Molecular Tools of Medicine

or

The use of Molecular Biology to
Diagnose, Study and Treat Diseases



Techniques

DNA, RNA and protein analytical methods
Cloning methods

Diagnostic methods

Potential treatment protocols



DNA, RNA and Protein Analysis

e Gel electrophoresis
e Blotting techniques
e Basic mapping techniques



Blotting Techniques

 Three basic protocols dependent upon the
macromolecule
— Western
variations include north- and southwesterns
— Northern
similar variations
— Southern
similar variations



Important Enzymes



Restriction
endonucleases

recognize specific nucleotide
sequences and cleaves the DNA
within or near to

the recognition sequences

Reverse transcriptase
(RT)

retrovirally encoded RNA-dependent
DNA polymerase

used to convert mRNA into
a complimentary DNA(cDNA) copy for
the purpose of cloning cDNAs

RNAse H

recognizes RNA-DNA duplexes
and randomly cleaves the
phosphodiester

backbone of the RNA

used primarily to cleave themRNA
strand that is annealed to the first
strand of cDNA generated by
reverse transcription

DNA polymerase

synthesis of DNA

used during most procedures where
DNA synthesis is required, also
used in in vitro mutagenesis

proteolytic fragment of DNA

used to incorporate radioactive

Klenow DNA : : .
polymerase polymerase that lacks the 5’ > 3’ nucleotides into restriction enzyme
exonuclease activity generated ends of DNA, also can be
used in place of DNA polymerase
_ covalently attaches a free used in all procedures where to
DNA ligase 5’ phosphate molecules of DNAneed to be

to a 3’ hydroxyl

covalently attached

Alkaline phosphatase

removes phosphates from 5’ ends of
DNA molecules

used to allow 5’ ends to be
subsequently radiolabeled with the
y-phosphate of ATP in the presence of
polynucleotide kinase, also used to
prevent self-ligation of restriction
enzyme digested plasmids and
lambda vectors




Polynucleotide kinase

introduces y-phosphate of ATP
to 5’ ends of DNA

see above for alkaline
phosphatase

DNAse |

randomly hydrolyzes the
phosphodiester bonds
of double-stranded DNA

Is used in the identification of regions of
DNA that are bound by protein and thereby
protected fromDNase | digestion, also used
to identify transcriptionally active regions
of chromatin since they are more
susceptible to DNase | digestion

S1 Nuclease

exonuclease that recognizes
single stranded regions of DNA

used to remove regions of single
strandedness in DNA or RNA-DNA duplexes

Exonuclease Il

exonuclease that removes
nucleotides from
the 3’ end of DNAs

used to generate deletions in DNA for
sequencing, or to map functional domains
of DNA duplexes

Terminal transferase

DNA polymerase that requires
only a 3’-OH, lengthens 3’ ends
with any dNTP

used to introduce homopolymeric (same
dNTP) “tails” onto the 3’ ends of DNA
duplexes, also used to introduce
radiolabeled nucleotides on

the 3’ ends of DNA

T3, T7, and SP6 RNA
polymerases

bacterial virus encoded RNA
polymerase, recognize specific
nucleotide sequences

for initiation of transcription

used to synthesize RNA in vitro

Taq and Vent
DNA polymerase

thermostable DNA polymerase

polymerases used in PCR

Taq and Vent
DNA ligases

thermostable DNA ligases

used in LCR
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TTTTTTTTT Notl (primer)

Reverse transcriptase
deoxynucleotides AAAAASALA
TTTTTTTTT Notl

RNase H

DNA polymerase
deoxynuclkeotides

AAAAAAAAA Notl
TTTTTTTTT Notl

EcoRI adapter
DNA ligase

NotlEcoR

EcoRl
digest with Notl

purify cDNA from digested adapters
'by column chromatography

/ =3
ligate inte plasmid \~ ligate into lambda
\\\
-

Clone in E. coli and Clone in E. coli and
screen bacterial colonies screen resultant plagues
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plasmid ori and
Amp gene
+parlial digest with EcoRl

purify 400-500 kbp

sized fragments by PFGE TEL
| BamHl | BamHI

digest with BamHI| and EcoRlI I l
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Transform yeast cells






