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HGP: intro
http://www.youtube.com/watch?v=XuUpnAzbyig

Ethical Problems:
http://www.youtube.com/watch?v=gkQJ26DAxfs

Francis Collins, Director of NIH Center for Human
Genomics Research:
http://www.youtube.com/watch?v=xP kel g80el|

Craig Venter, Founder of Celera(57 minutes)
http://www.youtube.com/watch?v=qg770w4m040E
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What is Biotechnology?

o Definition: “"Techniques that use living
organisms to make or modify products, improve
plants or animals, and develop microorganisms
for specific purposes” (By National Research
Council)

e Characteristics: Multidisciplinary (cell &
molecular biology, microbiology, genetics,
physiology, biochemistry, engineering, computer
science, etc.)
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The Nature of The Gene

Johann Friedrich Miescher (1868)
— isolated ‘nuclein’ from the nucli of white blood cells at Univ. Tubingen

Fred Griffith (1928)

- Hereditary information had been transferred from the heat-killed
pathogenic strain to the harmless strain

Avery, MacLeod, & McCarty (1944)
— Hereditary substance in extracts used by Griffith was probably DNA

Alfred Hershey & Martha Chase (1952)
— Strong evidence that DNA was the genetic material

Watson & Crick (1953)

— Proposed the structural model for DNA
— Nobel Prize winners (1962)

%Ifé Intro. BME



N . DO
OF o U )& ORI
L|.20/<S aruw(n\%__
o= RS W5 X0

JomE N 3T
T G B o= ol

. 0] HXZ
O<E SRR

Sus BRI
ZWH 50k
B e
DAlE g

==
ﬂ%@ _______W%M

TR 510
%_ﬂm___ by
8 )3 2-20Z
= RI =K
15 mig
R O )
T < ME: __oJ
O_Ea_WﬁEWTMﬂ
iied B33\)

i |

MRpp RS 05 35
0 s W

I atn'10

m_.u_o___:._._o ol =t
ZBNS M)
S0l — =00
B0J50T) (5 MR
M__ﬂ_%__ﬂ_.:.mmo o:WD_.
O ] <00
mmﬁomﬂﬁgf
EWop SN S
G_I:.m:._._ <N~ _—
m) g TBR D
%o_wx_..:”._ WMJL
2R0= 20l

218t S22} FI Al S ACHS

H ONA 2| OlSLIE &I MIAIE 2D O

n0

J|J

)

o3

=

00 ==

iy ol

5B
ol TZio
Rl <0
Rl B4t
OFED oy
SRR
N__Jlm =5
0= .__._d
S<S2
TR0 W=
o1 3o
2= 2un

Intro. BME



The Nature of The Gene

Transforming principle

1928 - Fred Griffith's
Experiment

1. Mice injected with live
cells of harmless strain (R)

Mice live.
Na live R cells in blood

2. Mice injected with live
cells of killer strain (8)

Mice die.
Live S cells in blood

3. Mice injected with
heat-killed S cells

4. Mice injected with live R
cells + heal-killed S cells

Mice live.
No live S cells in blood

Mice die.
Live S cells and R cells in blood

1944 - Avery, MacLeod, and McCarty
expanded Griffith’'s work

o0

BT —

L/ T\4

heat killed,
axtracts made

smooth,
| capsulated,

infective
bacteria l

extracls

treated with
deoxytibonuclease
(breaks down DNA)

—

treated with
ribonuclease
(breaks down RNA)

treated with
S——————= profeinase

(breaks down proteins)

treated extracts added to rough,
uncapsulated infective bactera

J

no cells
transformed
10 capsulated,
infective form

oh  some cells

W transformed
| 1o capsulated,
infective form

y some cells
8 transtormed

| to capsulated.
nfective lorm
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The Nature of The Gene

Alfred Hershey & Martha Chase (1952)

(@) The virus: T2 bacterinphage (b) Life cycle of the T2 bacteriophage

Head & DNA Infection
Neck '
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The Nature of The Gene

Radioactive
protein

Radioactive
DNA

Alfred Hershey & Martha Chase (1952)

[1( JRadioactivity in
|\supernatant, but
“not pellet

et 1= bacteriophage
Ol Protein 0l ¥AHS 611D
Z)CHE 8 1&ES DNAOI
o F0d im0 202 Al D)
o YAAZR| AL CHE

0N EAd= A2 DNA &
(= MO Y=

Radioactivity in
pellet, but not
supernatant
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The Nature of The Gene

Watson and Crick (1953)
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The Nature of The Gene

