The Factor VIII Story: From Gene
To Genetic Screening To Drug
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How "genetic engineers” think and work
(used to work in eighties)



The Molecular Genetics
Of Hemophllla (Potentially Lethal Disease)

FIBRIN STRANDS stabilize & blood clot at the site of a wound by A clot in the bloodstream s the resull of a complex cascade of en-
trapping the platclets that form the bulk of the clot The elecirom 2y matic reactions culminating in the cons ersion of Abrinogen, a sal-
micrograph, which was made by Jon O, Lewis of Wake Forest Unic  uble protein, into insoluble fibrin strands. In hemophilises o erucial
versity, shows a clot formed in a suspension of platclets and fibrin.  protein in the blood-clotting cascade is either missing or defective,

A Case Study of Cloning Genes and mRNAs

Reference: Lawn & Vehar, Sci. Amer., January, 1986



DNA Replication is Precise
But Mistakes or Mutations Can Occur!!

DNA RNA
air A A i
g ki U . BASE PAIR
pair g 8 pair RULES
Gene A p Rare Base
\\ Ag\ [ zewef € Mismatch
Replication® ;
DU o See
e Mutation As
New Base Pair mutaton| C mispairs with A Change in
. . attempted repair e P e e
Replication® P "oo, henotyp
Gene A’ RESULTING

. . DEFECT
Allelic Variant

Change DNA Sequence From A = T to 6=C

. Change Protein Amino Acid Sequence = Alter Function!




Mutation in Genes Are Rare

But Are Inherited (i ot of 107 replications)

One Gene Per
Gamete

2+ o

Two Genes per

Somatic Cells

|:| Normal CF gene
ﬁ Mutant CF gene

Mutation in the
Cystic Fibrosis Gene

h

normal
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parents

carrier

¥ |

offspring

normal
carrier
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How Follow Inheritance?
What Allows Disease To Be Followed?

carrier

i

CF - abnormal transport of
chloride and sodium across
an epithelium, leading to
thick, viscous secretion —
Lungs problem

Analyze PCR products on gel

DNA Marker or
Fingerprint!



Alternative Forms of the Same
Gene Lead to Genetic Diversity

Alleles [ .
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mutations result in
genetic diversity!!!

Spontaneous Mutations Give Rise To Alleles, or
Different Forms of the Same Gene, And result in
Small DNA Sequence Changes (e.g., SNPs or Single

Nucleotide Polymorphisms)



Mutations Can Occur Different Ways

(b) Point mutation,
missense

Protein. — Phe - Arg - Trp - Pro - Ala - Leu -

(¢) Point mutation,

stop codon

Protein: — Phe - Arg - stop -

(d) Deletion mutation,

reading frame shifted ( 1 base lost, no. 6 |

Protein: - Phe - Arg - Gly - Arg - Leu - Phe

(e) Deletion mutation,
reading frame unchanged [ 6 bases lost, nos. 7-12 |

o - S

Protein: - Phe - Arg - Ala - Leu -

Base-Pair Change

Insert or Delete Base
(Indel)

Move Gene, or Part
of Gene, to New
Location (Switches
Change)!

Function of
Protein
Lost and/or
Changed

Phenotype
Changes




Human Genetic Disorders Occur As a Result of Mutations

(_:npyr@l@The > _Hill“‘ ) '_ , Inc. requ'!zed for P .- or_dsvpl‘ay‘
VN2 ERAN Some Important Genetic Disorders
Dominant/ Frequency Among
~Disorder Symptom Defect Recessive Hum i

Hemophilia Blood fails to clot Defective blood-clotting factor VIII ~ X-linked recessive 1/10,000 (Caucasian males)
Huntington disease Brain tissue gradually Production of an inhibitor of brain Dominant 1/24,000

deteriorates in middle age cell metabolism
Muscular dystrophy Muscles waste away Degradation of myelin coating of X-linked recessive 1/3700 (males)
(Duchenne) nerves stimulating muscles
Hypercholesterolemia Excessive cholesterol levels in - Abnormal form of cholesterol cell Dominant 17500

blood lead to heart disease surface receptor

Dominant Recessive

DIPLOID
GENOTYPE | F|=  F =

DIPLOID Wild type Mutant Mutant Wild type Mutant
PHENOTYPE
i Need One Allele Need Two Alleles

Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company



Chromosome 11

Human Genetic Disorders Occur As A Result
of Mutations: Change Code-Alter Protein

Normal HBB Sequence

Amino acids]

Nucleotides|

Abormal HBB Sequence
Nonpolar (hydrophobic)

e @ &

Amino acids]

