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THEMES

oNA 1. How Did the Supreme Court Indirectly Give Rise to the
Genetic Code of Life Biotechnology Industry?

2. What Strategies Were Developed For Cloninq Insulin
mRNA and Expressing Insulin in Bacterial Cells? What
Strategy "Won" Out?

3. What is Hemophilia and How is it Inherited?

Entire Genetic Code . .
of a Bacteria 4. How Can a Disease Gene Be Found When It is Not Known

Where the Gene is Expressed?

5. What Vectors Can Be Used For Cloning DNA?
6. What is the Advantage of Using a Virus Vector For

Constructing Genome Libraries?

PNA Fingerprinting 7. How To Make a Library of the Human Genome?
8. How Find a Gene With Only a Knowledge of the Protein
Sequence?
,, 9. How Use DNA Testing to Detect Factor VIII Disease
Cloning: Ethical Issues Alleles?

and Future Consequences

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

Plants of Tomorrow
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Drugs Manufactured Using Genetic Engineering

Examples of Recombinant Proteins Manufactured from Cloned Genes

Product Application

Blood Factor VI (clotting factor)

Treat hemophilia I

Epidermal growth factor Stimulate antibody production in patients with immune system disorders

Growth hormone Correct pituitary deficiencies and short stature in humans; other forms are

used in cows to increase milk production

Insulin Treat diabetes I

Interferons Treat cancer and viral infections

Interleukins

Monoclonal antibodies

Tissue plasminogen activator

Treat cancer and stimulate antibody production

Diagnose and treat a variety of diseases including arthritis and cancer

Treat heart attacks and stroke

“2016—Top 10 Biotechnology Drugs (Each with Worldwide Sales over $5 Billion)

Drug Name Developer

Humira AbbVie

Harvoni Gilead Sciences

Rituxan Roche
Revlimid Celgene

Avastin Roche

Herceptin Roche
Enbrel Amgen

Prevnar 13 Pfizer

Lantus Sanofi

Neulasta Amgen

Drug Type

Antibody (monoclonal)
Small molecule
Antibody (monoclonal)
Small molecule

Antibody (monoclonal)

Antibody (monoclonal)
Recombinant protein

Vaccine

Peptide

Recombinant protein

Function (Treatment of Human Disease Conditions)
Rheumatoid arthritis, Crohn’s disease, Ulcerative colitis
Hepatitis C

Non-Hodgkin’s lymphoma

Multiple myeloma

Colorectal cancer; breast cancer; non-small cell lung
cancer; ovarian, brain, and cervical cancer

Breast cancer, gastric cancer
Rheumatoid arthritis, psoriasis

Pneumococcal (Streptococcus Pneumoniae) antibacterial
vaccine

Diabetes mellitus types | and |l

Anemia (neutropenia/leukopenia)

*Data based on the most recent source available at the time of publication: Morrison C, Lahteenmaki R. Public biotech in 2016 —the
numbers. Nat Biotechnol. 2017;35:623-629.




The Origins of the Biotech Industry
Started in the Supreme Court

Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences Founded in 1976 By Robert Swanson and Herb Boyer

First IPO in 1980 for $88/share
Purchased by Hoffmann-La Roche in 2009 for $47B

Plants of Tomorrow
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Insulin - The First Biotech Drug
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adults have diabetes
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THAT’S 1 PERSON IN 11 nl\
Main types of diabetes Consequences
Diabetes can lead to complications in many parts of
se the risk of dying prematurely.
@ TYPE 1 DIABETES Stroke *@@
Blindness
Body does not produce
enough insulin
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TYPE 2 DIABETES ey o o)
Body produces insulin ey taiine
but can't use it well

#diabetes

Charles Banting  Frederick Best

o

Sequenced By Fred
Sanger 1951-1953
Nobel Prize in 1958

Discovered in 1921
Commercial Production By Eli Lilly in 1923
Nobel Prize 1923
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How Does Insulin Control Sugar Levels?

Islet of @

Langerhans

Beta cell

releases p q leads to )
— 1§t — 9,9
YO
Insulin Blood sugar
decreases

TYPE 1 DIABETES

Body does not produce
enough insulin

TYPE 2 DIABETES
lI?ody produces insltilin
ut can't use it we!

GESTATIONAL DIABETES

A temporary condition in
pregnancy

releases leads to
ﬁ ﬁ
- f/e’ Alpha cell Glucagon B.Iood sugar
= increases
© AboutKidsHealth.ca
Main types of diabetes Consequences

Diabetes can lead to complications in many parts of
the body and increase the risk of dying prematurely.

Stroke 4@ :

Blindness

Heart attack ‘O
Kidney ‘a't;Jr‘v‘@

Amputation —.




