GYOGYSZERESZETI
BIOTECHNOLOGIA

Bevezetés biotechnologiaba
E1-2



Tradicionalisan mire tamaszkodik az
orvosi diagnosztika és terapia?

Tunetekre illetve tunet-egyuttesekre és a
meghatarozo tunetek enyhitésére

Gyogyszerek és gyogyszertesztelési
rendszerek kifejlesztése



A kozvélemeény szerint a biotechnologus

orvos gy()gysze rész

"Lucrezia, you must give me
the recipe for this poison.”




Cel:

Hatékony és egyénre szabott terapiahoz
elengedhetetien mind specifikusabb
hatéanyagok kifejlesztése



Hogyan érhetjuk ezt el?

1. Alapkutatasi eredmények felhasznalasa: a
molekularis biologia, bakteriologia,
biokémia, immunologia teruleterol

2. Alapkutatasi eredmeények otvozése



Uzlet Jog/etika
A bioteehlmolégia helye és helyzete

Molecular biology,
Genetic Engineering

& Biochemistry,
O
O

Technical
Chemistry,
Pcoress
engineering
Eletminé’ség sics/Technology



Gyogyszereszeti Biotechnologia temakorel

Bevezetés a molekularis biotechnolégiaba I. ( DNS, RNS, fehérje szintézis pro- és eukariétakban, baktériumok, plazmidok,
bakteriofagok)

Bevezetés a molekularis biotechnoldgiaba Il. ( Rekombians DNS technikak, restrikcios enzimek, DNS mddosité enzimek,
hibridizaciés technikak, PCR, RT-PCR, Q-PCR)

Fehérjék a terapiaban: novekedési faktorok, citokinek, antitest alapu terapiak, antiviralis, daganatellenes terapiak bevezetése,
expresszios rendszerek

Immunizalas, az antitestre jellemzé tulajdonsagok, hibriddma technika, ellenanyag termelés, tisztitas, jelolés

Rekombinans fehérje expresszio, ipari szintl fehérje tisztitas, tranziens transzfekcid, mesterséges kromoszéma, rekombinans
fehérjéek formulacioja

Rekombinans hemopoetikus ndvekedési faktorok (G-CSF, GM-CSF, EPO, SCF, thrombopoetin)

Rekombinans inzulin, rekombinans ndvekedési hormon, rekombinans FSH

Rekombinans interferonok és interleukinek, rekombinans thrombolitikus szerek; rekombinans alvadasi faktorok

Rekombinans interferonok és interleukinek, citokin gatlé hatasu biologiai terapiak, rekombinans thrombolitikus szerek; rekombinans
alvadasi faktorok

Ellenanyag alapu bioldgiai terapiak I-11l. (Felhasznalasi teruletek, Poliklonalis ellenanyagok, IVIG, Poliklonalis ellenanyagok, IVIG,
monklonalis ellenanyagok, humanizalt, kiméra antitestek, uj fejlesztési iranyok)
Vakcinak

Célzott terapiak (targeting), nanotechnologia

Embrionalis-, felnétt 6ssejt technikak, Tissue engineering

Biologiai terapiak tesztelési rendszerei, modell rendszerek, klinikai vizsgalatok



KTOIMOSZoImaKs
proteinek

AMINOSAVaKs
szenhidratok.
1 L

Miikodési elégtelenség
(Fizikai szovetkarosodas, fertézés, mutaciok,

/ sth.)
Embrionalis \-

fejlodés Felndtt kor
\ 4 v

Fejlodesi rendellenesség Betegseg




Betegseg = cellularis folyamatok
egyike nem illetve nem eleg
hatekonyan mukodik

l

Szoveti funkcio elegtelensege



Okok:

1. Fertozések
2. Spontan ill. indukalt mutaciok
3. Fizikal karosodas



A BIOTECHNOLOGIA
MOLEKULARIS ALAPJAI






i Plasmids

Chromosome

Ribosomes

Cell wall

Cell membrane

Flagella




A bakterialis sejtosztodas fobb fazisai

J
E. coli genom: 4 Mb (4x10° bazispar)

OriC: 240 bp, repetitiv 9/13-as A/T gazdag
szekvenciakat tartalmazo EGYETLEN regio a
genomban.