Nucleotides

e polypeplide: l
the B chain of

hemoglobin

Glutamic acid

2. The protein:
(made of two
o and two
f3 chains)

&

3. Red blood
cell making
thousands

of hemoglobin

molecules

Disk-shaped

. @

@ @ &M&Ma-m
Frete_ & P Long fibers
proteins

POPPP P00

1 |
P

Sickle-shaped

(b) Sickle-cell anemia is pleiotrophic

Sickling of red blood cells

Rapid destruction Clumping of cells; Accumulation

of sickle cells interference with of red blood cells
l circulation in spfeen
Anemia Local failures Enlargement and
I in blood supply damage to spleen
Fatigue, heart damage, Damage to
overactivity of heart, kidney,
bone marrow muscle/joints,
brain, lung,

gastrointestinal tract

(c) B-chain substitutions/variants

Amuno acnd position
L2 8 ol g sl fre 125

Val | His|Leu| Val | Glu| Glu| His | Val Glu His

Val| His|Leu| Lys| Glu| Glu| His | Val | Glu| His
HbG San Jose Val| His |Leu| Glu|Gly | Glu| His | Val | Glu | His
HbE Val| His|Leu| Glu| Glu|Lys | His | Val | Glu| His
HbM Saskatoon Val| His|Leu| Glu| Glu| Glu| Tyr | Val | Glu| His
Hb Zurich Val| His|Leu| Glu| Glu| Glu|Arg| Val | Glu| His
HbM Milwaukee 1 | Val| His|Leu| Glu| Glu| Glu| His | Glu| Glu | His
HbDp Punjab Val| His|Leu| Glu| Glu| Glu| His | Val | GIn| His

Sickle-Cell Anemia



Pedigrees Can Be Used To Follow Disease Genes in Human Families

Generation

Prince Albert

The Royal Hemophilia Pedigree

George Il

Edward
Duke of Kent

Queen Victoria

LT'] Grand Duke of Hesse

Louis Il

Followed
By
Bleeding

O—0

Phenotype

Frederick Victoria
1l I
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 —
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William Hen
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Anne Andrew Edward

British Royal House
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Viscount
Tremation

Russian
Royal
House

Recessive Sex Linked

BoOL L o

Alfonso Jamie Juan Gonzalo

King Juan
Carlos

No evidence

of hemophilia

No evidence
of hemophilia

Spanish Royal House




Dominant

(A) Dominant inheritance

Generation | (parents)

Generation II 7 d)
Generation Il ‘ [j i ‘ d)

. Oldest Youngest "

Sibl‘irngs Recessive
q One parent is heterozygous...)

Every affected
individual has an Muscular' DYS"'OP"\Y

affected parent. Huntington Disease

About 2 of the offspring (of
both sexes) of an affected
parent are affected.

(B) Recessive inheritance

...and the recessive allele is
passed on to 1z of the

Generation |
phenotypically normal offspring.

(parents)
——— "3 r Heterozygote
<
—I:l ?These cousins are L

Generation Il é é_ (unaffected
both heterozygous. |

Unaffected  Affected phenotype)
Generation I li t‘ é é v d) t' el O . O
Male [] ] 4
Generation IV Iﬂ) Mating (O ]

N Mating . .
Mating of heterozygous recessive parents may between O={:| inb r'eedlng
Sickle Cell Anemia produce homozygous recessive (affected) offspring. relatives

Cystic Fibrosis
Tay-Sachs Disease



Hemophilia Has Been Known As An
Inherited Disease For >2500 Years!

Talmud - Circumcisions

Royal Family-Europe

Wound

o)

Factor Xl Factor Xlla

e}

Factor XI Factor Xla

o]

Factor IX Factopeta

e
(Absent in hemophilia B) D g Factor VIl
(Absent in hemophilia A)
Factor X Tor Ac

e g Factor V

Prothrombin Thrombin
Fibrinogen " Fibrin

Blood clot

The Talmud also makes reference to families in whom
cluldrun huvc died as a result of c'm“umcisiun

Should a mother lu.st, two children or should two 3!514‘.15
lose a child each aller circumcision, subsequent children
of lhc woman, the two sisters or of any other sisters of

are older, or poss:bl\ not at all. Th.s is lhuug,hl 1o be Lhn:
earliest reference o haemophilia; it was recognized in
the Talmud that this condition was transmitted by
the mother.