Reasons For Insulin Being the First Biotech Drug

DNA
Genetic Code of Life

« Diabetes a Major Disease Responsible For
Millions of Deaths

* Physiological Basis of the Disease Known

- | Site and Mechanism of Insulin Synthesis and
of a Bacteria Secretion Within the Pancreas Known

\ * Insulin Was Purified and Amino Acid Sequence
Known
« Small Protein Consisting of 51 Amino Acids

* Insulin Protein Structure Understood 110 amino
acids Total - A Chain 21 Amino Acids and B
Chain 30 Amino Acids)

* Predicted Small Size of mRNA (~390 nts) and

Cloning: Ethical Issues Gene

LRl | © Insulin Made in Large Quantities in the Pancreas

- « Techniques For Cloning mRNA Using Reverse
Transcriptase Or Direct DNA Synthesis Known

DNA Fingerprinting

Plants of Tomorrow



Two Strategies For Isolating the Insulin "Gene”
And Engineering E. coli Cells to Produce Human Insulin

Genetic Code of Life Synthesize & Clone cDNA

Islet of =
L h MeSSeNER A BACTERIAL PLASMID DNA
REVERSE
“TRANSCRIPTASE
MESSENGER ANA
CcDNA
Y . \l/ ALKALI
' lr" ’, oNA
. | ovpocmernse
nsuiin
2 2 l S1NUCLEASE TERMINAL
nTire cenevic € Traerthase
DOUBLE-STRAND DNA
of a Bacteria E I
rom p—
TRANSFERASE
Pancreas -
A \ ANNEAL /
l UPTAKE BY CELL;
REPAIR BY
(CELLULAR ENZYMES
DNA Fingerprinting 0
| Use cDNA/mRNA Sequence -
-310 te acgcttg at -240 ~p-gal B-gal
catcttct taactatatttctggt t cgtaaggt -160 /
tttttattcccag gttgttet 99 tt -80
tga, t tcgggt ttggtgct gactgtt. tgccttetegt o 1 b " Insulin ~Insulin
’ ° /= A chain B chain
ATG AGC AAG TTC CTC CTC CAG AGC CAC TCC GCC AAC GCC TGC CTG CTC ACC CTT CTG CTC 60 Amp®
Met ser lys phe leu leu gln ser his ser ala asn ala cys leu leu thr leu leu leu 20 '
ACG CTG GCC TCC AAC CTC GAC ATA TCC CTG GCC AAC TTC GAG CAC TCG TGC AAC GGC TAC 120 [d ‘&.;} ‘ -
thr leu ala ser asn leu asp ile ser leu ala*asn phe glu his ser cys asn gly tyr 40
. » v Transform into E. coli v
Clonlm: th'cal Isms ATG CGG CCC CAC CCG CGG GGT CTG TGC GGC GAA GAC CTG CAC GTC ATC ATT TCC AAC CTG 180
met arg pro his pro arg gly leu cys gly glu asp leu his val ile ile ser asn leu 60 CI .
Gﬂd Fum COHSOQUCHCCS TGC AGC TCT CTG GGG GGC AAC AGG AGG TTC CTG GCC AAG TAC ATG GIC AAA AGA GAC ACG 240 on'ng o / \
cys ser ser leu gly gly asn arg arg phe leu ala lys tyr met val lys arg asp thr 80| Culture cells
1 d
GAA AAT GTG AAC GAC AAG TTA CGA GGG ATC CTG CTC AAT AAG AAA GAA GCT TTC TCC TAC 300 C haln & B
glu asn val asn asp lys leu arg glv ile leu leu asn lys lys glu ala phe ser tyr 100 v Puifyp-gal-insuin
2% {usion proteins -~
TTG ACC AAG AGA GAG GCC TCA GGC TCC ATC ACA TGC GAA TGT TGC TTC AAC CAG TGT CGG 360 o 2 :
leu thr lys arg glu ala ser gly ser ile thr cys glu cys cys phe asn gln cys arg 120 a'n m s !
ATA TTT GAG CTG GCT CAG TAC TGC CGT CTG CCA GAC CAT TTC TTC TCC AGA ATA TCC AGA 420 -7 s
ile phe glu leu ala gln tyr cys arg leu pro asp his phe phe ser arg ile ser arg 140} s T | A chain B chain
ACC GGA AGG AGC AAC AGT GGA CAT GCG CAG TTG GAG GAC AAC TTT AGT tagacatgttgaggg 483 epara e Y
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A o O .
cgtaaatgetttta ttggtgattat ggtgtea tet 563 NH, I CO%PC')OH Active
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The Winning Strategy Used For
Synthesizing Human Insulin in E. coli Cells

_ B-gal _ B-gal
~Insulin W ~Insulin
A chain \—? — Bechain
Y
”'—?‘\\}( \ T~
= k} ==
v Transform into E. coli Y
Culture cells
3 Purify -gal-insulin 3
” fusion proteins v
T~ Purify A and B chains X
A chain \g G / Bchain
—— /-\/\ —
A
NH, ~——L— COOH Active
NH, — " COOH insulin

Disulfide bond

Note:

Each Chain Made Directly in Separate E. coli Cells
Combined After Synthesis to Make Recombinant Insulin
E. coli cannot process a Pre-Insulin Protein

Research
Laboratories

$30B per Year Market!



