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How Are Genes Cloned & Engineered?
The Factor XIII Story

THEMES

How Did the Supreme Court Indirectly Give Rise to the
Biotechnology Industry?

What Strategies Were Developed For Cloning Insulin mRNA
awi Ex%r'es,sing Insulin in Bacterial Cells? What Strategy
*Won" Out?

What is Hemophilia and How is it Inherited?

How Can a Disease Gene Be Found When It is Not Known
Where the Gene is Expressed?

What Vectors Can Be Used For Cloning DNA?

What is the Advantage of Using a Virus Vector For
Constructing Genome Libraries?

How To Make a Library of the Human Genome?

How Find a Gene With Only a Knowledge of the Protein
Sequence?

How Use DNA Testing to Detect Factor VIII Disease
Alleles?

. How Isolate a Factor VIII cDNA Clone?
. Genomic vs. cDNA Libraries
. How Produce Factor VIITI Protein For Use as a Drug




DNA
Genetic Code of Life

The Factor VIII Story is Different and

More Complex Than the Insulin Story

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

The Molecular Genetics
of Hemophilia

Hemophiliacs bleed because a deteccive geae deprives them of a key
blood-clotting protein. The protein has now been made artificially

by isolating the normal gene and then inserting it into cultured cells

by Richard M. Lawn and Gordon A. Vehar

Cloning: Ethical Issues
and Future Consequences
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WOUND SURFACE CONTACT

FACTOR XII

Inactive

FACTOR Xila
FACTOR X1

Hemophilia B

FACTOR IX

CLOTTING CASCADE b
X1 i

which activates the next pr.
The cascade includes positi

JActive

® \L+ FACTOR VIl <
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FACTOR X FACTOR Xa (_
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FACTOR Xla

Peae Hemophilia A
=

INACTIVE
PROTEIN C

PROTEIN C

FIBRINOGEN  FIBRIN CLOT

s when cell damage at a wound somehow activates the en-
ion of fibri nto fibrin by thrombin. At each

a prote:
n. Some steps require cofactors such
and negativ e-feedback loops (colored a

nzyme (color),
ctors VIl and V.
). Thrombin acti-

vates factors VIIT and V; it also deactivates them (by activating protein C), which helps
to halt clotting. Some 85 percent of hemophiliacs lack factor VIIL The rest lack factor 1X.

Protein Factors in Blood Lead To Clotting

Eight
Proteins/Genes
Required:

1. Factor VII

2. Factor XT

3. Factor IX

4. Factor VIII

5. Factor X

6. Protein C

7. Prothrombin

8. Fibrinogen
What Happens If Any of

These Proteins, or Genes,
are Mutated?

N\
No Blood Clot!




Hemophiliacs Have Mutations in Factor VIII,

Factor IX, or Factor XI Genes

D —

'Some Important Genetic Disorders

Disorder

Cystic fibrosis

Dominant/ Frequency Among
Symptom Defect Recessive Human Births
Mucus clogs lungs, liver, and  Failure of chloride ion transport Recessive 1/2500 (Caucasians)
pancreas mechanism
Sickle cell anemia Blood ¢ )} is poor Al I h globin molecules Recessive 17600 (African Americans)
Tay-Sachs discase Central nervous system Defective enzyme (hexosaminidase A)  Recessive 1/3500 (Ashkenazi Jews)
deteriorates in infancy
Phenylketonuria Brain fails to develop in Defective enzyme (phenylalanine Recessive 112,000
infancy hydeoxviase)
Hemophilia Blood fails to clot Defective blood-clotting factor VI X-linked recessive 1710,000 (Caucasian males)
;Tr—ul\llngllm Trscase Tram tissue gradually Producton of an mhibitor of hram Dormmant T723,000
deteriorates in middle age cell metabolism
Muscular dystrophy Muscles waste away Degradation of myelin coating of X-linked recessive 173700 (males)

(Duchenne)

Hypercholesterolemia

nerves stimulating muscles

Excessive cholesterol levels in -+ Abnormal form of cholesterol cell
blood lead 1o heart discase surface receptor