A Cascade Of Events After
Wounding Leads to A Fibrin Clot

A

Platelet

Red blood cell Collagen fibers Platelet plug Fibrin meshwork

Clotting factors:

1. Released from platelets and injured tissue

2. Plasma proteins sznthesized in liver and

circulated in inactive form

LIFE 8e, Figure 49.10 (Part 1)

in plasma

Prothrombin e Thrombin
circulating l
Fibrinogen s Fiprin

circulating
in plasma

LIFE: THE SCIENCE OF BIOLOGY, Eighth Edition © 2007 Sinauer Associates, Inc. and W. H. Freeman & Co.

Clotting Factors Such As Factor VIII Play A Critical
Role in This Process

JFE 8e, Figure 49.10 (Part 2) e L



How Does Blood Clot After Wounding?

WOUND SURFACE CONTACT El gh.|.
: Proteins/Genes
I Post-translational .
Inactive “JActive Modification Required:
> Factor VIT
FACTOR X1  |FACTORXla
Factor XI

"
Hemophilia A
- xl' p@ I Factor IX

FACTOR IX FAL
/@ ﬁ| + FACTOR Vil
Hemophilia B

1.
2.
J.
4. |Factor VIII
o ] @ @ 5. Factor X
“ /_l_imv I 6. |Protein C
L PO j'T" 7. Prothrombin
~~ N 8. Fibrinogen

FIBRINOGEN  FIBRAIN CLOT

CLOTTING CASCADE begins when cell damage at a wound somehow activates the en-

zyme factor XI1; it ends with the conversion of fibrinogen into fibrin by thrombin. At each
step an inactive protein is converted inte a protease, or protein-culting enzyme (color), Wha.l' Happens If Any Of
which activates the next protein. Some steps require cofactors such as factors VIII and V.

The cascade includes positive- and negative-feedback loops (colored arrows). Thrombin acti- These Pr‘o‘l‘eins Orl Genes

vates factors VI and V; it also deactivates them (by activating protein (), which helps
to halt clotting. Some 85 percent of hemophiliacs lack factor VIIL The rest lack factor IX. Are Mu-ra-reda

0
No Blood Clot! - bleeding




Hemophiliacs Have Mutations In Either Factor
VIII or Factor IX Genes

Copyright @ The McGraw-Hill C: ies, Inc ion required for rep: or display.
LN 20 AR KRN Some Important Genetic Disorders
Dominant/ Frequency Among
Disorder Symptom Defect Recessive Human Births
Cystic fibrosis Mucus clogs lungs, liver, and  Failure of chloride ion transport Recessive 1/2500 (Caucasians)
pancreas mechanism
Sickle cell anemia Blood circulation is poor Abnormal hemoglobin molecules Recessive 17600 (African Americans)
Tay—Sachs disease Central nervous system Defective enzyme (hexosaminidase A) Recessive 173500 (Ashkenazi Jews)
deteriorates in infancy
Phenylketonuria Brain fails to develop in Defective enzyme (phenylalanine Recessive 1/12,000
;nF‘J“f“f |“ ~ \
Hemophilia Blood fails to clot Defective blood-clotting factor VIII X-linked recessive 1/10,000 (Caucasian males)
— — —
Huntington disease Brain tissue gradually Production of an inhibitor of brain Dominant 1/24,000
deteriorates in middle age cell metabolism
Muscular dystrophy Muscles waste away Degradation of myelin coating of X-linked recessive 173700 (males)
(Duchenne) nerves stimulating muscles
Hypercholesterolemia Excessive cholesterol levels in = Abnormal form of cholesterol cell Dominant 1/500
blood lead to heart disease surface receptor

Hemophilia A Defective Factor VIII Gene 1/10,000 males
Hemophilia B Defective Factor IX Gene 1/30,000 males

Hypothesis For High Frequency in Males? Both Genes On X-Chromosome 2= d''s




Hemophilia A and B Inheritance

NORMAL FATHER CARRIER MOTHER

Meiosis &
Gamete
Formation

N
Fertilizati
]
NORMAL NORMAL CARRIER
DAUGHTER SON DAUGHTER

SEX-LINKED INHERITANCE of hemophilia results from the location of the factor VIII
gene on the X chromosome. A male carrying a mulant factor VIII gene lacks normal factor
VIII and is hemophilic. A female carrier is protected by the normal genc on her second
X chromosome, but half of her daughters will be carriers and half of her sons will be he-
mophilic. In the casc of a hemophilic father (not shown), his sons will not be hemophil-
ic, because they receive his Y (not his X) chromosome, but his daughters will be carriers.

Sex-Linked Inheritance
Q Carriers — 1/2 Sons + No Daughtersl!
Only One X-Chromosome is &

Parents 2n

CMeiosis >

|6ame'res n

Fertilization

!