Need FDA Approval Before Recombinant DNA Drug Can Be

Marketed and Used to Treat Patients

Figz)re 22 Drug bevéibpﬁiént: A Sldiv, Eﬁ(‘per‘lbs.‘ive, and Rbisk)"‘En‘d»eavo.r
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One FDA-
approved drug

Cost per phase of
development

Otner/  70M
Phase IV

170M
Aporeal — 70M

T 5
Phase Il

Phasell  170M

Phasel 100M

350M
Discovery/
peedinical

Insulin Was the First Recombinant DNA Drug and
Got FDA Approval in 1982 - ~10 Years After Cohen
and Boyer's Experiments
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The Factor VIII Story is Different and
More Complex Than the Insulin Story

The Molecular Genetics
of Hemophilia

Hemophiliacs bleed because a defective gene 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




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

Genesis 17:10-14

‘This is My covenant that you shall keep between Me
and you and your descendants afler you: every
male among you shall be circumcised. You shall
circumcise the flesh of the foreskin.........At the age
of eight days every male among you shall be
circumcised throughout your generations............an
uncircumcised male...that soul shall be cut off from
its people, he has invalidated My covenant.’

The Talmud also makes reference to families in whom
children have died as a result of circumcision
(Babylonian Talmud, Chapter Yewmoth p64b) [6].

earliest reference to haemophilia; it was recognized in
the Talmud that this condition was transmitted by
the mother.

Abraham was circumcised at 93 and gave birth to
Isaac at 99. His wife - Sarah - was 90!



Protein Factors in Blood Lead To Clotting

WOUND SURFACE CONTACT

N\

FACTOR XII FACTOR Xlla
Inactive | Active

7 O\

FACTOR XI  [FACTORXla
Hemophilia B v
rotonx  meana Hemophilia 4

@ (——9\l/+ FACTOR VIII é——]

ACTIVE INACTIVE
FACTOR X PROT EINC PROTEIN Cc

+ FACTOR V

PROTHROMBIN

FIBRINOGEN FIBRIN CLOT

CLOTTING CASCADE begins when cell damage at a wound somehow activates the en-
zyme factor XII; it ends with the conversion of fibrinogen into fibrin by thrombin. At each
step an inactive protein is converted into a protease, or protein-cutting enzyme (color),
which activates the next protein. Some steps require cofactors such as factors VIl and V.
The cascade includes positive- and negative-feedback loops (colored arrows). Thrombin acti-
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.

Eight
Proteins/Genes
Required:

Factor VII
Factor XI
Factor IX
Factor VIII
Factor X
Protein C
Prothrombin
Fibrinogen

® NOo OIs W N

What Happens If Any of
These Proteins, or Genes,
are Mutated?

b
No Blood Clot!




Hemophiliacs Have Mutations in Factor VIII,
Factor IX, or Factor XI Genes

Copyright © The McGi Hill Cs i Inc. ission required for reproduction or display.
RSB IRERAN 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 1/600 (African Americans)
Tay—Sachs disease 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 1/12,000
infancy hydroxvlase)
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 mbhibitor of brain Dominant 1724,000
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 1/500
blood lead to heart disease surface receptor

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 Defective Factor VIII Gene 1/10,000 males 80%
Hemophilia B Defective Factor IX Gene 1/30,000 males 20%
Hemophilia C Defective Factor XI Gene Autosomal <1%

Both Factor VIII & IX Genes
on X-Chromosome (2-2>d" s)




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

Copyright © The McGi Hill Ce Inc. required for

Duchenne muscular dystrophy
Becker muscular dystrophy

Chronic granulomatous disease
Retinitis pigmentosa-3

Norrie disease
Retinitis pigmentosa-2

Sideroblastic anemia
Aarskog—Scott syndrome

PGK deficiency hemolytic anemia
Anhidrotic ectodermal dysplasia

Agammaglobulinemia
Kennedy disease

Pelizaeus-Merzbacher disease

Alport syndrome
Fabry disease

Immunodeficiency, X-linked, with hyper IgM
Lymphoproliferative syndrome

Albinism—deafness syndrome

Fragile-X syndrome

I

S

/

—

|—_
—1 L

Size & Bands = Specific Chromosome

ion or display.

Ichthyosis, X-linked

Placental steroid sulfatase deficiency
Kallmann syndrome

Chondrodysplasia punctata, X-linked recessive

Hypophosphatemia

Aicardi syndrome
Hypomagnesemia, X-linked
Ocular albinism
Retinoschisis

Adrenal hypoplasia
Glycerol kinase deficiency

] Ornithine transcarbamylase deficiency

Incontinentia pigmenti
Wiskott—Aldrich syndrome
Menkes syndrome

Androgen insensitivity

Charcot-Marie—Tooth neuropathy
Choroideremia

Cleft palate, X-linked

Spastic paraplegia, X-linked, uncomplicated
Deafness with stapes fixation

PRPS-related gout

Factor IX
Factor VIII

Lowe syndrome

Lesch-Nyhan syndrome
HPRT-related gout

Hunter syndro

Hemophilia B

EGES ﬁeylmency: favism

Drug-sensitive anemia

Chronic hemolytic anemia
Manic—depressive illness, X-linked
Colorblindness, (several forms)
Dyskeratosis congenita

