Moderni analyticka instrumentace pro geneticky
vyzkum, lékarskou diagnostiku a molekularni
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Capillary electrophoresis
CE
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’Why capillary electrophoresis? ‘

AT=T,-T, =

42

air — solid solid — solid
R Te
m\ " Q, =Udl =U%2zrdrx /L ar \r [\
dT

U e [T
YA v

252

E“R“kx T

Miniature capillary:

1) high resistivity © low current at high voltage © low heat production
2) efficient heat transport O low temperature difference inside the capillary

DNA electromigration

K. Kleparnik, P. Bo¢ek, DNA diagnostics by Capillary Electrophoresis
Chemical Reviews 107, 5279 — 5317, 2007.
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Ferguson plots of DNA molecules in agarose gels. The logarithm of the mobility, extrapolated to
zero electric field strength at each gel concentration, is plotted as a function of agarose
concentration, %A.
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Poymerase chain reaction

PCR amplification




Kary B. Mullis

born 1944

La Jolla, CA, USA

University of British Columbia

0 The Nobel Prize in Chemistry 1993

For his invention of the polymerase chain reaction (PCR) method

PCR amplification scheme

Human Genome Project

J. CRAIG VENTER, Ph.D., PRESIDENT, CELERA GENOMICS
REMARKS AT THE HUMAN GENOME ANNOUNCEMENT
THE WHITE HOUSE
MONDAY, JUNE 26, 2000

Mr. President, Honorable members of the Cabinet, Honorable members of Congress, distinguished guests.

Today, June 26, 2000 marks an historic point in the 100,000-year record of humanity. We are announcing today that
for the first time our species can read the chemical letters of its genetic code. At 12:30 p.m. today, in a joint press
conference with the public genome effort, Celera Genomics will describe the first assembly of the human

genetic code from the whole genome shotgun sequencing method. Starting only nine months ago on
September 8, 1999, eighteen miles from the White House, a small team of scientists headed by myself, Hamilton O.
Smith, Mark Adams, Gene Myers and Granger Sutton began sequencing the DNA of the human genome using a novel
method pioneered by essentially the same team five years earlier at The Institute for Genomic Research in Rockville,

Maryland. The method used by Celera has determined the genetic code of five individuals....

...There would be no announcement today if it were not for the more than $1
billion that PE Biosystems invested in Celera and in the development of the
automated DNA seq er that both Celera and the public effort used to
sequence the genome...

J. Craig Venter

The Institute for Genomic Research
(TIGR)

The first president of Celera Genomics

The completed sequence of the human
genome was published in February 2001 in
Science.

Venter, C. J. et al. Science 2001, 291, 1304-1351.

DNA sequencing
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LIF detection

SCHEME OF CONFOCAL DETECTOR ‘
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ABI PRISM® 3700 DNA Analyzer

ABI PRISM® 3700 DNA Analyzer

ABI PRISM® 3700 DNA Analyzer
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PE Applied Biosystems Molecular Dynamics
ABI PRISM 3700 MEGABACE 1000

accuracy > 98.5% to 550 base accuracy > 98.5% to 550 base

96 samples per run in 3 hours 96 samples per run in 2 hours

laser Ar-ion 488 and 514.5 nm laser Ar-ion 488 nm

detection in sheath flow energy transfer dyes

concave spectrograph and cooled CCD  confocal scanning with 4 filters and 2
PMTs

DNA sequencing over 1000 bases in 1.5 hour
Separation matrix: LPA 2.0% (w/v) 5.5 MDa
E: 150 V/em, T: 50 °C

Barry L. Karger

Director, James L. Waters
Professor of Analytical
Chemistry

The Barnett Institute
Northeastern University
Boston MA

DNA sequencing up to 1300 bases in 2 hours
Separation matrix: LPA 2.0% (w/w) 17 MDa, 0.5% (w/w) 270 kDa
E: 125 V/em, T: 70 °C

migration time (min)

DNA mutation analysis
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Minimum Separation Time
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Effect of Injection and Detection
t
tr =t¢ sample
E.}. L=—H (1, +1y) tr =ty
E Hy — My 1
I, +1
L=-1"-d 2
S
t,
B A
S S A " space
i d d d
H |
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Optimization strategy in RFLP (AFLP) method ‘

Miniaturized CE system with capillary
heater and LIF detection

A sample injection - side view

Capillary effective length
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2.5cm B electrophoresis run - top view e
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Effective transient ITP stacking

Polymorphism of CT, CA, GC repeats in endothelin 1 gene

Multiplex PCR amplification:
heterozygote: 207, 217 and 201, 211
homozygote: 203 int

2070 2170t
Denaturing: sample dissolved in

Separation medium: 4% agarose BRE (FMC)
in 0.1 M Tris -TAPS and 7 M urea

Fluorescent dye: SYBR Green II (492/513 nm)
Capillary: 50 pm ID

2030t
201nt

refative LIF (520 nm)

Temperature: 60 °C et

Electric field strength: 600 V/cm

injection

lnjection:l 5 sec, 600 V/em I

38 40 a2 44
migration time {sec]

DNA denaturing




effective denaturing - DNA sequencing

* effective stacking - maximum mobility of OH-ions

* fast separations - high effective charge of polyanions

* compatibility - fluorescent labels and sieving media

Alkaline CE of DNA sequencing fragments
sample size: 307 n,
4% LPA (15 M
capillary: 1D 50 um:
electric ﬁvT strength: 200 Viem

fiond00Vicm, 35

| G-dR110 (540nm)
#uMr}.t-.MjLMmlumw,m_

T-dTAMRA (600nm)

i

C-dROX (620nm)

4 6 8 10 12
time [min]

relative fluorescence

* Hydrogen bonding contributes

little to the stability of the double helix.