Dominant

1/500

18,000 People in US Have Hemophilia & 400 Babies/Year Are Born With Disorder

Prior to 1960s - Average Life Span

Was 11 Years

Hemophilia A
Hemophilia B
Hemophilia €

Defective Factor VIII Gene
Defective Factor IX Gene
Defective Factor XI Gene

1/10,000 males 80%
1/30,000 males 20%
Autosomal 1%

on X-Chromosome (9=>

Both Factor VIII & IX Genes

d’s)

Factor VIII and Factor IX Genes Are on X-
Chromosome and Show Sex-Linked Inheritance

Parents

[t -

X' X2

Parents

(" -

X' x?

Father Mother Father Mother
(Carrier) with Hemophilia)

2(

b o 4

Son

}( }(

X' X X X2 X X! X X2
Daughter Son  Daughter Son Daughter Son  Daughter
(Carrier) (with (Carrier) (Carrier)

Hemophilia) 100% of Daughter Are Carriers/

Passed on to 50% of Sons! Sons Do Not Carry Hemophilia Allele

}(




Factor VIII and Factor IX Genes are Closely
Linked on the X Chromosome

ot © e

Flatinitis prgmet

Notria dsesss
Roteets ,m«m.

Size & Bands = Specific Chromosome

2. X-bnknd r0ceasn

Factor IX
Factor VIII

Nature, March, 2005

The X chromosome has ~1098 Genes and 150,000,000 bp (150 Mb).
168 Mendelian Diseases Explained by 113 X-Linked Genes

How to Find a Clone For Every Sequence on the X-
Chromosome and Be Able to Order the Clones ?

Make a
Genome
Library
To Order All
Clones in the
Library -
Connect Clones
& Genes to
Each Other &
Find Sequence
of Entire
Chromosome

Factor IX
Factor VIIL

How Many
Groups of
Overlapping
Clones in the
Human Genome?

24 - One Group
For Each Unique
Chromosome

i o |
HHIHHH

GRENERBuns s

4-.!6119‘%70777)(




How to Construct a Human Genome Library That Creates Sets of
Overlapping DNA Fragments/ Clones

Human Sau3A sitef
DNA :

Notice: Each Fragment Overlaps!

~20kb o8

e

partial

Sau3A Partial Sau3A

—

fragments| pandom Set If o 4
—| Overlapping DNAs . Can Go From One to Next to Nextl 2%
i Copregt © The McGrew 148 Companes, e, Permistion reqused for reproducion or Gegiey
A p— A — A — A — A

Other in Long Linear DNA Molecules
How Fjind Genes Contiguous to Each Other

Genes Connected to Each
in Cells?

fragments

a) Adjacent +

Failure to assemble because there is no overlap.
Sequence both ends of fragments.

Clone.

Break into adjacent fragments.

‘é
a.. Break into overlapping fragments.
; t;E b) Overlapping | Clone.
7 s 9 1 1 fragments | Sequence both ends of fragment.
Reassemble string by sequence overlap.
? Dark Regions = Overlap of Same Sequences
H ;‘7 8 — Clones From Same Genome Region —-‘:
N B
| 1& 15 16 ”%@fé%” x@ —— P
“Walking" N
‘_—‘——

What Was Known About Factor VIII
Before Gene Cloned?

*  Blood Protein (But Perhaps Synthesized Elsewhere!)
« Not Known Where Site of Synthesis Was

» Could Be Purified In Small Amounts From >20 Liters Of
Human Blood + Cow Blood + Pig Blood

«  Short Stretch Of Protein Sequenced = Known Protein
Sequencel!

« Hemophilia A Could Be Treated By Blood Transfusions
From Normal Individuals, .. Clotting Factor In Blood

« 1980s Aids Epidemic Caused Many Hemophiliacs To Get
HIV/AIDs (~50% Of Hemophiliacs Got Aids In 1985)

e .. How To Go From Protein To Gene

10




The Probleml! For Factor VIII- Not Known Where Gene Was
e Froblem Expressed .. Must Use Genome Library
G Companies. Inc. Permyssion sequired for reproducton of Gapl) Key Concepf
Early 1980’ s v
How Clone A Gene When
You Don’ t Know Where it
is Expressed 2??
Different Than Insulin
Knew Where Protein Made!
Key:
Protein
Sequence
Known
How Find Gene & cDNA? mRNA— Drug
Protein - Gene > mRNA — Drug !
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Step One

e If It is Not Known Where Gene is Active
Genetic Code of Life Can “Look” to Genome Instead of mRNA to
Find + Clone Genel!