TKCR syndrome
Adrenoleukodystrophy
Adrenomyeloneuropathy
Emery-Dreifuss muscular dystrophy
Diabetes insipidus, renal
Myotubular myopathy, X-linked

chromosome

The sequence that

unites the sexes

Mars Express
An icy the
martian equator

Current trends
g electrons

Occult cancer

Evolution of sperm
Variety is the spice of life

NN
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




Hemophilia A and B Genes Are Sex Linked &
Recessive Traits

Copyright © The McGraw-Hill Companies, Inc. Permission required for

Vi

George Ill
Generatn Original Mutation in Carrier
Edward Louis Il
Duke of Kent Grand Duke of Hesse
Prince Albert Queen Victoria O——0 O—+1 -3 > N
. ' ' :
® Bettmann/Corbis
King o & o I ¢
3 ST Edward VII . / .
Frederick Victoria Alice Duke of Alfred Helena Arthur Leopold Beatrice JJ| Prince
1] Hesse Henry
No hemophilia No hemophllla
German King
Royal George V CF— [—
House Irene Czar Czarina Earl of Princess | Mauric| Leopfld  Queen Alfonso
Nicholas Il Alexandra Athlone  |Alice Eugenie King 9'
' Spain
0 0000 du 0 0000 mO BED BOOU O Om
Duke of King Earl of Waldemar Prince Henry Anastasia Alexis Viscount Alfonso Jamie Juan Gonzalo
Windsor George VI Mountbatten Sigismond Tremation
‘LL] 6 Prussian Russian
; Royal Royal
Queen Prince Margaret House House King Juan
Elizabeth Il Philip Carlos
é IJ__] |£| No evidence No evidence
O of hemophilia of hemophilia
Princess Prince Anne Andrew Edward
Diana Charles Spanish Royal House

Vil

Copyright © The McGi Hill Ce ies, Inc. ission required for ion or display.

The Royal Hemophilia Pedigree

‘JJ_E British Royal House

William Henry

Note. 1. Males Obtain Detective Gene From Mothers
2. 50% of Sons Of A Maternal Carrier Have The Defective Gene

ion or display.




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)

« .. How To Go From Protein To Gene




The Problemll For Factor VIII- Not Known Where Gene Was
e Froblem: Expressed . Must Use Genome Library

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

(a) Albert Victoria Key = (O Normal female Key COI’\CBP"’

E | 1 9 80 y {181¢:1901) @ Carrier (heterozygous) female
1 [C] Normal mal
arty S R . = it y

1 2

"o ﬁ Q ? om ? e How Clone A Gene When
v T SOED AER GOOCH You Don’t+ Know Where

10 11 12 13 14

. .
(b)  Vessel damage c) Analysis of presence or absence of '1- IS Ex r'essed ???
9
blood-clotting factors
. . Wild-type
Inactive XII' —  Active XII Factors person Hemophiliac
X + +
Inactive XI — Active XI s x *
Vil + - -—
Inactive IX — Active IX X + +
\ + + [ H
\Prolhrombin + + ) lefer‘ent Than IﬂSUlln
Inactive X _,. Active X Fibrinogen + + K o
new Where Protein Made!
— Factor VIII |
\J
Prothrombin £,y Thrombin
Ke L Fibrinogen — Fibrin
! )
. (d) (Purified o
actor VIII
Protein Fboro
> 1 Obtain amino AA1 AA2 AA3 AA4 AAS5
acidsequence 7 o T
sequence 2 Reverse translation ! T ‘ i v l
into co+ding sequence e AAéWGGCCTATCGG ~~~~~
Known 3 Synthesize degenerate ﬁwciGGATAGCC
oligonucleotides ... TTTAACCGGATAGCC ~ w...e.
i TTGAACCGGATAGCC
4 Probe library
o Intron
Find Factor VIl clone Exons
Srmf /AN
Structure of gene
6 as determined from L L L L L L L L L L .
clone kb 0 20 40 60 80 100 120 140 160 180 200

How Find Gene & cDNA? mRNA—> Drug
Protein — Gene — mRNA — Drug !
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Step One

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

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

11111111
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Genomic Libraries vs. cDNA Libraries

chromosomal DNA
—gene A— gene B / "\ —gene A— gene B
(LTI EREEETRD o+ +osvvves RIRIE LELRE} 0111010 v s RIRRE R Tpes vt v RERD
/! \ ,

\

exon intron néntrenscribed
DNA TRANSCRIPTION
]
== =
RESTRICTION NUCLEASE DIGESTION RANA - =
== — p— =5
transcripts ez =3
[ =7 ed
’ DNA fragments SP':II?Z?NG
O O R G R
03
[ |
mRNAs | ————] |/ =n
j: =g
DNA CLONING —
| |
REVERSE TRANSCRIPTION AND DNA CLONING

B ' ¥

M mm mﬁ'uf m
= ]

genomic DNA clones in genomic DNA library cDNA clones in cDNA library
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Vectors Used in Genetic Engineering Have

Similar Conceptual Properties

But are Used in Different Situations

V

Bacterial plasmid
vectors (circular)

Bacteriophage
vectors (linear)

Cosmid (circular)

Bacterial
artificial
chromosome
(BAC, circular)

Yeast
artificial
chromosome
(YAC, circular)

Ti vector
(circular)

Maximum Insert Size (kb)

~6-12

—

~300

200-2,000

Varies depending on type
of Ti vector used

Table 3.2 A COMPARISON OF DNA VECTORS AND THEIR APPLICATIONS

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

M@wngl earson aucation, Inc.

