIE 1865 OKrjR2NEZLI] AY0 |
LINfAOKeGdAG asS yI SLIAGSE adnSg® K2aGAGSt Sz RN
AYVF2NXYIEOS LIR2Y2ON FAYONRS @S (O NUzmiduNgeo A 6 ] ¢
21yl 620ty @&823SY oLt dza



Obr. 1
Fotografie bakteri€.coli LJ2 Y2 ON G NI} yaYAayN St S{IUNRy2@S
(Dennis Kunkel Microscopy, Inc.
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Obr. 2
+ft 1Yl LINRPGOSAYydz Cila%y LRRSt wiiggaYFGAO1S Y
(http://en.wikipedia.org)
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Obr. 3
Cyklusi & & (iaSAYytz LINBN{iAS Ad¢NEB 2 @ t-riyigul. (httpY/phawikiBediflord)
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Obr. 4
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(http://en.wikipedia.org)
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232 H ! hwhChw, tVWNKROSKORIO
[tG1&82X 1GSNB 24a2,d&Sa Jgkihappmey2 Nt d2 NEaOSy OS
5SSt NYS 2SS yI LINARYI NYN 61 dzi2Ftf dz2NBaOSyOSov |

2.3.2.1 Autofluorescence
AutoFf dz2 NS & OSYyOA @Geée{lTdzeN tt+tG1@& LINANRITSYyS o8I
sl dzi 2 Ff d2 NBAPKFONRAzZZNANY (I B0 dzf OS 6¢ I 0 @

Excitace Fluorescence
Molekula Organismus
[nm] [nm]

dityrosine OA @26 A OK:
fenylalanin BOAOKY A
chlorofyl 465, 665 673, 726 rostliny

kolagen 270-370 305450 OA @26 A OK:
lipofuscin 410470 500695 Eukaryoty
melanin 340¢400 360560 OA @2 6 A OK:
NAD(P)H 340 450 POA OKY A
tryptofan 280 300350 POA OKY A
tyrosin 270 305 POAOKYA

Tab.1bS26lF aidS2Ar LRI 2NRILHYyS fttid1é& Geil1de2NOp

2.3.2.2 Cf dz2 NB am@f 6y N
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af 2dz6 SyAye [9. KSGSNRrOe|feo

a 0 NHz] 0 dzNE
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Molekula DEIEEy | EmEE LJ2 dzO A G N
[nm] [nm]

P T NARAY -

2N} yO 455600 560680 5b! 61 St SyS0> wb! oldYl @¢
DAPI 358 461 5b! | wb! &6Y2RnjSo

Ethidium

bromid 510 505 5b! | wb! 062N} yO2@S0
Fluorescein 494 521 CL ¢/ o6 Ff dz2 NB a Oiswingfluckedcanie
GFP 395, 475 509 OANR(12aLISTONY fyN Ff dz2l
Propidium Jodid 536 617 DNAO 6 SNIBISY S0

Rhodamin B 540 625 LINAG21290t Oeili2YSGONRSE
Tab. 2

+20NJ yS T dz2 NBtp/ORpi6.ytiedulOBCrésquites/fluorophores.pdf

br.
Autofluorescencehlorofyluo 6§ SNBSSy S0 R2LIX ySyl 2 1Tyl 6Sy2d:
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LINR G SA Y3 HEONERQzaBe NBO@ 2 (12 LINRGSAYydz el d2nN
sy NY & LJ2 2 SwypeLdt Rt S3/amsainmz drd SRR Gt vy B I Y X yERGINKK G S
kdy byla LI2 2 §f @élz2 8B a OSy 6 vNOt XY Bl GNBS oet SLIOSyt+ 7
proteinu GFP.

VNROS unny 11 2062S8S0SyN | @ge@yg22 DCt YSBRENDSE A
al NOIAY [/ KFEFfFAS 6RSGS1OS 3ISydzz 3ASYy20S YI yALl:
gel 1dzYSOK@® It aviBFSMIge £ S LIOS y PR NBNGRYUESYAAY df LBNI N T Y
OSt2dz 6 NB@y2dz Ot fdz Tyl 6 NabedviOoEnD Ka chemjdfp NB & O ¢
¢Syi2 LINPGISAYSR@IKSN2NE2 FIGA Ol 2 NALE | LIRT RS2
Gl yAl1t2 yS12tA] GelLA Tyls6SyeOK LRRtS SYA(l2(



EGFREnchanted Green Fluorescetotein) objeven voce 1995 5é NI T y S2ON Tt dz2
6 A & (i EBFP(BrEhanted Blue Fluorescent Protei}CFREnchanted Cyan Fluorescent
Protein),YFR(Yelow Fluorescent ProteiffFRFO WS R Cf dz2 NBaOSy G t NRUSAY
E5N1e GF 12 0vo® AT foded MBSOy 6 y NK2 LINRGSAyYydz €1
GNODHA GdzNJ | T 2 o{NIVI2AGhy é2 D Cit2 dydt I aay20gR | 2 DA G 2dz &
yIEfSTt QGOND.Y2TF 2N