How to Construct a Human Genome Library to:
Srdsiiiandll (0. Find the Factor VIII Gene

b. Find Genes Linked to the Factor VIII
Gene

c. Be Able to Find Clones For All Contiguous
LN | Chromosome Regions

" d. Sequence Every Human Chromosome or the
Human Genome

Cloning: Ethical Issues
and Future Consequences

Y
RRE Deddy
: CERPTTS B

Plants of Tomorrow
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Genomic Libraries vs. cONA Libraries

chromosomal DNA

—gene A geneB / —gene A—_ gene B

\
\
TGN R R
oxoﬁ ml‘ron nontranscribed
TRANSCRIPTION

RESTRICTION NUCLEASE DIGESTION ANA
= E—

transcripts
RNA
SPLICING

DNA fragments

@ QIR I

mMRNAs  m—

DNA CLONING

|
REVERSE TRANSCRIPTION AND DNA CLONING

{ruum ml'lln; m [
m 1]7::: zlnll

genomic DNA clones in genomic DNA library cDNA clones in cDNA library

Vectors Used in Genetic Engineering Have
Similar Conceptual Properties
But are Used in Different Situations

Table 3.3 A COMPARISON OF DNA VECTORS AND THEIR APPLICATIONS

Maximum Insert Size (kb) Applications Umitations

ONA ctoay

R

ssion Packaging enits

Properties of All Vectors
1. Replicate
2. Selectable
3. Can Be Used To Insert Foreign Genes/Restriction Sites
4. Easily Isolated + Transferred Back To Cells




Plasmid vs. Bacteriophage Vectors
for Cloning DNA Fragments

CopyngE © The MCGw 148 Companes. . PermesSion Equens A Fproducion or dspkty

“Artificial” Transformation APasmidvector

Process - Not Efficient O
Restriction Foreign O Transform @ —
endonuciease DNA
lacZ gene -~ A DNA { Active lacZ
A inserted - gene produces

)
e K }— blue colonies
Medium contains i -
ampicillin and X-gal — inacive tacZ
DNA & - gene produces
Ampicillin Restriction enzymes Foreign DNA inserted t white colonies
resistance cuts within and DNA ligase
gone the lacZ gene are added O
e @ -
O Transform p—

P o . Advantages
P 4 \) + Much More Efficient

7
e wmmvnans  + Can Use Less DNA
“Natural” Lo eI TR + Get Lots More Clones
Infection Process N P—— \ 7/ s * NeedLots of Clones
o ) DNA
Insacied ONA—- s [
el :—f‘»g For Large Genome
e phage ecor sseeTie ropaces. kg 1 bt

15

Structure of the A Phage and Its Genome

(a) 7. Phage genome("\ o+ Needed
| Head ; Toil Jd Replaceableregion; |  Lytictunctions |

o
Nu1 55 nm
(b) % Phage assembly
E |
O Pm E) .
Preassembled 7 tail 150 nm é tail
e (49kb) ;
‘,°" ‘|°5, Can Be {
5 P Assembled ¥
oncatomer of /. r
FromParts | *™ I
Nu1 and A proteins i -
promote filling of . head In Vitro 12 nm
with DNA between COS sites

e— + genome (1 copy)