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

4

Plants of Tomorrow



Plasmid vs. Bacteriophage Vectors
for Cloning DNA Fragments

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

“Artificial” Transformation A®asmidvector
Process - Not Efficient

Restriction Foreign -
endonuclease DIIIA
lacZ gene e No DNA Active lacZ
- inserted gene produces

e - . S |—blue colonies
—_— — edium contains = el
ampicillin and X-gal |— Inactive lacZ
DNA : : gene produces
Ampicillin Restriction enzymes Foreign DNA inserted white colonies
resistance cuts within and DNA ligase —
gene the lacZ gene are added
Transform
a Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
A Phage Vector

S, ‘ Advantages
4 \) * Much More Efficient

o S SSRGS - Can Use Less DNA
“Natur'al" . & and phages do not assemble. a . Ge.r Lo.rs Mor‘e Clones
. enome » e S
Infection Process N e \f/ s * Need Lots of Clones
Inserted DNA——N0)

@%Eg / For Large Genome

§—,

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.



Structure of the A Phage and Its Genome

(@)7. Phage genonfe |1+ Needed

Head Tail | Replaceable region | Lytic functions I 55 nm
1 -
ANANAN \ \ f =
o/ \\ 10 [ 20 [a0\ 49kb — head
Nul A J N cro O P
(b) A Phage assembly N
Preassembled A tail 150 nm iE tail
A\ head IE
(49kb) | S
S Assembled L
Concatomer of . DNA 25 nm ¢ fiber
- From Parts
Nu1 and A proteins H il
promote filling of A head In V|1'|"O 12 nm
with DNA between COS sites Phage DNA replication proteins

@— A genome (1 copy)

A tail attached only
to filled head

Complete A virion

. Sanger et al. 1982 J..Mol. Biol.
First Genome Sequence 162 729.773.
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Phages can introduce
cell DNA by infecting Cell DNA

other cells

Phage atta
of bacterial cell

phages can infect
other cells

Phage injects its
) DNA into cell

Phage and bacterial
enzymes make phage
DNA and proteins
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Lysed Cells Can Be Seen as Clear
Plagques on Agar Plates

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

2. Selectable Marker is
Bacterial Cell Destruction &
Plaque Formation




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 Tubel

. 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 DNAI
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of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

-
e

Plants of Tomorrow

Using a Bacterial Virus To Clone the
Human Genome

(a) Phage A DNA Genomic DNA to be cloned
EcoRl EcoRlI
1 '
45 kb
Left “arm”=—}~15 kb —= Right “arm” 5 3' 5' 3'
= = l ke el
5’ 3 5'_3’ . Restriction
S °F 5 fragments
Not necessary for of different
A replication sizes
Arms contain all the
genes needed for 5/ . .
replication but are too E— Anneal Phage "Arms” to Digested "Foreign” DNA

small for packaging Suitable size for

3 ackaging after

[ S IFiJgatiog wgith arms Concabt_enatte)\of rr]nany

; recombinant A phages
Left arm R|gh? arm <15 k-] | g
|
Genomic DNA Packaging of DNA in A particles using proteins
15 kb and enzymes from A-infected E. coli
One Clone per Plaque
Infection of E. coli cells for A
l replication to clone the DNA Phage clones
in plaque
Bacterium /& - @jﬁ
(b)

Infection Lysis Lawn of

bacteria

Mixture of Plaques =
Library With All Human
DNA Sequences
Represented

Copyright © 2009 Pearson Education, Inc.



Cloning the Human Genome and Screening
for the Factor VIII Gene

45 kb
BamHI  BamHI

Genomic DNA
. ﬁ Sau3A Bacteriophage A vector ™
% s sites . .
| m— Digest with
Human DNA %@ Whyo BamHl.
D)
[Fortarigesthithsausa
l BamHI compatible)

Isolate left and
right arms.

(a)

Isolate 15-kb
fragments.

Restriction Cleavage Site

Note Overlapping—" S el raghuenms:

Left  Right Tandem recombinant DNA units
Fragments = T recombinant DNA uni
A Units stuffed into
l b} Gen‘;?;fbDNA phages in vitro

NE
Need 200,000 Phage with 15 kb inserts st
for Complete Human DNA Library T

(3x109/1.5x10% = 2x10%)

What's the probability of having any sequence in this libraryg,een israry 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?




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

RE RE RE RE

(@) |

[ COMPLETE DIGEST

[ 11 1531 11
RE RE RE RE

b) ==

l PARTIAL DIGEST
Clone 1 | ]
Clone 2 J
Clone 3 | )
Clone 4 L ]
Clone 5 [ J

Clone 6




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

Human Saul3lA s!telf o
DNA ST ™t T it it ' T i + - ~ e —— —— +—+ >
~20kb : — Notice: Each Fragment Overlaps!
partial — "
Sau3A Partial Sau3A
fragments(  Random Set If f .
Overlapping DNAs . | 2k
. Can 6o From One to Next to Next! ——
Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
— -\ A\ \ \ \
- T AN AN AN AN

Failure to assemble because there is no overlap.
l(a) Adjacent Sequence both ends of fragments.
fragments Clone.

Break into adjacent fragments.