Hydrophobic forces largely
stabilize DNA secondary structure.

Migration of DNA sequencing fragments
atpH12.6and 8.3

‘Sample: titure of all fragments labeled with dideoxy taminators
G-dR110 (545 nm), A-4REG (570), TATAMRA (595), CROX (625)
Capiltary: L 165 (25) om, 1D 50 um, A} uncoated, B) PVA coating
4% LPA (15 MDa) in A) 0.04M NaOH, B) 0.1M Tris-Taps + 7M urea
30°C; 200 Viem
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Dissociation of DNA bases

‘Samplo: mixture of 1M H, G, A T. C in 0.1M NaOH
Capilary: ID 50 um; L 4.6 (34.6) o bare fused-siica
Electrolyte: 0.1 M NaOH with 2% agarose (BRE-FMC)
Temperature: 40 °C; Eleciric field sirength: 145 Vicm

pKa'
H Hypoxanthine 8.94 12.10
G Guanine 9.20 12.30
A Adenine 9.80
T Thymine 9.90 13.00
C Cytosine 12.50
05 s 25
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Migration of RNA and DNA fragments

under alkaline conditions

Sample: size standards RNA and DNA

Uncoated capillary: ID 50 um; L 30.0 (34.6) cm
Electrolyte: 2% agarose in 0.06M NaOH

T: 40°C; E: 145 Vicm

migration time [min]

2 deoxyribase-5-phospnat

Constant Denaturant Capillary Electrophoresis
CDCE

10



Theoretical melting curve

Mutation detection by CDCE

Fragments amplified on p53 gene

mutation: 2 substitutions A>G at different positions.

Separation conditions: 14% solution of LPA (180 kDa) in 50 mM Tris — TAPS
buffer at 794 C; L, — 55 cm; L, — 40 cm; E — 360 V/cm.

primers

Single Strand Conformation Polymorphism
SSCP

a) health homozygote

Phenylketonuria

. /dsDNA '
sspNA

SSCP analysis : i
Detection of point mutation C > T in | i
phenylalanine hydroxylase gene on oy
chromosome 12

b) heterozygote
i dsDNA

Separation conditions:

2% solution of agarose SeaPrep in 1XTBE
with 10% formamide

T - 30&C

LC-55cm )
LD -50 cm i : o
E —a) 183 V/cm, b) 135 V/cm. . [ Ll

relative absorbance at 260 nm

SSCP analysis: in-capillary alkaline denaturing

healthy homozygote J 00 A "
sense \ antisense

fluorescein 531nm | \ TAMRA 610nm
|

relative fluorescence

100
5.50 555 5.60 5.65 570 575

affected homozygote

L

Separation medium: 2% LPA in 0.1 M Tris -TAPS

Electric field: 280 V/cm

Capillary: length 15 (25) cm; ID 75 pm

Temperature: 27°C

Excitation: Ar-ion laser 488 nm

Injection: 5 sec, 200 V/cm o

Denaturing: 0.1 M NaOH, 90 sec. 550 5.55 5.60 5.65 570 575
migration time [min]

relative fluorescence
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SSCP analysis: in-capillary alkaline denaturing

Cystinuria type I
A disorder of amino acid transport characterized by a renal cystine 500
transport defect resulting in urinary tract calculus disease.

Genome: The most frequent is point mutation M467T, a
substitution of Thymine for Cytosine in position 1400 in SLC3A1
gene on short arm 2p of human chromosome 21.

Point mutation M467T causing Cystinuria (heterozygote)
substitution of T for C at position 147 in 317bp fragment

Separation medium: 4% LPA in 0.1 M Tris -TAPS

Electric field: 280 V/iem sense
Capillary: length 15 (25) cm; ID 75 pm fluorescein 531nm
400 | Temperature: 27°C

Excitation: Ar-ion laser 488 nm
Injection: 5sec, 280 V/em
Denaturing: 0.1 MNaOH, 90 sec

antisense
TAMRA 610nm

300
Proteome: The mutation causes the substitution of Methionin for
Threonin in position 467 of transport protein rBAT, a 90 kDa

. 200
glycoprotein.

relative fluorescence

Sample: PCR fragment of 317 bp. The mutation is in position 146. 100 ‘ ‘ ‘ ‘
Sense primer is labeled by fluorescein (520 nm) on 5"-end. 7.00 7.05 710 715 7.20 725
Antisense primer is labeled by TAMRA (610 nm) on 5"-end.

migration time [min]

| Comparison of migration order with theoretical structures

50 s.88 560 588 a0 578
migraticn tme fmin]

D

Figure 9. Theoretical two-dimensional secondal
" 17 lifiod

exon B of SLEIAT gene (see Fig. 1): wild type — B, 0 and
camying mutation M4GTT = A, C. The matation site at
position 130 is indicated by arows. Calculated structures
in solution of 0.01 m Na® at a temperature of 27°C using
Version 3.0 MFOLD software.