Sanger ddNTP Chain Termination Sequencing

Template: 3" ——-———— GUATTGGGAADD oo &t
Primer: 5 ——— - CGTA 3
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Mapping Techniques for Diagnosis

« Limit to DNA mapping since most
pertinent for clinical diagnosis

—linkage mapping

used to demonstrate linked genes
— cytogenetic mapping

used to show relative chromosomal location
— physical maps

demonstrate order and spacing of genes



Genetic Analysis

« RLFP Mapping
 VNTR Analysis
— both techniques utilize Southern blots

* PCR

* SS Polymorfisms
« ASO Probing
 PCR-SSCP



Restriction Fragment
Length Polymorphism
{RFLP} Mapping
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Ms tll res triction sites around lobin gene
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Detection of Hemophilia A Mutation by Southern Blotting
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Variable Number
Tandem Repeat
{UNTR} Polymorphism
Detection
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UNTR Fingerprinting with a Single Probe
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The PCR and Related
Techniques



dMNTPs

cycle 1
y Taq pol

cycle 2

cycle 3

20 more cycles

2,097,152 copies --&
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Kpirtnpilo ETA0YNC EKKIVIITOV

\/

v Béltioto unkoc 20-26 Bdaceic (bp)

R

»  meplektikotnta o€ Paceic G, C 40-60%

A/

¢ ITOPLYN CLUTANPOUATIKDOV CAANAOLYIOV EVTOC TOV
KADVOUL TOV EKKIVITOV, €101KE 6TO 3’ AKPO

/

¢ OTOPLYT] GUUTANPOUOTIKOV CAANAOVYIOV TMV
eEKKIVNTOV pUe un embountéc aliniovyiec DNA

/

& amOPPIYTN TOV EKKIVITOV TOV £YOLV OLOAOYIN LE
avemBounteg meployeg avm tov 70%

/

 amopuyn eravainync tov G kot C oto 3’ dKpo TV
exkvntov (my GCCCC, GGGQ)



H DNA moAvpuepdon mévta kiveiton ue katevbovvon 5° =2 3;
S’ ’
>

—

3" -
H DNA moAvpuepdon evoouatmvel 1o 4 0e60ELVOLKAEOTIOI
(A, T, G, C) otnv avamtucsooUEVT] 0AVGION COUPMOVA, LE TOV

TPOTLTO KAVOVO EVOGTC TOV PAcemV
dTTP

s OATRATe,  drre dTTPacTdC” TP yote
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dGTP dTTP N iGTRIGTP darp  dCTP)
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3 dTTHATPACTP dTTP dGTP dGTP dCTP S

e Ovveomapayouevor DNA kAwvol Asttovpyoivv cov
wpotvmo DNA yio tov enduevo KOKAO



* H ovokevn PCR pubpuiler t1g
Oeprokpacies

* H tomkn PCR mpayuatonoleital o
Tplo Priuata
— Amooldtain
— Emoavaotataén
— Eméxtaon

OPOODPUDN

* H 0¢ppoavon yopiCel to
otkiwvo DNA
— Amodidtoén Heat Cool
e  Apyn yiO&n €mavVAOIOTTACEL
TOVG OVO KAMVOUC
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e O1 000 eKKIVNTEG EQUPUOLOVTUL GE LOPLOKT) TEPICGELL

e X2UVOECT] TOV CUUTANPOUATIKOV TEPLOY DV

e KoaBnc 1o DNA yiOyeton, mapepuPdriovral HeETacd TV
OO0 TPOTVHTMOV KADVOV

« H BéAtiomn Bepuokpacio mokidel availoyo HE TO UNKOC
TOV EKKIVITN K.A.T.

