Elektromigracni metody



Princip
*metoda vyuzivana k separaci makromolekul na zakladé naboje, konformace nebo

velikosti
*migrace nabité Castice v elektrickém poli je umérna jejimu celkovému naboji,

velikosti a tvaru
/,V — q E / f‘— frikéni koeficient

rychlost \ (popisuje tvar a velikost molekuly)

RAN intenzita el. pol
celkovy naboj tenzita el. pole

pl > pH===== kladny naboj
pl < pH====== z3aporny naboj

*malé Castice s velkym nabojem — velka pohyblivost
]

*velké Castice s malym nabojem — mala pohyblivost -

*volna elektroforesa
*zOnova elektroforesa
erovnovazna elektroforesa — isoelektricka fokusace

kapilarni elektroforesa



Aparatury pro trubickoveé
gely




Gely
AGAROSA

*polysacharid z Cervenych morskych ras
sextrémné jednoducha pfiprava
epory vétsi nez 10 nm
teplota tani 35°C - 95°C — ,low melting® agarosa (teplota tani ~ 65°C)
velikost poru: 150 nm — 1 % gel

500 nm — 0,16 % gel
*koncentracni rozsah — 0,5 % - 4 % =—==2fragmenty DNA 100 — 50 000 bp

*velmi velké proteiny a proteinove agregaty

PUFR: Tris-acetat-EDTA (TAE) nebo Tris-borat-EDTA (TBE)

NANASECI PUFR (,loading buffer*-PLB):  sacharosa, glycerol, ...
bromphenolova modf a xylen-cyanol



Nukleoveé kyseliny

«analysa a purifikace DNA
restrikiCnich fragmentu

*Ethidium bromid, SYBR Green
citlivost 100 pg — 1 ng/prouzek

DNA
solution

RESEARCH METHOD
- Gel support
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'dg, Stepeni “ss” zlom

linearni  “supercoiled” “relaxovana” “spojené”

¢ % rozsah
agarosa [kb]
0,7 0,8-20
0,9 05-7
1,2 04-6
1,5 0,2-4
2,0 0,1-3




Pulsni gelova elektroforesa (PFG)

pouziti: separace nukleovych kyselin (20 000 az 12 000 000 bp)
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CHEF Electrodes




Usporadani PFG

gelova elektroforéza s inverzni polaritou (FIGE)

pricné stridava elektroforéza (TAFE)

rotaCni gelova elektroforéza (RGE)

,2upnuté® (clamped) homogenni
elektrické pole (CHEF)
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23kb _ 48,5kb

12kb

0,5kb —

Figure 2. Increased separation of the 20-50 kb range with field inversion gel electrophoresis
(FIGE). Run conditions: 230 V, 7.9 V/cm, 16 hrs., 50 msec. pulse, forward:reverse pulse ratio =
2.5:1, 1% GTG agarose, 0.5X TBE, 10 C.a) 1 kb ladder, 0.5-12 kb; b) Lambda/Hind Ill, 0.5-23 kb;
and c) High molecular weight markers, 8.3-48.5 kb.

HSI Laboratories, Hoefer Scientific Instruments
San Francisco, CA
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Figure 3. Rotating gel electrophoresis (RGE) separation Saccharomyces
cercevisiae chromosomes (245-2190 kb). Run conditions: 180 V, 5.1 V/cm, 34
hrs., 120 angle, 60-120 sec. pulse ramp, 0.5X TBE, 1.2% GTG agarose, 10 C.

Two combs were used on the same gel to load 32 samples, a maximum of 72
are possible

HSI Laboratories, Hoefer Scientific Instruments
San Francisco, CA



POLYAKRYLAMID

schemicky inertni a mechanicky stabilni

T — celkova koncentrace akrylamidu
C — stupen prokfizeni — podil dimeru k monomeru

|
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kdyz C je konstantni a T roste, zmensSuje se velikost péru
kdyz T je konstantni a C roste, velikost péru se parabolicky méni, pfi vysokych a

nizkych hodnotach C jsou péry nejvétsi



SDS-PAGE

Tris/Gly/SDS

«anionicky detergent

*po zahrati na 100 °C rozbaluje protein a vaze W_, g
v +SDS ] +SDS
se na nej (1 molekula SDS na 2 AK, 1,4 g SDS na 1

g proteinu)
-velky Naboj smmp velka pohyblivost / t
vysoké rozligeni ot

«dobra fixace prouzku \}(
. 0w . +SDS

*|ze odstranit z gelu, aniz by se uvolnily
proteiny

«10x vy3$si detekéni limit nez nativni elfo

Nevyhody:
za nizkych teplot krystalizuje
*mnoho proteint se chova anomalné
-v duskedku neuniformni vazby SDS
-proteiny s velkym zapornym, velkym kladnym nabojem a na
prolin bohaté proteiny
NANASECI PUFR (,loading buffer‘-PLB): SDS, glycerol, DTT, pufr, bromfenolova
modr, H,O
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Délici gel

