ME 498 / ME 599

Biological Frameworks
for Engineers
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Class Organization

e Llab 1 — Protein Structure
— MEB 231

— Friday
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ME 498 / ME 599

Decoding DNA and
Proteins
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Genes

e Segment of DNA encoding mRNA,
tRNA, or rRNA

e Produce proteins, not lipids or
carbohydrates

e Size: 100 to 1 million bp
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Decoding

Formation of a cDNA Library

Isolate and collect mRNA Reverse
N
7/

transcriptase

RMNA

Ihsert into
bacterial
plasmids

.. Srow -
l-\u"
25 < @D 5 O
i Insert plasmids U il
& into bacteria { J

Isolate plasmid
and
purify DNA

A cC 6 CTGEGEGCTGACTTTA
Sequence TCCTAT Tace

4
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Decoding

‘Whole Genome Shotgun Sequencing Method

I h.ﬂr—-. -
= ,.-*"'—T{fi o, .

'*t‘ﬂ:;;::_-;?.g;-h;«. s Genomic DNA
NN

~ 'H_\:,-f::h%’f Sequence Each Fragment
o J{,M e with Shotgun Appioach

GCATTTCGEAG TTACC TEEACARCCAGTE GCTTEATTGEECCARTARTAGTATAT

CCAGTGETACTSAGEACGCARGAGEC TTEA

Align Contiguous Sequences
GCATTTCEAGTTACC TEEACARCCAGTEETACTEAGGACECAAGAGECTTGATTGE CCARTARTAGTATAT

Generate Fiushed Sequence
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Restriction Endonucleases
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o ¢ Restriction Enzymes
Q
3 5 ...nc¥ T... 3
g Alul 3° LT I:*ﬁ A... 5
2 el cofcc... 3

3 CCs66...5
-1 A
X s .elenTtce... 3
6"‘ BamHl 5. ...c"f:"'i"'ﬁ"'iiﬁ... 5°
m . 5 fheeTT.
= in 3'...TT|:EH*H. 5
& s ...ofaaTTC.. 5
- | EcoRl 5. L CTTRAE... 5
D
g Alul and Haelll produce bluntends

BamHl Hindlll and EcoRl produce "sticky™ ends
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http://upload.wikimedia.org/wikipedia/commons/c/cb/EcoRI.gif

Sanger Method

\iy '

e Deoxynucleotides (dNTP)
_ dATP, dGTP, dCTP, dTTP

e Dideoxynucleotides (AdANTP)
— H-group instead of OH-group (DNA chain terminators)

e DNA + primer + 4 dNTP + ddGTP + DNA polymerase:

S -GAATGTCCTTTCTCTAAGTCCTALG
3 -GG AGAC TTACAGGARRGAGATTCAGGATTCAGGAGCCTACCATGAAGATCAAG-5"

S -GAATGTCCTTTC TC TALGTCCTAAGTCCTCCE
3 -GG AGAC TTACAGGARRGAGATTCAGGATTCAGGAGCCTACCATGAAGATCAAG-5"
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S —-GAATGTCCTTTCTC TAAGTCCTAAGTCCTCCGE
3 -GG AGAC TTACAGGARRGAGATTCAGGATTCAGGAGCCTACCATGAAGATCAAG-5"

S —-GAATGTCCTTTC TC TALGTCCTAAGTCCTCCGGATE
3 -GG AGAC TTACAGGARRGAGATTCAGGATTCAGGAGCCTACCATGAAGATCAAG-5"

S —-GAATGTCCTTTC TC TALGTCCTAAGTCCTCCGGATGE
3 -GG AGAC TTACAGGARRGAGATTCAGGATTCAGGAGCCTACCATGAAGATCAAG-5"

si9aulibu

S -GAATGTCCTTTC TC TAAGTCC TAAGTCCTCCGGATGGTACTTC TAG

3 -GG AGAC TTAC MG GARAGAGATTCAGGAT TC AGGAGGCCTACCATGAAGATCAAG-5" UNIVERSITT OF
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Flectrophoresis

e Separation of molecules by size
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Reading the Gel

Folvacrvlamide gel electrophoresis of the "Z" reaction

—| 3'- TCCTRAFTCCTCCHFAT HETACTTCTAS

—| 2= TCCT BT CCTCCEEAT
—| == TCCTRARTCCTOCEHAAT
—| 3= TCCT B FTCCTOCE
| 2= TCCTRAFTCCTCCE
TCCT R
; AdG stops
—neyw synthesis—me :
o ¥ synthesis
G ATC

— Line up all four reacticns, and you
— can "read" the sequence ladder 5' to 3
p— as TOCTAAE. | etc. in this exampls:

3 Jo} SHIIoMaWDI] [DD
|

- A

— e1|::::.