1. tail attached only
to filled head

Complete /. virion

==
First Genome sequence | Sanger et al.;gg_Z%.sMol. Biol. 162: =

16



W A Phage Infects £.coli & Destroys (Lyses) Cells
Genetic 2:2 of Life

Phage _(g}_ Phage DNA

¥

Entire Genetic Code

of a Bacteria Bacterial cell —
Released

Phage attaches to surface phages can infect
of bacterial cell other cells

Phage injects its

DNA Fingerprinting DNA into cell

Phage and bacterial
enzymes make phage
DNA and proteins

Cloning: Ethical Issues
and Future Consequences

. 5%

Plants of Tomorrow

Lysed Cells Can Be Seen as Clear
Plaques on Agar Plates

DNA
Genetic Code of Life

Clear Pla?ue

Virus Particles
+ Dead Bacteria Cells

Entire Genetic Code
of a Bacteria

1. Each Plaque is a Virus
Clone Representing One
Viral Infection!

2. Selectable Marker is
Bacterial Cell Destruction &
Plaque Formation

Cloning: Ethical Issues

and Future Consequences

. 5%

Plants of Tomorrow
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Advantages of A Virus as a
Vector for Cloning DNA

1. Long DNA Segments Can Be Cloned (~20kb) Need Fewer
Clones For Whole Genome!

2. Can Clone DNA Segments In Viral Genome & Self-Assemble
With Viral Proteins Into Virus In A Test Tube!

. Make Recombinant Viruses In The Lab!

3. Use “Natural” Infection Process To Generate Large Number
Of Clones For A Eukaryotic Genome Library.

Much Higher Efficiency For Getting Recombinant DNA
—Bacterial Cells Compared With Dna Transformation.

.. Set More Clones Per Amount Of Recombinant DNA!

19

Using a Bacterial Virus To Clone the
Human Genome

DNA

Genetic Code of Life
(a) Phage A DNA Genomic DNA to be cloned
EcoRl EcoR
A} 1
] o= v —]
EcoR|
'

i i ps T - ‘
Entire Genetic Code - T T ve
: Not necessary for b

of a Bacteria i A

« Arms contain all the

Anneal Phage "Arms” to Digested “Foreign” DNA

r
with arms Concatenate of many
' recombinant A phages

DNA Fingerprinting

and enzymes from A-infecte

U
Infection of E. coll cells for A
the DNA

Genomic DNA Packaging of DNA in A particles
15 kb

)

¥ repication to clo
"

e

‘ >

A8 - <,
- (o ¢

Bacterium —&_) ) — (3059

(®)

Infection Lysis

Cloning: Ethical Issues
and Future Consequences

“~Lawn of
bacteria

" " Mixture of Plaques =
Use £. coli Strain Thq'r as Been Library With All Human
Mutated to Prevent Restriction Enzymes DNA Sequences

From Working Represented

Plants of Tomorrow
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Cloning the Human Genome and Screening
for the Factor VIII Gene

- 45 kb

BamHi  BamMI
i U

! Sau3A Bacteriophage A vector ~— .
[Fuman oNA4 | %}‘37 " ~Why? J e

lh Sou3A

and larger fragments.

Isolate feft and
‘°m9lﬂbl') right arms.
— Isolate |S—kb —__5_{ — :
e I { Restriction Cleavage Site
— 2 -
d smaller gwta: NLTB oVer"qppmg

t'ﬁ HvM Tandem recombinant DNA units Fr‘agmenfs
n Factor VIII (b “"'T's"fuo"‘ psor=iig
™ Gene Locus B EEE =
: [TTT 7%
Need 200,000 Phage with 15 kb inserts for | intect.cot.
Complete Human DNA Library P s

(3x10°/1.5x10* = 2x10°)
What’s the probability of having any sequence in this library?

Screen library by using nucleic acid probe.
Figure 206

Introduction to Genetic Analysis, Ninth Edition
© 2008 W.H Freeman and Company

Why Partial Digestion? An Important Concept!
What is Complete & Partial Digestion?

Partial Restriction Enzyme Digestion Permits
"Walking" From One DNA Region to the Next

Iterative Process of Screening & Rescreening Human Genome Library

RE RE RE Substrate = Restriction Enzyme Sites RE
(a) I
l )
Lots of Enzyme l COMPLETE DIGEST
Breaks Genes Into
Short DNA Fragments
[ 1E |- 1L 1
RE RE RE RE
b) = )
Tiny Amounts of of Enzyme PARTIAL DIGEST
Clone 1 [y Keeps Genes Intact on
Clone 2 E . Long DNA Overlapping Fragments
Clone 3 [ ]
Clone 4 s
Clone 5 C )
Clone 6 r |

22
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Step Two

How Find the Factor VIII
Gene in a Human
Genome Library?