ChildreR> 2n




Hemophilia A and B Genes (Traits) Are Sex Linked

Generation

‘Copyright ® The MeGraw-Hill

George Il

Edward
Duke of Kent

Inc.

A7

Original
Mutation

jred for

ion of display.

The Royal Hemophilia Pedigree

Louis Il
? Grand Duke of Hesse

Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or dis|

Prince Albert Queen Victoria Oo—0 O—1
A
King lJ_-l é ) @E |
f L Edward Vil . : .
Frederick Victoria Alice Duke of Alfred . Helena Leopold Beatrice | Prince
0] Hesse Henry
No hemophilia No hermphulla
German King
i Royal George V EB— W
House Irene Czar Czarina Earl of Princess Mauric§ | Leopdld Queen A'T""s‘;
Nicholas Il Alexandra Athlone  |Alice Eugenie Kg’g g
: pain
. 00 000 é 0 BOOOO Ho BN BHOO O OM
Duke of King Earl of Waldemar Prince  Henry Anastasia Alexis | Viscount Alfonso Jamie Juan Gonzalo
Windsor George VI Mountbatten Sigismond Tremation
b Prussian Russian (’!’)
v O— Royal Royal ® O
Queen Prince Margaret House House King Juan
Elizabeth Il Philip Carlos
é) |ﬁ I_j—_l No evidence No evidence
VI O— (’; & of hemophilia of hemophilia
Princess Prince Anne Andrew Edward
Diana Charles Spanish Royal House
Vil |J_:]_ E British Royal House
Williarm Henry

Note: 1.

Males Obtain Detective Gene From Mothers
2. B50% of Sons Of A Maternal Carrier Have The Defective Gene



Search for the gene

—>1.

>4

Blood Protein (But Perhaps Synthesized Elsewherel)

. Could be purified in small amounts from >20 Liters of

human blood +cow blood + pig blood

. Short Stretch of Proteins Sequenced = Known Protein

Sequence!

Hemophilia A could be treated by blood transfusions from
normal individuals, .. clotting factor in blood.

.. How to go From Protein to Gene



For Factor VIII- Not Known Where Gene is
Expressed .. Must Use Genome Library

The Problem

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
(a) Albert  Victoria Key = () Normal female

(18191901 (®) carrier (heterozygous) female Key concep'l'

Early 1980's ' T T = ittt ¥

s 70 8] o How Clone A Gene When You Don't Know
Where it is Expressed !

3 4 5 6 7 8 9 10 11 12 13 14
(b)  Vessel damage (c) Analysis of presence or absence of
blood-clotting factors
) ) Wild-type
Inactive XIl — Active XII Factors person Hemophiliac
Xil * +
inactive XI — Active XI 2 ¥ E
+ +
Vi + .-
Inactive IX — Active IX X ¥ *
v + +
Prothrombin + .
Inactive X _, Active X Fibrinogen + +
— Factor VIII |
A\
Prothrombin 240y Thrombin
t
. Fibrinogen — Fibrin
Rey.
Purfed O
- Factor VIll
Protein b
—p] | Obtainamno AAT AA2 AA3 AA AAS
. acid sequence R BE=t S T e
Sequence : A
Reverse translation
2. oeimgesems  .AMATIG GCOTAT 0O
Known 3, Sissaecesoe . —
- oligonucleotides - TTTAACCGGATAGCC ...
i TTGAACCGGATAGCC
4 Probe library
: 4 Intron
5 Find Factor VIl clone AEKD“S
Structure of gene
6_ as determined from L L L 1 ! L | L L . )
clone kb 0 20 40 60 80 100 120 140 160 180 200

How Find Gene & cDNA?
Protein — Gene — mRNA — Drug !




Knowledge of the Protein Sequence and the
Genetic Code Makes it Possible to Identify a Gene

Cloned gene ]

DNA sequencing
) Database search to identify
o 2 A protein-coding sequence
Expression in cultured 1 PCR isolation of corresponding
cells : gene