Tomum Bepuokpacio and 40 Emg 60°C



Enéxktoon

4 H DNA noAupepaon avriypapel To DNA
4 BeAmioTn Bepuokpaaia 72°C

5 ﬂTnnrﬂﬂrﬂﬂTWH [T T 3
< | .- WLH Mlﬂlmi'
| !
|

allf’ AR

D \ y

W -




PCR Eviocyvon

ExOetuc) evioyvon tov mpotvmov DNA

wanted gene

—— ¢ 3th cycle Exponential amplification

lst cycle -----------J 351h cycle

template DNA
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To. prpatoe tne RT-PCR

Hp(mﬂacn |
65°C 10 mi - 37 °C -1 opa
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' 95°C — 30 sec
OTVTTO 0
o 95°C 55°C — 30 sec 72°C
i | °C-1mi 10 min
S 3 min 72°C — 1 min e
MgCl, - m' ) "y l éTOl“n
dNTPs N\ emodwtatn N\ gvicyvon V4 Téhoc
DNA pol
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Kvpwotepeg maporraysg tng avriopoons PCR

% PCR avtiotpoonc petaypagpnc (Reverse transcription-
PCR, RT-PCR)

» AocVupetpn PCR

s Autan PCR (Nested PCR)

s ITTolamin PCR (Multiplex PCR)

» PCR-ELISA

s PCR og npayuatiko ypoévo (Real time PCR)



Aocvuperpn PCR

» mapdyston povokimvo DNA
s ypnowomnoteitar yioo DNA-sequencing

¢ YPNOLUOTOLOVVTOL AVIGEC (ACVUUETPES) CLYKEVTPDOELS
TOV 0V0 ekKivNTOV (6€ avaroyieg 1:10, 1:2, 1:50)

¢ 0TOVLG TPDTOVE 15-25 KOKAOVC, TO TEPIGGOTEPO TTPOTOV
OV TTOPAyETOL EIVOL OIKAWMVO

\/

¢ KoOMGS 0 LIKPNG CLYKEVTPOONC EKKIVITNG ECOVTAELTOL,
GTOVG EMOUEVOVS KOKAOVG TOPAYETOL TAEOVAGLLOL TNG LLLOG
aAvciong

10 LovoKkA®mvo DNA cuecmpedeTal YPOopLTKAL



Awutif PCR (nested PCR)

A/

¢ (PNOCIUOTOLELTOL VIOl AVENGT TNG EOTKOTNTOS TNG AVTIOPAGTG
PCR

A/

* 0Vo PCR 0mov ypnoipomolodvton otapopeTIKa Cevyn
EKKIVNTOV (EEMTEPTKO KO EGOTEPIKO)

/

¢ TO £06MTEPIKO LEVYOC LPPLOOTOLELTOL GE TEPLOYT TTOV
EVIGYVETOL OO TO AALO

/

¢ otov pwto YOpo ¢ PCR, ypnowwonoteital to eEmtepikod
Cedyog TV EKKIVNTAOV

/

**  GTOV 0EVTEPO YOPO EVIOYVOVIAL EMIAEKTIKA TO KOUUATIOL TTOV
TEPLEYOVV TNV AAANAOVYI0-GTOYO



Mo)iamiy PCR (Multiplex PCR)

¢ YPNOLUOTOLOVVTOL OLOPOPETIKA CeVYN EKKIVITOV Y10 TNV
TOVTOYPOVN EVIGYVGT TOAADV TEPIOYDOV TNC AAANAOVYINC-GTOYOV

\/

¢ XPNOLUOTOLEITAL OTT OLAYVIOOT] YEVETIKOV 0l0OEVELDV TOV
0QEIAOVTOL GE ATOAOLPEC YEVETIKOD DAIKOV YOVIOI®V, OTTMG N
Loikm ovetpo@io Tov Duchenne

\/

% oAV amAOVGTEPT OO TNV ATOTVTMOT KaTtd Southern
(Southern blot)



AMo1oMTI] AVTIOPECT TNS TOAVUEPAGS G TPAYNATIKO
1pOvo (Real time PCR)

IHoocotwkn PCR (qPCR)

ApyN TOGOTIKOU TPOGOLOPLGOV

H nocotikn) PCR divel T ovvatotnta mopakorovdnenc
¢ avtiopaonc PCR katd ) oudpkelo TG EEAMENS TNG
[TAeovektuoato:

Avtouatomoinon

AvvotOTNTo TOGOTIKOV TPOGOLOPIGLOV

AToQ@LYN NAEKTPOPOPTICEDMV

ATOQLYT ETUOADOVGEDV

Y ynAn evaicOncia

KoatdAAnAn yio peydAo aptOuod oerypatwmv

e



AADGLOMTI] AVTIOPUGT TS TOAVUEPTONS GE
apaynotiko ypovo (Real time PCR)
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AMo1oMTI] AVTIOPECT TNS TOAVUEPAGS G TPAYNATIKO
1pOvo (Real time PCR)

IHoocotwkn PCR (qPCR)

ApyN TOGOTIKOU TPOGOLOPLGOV
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. »

- /

i /

J /

/ Kinatic detection
! / / (quantkative PCR)
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Ligase Chain Reaction,
LCR



Normal B-Globin Sickle B-Globin
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simple Sequence Repeat
{SSR} Polymorphisms



i %8 Pl
sz ([ CTA) ) s A

TR TENAT RIS (TCTA)11 Eprammweese s T ssEE T [
el e T (TCTA)12— C
FIDRNT CORIERCLALITD (TCTA)13_ D
—(TCTA){ , "e—

P ——(TCTA) s S——

T 15— — e

g 14— e iy
2 13- —

f& 12 -_— o
o 11— e—

0 10~ e— -—

AB CD EF AF CE



Aliele-Specific
Oligonucleotide
{ASO} Mapping



Normal Heterozygote Sickle cell homozygote
phpt phs° pUp°

=] @ ®
ﬁ Hybridization

A
EB “ASO| 5' 16 ACT CCT GAG GAG AAG TC 3°

@ Synthesiza ASO

!
e
PR L

1 10
Bt s a1a cac cTa ACT COT GAG GAG AAG TCT GCC---sxsns 3’
- Sense strand -l
GENE SEQUENCES 3 Sickle-cell mutation
10
BSs- GTG CAC CTG ACT COT GIG GAG AAG TCT Ao g
Sense strand : Val '
E P Sinihesize ASO !
“s ASO 5° TG ACT CCT GIG GAG AAG TC 3

“ Hybndization
| B -] ]

aAﬂ‘ bAnQ BQ ‘3".
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Normal R-Globin

CCTGAGGAG
GGACTCCTC

l

CCTGAGGAG
GGACTCCTC

N

CCTGAGGAG GGACTCCTC

M/
CCTGAGGAG —

GGACTCCTC —

Sickle [5-Globin
CCTGTGGAG
GGACACCTC
PCR amplify 100 - 200 bp i
fragment encompassing the
wite of the mutation
CCTGTGGAG
milions of copies GGACACCTC

denature the strands / \\

of the PCR products CCTGTGGAG GGACACCTC
separate in polyacrylamide gel

MNI'S SIS

B B CCTGTGGAG
B B GGACACCTC



Gene arrays




Gene arrays are solid supports upon which a
collection of gene-specific nucleic acids have been
placed at defined locations, either by spotting or direct
synthesis

In array analysis, a nucleic acid-containing sample is
labeled and then allowed to hybridize with the gene-
specific targets on the array

Based on the amount of probe hybridized to each
target spot, information Is gained about the specific
nucleic acid composition of the sample

The major advantage of gene arrays Is that they can
provide information on thousands of targets in a single
experiment.



Experimental characteristics

The solid supports upon which nucleic acids are
arrayed are either glass slides or nylon membranes

Fluorescently labeled probes are used with glass
arrays, while radiolabeled probes are used with
membranes

The arrayed nucleic acids may be composed of
oligonucleotides, PCR products or cDNA vectors
or purified inserts

The sequences may represent entire genomes and
may include both known and unknown sequences
or may be collections of sequences such as
apoptosis-related genes or cytokines



Experimental characteristics

Many terms exist for naming gene arrays,
including biochip, DNA chip, GeneChip®, DNA
array, microarray and macroarray

Generally when biochip, DNA chip or GeneChip
IS used, it refers to arrays on glass supports

Microarray and macroarray may be used to
differentiate between spot size or the number of
spots on the support

Gene arrays may be used for sequence
identification (e.g. mutation analysis) or
differential expression analysis of two or more
RNA samples