23

Factor VIII Protein — Gene

Guide to Synthesize a Factor VIII Probe

Using the Factor VIII Protein Sequence and Genetic Code as a

:i-zjd HaN

NH2

Digest with COOH COOH Sepl‘rne
protease 'ﬁh COOH gcgudn' COOH

H

CooH \
NH NH2

Cool

Proteinencoded 1, Se,quen
by gene of interest Purified Sequence by
Edman degradation

Protein
1 4 s 6 7 8 10 n 12
{16} (| B ) ) Peptide
sequence
3. Make Several 0 0 O - .

r——

Probes All Codon sequence
Combinations! . L aamons . .

Prepare 20mer
. degenerate probe Perfectly complementary
4. One W| ” Be to screen genomic _ ologonucleotide in the
library degenerate probe

Correct Probe

-=--
AAGAAT DG TCGAATGTC . Coding Sequence

How many Combinations of Synthetic Probes?
2x3x2x1x2x2x2=96

2. Use
Genetic
Code

24

12



Finding The Factor VIII Gene Or Part of Genell

Library of phage clones

?‘??‘?f??‘?‘??‘r’f‘??‘?

Lawn of .
ba -
Human Genome creris S Mike Grunstein-UCLA
Library Clones [\ @ o
4 S Phage clone l Autoradiograph to
-_— e e Transfer plaque to inplaque  Film_ ioEuts dasived dlone:
. absorbent membrane. \1 /
The Plaque
Actual Hybridization y
Results
Incubate membrane 3
-; Membrane | with radioactive probe. ges-'ed //
N one. .
/ <—Master
e 1 Desection of the ; s PIO"’C
S T e 12 Infect fresh
e} 3! o Lt = e, L lbumm host.
FlEEREEENEEE . .
i .. sequence Purify Factor
rutig '\F‘r‘obe.s Amplify VIII Genomic
Prepare 20mer desired gene. Clone
to screen genomic onucieot
library ¢ / do:;,; nera .I.,:,:;.l chisd m:&mmm
AAGAAT RS TRRARD TAGGIBSREGRA T CGAATGTC  Coding Sequence Sequence To See If it

Matches Probe/Protein

25

The Result-The Factor VIII Gene is Huge- 186,000 bp- The Probe
Identified a Clone Containing Only One Part of Gene Il Why?

EXONS

23 4 56 TSQVOI 12 161718 19 20 2t 22 A HH %

L__,_JHJL,,,,UIIIII l—]lr Tl

o 20 . T 120 120 ) % 200
k Clone Iden'hfled ™ - -
e RN with Probe =————b] _I, b Ll | Doesn’ t Contain Entire Genel

o =)
n u

Overlapping Clones/DNAs "‘. |

L)
| e = — —_— |

u n
TEEEmaeT ———

How Find Clones with Rest of Gene? | Key Question !

Remember - the Library Contains Overlapping DNA Clones .. Can
Use One Part of First Clone to Re-Screen Library &
Walk” to Other Gene Regions - Using Restriction Maps &
Sequencing (Compare With Protein Sequence) as Guides!

| Sequence ---------- > GenBank |

26
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Finding the Entire Factor VITI Gene?
Step Three . .
Walking & Sequencing
Walking Up and Down Genes and Chromosomes
—— Eukaryotic DNA
Cut with EcoRl; insert between
Screen with o =—=7)\"m’
gm:%be A e —
rai / =
N |
i oo Aclonel
I‘I’er‘(ﬂ' ive Li br‘(lr'y & Make copies of small fragment by cloning.
Scr‘eening Process Rescreen library.
- Adj; A clone 2
Find Over‘lapping ]fMalm copies of small fragment by cloning, etc.
Clones By - S By
Restriction Site e o
Mapping E—
Basis of Genome Projects & Whole Genome Sequencing
Key How know Find Complete Factor VIIT Gene?
COHCCP"’S oW Know rin omplete Facror ene:
I—'Compar‘e Protein & DNA Sequences