H,O

30% acrylamide mix*
1,5 M Tris/HCI pH 8,8
10% SDS

10% APS

TEMED

Zaostrovaci gel

H,O

30% acrylamide mix*
1,5 M Tris/HCI pH 8,8
10% SDS

10% APS

TEMED

V[ml]
1,9
1,7
1,3
0,05
0,05
0,002

Viml]
0,68
0,17
0,13
0,01
0,01
0,001

* akrylamid:bisakrylamid — 29:1

a+b

T =———.100[%
Y [%]
b
C=—-100[%]
a+b




PAGE

Usporadani: kontinualni
diskontinualni

ZAOSTROVACI GEL: niz$i hodnota pH, nizi koncentrace polyakrylamidu

DELICI GEL: mé vy3si hodnotu pH nez rozdélovaci

ELEKTRODOVY PUFR:
Tris/Glycin/SDS

+{ 3 |zaostrovd gel
0 velké pory
: A

|
8 délici gel
9 malé pory

aH

yﬂ H
MH
HO 2

Triz=trighydroxmmethylamine methane

princip zaostrovani




382 Y. P. See, P. M. Olley and G. Jackowski

Yew Phew See
Peter M. Olley
George Jackowski

Cardiovascular Research Focus,

Electrophoresis 1985, 6, 382-387

The effects of high salt concentrations in the samples on
molecular weight determination in sodium dodecyl sulfate

Division of Cardiology, Research

Institute, The Hospital for Sick

Children, Toronto

Diskontinualni elfo
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polyacrylamide gel electrophoresis

For proper molecular weight determination in sodium dodecy] sulfate-polyacrylam-

ide gel electrophoresis (SDS-PAGE), the protein should bind the same amount of
SDS. High ionic strength had previously been shown to reduce the amount of SDS

Kontinualni elfo
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Figure 1. Effect of NaCl concentrations in the samples on the mobility of
Bromophenol Blue at different times during electrophoresis. Electropho-
resis was carried out by the discontinuous buffer system on a 10 % separa-
tion gel with a 4 % stacking gel as described in Section 2.3. Electrophoresis
was interrupted at different times (tZC to t,) and the distance travelled by
the Bromophenol Blue dye was recorded. The NaCl concentrations in the
samples are: (A) No NaCl; (B) 0.1 m; (C) 0.2 m; (D) 0.4 m; (E) 0.6 M;
(F)0.8 M;(G) 1.0 M.



Na co davat pozor.... ﬁx
|
spravna koncentrace APS a TEMEDu g\ |

vzdy Cerstvy APS ?7?7? e - @
odvzdusnéni akrylamidu urychli polymerizaci

skla, ,spacery” i hrebinek otfit MetOH nebo EtOH

zaostrovaci gel aspon 1 cm

po pridani PLB k vzorku promichat (vortex), po povareni znovu —
lepsSi rozliSeni ~

pred nanasenim vzorku kratce stoCit

nizka koncentrace soli

pripravené (povarené) vzorky mohou byt skladovany pfi -20 °C 3-4
tydny nebo ve 4 °C tyden.

opakovane nezmrazujte a nerozmrazujte vzorky

pred pouzitim by skladované vzorky mély byt ohraty na 37 °C, aby
se rozpustilo vysrazené SDS

Dr. Nishodh Saxena: Trouble Shooting on SDS-PAGE



Gel behem polymerace praska

* ujistéte se, ze se gel nezahriva
Vzorek neklesa na dno jamky

» ujistéte se, ze v PLB je glycerol
» hfeben byl odstranén jesté pfed dopolymerovanim

Deformované jamky

* neopatrne vyndan hreben

* hreben byl odstranen jeste pred dopolymerovanim
— bezprostrednée po vyjmuti hiebenu jamky
proplachnout

Vzorek po smichani s PLB zluty

* nizké pH - pfidejte NaOH
* malo bromfenolové modre ve vzorkovém pufru

,Dvojbandy*

 pripravit Cerstvy vzorek ‘ |
« oveéfit si koncentraci DTT nebo B-merkaptoethanolu

Dr. Nishodh Saxena: Trouble Shooting on SDS-PAGE



Chyby pri pripravé gelu

» velké Casove prodlevy pri nalivani gelu
* nerovnomerné pory v gelu
« horni Cast gelu polymerizovala rychleji nez spodni