10-20 dnaA protein kotodik ATP jelenlétében az
OriC regidhoz, ujabb ATP hatasara a kettGs lanc
szetvalik (melting).

A szetvalt lancokhoz 1-1 dnaB protein (helikaz)
kapcsolodik: prepriming komplex kialakulasa



Prepriming komplex E. coli
replikaciojaban

oriC ‘9-mer’ regions

10-20 dnaA
molecules
(+ATP opens ®
up duplex) N\
|
, dnaB protein
; | (helicase)

oriC ‘13-mer’ regions



A bakterialis sejtosztodas fobb fazisai ll:

a primoszoma kialakulasa a dnaG protein
(primaz) kotodésével a dnaB-hez: RNS primer
szintezise

3 5

helicase (dnaB protein)

Primosome

Primase (dnaG)
RNA primer (pppAC(N) 7.4q)



A bakterialis sejtosztodas fobb fazisai lli:
DNA Pol lll hatasara elongacio a vezeto szalon
(leading strand), cirkularis szakaszok képzodése a
lemarado szalon (lagging strand, linearizalodas utan
Okazaki-fragmentum: RNS primer utani rovid DNS

szal)

3 2 g
Template loops
and feeds 1n this

direction helicase (dnaB protein)

P S—

N

R\N% N DNA pol IIT holoenzyme

\ “Leading” strand

éﬁ RNA primer (pppAC(N):_10)
3 2

5’ 5



A bakterialis replikacio fobb elemei:

A dnaA protein + ATP szétvalasztja a duplexet az OriC régioban.

« dnaB (helicase) és ATP kotodik (Prepriming komplex), zarédas
gatlasa.

* Primaz (dnaG)-helikaz komplexképzodés (primoszoma), RNS
primerek (pppAC(N)7-10) képzeése .

 RNS primereket felhasznalva DNA pol Ill a ,,vezetd” szalon
folyamatosan extendalja dNTP-k beépitésével az RNS primert.

A ,lemaradé” szal hurokképzodése soran cirkularis RNS-DNS
elemekbol szakaszos replikacio Pol lll reveén.

A Poll levalasztja az RNS primer régiokat az Okazaki
fragmentumokrol 5' - 3' exonukleaz aktivitas réven

 Polllevalik és a ligaz az elmaradé szalon osszekapcsolja a DNS
fragmentumokat .

 Terminaciod, topoizomeraz hatasara levalas a templat-szalrél









Az informacio aramlasa

RNS

Start of genetic message
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2006 Nobel Prize

Professor Andrew Z. Fire at Stanford University, California,
USA,

Professor Craig C. Mello at the University of Massachusetts
Medical School in Worcester, USA






RNA processing

Poly (A) Termination
site site

Exon Intron \ 4 \ 4

Transcription
Pre S. P_—_—__ 3'
mRNAs Cap .
RNA splicing
S'P—— 3'
Cleavage by endonuclease
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Direction of
transcription

RNA
DNA \ / polymerase

—

Polyribosome

Ribosome

H )
mRNA Polypeptide
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Model of Wnt signaling (R. Nusse, Jan 2006)
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Model of Wnt signaling (R. Nusse, Jan 2006)
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Model of Wnt signaling (R. Nusse, Jan 2006)
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Mi a plazmid?
(Joshua Lederberg 1952)

Bacterium

Cirkularis, dupla lancu DNS, ami a
kromoszomalis DNS-t6l fuggetlenul
replikalodik.

Meretuk 1-t6l 400 kbp-ig terjedhet.



Egy bakteriumban lehet egy nagy, illetve tobb szaz kisebb,
avagy tobb ezer mesterséges plazmid (vektor), amelyeket
a magas ,copy number’-re kulon szelektaltak (pl pUC

plasmidok).