27

The Factor VIII Gene Was Found To Be
Very Large

- 186,000 Nucleotides in Length won+

Fit in One Phage Clone)

- 25 Introns

* 9,000 Nucleotide Coding Sequence
(cDNA)

- 2,351 Amino Acids in Protein

Factor VIII Gene

[

X Chromosome

28



Factor VIII SNP Mutations Occur Throughout the Gene

[Haemophilia 11, 481-491 (2005)]  Larger the Gene - Larger Number of Mutations!

[nhibitar 96 BL

1
1.20
180

Inherited

: RRRR, identical
1 Sparadic NC Nosmal

CGA - TGA Are s Stop 18 RRRR. deatical

HILYd NYIANT NI SNOLLVIAW ANTD 1AL

Need To Screen Across the Gene for Markers -- Family Specific |

29

Factor VIII Gene Probes/ Sequence Can
Be Used to Characterize Mutant Genes
& Do DNA Testing for Carriers

Genomic or cDNA Mutant Loss of a TaqI

Human DNA From Site in Factor VIII Gene

Different Individuals Clone Probe

~ o =N o N_N_N_| can Also Do With PCR
DNA r_T [l FACTOR Vil 171 o=
i e || It (2556 ‘ L&
Complete,ess o | et |t J

v = [onaio J ‘ SNP

A b bt 2,800 g

SV | " =l B _‘
N FE | I ||| o ‘

l?s:aa.(ms bt | oeLRe (l”,\ _'1 I ) S RFLP
=N |

= v T 'TL; * | Restriction Fragment
Hemophilia Relatives Length Polymorphism

TALT M | |
Mutations in Factor Gene | =
\Poinf Mufc.ﬁon .
Once Gene & cDNA Identified!
Use DNA Gel Blots (or PCR) & Factor VIII Mutations Arise
Probes to Investigate Presence of Independently in
Mutant Alleles in Families (carriers) Families

30
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of a Bacteria
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Using PCR to Screen For Hemophilia Alleles

Normal .20 Mother  Father
F8 Allele Mutant  Carrier  Normal
F8 Allele Both Alleles F8 Allele

A M 1 2 3 4

- - w— 487 bp
- ——— — 333 bp

Mutations Family
Specific
Different Test For Each
Mutation

Plants of Tomorrow

DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

Step Four

How Find Factor VIII mRNA to
Generate a cDNA for Protein
Production in Host Cells?

Recall: Eukaryotic Genes Provide Obstacles
for Efficient Protein Production in
Genetically Engineered Cells!

Introns! Switchesl!

16



Making the Drug
| Need cDNA Not Gene |

Factor VIII Gene Can Be Used to Find Out Where It is Active Using RNA Blots

Copyright © The M c nc. required for dispiay,
Tisson 1 Tissue 2 Tissoed  Tissved 4. Wash away urrbridaed probe. Make autorasogeaph
(ovary) estes) ung) (blood)
_ e M/ /> j
i U . i - V2
T T 1T 7T i RNA Blot Is Like a
v WV ¥ V DNA Blot Except
Owary RNA Testos RNA  Lung ANA i Biood RNA E & -r'ha,', RNA is on Gel
P TR GRIEU. | L 08 & Blotted
elipyse

Factor VIIT
3. Soparae ANA sampls b ool dectophoress. Gene Is Highly
W Active in Liver! Can Also Use
= PCR (RT-PCR)

33
Using Factor VIII Gene Probe to Identify Factor
VIIT cDNA clone
=
vdx e 1
|
Construct Liver cDNA Library |
Factor VIII cDNA -
Used to Make Drug!
Not Genell
| Screen Liver cDNA Library
34
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Engineer Factor VIII cDNA to Produce Protein in Host
Cell & Synthesize Factor VIII in Mammalian Cells

(a) Transient transfection

<DNA
Promoter .=
Vector | Viral origin of
replication

Transfect cultured cells
l by ligid treatment
or electroporation

@\:‘lj@jq Why Mammalian Cells?

