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Biological Frameworks
for Engineers
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Class Organization

e Hw 2 due today
e HW 3 online, due In 1 week
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Decoding DNA
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Genes

e Segment of DNA encoding mRNA

 Produce proteins, not lipids or
carbohydrates

e Size: 100 to 1 million bp

e 98.5% of genomic DNA does not
code for proteins
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Decoding the Genome

‘Whole Genome Shotgun Sequencing Method

kj

= “:7“7:"; Sequence Each Fragment

e _J,{,JM o with Shotgun Approach

\ L
GCATTTCGAGTTACC TSGACARCCAG TS GCTTSATTGGCCARTAARTAGTATAT
C

CAGTGETACTGAGEACGCARGAGEC TTEA

Align Contiguous Sequences
GCATTTCEAGTTACC TEEACARCCAGTEETACTEAGGACECAAGAGECTTGATTGE CCARTARTAGTATAT

Generate Fiushed Sequence

UNMIYVERSITY OF
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Restriction Endonucleases

e Restriction Enzymes

Alul

Haelll

BamHI

Hindlll

EcoRl

[T pn | e LR [T pn | e LR
I I I I

e LR
o o

) ;
-
w

=7}
=7}
=
@
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Alul and Haelll produce blunt ends

BamHl Hindlll and

EcoRl produce “sticky” ends

I
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http://upload.wikimedia.org/wikipedia/commons/c/cb/EcoRI.gif
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Sanger Method

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 -GGAGACTTACAGGAAAGAGATTCAGGATTC AGGAGGCCTACCATGAAGATCAAG-5"

S -GAATGTCCTTTC TC TAAGTCC TALGTCCTCCE
3 -GG AGAC TTACAGGARRGAGATTCAGGATTCAGGAGCCTACCATGAAGATCAAG-5"

3 JO} SHIOMBWID I |o:>!%o

S -GAATGTCCTTTC TC TAAGTCC TALGTCCTCCGE
3 -GG AGAC TTACAGGARRGAGATTCAGGATTCAGGAGCCTACCATGAAGATCAAG-5"

S -GAATGTCCTTTC TC TAAGTCC TALGTCCTCCGZATER
3 -GG AGAC TTACAGGARRGAGATTCAGGATTCAGGAGCCTACCATGAAGATCAAG-5"

S -GAATGTCCTTTC TC TAAGTCC TALGTCCTCCGGATGE
3 -GG AGAC TTACAGGARRGAGATTCAGGATTCAGGAGCCTACCATGAAGATCAAG-5"

sloaulbu

S -GAATGTCCTTTC TC TARGTCC TAAGTCCTCCGGATGGTACTTCTAR

3 -GGAGACTTACAGGARAGAGATTCAGGATTCAGGAGGCCTACCATGRAAGATCAAG-5" UHIVERSITY OF

M WASHINGTON
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Electrophoresis

e Separatfion of molecules by size

Electrode &

Samples

Well -
Larger ' A<l o~ S
fragments——_| & & [ BFP<E
= - Y
== [~ =
Smaller I [~ : oy £y Electrode
fragments 2 - ™ om -
T - &
& 4 -, - i
Plastic e e E’“
frame ' 1 /“
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Reading the Gel

Polyacrylamide gel electrophoresis of the "Z" reaction

—| 3'- e TRASTCCTCCEHFAT HETACTTCTAR

L) [ By )

ToCTAME
_ ; AdG stops
|| neyw synthesis—e synthesis
G A TC

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

3 1O} S)JoMawipl4 [DD
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eF:::.

Fa,

AGGATTC... = e

sloaulbu
|I| ||

UMNMIYERSITY o F
3 —GGAGACTTACAGGAAAGAGATTC AGGATTC AGGAGGCCTACCATGALGATCAAG-5" cﬁ_TrWASI [INGTON
Primer sequence



http://images.google.com/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/thumb/6/60/Gel_electrophoresis_2.jpg/800px-Gel_electrophoresis_2.jpg&imgrefurl=http://commons.wikimedia.org/wiki/Image:Gel_electrophoresis_2.jpg&h=600&w=800&sz=40&hl=en&start=2&um=1&tbnid=SXD6TRM-829SbM:&tbnh=107&tbnw=143&prev=/images%3Fq%3Dgel%2Belectrophoresis%26um%3D1%26hl%3Den%26rls%3Dcom.microsoft:en-US%26sa%3DN
http://images.google.com/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/thumb/6/60/Gel_electrophoresis_2.jpg/800px-Gel_electrophoresis_2.jpg&imgrefurl=http://commons.wikimedia.org/wiki/Image:Gel_electrophoresis_2.jpg&h=600&w=800&sz=40&hl=en&start=2&um=1&tbnid=SXD6TRM-829SbM:&tbnh=107&tbnw=143&prev=/images%3Fq%3Dgel%2Belectrophoresis%26um%3D1%26hl%3Den%26rls%3Dcom.microsoft:en-US%26sa%3DN
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Automatic Sequencing