Nuclectides

DNA Structure

[ G] Guanine Cylosine
5" end 3’ end 5" end cosrtlléiar?t?es Strand 3" end 0 NHs
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LIFE: THE SCIENCE OF BIOLOGY, Seventh Edition, Figure 11.7 Base Pairing in DNA Is Complementary I
' " © 2004 Sinauer Associates, Inc. and W, H. Freeman & Co. H
DNA 9| 0| = L& 2R replaces Thymine in ANA
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The Nature of The Gene

DNA Structure

Purines Pyrimidines Base Pairs #of H-Bonds
Thymine (T) A=T 2
Guanine (G) Cytosine (C) C=G 3

must pair with Thymine
Guanine must pair with Cytosine

— Adenine £ Thymine I8t 0|=SZ2 &= otOH
— Guanine 2 cytosine 1} &A= Z &= ot A = L.

& @
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The Nature of The Gene

DNA Structure

e Question

If there is 30% , how much
Cytosine is present?

4 e [ Intro. BME



The Nature of The Gene

DNA Structure

e There would be 20% Cytosine.

= Thymine (30%)
Guanine (20%) = Cytosine (20%)

(50%) = (50%)

Sy
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The Nature of The Gene

e Scientific foundation of modern
biotechnology
— Discovery and understanding of nucleic acids
— Enzymatic tools required for DNA manipulation
e Restriction endonucleases from bacteria in 1970
( DNA At=2 2ote 2R0lAd 222 = U= 2401 AU D)
e Development of plasmid technology in 1973

(Plasmid technology Jt JHEEH Bole REAEQ E2E CHE A
WA S = U EULCH
e Ligases, enzymes that join the ends of two DNA molecules

together
(DNA E N2 22 2 = SAS LABIULH
— Accumulated knowledge of cell structure, biochemistry,

and heredity
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Proteins & Genes
Amino Acid, Peptide & Protein

Amino acid: a compound that contains both an amino group(- NH,) and
a carboxyl group(- COOH)

Peptide: the name given to a short polymer of amino acids; they are
classified by the number of amino acids in the chain

— dipeptide: a molecule containing two amino acids joined by a peptide bond
— tripeptide: a molecule containing three amino acids joined by peptide bonds

- Bolydpeptide: a macromolecule containing many amino acids joined by peptide
onds

Protein: a biological macromolecule of molecular weight 5000 g/mol of
greater, consisting of one or more polypeptide chains

|
|

H

Fig. 13.3 The basic structure of an amino acid consists of an
amino group (—NH,), a carboxyl group (—COOH), and a side chain
(R). The R group gives each amino acid its distinguishing physico-
chemical properties, e.g., charged, uncharged, acidic, and basic. ey



Proteins & Genes

Amino Acids
TABLE 13.2 Amino Acids in Proteins

Amino acid Three-letter code One-letter code
Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartic acid Asp D
Cysteine Cys C
Glutamic acid Glu E
Glutamine Gln Q
Glycine Gly G
Histidine His H
Isoleucine Ile I
Leucine Leu L
Lysine Lys K
Methionine Met M
Phenylalanine Phe F
Proline Pro P
Serine Ser S
Threonine Thr j §
Tryptophan Trp W
Tyrosine Tyr Y
Valine Val V

Intro. BME




Proteins & Genes

Central Dogma: from gene to protein

f \ 1. Replication
Nuuleus\

DNA Replication) Duplication of DNA using
DNA as the template

Primary 2. Transcription

rn Synthesis of RNA using
DNA as the template

3. Translation

Synthesis of proteins
using RNA as the
template

Transcription

l RMA processing

Mature mRAMNA
Amino acid

chain -\
- mRNA
""'.-—-l—' g, I,
-
Hibosome

Transport to
cytoplasm

VAP Y
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Proteins & Genes
Ribonucleic Acid (RNA)

e Compared to DNA
— The base Uracil(U) substitutes for

TRANSCRIPTION Thymine(T) and pairs with
DNA /NSNS ST Adenine(A)
A A a /4 — Single stranded except short
double-stranded regions
— Much shorter than DNA
- Present only transiently, and
RNA - N v degraded
TRANSLATION - mMRNA (encode amino acid

sequence), tRNA (adapter
carrying amino acid to the site of
protein synthesis), rRNA (part of

Protein ribosome, work bench of protein
synthesis)

%Ifé Intro. BME



Biotechnologies

e Recombinant DNA technologies
DNA &8 D|=

e Electrophoresis #®Jigs
e PCR
e Others (Blottings etc.)