Mesterseges plazmid

Promoter
Multiple cloning site
Antibiotikum rezisztencia gen, mint szelekciés marker

Ori (origin vagy a replikacio kezd6 pontja)

Promoter Your Gene

Antibiotic
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Gyrasa + ATP

Tepoisomarase

Supercoiled
Relaxed circle DMNA
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DNA fragment
to be cloned

vector

Enzymatically insert
DNA into plasmid vector

Recombinant plasmid

in presence of CaCl,

Culture on nutrient agar

l Mix E. coli cells with plasmids
plates containing ampicillin

Bacterial
chromosome

= - B
‘e‘ ’ \
e & =

Cells that do not
take up plasmid die
on ampicillin plates

Independent
plasmid replication

Transformed
E. coli cell survives

Colony of cells each containing copies
of the same recombinant plasmid

0000

Plasmid vectors

s Agtiongt A
DNA fragments to be cloned

Enzymatically
insert DNA fragments
into plasmid vectors

0 0.0

Transform E. coli cel.ls.
and select for ampicillin-
resistant colonies




Filamentous fusion phage: novel expression vectors that display
cloned antigens on the virion surface.
Smith GP

Science (1985) 228:1315-7

Foreign DNA fragments can be inserted into filamentous phage gene Il to
create a fusion protein with the foreign sequence in the middle. The fusion
protein is incorporated into the virion, which retains infectivity and displays the
foreign amino acids in immunologically accessible form. These "fusion phage"
can be enriched more than 1000-fold over ordinary phage by affinity for
antibody directed against the foreign sequence. Fusion phage may provide a
simple way of cloning a gene when an antibody against the product of that
gene is available.

»Presented« protein or peptide
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Phagemid

Phagemid vagy phasmid egy olyan klonoz6 vektor tipus, ami a filamentous phage M13 ¢és
plazmid hibridje. Ugy nd, mint egy plazmid, de egy-szala DNS-t tartalmaz virusba csomagolva.

f1 (-) ori

—3\

ampicillin lac/Z’

Kpnl
pBluescript SK- MCSS |
3.0 kb ac
Plac

pUC ori



HOGYAN JUTUNK A KLONOZNI

KIVANT GENEKHEZ?




DNA in the Cell

chromosome
g —
. ;"?,
cell nucleus YR ,,&;’;;i_;e’
N ol

Double stranded
DNA molecule .- Target Region for PCR




Novekedési hormon (GH)

Inzulin
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Hogyan azonositjuk a szukseges

(NN | N ll g

szekvenciat?

Gének szekvenalasaval (human
genom projekt)

Gének kromoszomakra valo
terkepezesevel (human genom




Melyik jobb modszer a rekombinans
proteinek szempontjabol: a teljes
genomikus DNS klonozasa vagy az
MRNS klonozasa?



Transcription

To cytosol for translationl by ribosomes

DNA (The Gene)



Mi a cDNS?

A cDNS ,,complementary” DNS-t jelent, egy
olyan szintetikus DNS, amelyet a messenger
RNS, vagy mRNS alapjan készitiink, reverz
transzkriptaz enzim segitségeével.



Honnan ismerjuk a reverz transzkriptazt?

A reverz transzkriptaz avagy RNS iranyitott DNS
polymeraz enzim segitségével egy szalu RNS-bol
dupla szali DNS-t készit.

DN

RNA viruses




MRNS alapjan cDNS keszitéese




cDNS készitéese

cell Fi
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5’ GCAUCGCAUUAUGCGAgccagacAGGGCUgcaccggac UUGCAUUGAgcaca 37

5’ GpppGCAUCGCAUUAUGCGAAGGGCUUUGCAUUGAaaaaaaaaaaaaaaaa 3’

l

5’ GpppGCAUCGCAUUAUGCGAAGGGCUUUGCAUUGAaaaaaaaaaaaaaaaa 3’

51

Sl

51

dGTP)n
@CTP)n primer
dATP)n fp—C, ¢
(dTTP)n

oligo dT primer ifp— G, 1

tttttttt
GpppGCAUCGCAUUAUGCGAAGGGCUUUGCAUUGAaaaaaaaaaaaaaaaa 3’

hg’

specific primer acgtaact
GpppGCAUCGCAUUAUGCGAAGGGCUUUGCAUUGRaaaaaaaaaaaaaaaa 3’

51

random pruner nnnnnn
GpppGCAUCGCAUUAUGCGAAGGGCUUUGCAUUGAaaaaaaaaaaaaaaaa 3’