Break into overlapping fragments.

|(b) Overlapping | Cione.

fragments | Sequence both ends of fragment.
Reassemble string by sequence overlap.




Step Two

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




1st

letter

The Genetic Code

Second Letter

c A G
uuu | Phe |Ucu UAU ‘ v |[uGu ‘Cys u
uuc ucc | ser |UAC UGC c
UUA | oy |UCA UAA Stop |UGA Stop|A
UUG UCG UAG Stop UGG Trp |G
cuu ccu cAU | His |ceu u
cuc | Leu |ccc | Pro |cAC CGC | arg |C
CUA CCA CAA | GIn [cea A
CUG CCG CAG CGG G
AUU ACU AAU | Asn |AGU | Ser |U
Auc | ne |acc | mr |[AAC AGC c
AUA ACA AAA AGA A

L A

AUG Tl ace AAG | ¥ |ace |7 |e
GUU GCU GAU | Asp |GGU u
GUC | val |GCC | ala | GAC GGC | gly |C
GUA GCA GAA | oy |GGA A
GUG GCG GAG GGG G

Properties

 Universal

* Three Nucleotides

* Punctuation
* Degenerate

3rd

letter



Factor VIII Protein — Gene

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

H2N H2N
NH2 Digest with COOH COOH Separate
rotease eptides
NH2 COOH-RERtICEsSy, cOOH
COOH \
COOH H
. NH2 NH
Protein encoded Sequence 2
by gene of interest Purified Sequence by
. Edman degradation
Protein v
1 2 ] 3 4 5 6 7 g8 9] w0 1 12 .
_ Peptide

sequence
2. Make Several .l. e
Probes All Codon | /a 3 sequence
. . ‘ l Least-degljenerate 1 Use
Combinations! 20-base region Genetic
Prepare 20mer COde

. degenerate probe Perfectl I t
3. One Wl” Be t? screen genomic Oﬁzge:n:cclce):::)d:r;etrlh:ry
COI"I"eCT Pr.obe  / library degenerate probe

TGCATTTACATGCAC .
- AAGAAT NOG THAATG TATETBANNENA TCGAATGTC.. Coding Sequence

How many Combinations of Synthetic Probes?
2x3x2x1x2x2x2=96



Finding The Factor VIII Gene Or Part of Gene!l

Library of phage clones

AARASRARARARRS]

Lawn of
bacteria
Human Genome
Library Clones g
o » Transfer plaque to
b absorbent membrane. /
The «
Actual
Results
< - Membrane
v L
- ‘iA
Fig. 1 Detection of the factor VIII gene with probe 8.3, 5™
C‘l'I'l'I‘CCAGGTCAACGTCGGAGAAATAAGCCCAAGC a
_ Peptide

sequence
- Possible
DNA
sequence

Least-degenerate

20-base region \PrObes
Prepare 20mer

locate desired clone.

Phage clone 1 Autoradiograph to
in plaque Film

Incubate membrane

1 with radioactive probe. Desiredl
X

clone
A

<+——Master

= Plate

Infect fresh
bacterial host.

Purify Factor
VIII Genomic
Clone

Amplify g
desired gene. '

degenerate probe | perfectly complementary
to screen genomic | ologonucleotide in the L »
library degenerate probe : Analysis, Ninth Edition
1d Company
TGOATTTACATGCAC

. AAGAAT NG TRAATIG TIMGETBEMMENA TCGAATGTC.,. Coding Sequence

1

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?

EXONS

1 23 4 56 7.8 910111213 14 1516_17 18 19 20 21 22 23 24 25 26
e - | N
N S | L I | 1 1 — ]
0 20 40 60 80 () AN lm A

120 140 160 180 200
Clone Identified

INTERFERON

GENE with Probe Doesn’ t Contain Entire Gene!
FRAGMENT PF(OBIE -
. 2 L 1 [= : e |
Overlapping Clones/DNAs . R
3 [C ] L L]}
e il
4

]

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




Finding the Entire Factor VIII Gene?

Step Three . .
P Walking & Sequencing
Walking Up and Down Genes and Chromosomes
B B b -Es'mm E e  Eukaryotic DNA
Cut with EcoRl; insert between
Screen with //Hiarms. — B SIS
gene probe A. e \\ —
= —— ( =5
A Iibrary/\fw/// —l
- 14kb ——
A @ [ Aclonetl
Re ifef'ative Libr‘al"y é Make copies of small fragment by cloning.
Screening Process y Rescreen library.
a B b Adjacent\ clone 2
Find Overlapping %Make copies of small fragment by cloning, etc.
P i Overlapping \ clones
Clones By _—-A-—'_i:—_ generated by partial
Restriction Site — e
Mapping — T T ——
I =_

I duction to Genetic Analysis, Ninth Edition

VT TTeeman ana compar

Basis o?wGénomewPr-ojecTs & Whole Genome Sequencing

Key
Concepts

A 4

How know Find Complete Factor VIII Gene?

*Compare Protein & DNA Sequences




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




Factor VIIT Mutations Occur Throughout the Gene

[Haemophilia 11, 481-491 (2005)]

I’nmor VI gene mutations in haemophilia A patients without intron 22 inversion.

