Chapter 15

The Biotechnology Toolbox
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Cutting and Pasting DNA

Cutting DNA
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= Cellular protection S-S

Restriction enzyme cuts
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* Recognition sites are usually
palindromic ‘

—e.g. 5-GAATTC-3 Restriction fragments



PlIAl 2%l (Recognition site)

EcoRI GIAATTC Palindromes

CTTAAG eye
(Sticky end) ALAA
AF=0HH B A
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GGGICCC wsr2E2sl
(Blunt end) Race Car

Madam , ’m Adam
| love Tevoll
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Palindrome

AD 79, Pompel
= “Sator Arepo Tenet Opera Rotas”

SATOR
AREPO
TENET
OPERA
ROTAS



Separating mixtures of DNA fragments

Electrophoresis

= Gels
« Agarose : broad range of resolution
« Polyacrylamide : high resolution for smaller DNA

= Migration of DNA to the positive electrode under the electric

current

= Separation of DNA molecules by molecular weight and shape
* L =k1/log,,MW for linear DNA

= Staining of DNA for visualization (Ethidium bromide, EtBr)
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Pasting DNA

DNA ligase

= Joins DNA by forming new phosphodiester bond
Recombinant DNA

= DNA generated by joining DNA pieces from different

sources
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Hybridization Analysis

Hybridization
= Forming double strand DNA by complementary base paring
= Procedure

« Denaturation: making ssDNA by heating
» Hybridization with labeled ssDNA or ssRNA probe

Single-stranded probe

— Radioisotope Iabell_ng SANN
— Fluorescence labeling +
. T Sample DNA with strands separated
« Detection of hybridized products A ANANNNAN
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Hybridization Analysis

Locating a specific DNA L j///
Se q u e n Ce | DNA fragments in gel
= Gel electrophoresis of Membrane lmc’*emb '''''
restriction fragments \
= Blotting on a membrane |
= Hybridization with labeled |
probe : paters
* Synthetic oligonucleotides: B merirane
chemically produced ssDNA
» Denatured natural DNA lde?ectboupnd probe.
fragment |
= Detection of the hybridized T eeation

bands
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Making DNA in vitro

DNA polymerase
= Denaturation of DNA

= Primer binding
* RNA primer (within the
cell)
* DNA primer
= DNA synthesis by DNA
polymerase

Template DNA
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Complementary primer

5 W g —— Heat and then cool.
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—\| Add all four nucleotides
@ E E ﬁ @ and DNA polymerase.
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DNA polymerase synthesizes a new complementary
strand (in red) by adding nucleotides to the 3'end of the primer.
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Making DNA from an RNA template

RN
5[

Reverse transcriptase L e L ET R

) Maklng Complementary ] Add all four nucleotides
D N A (C D N A) ﬁ ﬁ @ﬁ and reverse transcriptase.

= Made by RNA viruses

RNA Y
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Polymerase Chain Reaction

PCR

= |nvented by Kary Mullis (1983)

= Amplification of specific DNA sequence
= Reaction mixture r:

 DNA template, 2 primers, DNA
polymerase (heat-resistant), dNTPs

= Reaction conditions
» Denaturation of DNA at 95°C
* Primer annealing at 54°C
* DNA synthesis at 72°C
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PCR

g 2YE
= DNA F%¥
= IEEO|H(2FR)
= DNA TE2A
= dNTPs
HS &H
(1 DNA H4
(95°C)
@ I=on HA
(54°C)
o Fae];
(0} cycle #1 cycle #2 cycle #3 cycle #4 3 DNATE
..... ; (72°C)

x £X : commons.wikimedia.org



Reverse transcription and PCR

— AAA RNA

1 Primer
Reverse

Transcription
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PCR as a Detection

More sensitive than
nybridization in detecting
DNA

Diagnosing disease

= Traditional method for
diagnosis of infectious

disease \, y/

Unknown Unknown
sample A sample B

Add primers specific
to target DNA, nucleotides,
and DNA polymerase.