Human GH mRNS transzkript varians 5
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<3 NCBI 3";‘ @ SNucleotide ﬁ
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1: NMV_022562. reports Homo sapiens grow:..[gi:20809252] el
LOCUS NM _022562 376 bp mRNA linear PRI 20-AUG-2006
DEFINITION Homo sapiens growth hormone 1 (GH1), transcript vanant 5, mRNA.
ACCESSION NM_022562
YVERSION NM_022562.2 G1:20809252
KEYWORDS 3 2
SOURCE Homao sapiens thuman) variant S;
ORGANISM Homo sapiens
Eukaryota, Metazoa, Chordata; Craniata, Vertebrata, E uteleostomi;
Mamm alia; Eutheria, Euarchortoglires; Prim ates; Haplorhini;
Catarhini; Hominidae; Homo.
REFERENCE 1 (bases1to376)
AJTHORS Giordano M., GodiM., Giacopelli F ., LessiM., Mellone S,
Paracchini,R ., PetriA., Bellone,J., Ravazzolo R ., Bona,G. and
Momigliano-Richiardi P.
TITLE A varationinaPit-1 site in the growth hommone gene (GH1)
prom oter induces a differential transcriptional adivity
JOURNAL Mol. Cell. Endocrinol. 249 (1-2), 51-57 (2006)
PUBMED 16517055 2
REMARK GeneRIF: A polymomhism in & Pit-1 site in the growth. nisc_feature

Summary. The protein encoded by this gene is a member of the
som atotropindrolactin family of horm ones which play an im portant and 4"
role in growth control. The gene, along with four other related aTs
genes, is located at the growth horm one locus on chromosome 17
where they are interspersed in the sam e transcriptional

orientation; an arrangement which is thought to have evolved by a
series of gene duplications. The five genes share a rematkably high
degree of sequence identity. Alternative splicing generates

Jorganism="Homo sapiens"

fmol_type="nRNA"

fdb_xref="taxon: 3608"

JSchromosome="17"

Sumap="17qgz4_ 2"

1..376

Fgene="GH1"

/note="synonyms: GH, GHN, GH-N, hGH-N"
/db_xref="GenelD: Z622"

fdb_xref="HGNC:4Z&l"

fdb xref="HPRD:00751"

/db_xref="MIM: 139250"

63..155

fgene="GHL"

fgo_component="gxtracellular recion"
fgo_function="hormone activity [pmid 83943z276]"
fgo_process="signal transduction [pmid 8943276]"
/note="isoform § is encoded by transcript

pituitary growth hormone"

fcodon_start=1

fproduct="growth hormone 1 isoform S§"
fprotein id="NP 072056, 1"
fdb_xref="GI:130273z0"

fdb xref="GenelD:Z&88"

{db:xref="}D3NC:4261"

fdb xref="HPRD:00O7S51"

fdb xref="MIM:1232Z50"
ftranslation="MATEAGRWQPPDWADLQADLQQVRHELTQR"
72773

Fygene="GH1"

/note="Region: location of alternate exons 2, 3

197..336

fygene="GHL"

fstandard name="RH77371"
Fdb xref="UniSTS:14554"

additional isoforms of each of the five growth hormones, leading to polyk siguel ?5?' > zfé}l 1

further diversity and potential for specialization. This particular 2 gene

family member is expressed in the pitutary but not in placental polyi site 376

tissue as is the case for the other four genesin the growth Fygene="GH1"

hormone locus. Mutations in or deletions ofthe gene lead to growth ORIGIN

horm one:deficiency.and shor steture. 1 aggatccoaa ggoccaacte cocgaaccac teagggtect gtggacaget cacctagety
Transcript Variant: This variant (5) ismissing exons 2, 3 and 4, 61 caatggctac agaggctgga agatggoage coccoggacty ggcagatctt caageagace
leading to a fram eshift that generates the shortest isoform (5). 121 tacagcaagt toyacacaaa ctcacacaac gatgacgcac tactcaagaa ctacgagcty
The majority of the sequence encoding the signal peptide is 181 ctctactgct tcaggaagga catggacaag gtcgagacat tcd gogcat cgtgcagtye
missing, including the signal cleavage site. The carboxyteminus 241 cgctctotgy agggcagety tygettctag dgoccgagt ggcatcocty tgacooctee

of this isoform (5)is unigque among all other GH1 isoforms.
COMPLETENESS: full length.
FEATURES Location/Qualifiers
source 1..376 i