AGGATTC... = e

si9aulibu

l UMNIYERSITY o F
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Primer sequence
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Automatic Sequencing

“
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I ° °
= * Primer labeled with fluorescent dyes
Q
3 dye Label
()] ’ chain te rmination with ddGTE
i 5'- ToCTCo S
o O =R O TR By B B0 D T By T By S B O TR s T h s A T S a—5 '
- Q chiain te rroination wirh ddATE
5 E'- ToOTOT S
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Automatic Sequencing

G aTC

@ATC W

Heres's what the products Here's what the products
would look 1liks in would look liks in
geparate g=l lanes. a single g=l1 lanes.
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Splicing

Gene
DNA Exon 1 "CURE Exon 2 Intron 2 Exon 3
Transcription
(RNA Synthesis)
Exon 1 Intron 1 m Intron 2 Exon 3
Nuclear RNA

- =

Exon 1

Exon 2

Exon 3

Messenger RNA

Transkation

l (Protein Synthesis)

Protein

DNA

Gene

o corr Il o
Exon 1 Exon 2 Exon 3 Exon 4
Altemative Splicing
Exon 1 Exon 2 Exon 3 Exon 1 Exon 2 Exon 4
l Translation l
Protein A Protein B
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Denature DNA
(94-96°C)

Anneal Primers
(50-65°C)

Extend complimentary strands
Tag DNA polymerase
(72°C)

Repeat

& Polymerase Chain Reaction

Ty
Tarcet DNAW

&95 -
denaturation
W
45°C

armealing o M%W

FFFFFFFFFFF
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http://www.google.com/url?q=http://www.youtube.com/watch%3Fv%3Dx5yPkxCLads&sa=X&oi=video_result&resnum=4&ct=thumbnail&usg=AFQjCNEViVkTvRAYgVgMIpZn9CEtphPM6Q
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http://en.wikipedia.org/wiki/Image:Pcr.png
http://bio-rad.cnpg.com/lsca/videos/ScientistsForBetterPCR/
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Mutations

e Point Mutation

— Silent : codon for same amino acid
— Missense : codon for different a.a.
— Nonsense : stop codon

e Rearrangement Mutation

(5) GGATAGCATGAAACCAGCATAA (3)

N/
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Mutation Exercise

(5) GGATAGCATGAAACCCGCATAA (3)

Anfisense B)TACTTTGGGCGTATT (5)¢

MRNA 2>(5)AUGAAACCCGCAUAA(3I)
amino acid Met Lys Pro Ala Stop

() GGATAGCATGAAACCAGCATAA (3)
Antisense B)TACTTTGGTCGTATT (5)
MRNA (') AUGAAACCAGCAUAA(3)
amino acid Met Lys Pro Ala Stop

() GGATAGCATGAAACCCCCATAA (3)
Antisense B)TACTTTGGGGGTATT (5)
MRNA (5')) AUGAAACCCCCAUAA(3)
amino acid Met Lys  Pro Pro Stop

C—=

i
uc
AG

Ay
A anticodon AUG
U codon UAC

tRNA

2nd base in codon

U

CIA|G

Phe
Phe
Leu
Leu

Ser Tyr Cys
Ser Tyr Cys
Sear STOP | STOP
Ser | STOP| Tmp

Leu

Leu

Pro His Arg
Pro His

Pro Gln Arg
Pro Gin Arg

lle

1st base in codon

U
c|i
A

lle
lle
Met

Thr Asn Ser
Thr Asn Ser
Thr | Lys | Arg
Thr | Lys Argy

Val
G Val
Val

Val

Ala | Asp Gly
Ala Asp Gly
Ala Glu Gly
Ala | Glu | Gly

OroCc|Ox»0COroc|b=0C

The Genetic

i

Code
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Mutation Exercise

() GGATAGCATGAAA.CCGCATAA (3)
Antisense B)TACTTT .GGCGTATT (5
MRNA (5')) AUGAAA. CCGCAUAA (3
amino acid Met Lys Pro His 2?7 ?

(5) GGATAGCATGTAACCAGCATAA (3)
Antisense (3 )TACATTGGTCGTATT (5)
MRNA (') AUGUAACCAGCAUAA (3
amino acid Met Stop

(5) GGATAGCATGAAATAACCAGCA(3)
Antisense (3 )TACTTTATTGGT CGT(5)
MRNA (5') AUGAAAUAACCAGCA(3)
amino acid Met Lys  Stop

tRNA

C—=

/
U ¢ A anticodon
AGU

codon
- s a8

2nd base in codon

uc

A

Phe | Ser
Phe | Ser
Leu | Se
Leu | Ser

Tyr

Tyr
r | STOP

STOP

Leu | Pro

Leu | Pro

His
His
Gln
Gln
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lle Thr
lle Thr
lle Thr
Met | Thr

1st base in codon

U
Clit|re
A

BAsn
Asn
Lys
Lys

Val Ala
G val | Ala

val | Ala
Val | Ala

Asp
Asp
Glu
Glu

OroCc|Ox»0COroc|b=0C

The Genetic Code
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