_Protein
Localization
Biochemical studies
D e

etermination of structur

Figure 5-1
Molecular Cell Biology, Sixth Edition
© 2008 W.H. Freeman and Company

[ .. 1. Protein — Gene — DI"UQ ] I Factor VIII Strategy (1985) I
or

< 201 1> _w» 3. Just Sequence Everything + Identify
Protein- GenBank Huge




Steps Required to Clone Factor VIII

Gene Gene and cDNA o
1. Make Genome Library Cwn, TN, s 1.Use Gene probe to
Because Factor VIII AT g seredh cDNA
Gene in Genome! e e . S library for Factor
2.Purify Protein from b s e VIII cDNA clone
Blood- that's where it . S=== P 2.How know what
works (wasn't known W%L%A mﬁzﬁ mRNA to use to R
where made) = —— make cDNA library:
3.Reverse Translate using A | I i 3.Use gene probe to
. o probe RNA blots
T8 guiela e "N g e containing mRNA
portion of the protein 5 / l.bmryﬂ%%% from all major
sequence ——— gt AR TP organs (liver,
4.Synthesize a DNA probe @ kidney, blood, etc.)
complementary to Factor  <ismms. 5o 4 _Find Factor VIII
VIII gene corresponding =3 mRNA in liver-
to protein sequence male, liver- secrete
into blood

5. Screen Genome Library

2
Entire Gene on The Clone? Why Need cDNA:

Story continued

Want cDNA to Manufacture Factor VIII as
a Drug to Treat Hemophilia Al




Step One

How to Construct a Human Genome
Library to Find the Factor VIII Gene?

If It is Not Known Where Gene is Active
Can "Look” to Genome Instead of mRNA to
Find + Clone Gene!




Vectors Used in Genetic Engineering Have

Similar Conceptual Properties

But are Used in Different Situations

Table 3.2 A COMPARISON OF DNA VECTORS AND THEIR APPLICATIONS

Vegts

Bacterial plasmid
vectors (circular)

Maximum Insert Size (kb)
L-12

DNA
Bacteriophage ~25
vectors (linear) ‘

Cosmid (circular) ~35

Bacterial ~300
artificial

chromosome

(BAC, circular)

Yeast 200-2,000
artificial

chromosome

(YAC, circular)

Ti vector
(circular)

Varies depending on type
of Ti vector used

Applications

DNA cloning, protein expression,
subcloning, direct sequencing
of insert

DNA

cDNA, genomic and expression
libraries

cDNA and genomic libraries,
cloning large DNA fragments

Genomic libraries, cloning large
DNA fragments

Genomic libraries, cloning large
DNA fragments

Gene transfer in plants

Limitations

Restricted insert size; limited
expression of proteins; copy
number problems; replication
restricted to bacteria

Packaging limits DNA insert
size; host replication problems

Phage packaging restrictions;
not ideal for protein expres-
sion; cannot be replicated in
mammalian cells

Replication restricted to
bacteria; cannot be used for
protein expression

Must be grown in yeast; cannot
be used in bacteria

Limited to use in plant cells
only; number of restriction
sites randomly distributed;
large size of vector not easily
manipulated




Plasmid vs. Bacteriophage Vectors
for Cloning DNA Fragments

Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or dispiay.

“Artificial” Transformation  APiasmidvector
Process

Restriction Foreign Transform

endonuclease Dr?IA
e No DNA Active lacZ

inserted gene produces

—
P & , ) s, ]—blue colonies
——- Medium contains > s O
ampicillin and X-gal :I— Inactive lacZ

gene produces

lacZ gene
ol

DNA : :
Ampicillin Restriction enzymes Foreign DNA inserted white colonies
resistance cuts within and DNA ligase
gene the lacZ gene are added
Transform
a. Topptt © The Ui 18 Copainams rx Bmiiiimaun §oped 3 He ket cn gy
A Phage Vector
0/" - # \
&
A DNA that did not take Phages that do not assemble
up DNA insert cannot be cannot infect and propagate
incorporated into phage heads, inside E. coli
Na_'_ur‘al Infec_‘_ion & and phages do not assemble.
A genome C;
P roc ess N - Recombinant f &
- DNA Y
Inserted DNA——— % K
H
A head takes up Phage vector with recombinant
recombinant DNA in vitro, and DNA infects E. coli and
lambda phage vectors assemble. propagates, killing its host.



Cloning the Human Genome and Screening
for the Factor VIII Gene

45 kb
BamHl  BamHI

Genomic DNA
Sau3A Bacteriophage A vector " —— —
. _> Y/ sites Digest with
Human DNA A/WhY? BamHI.
lith Sau3A Isolate left and
BamHI compatible) right arms.
Isolate 15-kb
fragments.
= Discard smaller
NO"’e OVe l"l Gpp 'ng and larger fragments.
Fr‘agmen"'s Left  Right Tandem recombinant DNA units
ar{n ar{n
Genomic DNA Units stuﬁe'd into
15 kb phages in vitro
) " y - Library of
! | | 4. genomic
DNA
l Infect E. coli.
" Screen library by using nucleic acid probe.
Figure 20-6

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

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




Constructing a Human Genome Library by Partial Digestion
Creates a Set of Overlapping DNA Fragments/ Clones

Sau3A sites
' Ll i ili - ] dd -l 1 1 3 b1 - i
— + —+—t+—t—1 1t e e e e

Human
DNA =

P
ECd

Notice: Each Fragment Overlaps!