301 ceagtgccte tedggeoct gyaagitgos actccagtge coaccagect tatoctasta
361 aasttaagtt gcatca



HdoRUGCIEases

Alul Clal Eco47 III Hae III Kpn I Nde
I PstISacll Sfil Xho I BamH I Dpn I EcoR I Hind IIT Msp I Nhe I Rsa I Sal
ISmal Xmal Bgl II Dpn II EcoR V Hpa II Nco I Not I Sac I Sau3A I Xba |

Aar 1 Ban Il BseG I BspP I Cfr I EcoN I Hsp92 II Nla IV Rsal Tai I Aas I Bbs I BseJ I BspT I Cla
I EcoO109 II-Ppo INmuC IRsr [ITaga IAat [IBbu IBsel. IBsrB ICpo IEcoR IKas INot [Sac ITag [Acc65 IBbvC IBseM
IBsrD ICsp45 IEcoR VKpn2 INru ISac I1Tas IAccB7 IBbv IBseM IIBsrF ICsp6 IEhe IKpn INsb ISal ITat IAcc IBceA
IBseN IBsrG ICsp IEsp3 IKspA INsi [Sap ITau [Acc [1IBcg IBseR IBsr IDde [Fau ILwe INsp ISat ITfi [Aci [Bci
VIBseS IBsrS IDpn [Fnu4H IMbi 101i ISau3A ITli TAcl IBcl IBseX IBssH ITDpn [TFok IMbo IPac ISau96 ITrul 1Ade
IBcn IBseY IBssK IDra [Fse IMbo I1Pae ISbf ITru9 IAfe IBcu IBsg IBssS 1Dra IIIFspA IMfe IPaeR7 ISca ITse 1Af]
IIBfa IBsh1236 IBst1107 IDrd IFsp IMls IPag ISch ITsp45 IAfl I1IBfi IBsh1285 IBst98 [Eae 1Gsu IMIlu [Pau IScrF
ITsp509 TAge IBfm IBshN IBstAP [Eag [Hae [IMly IPci ISda ITspR TAhd IBfrB IBshT IBstB [Eam1104 IHae [1IMme
IPdi ISdu ITth111 TAle IBfuA IBsiE IBstE [TEam1105 IHga IMnl IPdm ISexA ITurboNae IAlo IBfuC IBsiHKA IBstF5
IEar IHha IMph1103 IPf123 IISfaN ITurboNar IAlu IBfu IBsiW IBstN IEci IHinl IMsc IPfIF ISfc IVan91 [AIw21 IBgl
IBsl IBstO IEcl136 1THin4 IMse IPfIM ISfi IVsp [AIw26 IBgl [IBsmA [BstU IEcIHK THin6 IMsl IPfo ISfo IXag
1A1w44 1BlIp IBsmB IBstX [Eco105 IHinc IIMspA1 IPle ISgf IXap IAlw IBme1390 IBsmF IBstY IEco130 IHind
IIIMsp IPme ISgrA 1Xba IAIwN IBox IBsm IBstZ IEco147 IHinf IMss IPml ISin [Xce IApa IBpi IBsoB IBsul5 IEc024
IHinP1 IMun IPpi ISma IXcm [Apal IBpl IBsp119 IBsu36 IEco31 IHpa IMval1269 IPpuM ISmi [Xho [Apo IBpul0
IBsp120 IBsuR IEc032 IHpa IIMva IPshA ISml IXho ITAsc IBpul 102 IBsp1286 1Btg IEco47 IHph IMwo IPsi ISmu

IXma [Ase IBsaA 1Bsp1407 IBts [Eco47 IIHpy188 INae IPsp1406 ISnaB [XmalJ IAsiS IBsaB IBsp143 [Bve [Ec052

IHpy188 I1INar [Psp5 [ISpe IXmi [Ava IBsaH IBsp143 [ICac8 [Eco57 IHpy8 INci IPspG ISph IXmn [Ava [IBsa
IBsp68 ICai [Eco57M IHpy99 INco [PspOM ISsp I Avr [IBsaJ IBspD ICfo [Eco72 IHpyCH4 I1INde IPst IStu I Bae

IBsaM IBspE ICfr10 IEco81 IHpyCH4 IVNde I1Psu IStyD4 I Bal IBsaW IBspH ICfr13 IEco88 IHpyCH4 VNgoM
IVPsy ISty I BamH IBsaX IBspL ICfr42 IEc0o91 IHpyF10 VINhe IPvu ISwa I Ban IBseD IBspM IC{r9 IEcolCR
IHsp92 INla IIIPvu [ITaa I
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Transfer of the Insulin gene Recombinant
plasmud

Restriction
pad

cnzyme human cDNA lmker

placuid @ LU U

Cloning the Insulin Gene Transfection

bactena chromosomc
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Transfer and cloning of the Insulin gene




romoter region (CMV)
Multiple cloning site (MCS)

Selection marker (e.qg.