Recombinant DNA Technologies
What is Recombinant DNA?

e Recombinant DNA: A DNA molecule produced
in vitro by genetic recombination; the exchange
of genes between two DNA molecules to form
B?\IV,X combinations of genes on one molecule of

e Vector: A self replicating DNA molecule, e.g., a
plasmid, used to carry a gene from one
organism to another.

- Plasmid: Small, mobile piece of DNA found in bacteria
that, for example, confers antibiotic resistance, used in
genetic_en ineering. Plasmids are separate from the

acterial chromosome but still multiply during cell
growth.

%'?5 Intro. BME



Recombinant DNA Technologies

e Why transfer a gene from one organism to
another?

— To get a gene product, e.qg., insulin
Ol 2tet RME S E It vector E el
31|| E}IE vectorJt &6t A S HIoHH AN insulin & & 4HoHA|
=1

- To get a genetically modified organism, e.qg., a
genetically engineered Rhizobium has enhanced nitrogen
fixation %22l = &rH|2| Ot

— To isolate a gene and obtain large quantities of it for
nucleotide sequence analysis

Mé Intro. BME

e



Recombinant DNA Technologies
Restriction Endonuclease & DNA ligase

-
Restriction
Endonuclease

“"CUT & PASTE"” =

- cut both strands of the DNA
sugar-phospate backbone

- recognize a specific sequence
& cuts at a particular place

- found primarily in bacteria

- blunt end : both strands cut at
the same position

- sticky end :cut at a different
position, can spontaneously
base pair with each other

A
DNA ligase

&

"Sticky ends"

[rj — Ry TT Hindlll # I

AAGC
S TTGCAA —p

- can join DNA fragments with
sticky or blunt ends

- not discriminate DNAs’
different origin

- join two fragments for
one DNA molecule

Blunt ends

Fig. 13.7 Restriction enzymes are used to cut specific sequences
of DNA. In this example, Hindlll cuts the following sequence be-
tween the two As and leaves “sticky ends” that consist of single
strands of DNA. Alul leaves blunt ends because no lengths of single
strands are formed by the cut through the DNA.

Intro. BME



Bacterium ,
DMA is cleaved ini
€ vectorsuch as a (2] DA confaining gene

Rl by an enzyme of interast
plazmid is izolated i fr e j\‘r
--"'Ili‘ rll. '. E S\—/\!;
A4 5
£ Gene is inserted TI {:{-"_‘ :E;I.J
i H L
Bacterial Plasmid into plasmid e :J,f I;"’
chramosome - o ~f1

s _
Recombinant DNA C% \Gm o
\pramid) intarest

Plasmid is taken up by a
call such as a bacterium

Copyright @ 2001 Barjamin Cummings, an imprnl of Addison Weslay Longman, Inc.
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Electrophoresis

e Electrophoresis: A
biochemical technique that
is used to separate
charged molecules in
solution.

- For ease of handling and
to allow separation by
molecule size, the
aqueous solution used to
separate DNA is gelled

— A current is applied so
that the negative charged
DNA molecules migrate
towards the positive
electrode and is separated
by fragment size

sy
(4] Intro. BME
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(3 Connect to a power supply M@ Use UV to visualize DNA
and running (UV florescence dye
was added before




Electrophoresis

Defendant’s
blood

Blood from
»defendant’s

clothes

Victim’s
blood

Siddizon Wesley Longrman, e,

Forensics applications:

examining DNA markers to identify criminals .
{24 Intro. BME
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PCR(Polymerase Chain
Reaction)

+ It is hard to exaggerate the impact of the
polymerase chain reaction. PCR, the quick,
easy method for generating unlimited copies
of any fragment of DNA, is one of those
scientific developments that actually
deserves timeworn superlatives like
"revolutionary” and "breakthrough.”

- Tabitha M. Powledge

{ LA Intro. BME



Polymerase Chain Reaction
Purpose of PCR

Amplify specific nucleic acids in vitro (“Xeroxing”
DNA)

PCR will allow a short stretch of DNA (usually

fewer than 3000 base pairs) to be amplified to
about a million fold

This amplified sample then allows for size
determination and nucleotide sequencing

Introduced in 1985 by Kary Mullis

Millions of copies of a segment of DNA can be
made within a few hours.