~20kb '
partial o
Sau3A Partial Sau3A
fragments(  papdom Set If ' ' —

Overlapping DNAs . Can Go From One to Next to Next!

2 kb

. An overlapping set for each of the 24 chromosomes would allow

clones to be ordered from beginning to end by restriction
mapping because each chromosome contains one DNA molecule !

Copyright © The M Hill Companies, Inc. P i ired for reproduction or display.
= — b N\ 3
< N b3 \ N\ \

\

(A) (B)

Sequence both ends of fragments.

Clone.
Break into adjacent fragments.

Adjacent

Failure to assemble because there is no overlap.
‘ragments

Overlapping
fragments

Clone.
Sequence both ends of fragment.

\ Break into overlapping fragments.
Reassemble string by sequence overlap.




Step Two

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




Factor VIII Protein — Gene

Using the Factor VIII Protein Sequence and Genetic Code as
Guide to Synthesize a Factor VIII Probe

H2N H:zN

NH2 . \
Digestuith oon loon  Separt
—protease o, N4, COOH-RERUdeEsy coOH
COOH \
COOH H
H2 NH2

Protein encoded Sequenc
by gene of interest Pur'ified Sequence by ‘

" Edman degradation
Protein

5 6 7

3 4 8 9

__ Peptide
sequence
2. Make Several -
Probes All Codon , . . sequence i, tise
. . I Least-degenerate .
Comblnﬂflons. 20-base region Gene-ric
Prepare 20mer
-I I degenerate prob.e Perfectly complementary COde
3 . One Wl Be ::f:)screen genomic Ologonucleotide in the
ibrar
Cor‘r‘ec.'. Pr'Obe  / y degenerate probe
TACATGCAC

TGCATT .
. AAGAAT NOG THRATIG TADGTBENNENA TCGAATGTC.. Coding Sequence
How many Combinations of Synthetic Probes?
2x3x2x1x2x2x2=96




Using the Genetic Code to go From Protein
Sequence to Gene Sequence

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

(b) Synthesizing DNA probes based on reverse translation

Protein sequence NJ| Glu | Asp | Met | Trp | Tyr LC

! 5' .
Degenerate coding sequences |GAA|GAT |ATG | TGG|TAT
l GAG|GAC TAC

Sequences that must be ® ® @ @ ® ) )
present in the probe = 8 Codon Combinations
~ GAAGATATGTGGTAT
GAGGATATGTGGTAT
GAAGACATGTGGTAT
Mixed Probes GAGGACATGTGGTAT
(Contains All 8

Sequence GAAGATATGTGGTAC
Combinations) GAGGATATGTGGTAC
GAAGACATGTGGTAC

\_ GAGGACATGTGGTAC
1. Need Amino Acid Sequence of Part of the Protein

2. Need DNA Sequences Representing all Codon Combinations
3. Synthesize DNA Sequence Probes!




Finding The Factor VIII Gene Or Part of Genell

Library of phage clones

14848810 0RRRRN

Lawn of
bacteria

Human Genome
Library Clones

Autoradiograph to

;h;a::l: n Film 1 locate desired clone.

Transfer plaque to
absorbent membrane.

Incubate membrane
Membrane | with radioactive probe.

N
; A
1 2 3 4 5§ & 7 8 9 W N 1 : Infect fresh
::::ed:ce l bacterial host.
- Possible :
DNA ‘ >
; .. sacuancs Purify Factor
Least-degenerate . H
20-buse region V\Pr-obes Amplify g VIII Genomic
Prepare 20mer desired gene. CI one
degenerate probe Perfectly complementary
Lo screeng | Ologonucleotide in the g ]
degenerate probe ‘Analysis, Ninth Edition
1d Company

library
[
AAGAAT TCGAATGTC...

Coding Sequence

Sequence To See If it
Matches Probe/Protein




The Result-The Factor VIII Gene is Huge- 186,000 bp- The Probe

Identified a Clone Containing Only One Part of Gene Il Why?