VIEC (%) Family histoey  Consanguininy* Inversion  Codont Muation Amino acid change Ixon  Conscrvationd

1 Sporadic NC Normal 51 TTT - TCTY Phe —» Ser 2 FFFF, identical
1.20 Sparadic NC Normal 30 GIT o GAT Val < Asp 3 VVVY, wdenrcal
1 Sparadic NC Normal 102 GGT = GTIT1S Gly = val 3 GGG, wdemxal
2 Sporaxlic NC Normal 104 TCC — COCS Ser =+ Pro 3 8888, identxcal

4 Sporadic NC Normal 143 GAG - AAGS Gla —» Lys 4 EEEE, identical

1 Sparadic NC Normal 2313 dekCAS The «» BITGA 264) 3

2.7 Inherited NC Normal 21 GAA = AAA Gl = Lys 8 EEEE, identical
Q Sporxdic NC Normal 372 OGO — CAC Arg — Hes ) RRRR, xlentxal
3 Inherited NC Normal 527 GG TGO Arg — Trp 11 RRRR, entical
1 Sparadic NC Normal 528 TGO < TACY Cys - Tyr 1 CCOC, sdenncal
1 Inherited NC Normal S92 CAMA = TAA Gln — Stap 12 QQOQQ, wentical
1 Inherited NC Normal 864 delGACA Gly — fs [TAA-B6T| 14

ICAATTAAATGAGAAS

1 Sparadic NC Normal w8 insAS Lys «» B [TGA 984) 14

1 Sporadic NC Introm 1 1107 AGG = TGOS Arg = Trp 14 ROGKK, desimibar
1 Sporxdic NC Normal 1107 AGG — TGOS Arg — Trp 14 RGKK, desimilar
1 Inherited NC Normal 11911194 dclA lle —» fs (TAG-1198) 14

1.40 Sparadic NC Normal 11911194 insA lle < fs (TAA1220) 14

1 Sporadic < Normal 1227 delCs lew = B TGA-1231) 14

2.10 Sporxdic NC Normal 1241 GAC = GAG Asp — Gl 14 DGGE, similar

1 Sporadic NC Normal 1392 1392dcl1418% Pra —» £ (TAG 1446) 14

1 Inerited < Normal 1502 1392del1418% Pra «» £ (TAG 1446) 14

1 Sparadic NC Normal 1441 nsAS 14

1 Inerited C Normal 1441 insAS§

1 Inherited NC Normal 1502 CAG » TAGS Glin » Swop 14 QREQ, dissimilar
1 Inherited NC Normal 1804 delGTY Val «» & (TGA1517) 14

1 Sporxdic NC Normal 1535 TGG — TGA Trp — Stop 14 WIELWM, dessimalar
fhhibitor 96 BU

1 Sporadic NC Normal 1571 TAT » TAAS Tyr —» Swp 14 Y-YY, dissimilar
1 Sparadic NC Normal 1581 AAA < TAAS Lys <» Stop 14 KEKK, dissimilar
0.20 Sporaxdic NC Normal 1696 CGA — GOGA A — Gly 14 RRRR, xlentxal
1.80 Sporadic NC Normal 1729 delA§ Gin —» fs (TAA-1752) 15

1 Inherited NC Normal 1751 GAA » AAAS Glu —» Lys 15 EEEL, identical

1 Sparadic NC Normal 1775 TTC o TOoy Phe < Pro 16 FFFF, identical

1 Sporxdic NC Normal 1835 TGG — TGAS Trp — Stop 14 WWRWW, ickentical
7.60 Sporadic < Normal 1882 ATC —» ATAS lle —» Ik 17 L, sdemical

3 Inherited < Normal 1966 COGA » CAA Arg » Glu 18 RRKR, identical
1 Sparadic NC Normal 1966 COA o TGA ‘\'E ~» Stap 18 RRRR, sdenrxcal

Ill.l.\"cl NYIANI NI SNOLLVLAW ANTD 1IIAd

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



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

Human DNA From Genomic or cDNA Loss of a TaqI site
Different Individuals Clone Probe / in Factor VIII Gene
N\ ToTAL RADIOACTIVE [ | M NNNNN
A o] SRR ST oo
Completegess, o “’g w Hinin.
\y \ [ I i [ | »n
3&‘:_—% > v S >' — 2,800
\H)‘i\ SEPARATE TRANSFER TO Eﬂ ‘ HYBRIDIZE t § RFLP
PAPER AND AND |
DNA DENATURE WASH
FRAGMENTS ‘% k L 1400
| 1L

L. ¥YH 1 2 3 4 5
Hemophilia Relatives

| | |- A

1
THOUSANDS OF BASES

- 1
120 160 200

Mutations in Factor Gene

Point Mutation °©
Once Gene & cDNA Identified! oint Mutation

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




DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fmgcrprmhng

—
- 7
'

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! Switches!



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.
1: Tissue 1 Tissue 2 Tissue 3 Tissue 4 4. Wash away unhybridized probe. Make autoradiograph.
(ovary) (testes) (lung) (blood)

Purlfy RNA

@‘ @‘ @‘ @‘ o RNA Blot Is Like a
- DNA Blot Except
OvaryRNA Testes RNA LungRNA Blood RNA . , Tha-r RN A iS on Gel
& Blotted

1 v2 3/ 4

2.Load RNA samples [— — — 0
in wells of a gel.