Ampicillin)
Gene in question is amplified using sequence specific primers Plasmid linearised by a restriction
with additional sticky ends and high fidelity proof reading enzyme
enzymes

Ligation *

Transformation *




Bacterial selection

Bacterial proliferation
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Plasmid purification *
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DNA Amplification with the
Polymerase Chain Reaction (PCR)

57 37
AT
HERERERERR R Starting DNA
||||||||I| Template
3’ 57
3, 5/
Separate
strands
(denature)
Forward primer
5’ 37 50 37
W TTTTTT] MakegopieS””HHII
I I I I I I I I I I (emarﬂﬂﬁﬁ%rs) 7 57
37 5’ (anneal) 3

Reverse primer



PCR Copies DNA Exponentially
through Multiple Thermal Cycles

Original DNA target region

Qo

Thermal cycle

In 32 cycles at 100% efficiency, 1.07 billion
copies of targeted DNA region are created



Short Tandem Repeats (STRs)

AATG

. N/
O

7 repeats

e B

8 repeats

the repeat region is variable between samples while the
flanking regions where PCR primers bind are constant

Homozygote = both alleles are the same length

Heterozygote = alleles differ and can be resolved from one another



HUMTHO1 Sequence from GenBank

(Accession DOD269)
5S¢ -
ATTCAAA GEECT
{TAAGTTT 195 bp Lccoca

CTGTTCCTCC CTTATTTCCC TCATTCATTC ATTCATTCAT

P e A m— —
81TCATTCATTC ATTCATTCAC CA’TCV¥T1epeatunn TG
TGACCTGCAC TCGGAAGCCC TGTGTACAGGE GGACTGTGTG
ACTGGACGTG AGCCTTCGGG ACACATGTCC CCTGACACAC

12 1:

GGCCAGGCTGE GATAATCGGG AGCTTTTCAG CCCAC
CCGETCCGAC CTATTAGCCC TCGAAAAGTC GGGTG

-4

161

|
-+ 1

Different primer sets produce different PCR product sizes for the
same STR allele




r_@ Multiplex PCR

e Over 10 Markers Can Be
Copied at Once

o Sensitivities to levels less
than 1 ng of DNA

« Ability to Handle Mixtures
and Degraded Samples

 Different Fluorescent Dyes
Used to Distinguish STR
Alleles with Overlapping
Size Ranges



An Example Forensic STR Multiplex Kit
AmpFISTR® Profiler Plus™

Kit available from PE Biosystems (Foster City, CA)

100 bp 200 bp 300 bp 400 bp
D3 vWA FGA
A D8 D21 D18
D5 D13 D7 NED (yellow)

I 1 1 1 1 |roxeew

GS500-internal lane standard

9 STRs amplified along with sex-typing marker amelogenin in a single PCR reaction



Genetikai informacio hasznalata
Orvosi diagnosztikéban

HUMAN > MICROBIAL
* Preventative  Symptomatic Screening
Diagnosis — Obtaining diagnosis
— Pre-natal — Conformation of
— Post-natal diagnosis

— Determination of
treatment approaches



Orvosi
hasznositas

* A kezeles hatekonysaganak monitorozasa

* Drog ¢s génterapias celpontok keresese



What is a microarray?

* A microarray 1s a compact device that contains a large number
of well-defined immobilized capture molecules (e.g. synthetic
oligos, PCR products, proteins, antibodies) assembled in an
addressable format.

* You can expose an unknown (test) substance on it and then
examine where the molecule was captured.

* You can then derive information on of
captured molecule.
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Microarray Technology

Manufacture or Purchase Microarray

Hybridize

Detect

Data Analysis