N LAY
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Polymerase Chain Reaction
Three Steps of PCR

Three steps of PCR

1. Denaturation: Double Stranded DNA is denatured by heat
into single strands.

2. Annealing: Short Primers for DNA replication are added to
the mixture.

3. Extension: DNA polymerase catalyzes the production of
complementary new strands.

e Copying The process is repeated for each new
strand created

e All three steps are carried out in the same vial
but at different temperatures

(2] Intro. BME
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Polymerase Chain Reaction
Three Steps of PCR

PCR : Polymerase Chain Reaction

30 - 40 cycles of 3 steps :

"Mﬂ‘ "lllb«ﬂ‘ mqﬂﬂ'wm}% Step 1 ; denaturaﬁgﬁ

1 minut 94 °C

Step 2 : annealing ]

45 seconds 54 °C

forward and reverse
primers !!!

' Step 3 : extension !

2 minutes 72 °C
only dNTP's

(Andy Viersiraste 1999)

Intro. BME




Polymerase Chain Reaction
PCR amplification

4th cyvcle

wanted gene

Exponential amplification

/\

— 2nd cvele
lsteyele e = 35th cvele
template DMA _-.'.i:_

- e < :

? copics 4 copies  Boopies 16 copies 2 "= 3 hillion copies

{Andy Vierstracee 2001 )

LA
(25 Intro. BME
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Human Genome Projec

15 Febritary 2001 .
l l I |
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Human Genome Project

June 2000

* L ]

X CELERA

2y "
iﬁ? pe Francis
Craig e :
Venter H Collins
' ' y http://www.nhgri.nih.gov/

::Irlllllil,,i!ii Zenome.goy

gl National Human Genome Research Institute
3 Advancing human health through genetic research

A

CEA ek |y m—

Stock value: =
June 15t 2000: 63.50 o
June 30th 2000: 92.00 okt

February 19t 2004: 14.94

]
=
=
m
W
[ )
[ D
il ] i

1) Intro. BME



Human Genome Project

e Book consists of:
— 3 billion base

DR LI 200000 BLOE W 10H, mR L 8 T9

pairs=letters

— 1 billion triplet
codes(codon)=word A R 1
> 7-"&:

— 24 chromosomes = =
chapters i T
— Exons = paragraphs R

— Introns= adverts == vl
GENOME

By Matt Ridley
{Z4] Intro. BME



Human Genome Project
Brief History

Proposed in 1985

1988. Initiated and funded by NIH and
US Dept. of Energy ($3 billion set aside)

1990. Work begins.

1998. Celera announces a 3-year plan to
complete the project years early

Published in Science and Nature in
February, 2001

Completed 2003

{ LA Intro. BME



Human Genome Project
Goals of HGP

Goals of HGP

¢« 30YJH0l O|2&= base pair 2l =AE Z2&ol=

H

I

) X0
KK KM
i (I
< LA
KJ =
Ok rs

=, MelE= U=
A

g oK
Ko | o1 &3
ol o
oT N o R
~ JJ ~J )
ol olio

S
23 F
% VERTTLUS

Intro. BME

Pe
e
ST



Human Genome Project
Goals of HGP (cont'd)

Other Goals of HGP

» el HEW Older 5= JisotH of
= J|EHJl==2 NEX =50 /UL

- Q12 RS 32E SoHdote AL

- 0l 512 E2lH, 8, Algld =2 S5
HAAAIIIII 218t 201 ALE.
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Human Genome Project

Public Project

e International Human Genome
Mapping Consortium (HGP)

. DAl YO

« Vector 0f @12t KANAIE A HO1 =)
vector E SAIAIA CIZ2t°] KM AIE S A

oLt
- 12| =M= RAAE =40t HE=
A2 A2 ONA 2f =AUl = &t
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Human Genome Project

Private project
e Celera Genomics
e Used Shotgun Technology

. 0l HHE SENE Lo B X2 W H 0/S

S 202 5§45t 0] HAE dataE A IHEEH
A HES RES0| HPA 5Hs 2halolCh

. 0] HHOR &I|IHQI A2 SHES )N 9
HGPE 2HEH510(01 01230 ZAl CHEZOl 2
2IEI0 ETH2 2001H 22 L0l LEE 5t =
Ct
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Human Genome Project

Scientific vs Commercial Goals

e “"The HGP's commitment from the outset was to create a sci
entific standard (an entire reference genome). Most private
-sector human genome sequencing projects, however, focu
sed on gathering just enough DNA to meet their customers'
needs—probably in the 95% to 99% range for gene-rich, po
tentially lucrative regions. Such private data continue to be
enriched greatly by accurate free Public mapping (location)
and sequence information. Celera's shotgun sequencing str
ategy, for example, created millions of tiny fragments that
had to be ordered and oriented computationally using HGP
research results. Most data at Celera, Incyte, and other gen
omics information-based companies are proprietary or avail
able only for a fee.”

%'?5 Intro. BME