Intenzivni pozadi v draze

* proteiny precipitujici béhem elektroforezy
* precipitovany protein se béhem elektroforézy

-
postupné rozpousti '
« velky objem vzorku -

Dr. Nishodh Saxena: Trouble Shooting on SDS-PAGE



Vzorek difunduje z jamek

malé proteiny difunduiji rychleji nez velké,
pokud proteiny ve vzorku difunduji do
stran, mohou ménit elektrické pole
pusobici na pfilehlé drahy, zejména pokud
vzorky v sousednich jamkach obsahuji
pfevazne molekuly s vyssi molekulovou
hmotnosti &

X
N\

* minimalizovat ¢as mezi nanesenim
vzorku a spusténim elektroforézy

* nerozpustny material v gelu nebo
neuniformni velikost poru — prefiltrovat a
dobre promichat gel

Dr. Nishodh Saxena: Trouble Shooting on SDS-PAGE



 priliS vysoky proud - prehrati

Slabé obarveny gel &

&
» Spatna fixace gelu po elektroforéze

Prouzky ve tvaru ©

 prili$ rychly prubéh elektroforwsy

Dr. Nishodh Saxena: Trouble Shooting on SDS-PAGE



separace proteinl < 14 kDa === |inearni rozliSeni 1-100 kDa

SDS-PAGE

Tris/Tricin/SDS

Tricin = N-Tris(hydroxymethyl) methyl glycine

SDS-TAWL TUR TN

1 2




SDS-PAGE

Tris/Borat/EDTA

elektroforesa glykoprotein( === SDS se nevaze na sacharidy

CTAB-PAGE

CTAB

kationicky detergent

*pro zaporné nabité proteiny, silné bazické nukleoproteiny

‘nedenaturuje protein, tj. fada proteinl ma i po CTAB PAGE enzymatickou aktivitu
*kyselé prostredi — pH 3-5

Nativhi-PAGE

«i jiné pufry HEPES, MOPS, MES
ezymogramy



Fergusonova analyza

logU; =logU, - K,.T

log Ut

U-...relativni pohyblivost
U,...volna relativni pohyblivost
Kg...tzv. retardacni koeficient

K, =2,43.102 +553.10 .M,

200

150 - \‘\‘\N\

100 ' '
0 5 10

koncentrace gelu [% T]

15

Ferguson, K.A. (1964) Starch-gel electrophoresis-application to the classification of
pituitary proteins and polypeptides. Metabolism 13, 985-1002



Vliv koncentrace akrylamidu na déleni pri nativhi PAGE

4% T, 2,67% C 8% T, 2,67%C
R;
0.0
02 -
| s 132 KD~ BSA — dimer (ol 4.8)
= I ——P 29 kD
R SR Sa— 29m}m4_&0)

| — 14 kD = a-Lactalbumin (pl 4.2)




Pufry pro nativnhi PAGE

Buffer

pH’

3.8
44
48
6.1
6.6
74
8.1
8.7

94

10.2

Basic
component

p-Alanine
1X =30 mM

p-Alanine
1X =80 mM

zaba
1X =80 mM
Histidine
1X =30 mM
Histidine
1X =25 mM

Imidazole
1X=43mM

Tris
1X =32 mM

Tris
1% =50 mM

Tris
1% =60 mM

Ammaonia
1X =37 mM

Acidic

component

Lactic acid
1% =20 mM

Acetic acid
1% = 40 mM

Acetic acid
1% =20 mM

Mes
1X = 30 mM

Mops
1% =30 mM

Hepes
1X = 35 mM

Epps
1% = 30 mM

Boric acid
1% =25 mM

Caps
1% = 40 mM

Caps
1% =20 mM

/-

VlIiv pH na mobilitu

Hemoglobin A (pl 7,1) ==
Hemoglobin C (pl 7,4) ==

pH pH pH
44 48 6,1
+ + +

R

v v v
45 48 60

min min min

pH pH pH
66 7,4 82
+ + -
v v v
- - +
90 150
min min
proteiny
nezaputuji
do gelu

pH
8,8

+

100
min

pH
9,4

60
min



Gradientova gelova elektroforesa

low concentration
acrylamide solution

high concentration
acrylamide solution

magnetic stirrer /

peristaitic pump

gel chamber



Gradientova gelova elektroforesa

5% 7.5% 10% 12% 15% 18% 4-15% 4-20% B-16% 10-20%
— 2850 250
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Preparativni PAGE

horni el. pufr

elucni pufr

chladic

elucni trubicka —

gel —
proteiny

leluéni komoré\l

[
p'ipd“]eni k pumpé a
jimaci frakci

spodni el. pufr

»