3. Separate RNA samples by gel electrophoresis.

Blot onto filter. Expose filter to labeled hybridization probe.
, Factor VIII Can Also Use

RS "

we TR Gene Is Highly PCR (RT-PCR)
’l/:\* Active in Liver!

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

1
l\\ OSS~




Using Factor VIII Gene Probe to Identify Factor

VIII cDNA clone

GENOMIC CLONING

Factor VIII

TOTAL

GENOMIC /(

DNA / /“

\

CLEAVE WITH
RESTRICTION ENZYME

===0——
o
1

JOIN TO
PHAGE DNA

\

=

PACKAGE IN PHAGES

prace ()
[
INFECT
BACTERIA

IDENTIFY SOURCE OF FACTOR VIIl mMRNA

PLAQUES.

TRANSFER TO FILTER PAPER,
RELEASE AND DENATURE DNA

SYNTHETIC |
DNA PROBE  HYBRIDIZE

FACTOR VIII
GENE
, FRAGMENT

WASH

————-— = Liver mRNA

REVERSE
TRANSCRIPTASE

—— ———— DNA

|
DNA POLYMERASE

o e DOUBLE-
oo == m=m STRANDED
] cONA

JOIN TO
PHAGE DNA

@ Liver cDNA Library

PACKAGE IN PHAGES

v

? e Factor VIII cDNA -

INFECT

R Used to Make Drug !

TRANSFER TO FILTER PAPER,
RELEASE AND DENATURE DNA

|
HYBRIDIZE

SR
& Screen Liver cDNA Library

WASH
\l/ FACTOR VIl

_— cONA




Engineer Factor VIII cDNA to Produce Protein in Host
Cell & Synthesize Factor VIII in Mammalian Cells

(a) Transient transfection
cDNA

Promoter gom,
Vector () Viral origin of
replication

Transfect cultured cells
by ligid treatment
or electroporation

g ‘ Why Mammalian Cells?

Proteinis ei(bressed from cDNA in plasmid DNA

Fvill
(b) Stable transfection (transformation)
cDNA

R ettt r s ol
Promoter . = m!" e

— i 1 S
Factor VIII . SRR sl o’
Vector c DN A Heavy chain B domain Tight ohain
o

_ne

Transfect cultured cells
l by ligid treatment
or electroporation

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

_» Purify Factor VIII

@\9 — Protein!

IProtein is expressed from cDNA integrated into host chromosomel




Recombinant Factor VIII

@ Bayer HealthCare
Bayer BIO|OgIC<’:1| Products EU - Biological Products Division

;,_ m i am Search | Sitemap

“home | About Us | About Haomophila | For Kids | Ressarch & Doveopment | ProssRdases] |

More Resources Recombinant factor VIl
Haemophilia Centres in

AL

Recombinant facter VIII (rFVIII) is the antihaemophilic factor A, obtained using

Europe recombinant DNA technology. With this technology, pure protein is synthesized
in the laboratory instead of being extracted from blocd. 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.
O R e E—
NDC 0026-3796-60 OPEN HERE 2000 IU Range PPOPhYlOCTIC

, . Treatment
Kogenate FS | | Costs $300,000/

-

:\‘-. Antihemophilic Factor 3 ?:::r"i?::tion Year!
N (Recombinant) N o Most Hemophiliacs
N with BIO-SET" L 3 Use "On Demand” or

Bayer HealthCare ' As Needed

Factor VIII Gene Cloned In 1983

Factor VIII (Recombinant) Approved As Drug In 1993! Ten Years
From Gene — Drug! (Off Patent In 2011)




Using Factor VIII to Treat Hemophilia

Formation of a Blood Clot

FIBRIN STRANDS stabilize a blood clot at the site of a wound by A clot in the bloodstream is the result of a complex cascade of en-
trapping the platclets that form the bulk of the clot. The electron 2y matic reactions culminating in the conversion of ibrinogen, a sol-
micrograph, which was made by Jon O, Lewis of Wake Forest Uni-  uble protein, into insoluble fibrin strands. In hemophiliacs a 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




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 emo p h i li a FDA-Approved Clinical Trid




Summary of Steps Required to Clone Factor VIII

Gene and cDNA
Gene cDNA

1.Make Genome Library
Because Factor VIII
Gene in Genomel!

2 .Purify Protein from
Blood- that’s where it
works (wasn’t known
where made)

3.Reverse Translate using
the genetic code a
portion of the protein
sequence organs (liver,

4_.Synthesize a DNA probe kidney, blood, etc.)
complementary to Factor o bt it 4. Find Factor VIII
VIII gene corresponding e mRNA in liver-

1.Use Gene probe to
screen cDNA
library for Factor
VIII cDNA clone

2.How know what
mRNA to use to
make cDNA library?

3.Use gene probe to
probe RNA blots
containing mRNA
from all major

to protein sequence |.1-\$Ieialliv§r'- secrete

5. Screen Genome Library m\;hyo'c\)leed cDNA?

H 7 e FACTOR VIIl H .
Entire Gene on The Clone: -t Story continued

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




DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

o .
'

Plants of Tomorrow

10.

11.

12.

The Factor VIITI 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)