: : L L]
 Culturing the pathogenic
bacteria for identification —
« Time consuming
= PCR-base detection
o FaSt and SenSItlve PCR product is No FLCRproduct;
present; therefore, therefore, the
sample A contains target was
the target DNA. not present in

sample B.






Chain termination by ddNTP

Growing new strand Template strand

yend W o DideoxyNTP

T Hzc_o_i:f':o = Chain termination
> ﬁ’ = Sanger (1977)
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Chain Termination Sequencing

TR

DNA synthesis in presence of
chain-terminating dideoxynucleotides
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Fragment
migration

Sequence of
= complementary
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Automated DNA Sequencing

SSACGGCATTCGGTT?Y
5’T(3CZCZCET/\AJSCZCLA/XS’

SSACGGCATTCGGTT?Y

5TGC )3’
dNTP
T A
Cc c GG - TAT AA —--A TG, C
C C T A A ddNTP (4-color fluorescence labelled)
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Automated DNA Sequencing




Automated DNA Sequencing

<ddATP>

P=P =P —CH A
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Automated DNA Sequencing




Automated DNA Sequencing

ACGGCATTCGGTT

TGC
>
TGCC
TGCC T
TGCCGT C T
TGCCGTA cC Gg' A
TGCCGTAA C TAA
TGCCGTAA C
TGCCGTAAGC C.GGTA
TGCCGTAAGCC C A
TGCCGTAAGCCA G A

TGCCGTAAGCCAA



Gel Electrophoresis

DNA 1152 B°l= &' %

TGCC

TGCC

TGCCGT
TGCCGTA
TGCCGTAA
TGCCGTAA
TGCCGTAAGC
TGCCGTAAGCC
TGCCGTAAGCCA
TGCCGTAAGCCAA




Automated DNA Sequencing

ACGGCATTCGGTT
TGC

TGCC ]
TGCC

TGCCGT

TGCCGTA
TGCCGTAA
TGCCGTAA
TGCCGTAAGC
TGCCGTAAGCC
TGCCGTAAGCCA
TGCCGTAAGCCAA _|
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Cloning

Cloning

= Production of identical copies of something
* e.g. asexual reproduction

DNA cloning

= Producing identical copies of DNA (replication) inside
of a cell

= Cloning vectors
« Plasmid : small circular DNA with own replication origin
 Viral vector: Replacement of non-essential viral DNA to
gene of interest
 Yeast artificial chromosome
— Replication origins, centromere, and telomeres



=29 28BN (Cloning vector)

= A0 E (Plasmid) PR
« A Ap9l BN TE(replication origin)& X gangc R
A R B2 AF DNA % &
Xoape?

HO|HA 2B (Viral vector)

« HIO|YA AN
= HO[HA A & HAsIA= B2 HI°IH2 DNA RE2
e EMSt A St= DNAZ OiA|St AFg

g0 ols QAAMA| (Yeast artificial chromosome)

= EMN| T8 (replication origin), & ™AM|(centromere),
A AN (telomere)E EEAH MR OlF HMA

x £X : commons.wikimedia.org



Ti Plasmid

Ti plasmid in Agrobacterium tumefaciens
= Transfer T-DNA into plant DNA and induce tumor
= Replace T-DNA with the gene of interest

A B

Tumor Opine Foreign
formation synthesis gene
genes - genes I
S~tona— T ToNA
borders borders
Bacterial Plant
chromosome chromosome
Agrobacterium Plant cell Ti plasmids Altered Ti plasmid
tumefaciens

containing new gene



=ofADE 28N (Plasmid Vector)

EK'II -I I g HindIII
1 EcoRI EcoRV
BamHI
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Cloning Procedure

Sample DNA
[

Cut with restriction
endonuclease.
] & ] [

Ligation of vector and e
insert lxmz:":::zr::b:;fz':’

= Insert DNA : restriction j( \Y _,@ @
fragment or PCR product @ ) ¢® e @

Introduction into host

Transform into host cells.
Olyome IItk p

Selection of plasmid-
containing cells using

marker

Isolation and analysis of itz s
plasmids

. Plasmid-containing cells
\ — / multiply, forming colonies.
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DNA Library

DNA library
= Collection of clones from one organism

Genomic DNA library
= DNA fragments covering the whole genome

cDNA library

= Library generated from mRNA
= Representing only expressed genes
= Reverse transcription with reverse transcriptase



DNA Library

(A) Genomic DNA library

A

(S

&
Prepare DNA from

organisms or tissues.