Protein is expressed from ¢cDNA in plasmid DNA

(b) Stable transfection (transformation)
<DNA

Mammal?gr:“me' ==, ¥~ Factor VIII
Switch v"'a cDNA

Transfect cultured cells
by ligid treatment
or electroporation

P AR

Mammalian
ANtibiotic | Select for G-418 resistance
Resistance G-418-resistance clones

Gene

Purify Factor VIII

@‘L@i@' — Proteinl

35

Recombinant Factor VIII

) Bayer HealthCare

Bayer BiO|Ogica| Products EU Biological Products Division
Search | Sitemap

e
[\/\ ; ;
“home —— TaboutUs | About Haomopnita | Forids | Research & Doveloprant | Pross Roloasss | |

L i3

More Resources Recombinant factor VIl
Haemophilia Centres in Recombinant factor VIl (rFVIII) is the anti ylic factor A, obtained using
Europe recombinant DNA technology. With this technology, pure protein is synthesized
in the laboratory instead of being extracted from blood. In the following pages,
Haemo-QoL Project it will be explained in detail how the knowledge and analysis of DNA, using the
Hemophilia Research new instruments of molecular genetics, have represented both the beginning
Awards and follow-up stages in the development of recombinant FVIII.
B noconessse opeN M 2000 1U Range Prophylactic
N Treatment
Kogenate FS _ Costs $300,000/Year!
Antihemophilic Factor : ?ceﬂi:{s\fnon Most Hemophiliacs
ecor "
Uit Set Use "On Demand" or
with BIO-SET ® As Needed
CI Bayer HealthCare 4
Factor VIII Gene Cloned In 1983
Factor VIIT (Recombinant) Approved As Drug In 1993! Ten Years
From Gene — Drug! (Off Patent In 2011)
36
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The Future: Gene Therapy - A Permanent “Cure”

December 10, 2011

Treatment for Blood Disease Is Gene
Therapy Landmark

By NICHOLAS WADE

TIME |

Gene Therapy Shows Promise for Treating Hemophilia

By ALICE PARK Monday, December 12, 2011

The First Ever In-Human Gene
Editing Will Try and Combat

Factor IX - Hemoglobin B

H emop h i li a FDA-Approved Ciical Tria

37

The Factor VIII Story - A Summary

o Purify Small Amounts of Factor VIIT

Genetic Code of Life . Obtain Partial or Complete Amino Acid Sequence
. Use the Genetic Code to Synthesize Degenerate DNA Probes
. Isolate Factor VIII DNA Clones Complementary to Probe in Genome
Library
. Determine if Factor VIII Clones Contain the Complete Gene By
Sequencing and Comparing With Protein Sequence
Entire Genetic Code “ ” . . .
of a Bacteria . If Not, “Walk” to Obtain Overlapping DNA Clones That Collectively
Contain the Factor VIIT Gene
. Sequence Clones To Determine Where the Factor VIII Gene Starts and
Stops
. Use Factor VIII Genome Probe to Find Out What Body Organ/Tissue
Expresses the Factor VIII Gene
ONA Fingerprinting . Make a cDNA Library From the Target Organ/Tissue and Isolate a
Factor VIIT cDNA Clone

Sequence the Factor VIII cDNA Clone and Compare With Factor VIII
Gene Sequence to Map its Anatomy (T.e., introns, exons, swtiches) and
Ensure That it Contains the Complete Protein Coding Sequence

——— Use Factor VIIT cDNA and/or Genome Fragments as a Probe to Find
aﬁL“';'.,’?.;f'é‘;ﬁ.‘;',f,;“,.’:is RFLP Markers For Disease Alleles -- Or Sequence Disease Alleles to Find
Relevant RFLP Markers By Comparison With Wild-Type Sequence
Insert Factor VIIT cDNA Into an Expression Vector and Synthesize
Factor VIII Protein in Host Cells (e.g., Mammalian Cells)

Plants of Tomorrow