DNA arrays
Gene arrays 12000 cDNA/oligo sets
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Gene Arrays for Expression Analysis

Gene arrays have become a powerful approach for comparing complex
sample RNA populations

Using array analysis, the expression profiles of normal and tumor tissues,
treated and untreated cell cultures, developmental stages of an organism or
tissue, and different tissues can be compared

A typical gene array experiment involves:
Isolating RNA from the samples to be compared

Converting the RNA samples to labeled cDNA via reverse transcription; this
step may be combined with aRNA amplification

Hybridizing the labeled cDNA to identical membrane or glass slide arrays
Removing the unhybridized cDNA

Detecting and quantitating the hybridized cDNA

Comparing the quantitative data from the various samples

Some array manufacturers offer custom analysis services and may perform
the probe labeling and hybridization reactions as a service



Nylon Membrane Arrays

Nylon membrane arrays are typically hybridized with 3*P-dNTP labeled
probes and analyzed by a phosphorimager along with the appropriate
software

A different array must be used for each sample analyzed
A typical experiment involves isolating RNA from two tissue or cell samples

The RNAs are reverse transcribed using labeled nucleotides and target
specific, oligo dT, or random-sequence primers to create two labeled cDNA
populations

The two cDNASs are hybridized to two identical arrays
After washing, the hybridized signal on each array is detected and analyzed

The signal emitting from each gene-specific spot is compared between the
populations

Genes expressed at different levels in two samples generate different amounts
of labeled cDNA and this results in spots on the array with different amounts
of signal



Glass Slide Arrays

Glass slide arrays analysis involves the same steps, but rather
than labeling with isotopes during reverse transcription, probes
for glass arrays are labeled with two distinct fluorescently
labeled nucleotides and both probes are hybridized to the same
array

Typically, one sample RNA is labeled with Cyanine 3-dNTP
(Cy3) and the other with Cyanine 5-dNTP (Cy5)

Each dye produces different color fluorescence

The two labeled RNA populations are hybridized to one glass
slide and scanned using a fluorescent imager



« Affymetrix's GeneChips are glass slide arrays manufactured
using special photolithographic methods and combinatorial
chemistry, which allow the oligonucleotide spots to be
synthesized directly onto the array substrate

« The analysis procedure specifies that the RNA samples are
converted to biotin-labeled cDNA, and each sample is
hybridized to a separate GeneChip

« The hybridized cDNA is then stained with a streptavidin-
phycoerythrin conjugate and visualized with an array scanner



Aftymetrix model for DNA chip

Shining a laser light at GeneChip causes tagged DNA fragments that hybridized to glow

Now, we
can infer
which Of Non-hybridized DNA
the genes
were
expressed
and in what
intensity.

Hybridized DNA

Due to some biological processes, not always the correct sequence will
hybridized to the oligo.



Data Analysis

Where once the bottleneck in gene expression analysis was the benchwork,
with array analysis, it is the computer work

Because a single array experiment can generate thousands of data points, the
primary challenge of the technique is making sense of the data

Many commercial companies provide image analysis software, including
BioDiscovery (ImaGene) and Imaging Research (ArrayVision)

Furthermore, many array manufacturers offer software specifically for the
analysis of their arrays and offer the analysis as a service

For membrane array analysis, a file of the data is generated by
phosphoimaging and that file is then analyzed using software

The software will correlate spots to genes and can compare spot intensities
for differential expression studies

Glass array data is treated in much the same way, but the image's fluorescence
Is scanned and the software allows detection of each samples' fluorescence
individually or simultaneously for analysis

Most software packages can analyze several arrays simultaneously



 Differences In expression of specific sequences
are often validated by another method of
analysis such as RT-PCR, Northern analysis or
nuclease protection assays

» These same methods can be used for relative or
absolute quantitation of specific messages of
Interest identified by array analysis



Design of a DNA Microarray System

There are several steps in the design and implementation of a DNA
microarray experiment

Many strategies have been investigated at each of these steps

DNA types

Chip fabrication
Sample preparation

Assay
Readout

Software (informatics)

Prope . fabcr:i[:];?ion Target
(cDNA/oligo with (Putting probes (fluorecently Assay Readout Informatics
known identity) on thg cr:)hip) labeled sample)

Small oligos,
cDNAs,
chromosome,....
(whole organism
on a chip?)