1 23 4 56 7 8 910111213 4 1516 1718 19 20 21 22 23 24 25
— T

llﬁll . 1=

| | 1 -1 e --__l—___l
100 120 140 160 180 200
AN () HA

Clone Iderﬂ'lfled

INTERFERON

GENE with Probe Doesn’t Contain Entire Gene
FRAGMENT PROBIE 3 -
= 2 B | = |
Overlapping Clones/DNAs o
3 = | C v 1
3! B

4 EEEGE ] L

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




The Factor VIII Gene Was Found To Be
Very Large

+ 186,000 Nucleotides in Length wont

Fit in One Phage Clone)

+ 25 Introns

*+ 9,000 Nucleotide Coding Sequence
(cDNA)

+ 2,351 Amino Acids in Protein

Factor VIII Gene

X Chromosome




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

Human DNA From
Different Individuals

Genomic or cDNA

Y

TOTAL
DNA

I
DIGEST

ITH Tag |
SZ\.\
S
\ SEPARATE

Complet

DNA
FRAGMENTS

Clone Probe
A
RADIOACTIVE
FACTOR Vil
Q cDNA
VA'A “
- ]
Eg HYBRIDIZE
AND
g WASH
|

Once Gene & cDNA Identified!

M
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L]

Loss of a TaqI site
in Factor VIII Gene
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L
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I 4,200

RFLP

— 1,400

-

—J. - J H 1 _2— 3‘ 4 5
Hemophilia Relatives

Use DNA Gel Blots (or PCR) & Factor VIII
Probes to Investigate Presence of
Mutant Alleles in Families (carriers)

Mutations Arise
Independently in
Families




How is a Specific Gene Detected in Genome?

DNA can be Transferred "in situ” to paper
& annealed with radioactive probes

Solution passes through

RNA or DNA
- Migration gel and membrane to paper towels.
\ Paper towels
,,\\ : Sponge
,’ +
— LD N 3
32p_jabeled Electrophoresis \ o )

DNA Blots! w//

solution l | Membrane
Gel\/ Filter
"i'l.’ffe‘i?a‘!ii.i'}:?:i‘lf'e—l wanstered _
Probe Represents a  Fiterin |
Cloned Fragment Y - | 'y
from Genome with a N ‘_{ Probe
- unbound hybridized to
Unique Sequence! SR 5o
Expose il
L

Autoradiogram

Figure 20-12
Introduction to Genetic Analysis, Ninth Edition
© 2008 W.H.Freeman and Company



Using PCR and RFLPs (Markers) to Detect the

Hemophilia A Disease Allele/ Gene

1. Use PCR to amplify a
specific Factor VIII
gene region

2. Use restriction enzyme
(BcL I) to distinguish
between normal allele
(1 site) & disease allele

(no site)

=| = Normal allele

-1 = Disease allele

Polymorphic Bc/|
restriction site

Exon 17 Exon 18| |

PCR amplified fragment

(142 bp)

—

2

Fetus

' Fragments produced

= |142 bp— Bcll site

== |99 bp
- 43 bp present

Bcll site

1.

The 21st
Century
Approach!

Sequence
the Entire
Gene &
Find
Mutation

2. Then
Synthesize
Probes to
Test Family
Members
Using PCR

Indicative of
absent disease allele
Indicative of
normal allele

Only Can Do This With a Knowledge of DNA Sequence of Wild-type
(Normal) and Disease Genes (Can Vary family to Family)




Step Four

How Find Factor VIII mRNA to

Generate a cDNA for Protein
Production in Host Cells?




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 McGraw-Hill Companies, Inc. Permission required for reproduction or display.
y Tissue 1 Tissue 2 Tissue 3 Tissue 4 4. Wash away unhybridized probe. Make autoradiograph.
(ovary) (testes) (lung) (blood)

Purlfy HNA

@UU@ .

Ovary RNA Testes RNA Lung HNA Blood RNA

RNA Blot Is Like a DNA
Blot Except That RNA is
on Gel & Blotted

0.2 §

1 12 3/ 4

2. Load RNA samples (== == == ==
in wells of a gel.

Actin

3. Separate RNA samples by gel electrophoresis.
Blot onto filter. Expose filter to labeled hybridization probe.

Factor VIII
Gene Is Highly
Active in Liver!

I.Iabel

S -~ Could Also Use PCR (RT-PCR)

(4): Reprinted with permission from Nature 1990 Jul 19; 346(6281):216-7, Sinclair et al. © 1990 Macmillian Magazines Limited




Using Factor VIII Gene Probe to Identify Factor
VIII cDNA clone

Factor VIII

GENOMIC CLONING cDNA CLON!