U




2D-PAGE

1st Dimension: 2nd Dimension:
Isoelectric gel rod rebuffered SDS Polyacrylamide
Focusing in SDS buffer Gel Electrophoresis
©
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ISOELECTRIC FOCUSING

SDS - PAGE

MASS SPECTROMETRY
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PAGE nukleovych kyselin
fragmenti DNA

% rozsah
akrylamid [bp]

3,5 100 -1000
5,0 80,500
8,0 60 - 400
12,0 40 - 200

20,0 10 - 100




ARDRA - restrikcni analysa amplifikované rDNA

rozdéleni po restrikCnim Stépeni === specificky obraz

Cfol Alul Mbol Rsal Mspl

Figure 1. Restriction patterns obtained after restriction digestion with Cfol, Alul,
Mbol, Rsal and Mspl for amplified 16S rDNA of different Acinetobacter species



RFLP ,restriction fragment lenth polymorphism*

Dde |
sekvence rozeznavana

zvolenym enzymem

CINAG vysledek

dopfedny elektroforetické

! Erimer 120 355 separace

“CTAAG 1 ICTGAA/G" _ bp,, L n.. 4. B
amplifikace (PCR) * primer el

Obr. 8.10:Schematické znazornéni sekvence amplikonu s vyznac¢enim mist pro nasednuti
primeru a restrikénich mist pro Ddel v amplifikovaném useku (355 bp) u evrop-
ské populace; modelovy elektroforeogram z analyzy restrikéniho Stépeni ampli-
konu mtDNA u dvou osob (A, B), kde osoba A nema a osoba B ma restrikéni
misto v pozici 10394 (N - nestépeny amplikon (355 bp); M- DNA marker (50bp)

Lipov J., Knejzlik Z, Jablonska E: Laboratof analyzy biologickych materiala
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DNA ,.fingerprinting“
Variable Number of Tandem Repeat (VNTR)

Short tandem repeats (SRT)

Variable Number
of Tandem Repeats (VNTR)

AGTTCGCGTGA‘ AGTTCGC GTGA[AGTTC GCGTGAlAGTTCGC GTGAl AGTTCGCGTGA

Y e g o
Repeat sequence length:
10-100 base pairs/repeat

Short Tandem Repeats (STR)
|ATGCC|ATGCC|ATGCC|ATGCC|ATGCC]

—_

Repeat sequence length:
2-9 base pairs/repeat




Locus "A" Individual #1 Individual #2
(GC repeat) 1 Locus "A"

m Allele A3

. Allele A4

Locus "B"

Locus"B" ! ! o 4
(AGCT repeat) 4 N Engeforine
@mns AS o
$®Q\ Ad e
A3 e
s A2
(Griffiths et al. 1996) 87
s B2 B2

Individual #1 Individual #2



Blood from

Defendant’'s defendant’s Victim's
blood (D) clothes blood (V)
A
4 A\
4ug Bug
D jeans _shirt _ vV
e ——
-\/\ - .
- .
\'@9‘3(\\\ Eeed -
Q _
N4 — o v
- e L atd



RAPD — nahodné amplifikovana polymorfni DNA

rychla detekce polymorfismu Sirokého spektra organismu
2 kratké primery, nizka teplota - amplifikace sady ruznych DNA
fragmentu o rizné velikosti

RAPD riaznych variet kvasinek



kb

M 1 2 F = g g 9 L RAN I chAc Y 16% K

2.5

1.0

0.5

Rapidprofiles M I 2 2 11;@213111111
8
Silver-stained polyacrylameg\dg gel showing three distinct RAPD
profiles generated by primer OPE15 for Haemophilus ducreyi

isolates from Tanzania, Senegal, Thailand, Europe, and North
America.

http://www.ncbi.nlm.nih.gov/projects/genome/probe/doc/TechRAPD.shtml



DGGE -ELEKTROFORESA S GRADIENTEM DENATURUJICIHO CINIDLA

detekce jednobodové mutace

rozdilna elektroforetické pohyblivost CasteCné denaturovanych molekul
(6 M mocovina + 20-40 % formamid)

TGGE -ELEKTROFORESA S TEPLOTNiIM GRADIENTEM

teplotni gradient (katoda — 15 °C, anoda 70 °C)

o=y,

al®
&%
Single strands -

1.2

Melting —

0
A
T\—— Double
R
e strand
glc)
&

1.0

Relative absorbance at 260 nm

0.8




Mixed Population
of DNA

T
JJ)J)

16S rRNA Gene

PCR Amplification

PCR Primers

— —J
——

G+C-Rich
“CIamp”

G+C-Talled
Product

Denaturing Gradient Gel Electrophoresis
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