Photolithography,
pipette, drop-
touch,
piezoelectric (ink-
jet), electric, ...

RNA,
(MRNA==>)
cDNA

Hybridization,
long, short, ligase,
base addition,
electric, MS,
electrophoresis,
fluocytometry,
PCR-DIRECT,
TagMan, ...

Fluorescence,
probeless
(conductance,
MS,
electrophoresis),
electronic, ...

Robotics control,
Image processing,
DBMS, WWW,
bioinformatics,
data mining and
visualization




Applications of DNA Microarray Technology

« Gene discovery (Many, many applications)
« Disease diagnosis (Many, many applications)

» Drug discovery: Pharmacogenomics

« Why some drugs work better in some patients than in others? And
why some drugs may even be highly toxic to certain patients?

« Pharmacogenomics is the hybridization of functional genomics and
molecular pharmacology. The goal of pharmacogenomics is to find
correlations between therapeutic responses to drugs and the genetic
profiles of patients.

« Toxicological research: Toxicogenomics

 Toxicogenomics is the hybridization of functional genomics and
molecular toxicology. The goal of toxicogenomics is to find
correlations between toxic responses to toxicants and changes in the
genetic profiles of the objects exposed to such toxicants.



[ | ||
searching the unknown with
[ |
gene trapping




A dramatic increase in sequence information, both in the form
of complementary DNA (cDNA) and genomic DNA, has
created a huge gap between the discovery of genes and the
process of identifying gene function

To fill this gap, the ‘gene-trapping’ approach has been
developed; this combines into a single process the three stages
of gene cloning, the study of the pattern of gene expression and
the analysis of the respective mutant phenotype

Recent results indicate that gene trapping can be used
successfully to clone specific genes that are involved in the
development of the central nervous system, limbs and
haematopoietic system

Continuous improvements in the design of trapping vectors,
faster sequencing of cDNA clones and more-efficient in vitro
prescreening will certainly aid the large-scale trapping of
mammalian genomes



The IRESpgeo gene-trapping vector and gene-trapping strategy

a |RESPgeo gene-trapping veclor

SA  IRES f-geo poly-A

b Gene structure before insertion of gene-trapping veclor

Exan 1 Exon 2 Exon 3

Gannm i
Transcription
mBrA AAAADN

¢ Gene structure after insertion of gene-trapping vector

_ SA  IRES B-gac poly-A
Gene-trapping ]

vactor

Insertion in intron
. Exon 1 Exon 2 Exon 3
Broeme ———
DA

1

Exon 1 SA IRES f-geo poly-A Exon 2 Exon 3
Trappod - ==
ENOmIic
A
Transcriplion
Trapped' o
Tused mFlNA AAAARA

transcript Exon1 SA  IRES p-gao poky-A



The IRESpgalNeo(-pA) gene-trapping vector and gene-trapping strategy

a IRESpgaliec(-pA) gene-trapping veclor

SA IRES p-gaf poly-A PGK nmeo  SD

b Gene structure before insertion of gene-irapping vector

Exon 1 Exon 2 Exon 3

Eanomic
DA

Transcription
mRMA AfAALM

¢ Gene structure after insertion of gene-trapping vector
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Principles and advantages of using in vitro pre-selection of gene-trapped
embryonic stem cells for characterising novel genes in the mouse
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Gene Therapy
“Transient Transgenesis”



Targets for Gene Therany

Inherited disorders

— replacement or prophylactic introduction
of non-defective gene

— utilizes cells of the affected organ

Cancers

— expression of iImmune system modulating
molecules eg. TNF, IL-2

— utilizes cells of the Immune system



Delivery Systems

Retroviral vectors
Adenoviral vectors

herpes virus (type 1) vectors
non-viral DNA-based vectors
nanocarriers



Two Modes of Delivery

* Invivo
— introduction of the vector directly into
the affected tissue to be taken up by and
expressed in those cells

« Exvivo
— remove cells from affected tissue,

introduce vector to cells, reintroduce
cells into affected tissue