GENOMIC LA ; ; ’—’—I‘z ﬁﬁtﬁ LiverI mRNA
/\:%i Tn;%cviﬁs;sg Reverse ftransctiptasel

CLEAVE WITH
RESTRICTION ENZYME St (ENA

4
\\\\\

TOTAL

/.’7

X/

|
DNA POLYMERASE

=3
g EET o DOUB
— o cx==m—/ = STF‘AND“D
| cDNA
JOIN TO JOIN TO
PHAGE DNA PHAGE DNA

PACKAGE IN PHAGES

<— Liver cDNA Library

PACKAGE IN PHAGES

i
r

() e Factor VIII cDNA -
Used to Make Drug !

IDENTIFY SOURCE OF FACTOR VIl mRNA

INFECT
BACTERIA

PLAQUES ._

TRANSFER TO FILTER PAPER TRANSFER TO FILTER PAPER.
RELEASE AND DENATURE DNA RELEASE AND DENATURE DNA

SYNTHETIC |
DnA PROBE  HYBRIDIZE

e

l FACTOR VIl
GENE

, FRAGMENT
"




A Factor VIII Drug/"Cure”
Making Factor VIII in Mammalian Cells

(a) Transient transfection

cDNA
Promoter gomy,

{ Vector % Viral origin of
’ ¢ replication

by ligid treatment

l Transfect cultured cells
or electroporation

Why Mammalian Cells?

Protein is ekpressed from cDNA in plasmid DNA

Factor VIIT is glycoprotein

(b) Stable transfection (transformation)

DNA
PromotO" Factor VIII cDNA
Vector

Transfect cultured cells
l by ligid treatment
or electroporation

1 Select for G-418 resistance
G-418-resistance clones

Purify Factor VIII

]s / Protein!

Protein is expressed from cDNA integrated into host chromosome




Using Factor VIII to Treat Hemophilia

: Recombinant Factor VIII
Formation of a Blood Clot _ P =
: /L . . J Bayer HealthCare

} 4 Bayer Biological Products EU

Bu)logtca\ Producls Division

T e R [ T T e e

[OTEe

More Resources Recombinant factor Vil
gaemphma Centres In Recombinant factor VIII (rFVIII) is the antihaemophilic factor A, obtained using
Aropa recombinant DNA technology. With this technology, pure protein is synthesized

Related Links in the laboratory instead of being extracted from biood. 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 aenetics. have reoresented both the beainning

Awards _
% OPEN HERE 2000 IU Range
[ .
Kogenate FS
Needleless
hilic Fact
\ Anl;l;{:erzg;;':;m)c = i Reconstitution
\‘ et
\k with BIO-SET" L 3

"l\ti HealthCare €

Factor VIII gene cloned in 1983

FIBRIN STRANDS sabilire s blood clot at the site of a wound by A clot in the blosdyiream is the result of 2 complex caseade of . Factor VIII (recombinant) approved as drug in 1993!
! Ten years from gene — drug! (Off Patent in 2011)

trapping the platclets (hat form the bulk of the clol. The eleciron
micrograph, which was made by Jon C. Levis of Wake Forest Uni ¢ imsoluble fbrin strands. In hemophilises o crucial
versity, shows a clot formed in a suspension of platelets and fibrin protein in the blood-clotting cascade is cither missing or defective.

A Triumph of Genetic Engineering

A Patent on YOUR Factor VIII Genel

5,618,788
April 8, 1997

Linited States Patent
Capen . etal

reparation of functional human factor VI and pharmaceutical reatment therewith
Ahstract

functional human factor VI produced recombinantiy is used in the treatment of human beings diagnesed to be deficient in factor VI coagulant activity. Also provided are DNA
kolates and expression vehicles encoding functional buman factor VI, as well as transformed host cells and processes for producing human factor VIIT by use of recombinant DNA

echnology,

Irnveniors: Capon; Daniel J. (3an Mateo, CA ], Lawn; Richard M. (San Francisco, CA), Vehar; Gerdon A. (San Cerlos, CA), Wood; William 1. (San Mareo, CA)
Assignee: Genentech, Inc. (South San Francisco, CA)

Appl. No: 07/570,096

Filed: August 20, 1950
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10.

11.

12.

The Factor VIII Story -- A Summary

Purify Small Amounts of Factor VIII
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

If Not, "Walk” to Obtain Overlapping DNA Clones That Collectively
Contain the Factor VIII 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

Make a cDNA Library From the Target Organ/Tissue and Isolate a
Factor VIII cDNA Clone

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

Use Factor VIII cDNA and/or Genome Fragments as a Probe to Find
RFLP Markers For Disease Alleles -- Or Sequence Disease Alleles to
Find Relevant RFLP Markers By Comparison With Wild-Type
Sequence

Insert Factor VIII ¢cDNA Into an Expression Vector and Synthesize
Factor VIII Protein in Host Cells (e.g., Mammalian Cells)






















