B

Prepare mRNA from
organisms or tissues.

ole

Cleave into fragments with
restriction endonuclease.

Ligate fragments to
cleaved plasmid DNA.

Use reverse transcriptase
to synthesize cDNA.

00
O0p

Ligate cDNA molecules

to cleaved plasmid DNA.

(B) cDNA library

Transform recombinant plasmids
into host cells.



Cloning Complex Organisms

ldentical twins

= Development of embryos from splits of early embryo
= Twining: artificial splitting of animal embryos
Nuclear transfer

= Donor DNA + egg without nucleus
= Still contains mitochondrial DNA of the egg donor
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Analyzing Proteins by Antibody

LEE BH vs. HEEE A

(Polyclonal antibody vs. Monoclonal antibody)

x £X : commons.wikimedia.org



Analyzing Proteins by Antibody

E%E‘% %I'K'II (Monoclonal an“bOdy) Mouse challenged with antigen

. YH: BMEOIN MM 90

* BMZE: m rr
» A|=k(spleen)®lI™ AH3 0000000000 /A
- MEEG orst (8% ) o

- BMEE 243 ME (myelomacel)gt “eeCoocese

= =10 Hybridoﬁ \
Sl

Culture in HAT Medium Haerii_rggdngglonal
iti i i
° _I?_ﬂ.ﬂ. IE _E_% (H"%l: '|I.%) Select for positive cells
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x £X : commons.wikimedia.org



Analyzing Proteins by Antibody

AAE EH (Western blot)
« EA CufAlo] o0 ©Oo of BN

= TN 2

NH 28t (Southern blot)

- B DNA MZ2 7 22 ¢
= DNA/DNA EZ

= Edwin Southern®] 23 &

HI
i

EH == (Northern blot)
= 5% RNA MZ9 /% 52 9
EU

= RNA/DNA(ZEZ RNA)

MO
i

O|IAE E& (Eastern blot)
= HAT 27 (post translational modification) 24
= 9) Eip3iE/HE Bt



Analyzing Proteins by Antibody

ALE ER (Western blot)

- YHE olg3t 5 HMA ol

Western Blotting

—_— —
S ‘}. -
- — — -— — b
-l
— . 2. Antibody binds 3. Excess washed 4. second
gel - to protein away antibody
— added
sheet 5. Photographic film

shows band with

1. Protein transfered desired protein

to polymer sheet

x £X : commons.wikimedia.org



Analyzing Proteins by Antibody
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Antibodies for Diagnosis

Home pregnancy test

= Detection of a pregnancy hormone human chorionic
gonadotropin (HCG)

_______

’ Molecular [ Trapped complexes
:A,,,,l,,JTtrap :BTfermcoloredline.

"""""

__________

' | _—Indicator

7 window
o ) &} 0 s — Colored
Absorbent = o HCG-antibody
L wick S| complexes are
= Urine -~ | sweptalongas
sample ' urine migrates.
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Three-Dimensional

Protein Structure Analysis

Protein Structure
= Protein structure is related to its function
= Information to study the function of proteins or design new
proteins
X-ray crystallography
= X-ray diffraction
« Determination of DNA structure (by Watson and Crick)
= X-ray crystallography
« Pure protein crystals : regular packed arrays of molecules
« Deduction of arrangement of atoms using X-ray diffraction data
NMR (Nuclear Magnetic Resonance)
= Magnetic properties of certain atomic nuclei (H, C)
= Use highly concentrated pure solutions of protein
= Application to medical imaging