Single nucleotide primer extension SNuPE reaction SNuPE products
A sense < L .
B sensewt Minisequencing 0 Wk yRe eI
i CAATAC —_ CAATAC
. -Arecca1cg1cs~
e SNuPE b) point mutation
dT* TP
CAATAC — CAATACT
3 —.n'rsccnrs'rcc—
€) repetitive nuclectides
C antisense mut D antisense wt aT* TP
CAATAC|T T —= CAATACTT
~A‘rsccus G-

d} lenger primer

dT* TP
TACAATAC|T == TACAATACT
~ATGCCATG|A|TCG ~

electropharogram
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Department of Chemistry
University of lllinois
Urbana, IL

Director of the Biotechnology Center
Associated with the Beckman
Institute, Biotechnology Center,

Neuroscience Program and
Bioengineering Program

Molecular gates

microfluidic channels

/ P

Flurescence Intensity (1)
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Single cell analysis

Typical eucaryotic somatic cell
diameter: 5-10 pm

volume: 500 fl

total mass: 500 pg Microtechnologies
DNA
nucleus: 20 % of cell mass “|ab-0n-chip”
DNA mass: 5 pg (MCF 7 cells)

Proteins

10% of cell mass =2 fmol

10 000 proteins expressed
conc. of a protein: 200 zmol

(1 zmol = 600 copies)

Prof. Dr. Andreas Manz

Head of the ISAS J. Michael Ramsey
Dortmund Minnie N. Goldby Distinguished Professor of Chemistry

Department of Chemistry
The University of North Carolina at Chapel Hill
Chapel Hill, NC USA

Confocal microscope detection system

CD microfluidic device - Gyros AB

lightproof curtain
PMT
CCD camera 610 nm BP
550 nm LP

laser 532 nm

objective 25 x

0.65

CD assembly




CD device assembly and detection system

electrodes
60V

vacuum Sy stem

Separation of DNA restriction fragments

* Separation
2% LPA (10 MDa)
in 100 mM Tris -TAPS

* Channel length: 4 (8) mm

« Electric field: 75 V/em

N H =
]

571 ol l al p
w2 e e

relative fluorescence

8 10 12 14 16 18 20 22 24 26 28
time [min.]

Microfluidics - cell handling

Alkaline cell lysis

Cell lysis
in 0.1 M NaOH after 2 min

Cardiomyocyte cell nucleus stained by ethidium bromide
LIF microscopy: excitation - 532 nm; emission - 610 nm

| Intact cell nucleus

Alkaline cell lysis

Cl-are beeing replaced by OH-

L

Electric field strength

DNA fragmentation in apoptotic cardiomyocytes
treated by doxorubicin (2 pg/ml)

70 4

Cell lysis: 3 min

Electrophoresis:

Sh 2 % LPA (10 MDa) + 0.1 M NaOH
electric field strength 60.2 V/cm
temperature 25 °C

3
3

a
3

Separation channel:

relative fluorescence (610 nm)

40 15h 10 mm x 50 um x 20 pm
effective migration distance 6 mm
» 24 h LIF detection:
excitation 532 nm
20 . . . . . X emission 610 nm

00 05 10 15 20 25 30 ||DNA stainedby EtBr

migration time [min]

K. Kleparnik, M. Horky, Electrophoresis 2003, 24, 3778 - 3783.
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Nanotechnologies

“cell as a test tube”

Single molecule detection

Gold nanoparticles linked by DNA molecule

Single molecule imaging

Membrane proteins

CD58-Cya3 (green)

ICAM-1-Cy5 (red)

in a glass-bound planar phospholipid bilayer
under two PMA/ionomycin-treated Jurkat cells.

Total Internal Reflection Fluorescence Microscopy

A\ 4 glycerol

sample

immersion oil

objective

Disadvantages:
< Photo bleaching
< Molecules at the cell surface

«» Two lasers: 514, 633 nm

Parallel single molecule sequencing by synthesis

Helicos 454 $dEnces
The HeliScope™ Genome Sequencer
Sequencer FLX System

2. 10°b/day 3. 108b/day

10° reads/run 100 Mb/7.5 hour run
25-55bp read lengths 400 000 reads/7.5 hour
200 - 300 bp read lengths

Solexa

lllumina Genome Analyzer

6.108b / day

3.10°b /5 days run
50 . 10%0oligo clusters
36 — 50 bp read lengths

The HeliScope™ Sequencer

Photocleavable dideoxy nucleotides

15