 Primer labeled with fluorescent dyes

dhye label
’ chaiin te rmiration with ddGTE
E'- TCTC S

' —GIAGACTTAC AFGARAGAGH T AGEATIC AGEAGFCCTACC AT A AGATCAAG-5 '

Q chain te rmination with dd ATE
E'- I S E T

-G EAGACTTAC AEEA A HGAEATTC AGEATTC AG A CTACCATEABGATC Ak -5 '

’ chadn te mination with dATTE
5'- TooT

- FEAGACTTACAGGEA A S GAGHTTC AGEATTC AGEAGGC TACCATGAAGATC A AT-5 '

Q chajin te rmination with ddC TR
5'- T

' —GIAGACTTAC AFFASAGAGA T IO AGIATICAGIASGCCTACCATEABMIATOA G5 '

UMINERSITY OQF
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Automatic Sequencing

A T C

H=rs's what the products
would look like in
separate gel lanses.

f‘TT"l:fAJ.Ile.ll.i..ll.‘.'ﬂ-i".'l..’l..'l.!t‘i'j.i'i'."?

|h' __; A fi f ._*_. ._-...

i & T

"

Here's what the products
would look liks in
a single g=l1 lanes.

I
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Splicing

Gana Gens

Transcripticn

(RNA Symthasis) Exan 1 Exon 2 Exon 3 Exon 4

Altermative Splicing

Exon 1 Intron 1 m Intron 2 Exon 3

Muclear RMNA

(@)

Q

-

-

0

‘D D,
i Exon 1 rnlrun‘lm Intron 2 Exon 3 DMA | Exon 1 m Exon 3 - Exon 4
O

q

A

(7]

=y

O

-

m

= - - P g Exon1 | Exon2 Exon 3 Exon1 | Exon2 | Exond
(Q Translation

L[]

s | Exon 1 Exon 2 Exon 3 Protein A Protein B

m Messenger RMNA Tranelton

m l iProtein Synthesis)

- Protein
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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

— ity
Tarzet Dﬁﬂw

495 i
denaturation
AT e

W

FFFFFFFFFFF

M WASHINGTON


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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Polymerase Chain Reaction

(@

o, 3 5' 3
3 \.5 3 5
5] /3 : 3
3t l 5 ' 5
5' 3" 5 3'
3 5 3 5
5' 3" 5 3
3 5' i 3 5
3 3" 5 3 5
5 53 5" 3 5
5 3' 3' 5' 3' g—
5’ 5 3 o'
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The PCR Song

Youtube: Click here

http://www.youtube.com/watch?v=x5yPkxCLads

M WASHINGTON
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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/

FFFFFFFFFFF

M WASHINGTON
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Mutation Exercise

() GGATAGCATGAAACCCGCATAA (3) Tyr

tRNA
amino acid
lj CA ant;codon ﬂ g\zG:
(5) GGATAGCATGAAACCAGCATAA (3) L e
2nd base in codon
U Cl A|G
AP
. . < U P oo | 3o |some | & | &
amino acid 3 Leu |Ser |STOP| T | G |
g Leu | Pro H!s Arg U g
s |Cliime [om|a| & |3
o Lew [Pro | GIn | ag | & 4
(5) GGATAGCATGAAACCCCCATAA (3) ANFAHEFREFEE
A lle | Thr | Lys | Am A
Met | Thr | Lys | Am G
Val Ala | Asp Gly U
G val Ala | Asp Gly [
Val Ala | Glu Gly A
. . Val | Ala | Glu Gly G
amino acid The Genetic Code

UNMIYVERSITY OF
cﬁ_Tr\h'ASI [INGTON
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Mutation Exercise

() GGATAGCATGAAACCCGCATAA (3) U
Antisense (B3)TACTTTGGGCGTATT (5)¢ fal
MRNA >(B)YAUGAAACCCGCAUAA(3) C— C—
amino acid Met Lys Pro Ala Stop
Lic A anticodon AU\G
(5) GGATAGCATGAAACCAGCATAA (3) 5480 codon Ll mRNA
2nd base in codon
UICLA|G
VIR A RS
amino acid g LL:: E:: sor| v |6 | g
HEIEA AR
© Leu | Pro Gln Ary G g
() GGATAGCATGAAACCCCCATAA (3) % Al | AR
e | Thre | Lys | Ag | A
e S
GIVi|ms|ow S| &
. . Val | Ala | Glu Gly G
amino acid The Genetic Code