Obr. 9
Struktura GFRhttp://en.wikipedia.org

2.3.3 PRINCIHMUNOFLUORESCENCE

KORt o0A2f23A01t &aGNHZA Gdz2NF Yt  yI & d8&gerkl2 GND
(respektive antigeny s¢ | 1 étgit 12\ {1 6 SNBE 2a2dz aOKz2Llye& g g2
hLINREGA G(SYG2 yiAaA3aSyady air 2NERAASYVEUMBPDENLRE
YAOK 2112 1ftN6 R2 11 YINED XihddoboBulinaantiodth) & jdoNt Y 3
YVSLI2ZAGNI RFGSty2dz a2dz6t &GN AYdzyAGyNK2 aeaidsSy
{ GNHzZl GdzNF LINBPGAEH G1@& 2SS @e20NX1T Syl yI yt aft S
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tnjA FTfd2NBAOSYSYyNY T ylF6SyN &S @edzONDt LINY ¢
ONf 2 e OK & GyNHz] [(3NEd [{yRigy Na S5+ aid SO1SK2 nSiGS|
6T ylris1 Oéte GSYyMN2iANIUZSEYINEBDPS2 e | yiA3Sy
struktury. Tordzi 2 1 y I 6LSmyINNY 2 ST VNI S Y N

bS OOReé @01 RlIyeée FTtd2NBaOSysyN YI NJ SN aLISO
OKOSYS (il 1202dz aGNHzl GdzNHz 2Tyl 6A0G3X YdzaNYS &
6FydA3aSydzod bl @eid2nSyN aLISOAFAOL S LINRUGACT
OADB26A0YySK2 RNHzKdz yI& &t SR2glyé LINRGISAYSZ R
LINPGAT Y Gl@2 yIF 10SNB LI 1 yLIngASO K@ & (NBR nji ST Add2 N
yIaSRy2dz yI ONf2@2dz &GNzl GdzNHzZ 6NYO 2A 1 GAR
didzLdlz & YST A Ff dz2 NRFRNBYNYS.IVIIAEAESYNEY nN1t YS

2.3.4 PHOTOBLEACHING

t K2020fSHOKAY3 o001 0 @eoSt 2at yRNDdz2NER F2N 2 OK(
RSANI Rdz2S R2 a0l @dz LINPGSAYdz ySaOK2LIYSK2 @e&]
Ttorate yI yS12tA1F FEH{1G2NBOKY yI {(@&Ldz Ff dz2
LINEAGnSRN Tt dz2NRF2NHzoGYSKYIKAG29ySEROKA Y Izt ¥V &
ySo62 YAOS ylLadaqgrd 10 L2 yS12tAll YAfAsySOK
LInjA Rt Y NY & LUIKCAGH 2t oyt NSO KO KFAYWUTA  NdwdofarS[2Z0A N R2 Y SRA
t K23020t SFOKAY3I 1 GS0dz2I9NH (NS Y &t & N6 IRE 214 @S NIReK
af SR20t ye LN} @S LRY2O0ON Ffd2NBaOSYySsyNOK YI NJ
I LINY @S (422 d2anByaN 2vd i SYF GA O] SK2 Y2RSf dzz 2

2.4 H ! hwo { / MKRDSKOP

Cftd2NBaAOSYS6YyN YAINRAaA]2L) 2S5 YAINERANA2APA0T ¥ DK
ge1l1 dz2NONOK Ffd2NBaOSyOAd WSRyt+t a&as 2 (¢t a.
Ftdz2NBAOSYS6yN LT 2NRGtHYNOD

{2dz6t &GN GSReé YdzaN o0éd T RNR2 SEOAGFGBYNK?2
SEOAGI Y NK2 LINRIBIZ 4R SENDNE a NB.RG DO & Gy BazA & % ¢heo 1
LINEFSaAaz2ytftyN at SR20t yNy $ & tizg NS d O8aRRELS an )
O dzY. dz0

tnffNY2 &l RF FALf GNA SHEA RILANRNBR Gy eSry Al ANYON G 35S Ya
keNd &S LR RtS LI2dzONGlI yéeOK FTftd2NRF2NA YSyN 2l
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Cft dz2NBAOSYS6y N YRIRNESE | 122182 KBE¥Sd NYBS SIRSYN v S Y dz
SLIA Tt dz2 NB& OSy 6y NLIA dzORNISY aiYSGKfeNRE BIN2ESE SRR O N
12yF21tEyNO

2.4.1 EPIFLUORE/ 9b2bN aLYwh{Yht
I SLIATE dz2 NB & O®prdy N2 IMIARINRSH @ALId: 6 YN &a@SiGt2 18
AaYNYty2 a@gSat2 SYAayNo

Obr. 11

{ OKSYIl SLATFEd2NBAOSYSYyNK2 YA{INR&] 2Lz
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