UNMIYVERSITY OF
cﬁ_Tr\h'ASI [INGTON
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Mutation Exercise

(5) GGATAGCATGAAACCCGCATAA (3)

Anfisense B )TACTTTGGGCGTATT (5)¢

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

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

(5) GGATAGCATGAAACCCCCATAA (3)

amino acid

tRNA
/

C—=

!
U C A anticoden
AGU

C—

codon
s e

AUG
UAcC

mRNA 3'

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

UOpoOD U| 9SEQ PIE

lle Thr
lle Thr

U

[
Cli e
A

1st base in codon

lle Thr
Met | Thr

Asn
Asn
Lys
Lys

Val | Ala
G Val Ala

Wal Ala
Val Ala

Asp
Asp
Glu
Glu

OroOCOrOCOrOoCcErac

The Genetic Code

UNMIYVERSITY OF
cﬁ_Tr\h'ASI [INGTON
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Mutation Exercise

(5) GGATAGCATGAAACCCGCATAA (3)

Anfisense B )TACTTTGGGCGTATT (5)¢

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

() GGATAGCATGAAACCAGCATAA (3)
Antisense B)TACTTTGGTCGTATT (5)
MRNA (') AUGAAACCAGCAUAA(I)
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—=

4
uc
AG

Y
A anticodon AUG
U codon UAC

tRNA

2nd base in codon

U

CIA|G

Phe
Phe
Leu
Leu

Ser Tyr Cys
Ser Tyr Cys
Ser STOP | STOP
Ser | STOP| Trp

Leu

Leu

Pro
Pro
Pro Gln Arg
Pro Gln Ary

His
His

lle
lle
lle

1st base in codon

U
C|e
A

et

Thr Asn Ser
Thr Asn Ser
The | Lys | Arg
Thr | Lys | Arg

Val
G Val
Val

Val

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

OroOCOrOCOrOoCcErac

The Genetic

it

Code

UNMIYVERSITY OF

WASHINGTON
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Mutation Exercise

() GGATAGCATGAAA . CCGCATAA (3) Tyr

tRNA
C='=0 =
amino acid
lj CA ant;codon ﬂ g\zG:
(5) GGATAGCATGTAACCAGCATAA (3) B S I e RNA Y
2nd base in codon
U Cl A|G
HEAEAE AR
. . < U P oo | 3o |some | & | &
amino OCId 3 Leu | Ser |STOP| Tp | G g
g Leu | Pro H!s Arg U g
s |Cliime [om|a| & |3
o Leu |Pro | GIn | A | G 4
(5) GGATAGCATGAAATAACCAGCA (3) ANREFREEE
A lle | Thr | Lys | Am A
Met | Thr | Lys | Am G
Val Ala | Asp Gly U
G val Ala | Asp Gly [
Val | Ala | Glu | Gly | A
. . Val | Ala | Glu Gly G
amino acid The Genetic Code

UNMIYVERSITY OF
cﬁ_Tr\h'ASI [INGTON
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Mutation Exercise

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

(5) GGATAGCATGTAACCAGCATAA (3)

amino acid

(5) GGATAGCATGAAATAACCAGCA (3)

amino acid

C—=

tRNA
/

C—

! Y
U C A anticodon AUG
5 A G U codon UAC mRNA S
2nd base in codon
Phe | Ser Tyr Cys §]
U Phe | Ser Tyr Cys c w
5 Leu | Ser | STOP|sTOP | A o
3 Leu | Ser | STOP| Tp G 9
o Leu | Pro | His | Ag | U °
k= C Leu | Pro His Arg C 5
N Leu | Pro Gln Arg A ]
] Leu | Pro Gln Ary G g
o lle | Thr | Asn | Ser [ U 2
— A lle Thr Asn Ser C
e | Thre | Lys | Ag | A
Met | The | Lys | A | G
Val | Ala | Asp | Gly U
G| ¥ Ala | asp | Giy c
Val | Ma | Glu | Gly A
Val Ala Glu Gly G
The Genetic Code
UNIVYERSITY OF
1 WASHINGTON
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Mutation Exercise

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

(5) GGATAGCATGAAATAACCAGCA (3)

amino acid

tRNA
/

C—=

!
U C A anticoden
AGU

C
cl; codon

C—

AUG
UAcC

mRNA 3'

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

UOpoOD U| 9SEQ PIE

lle Thr
lle Thr

U

[
Cli e
A

1st base in codon

lle Thr
Met | Thr

Asn
Asn
Lys
Lys

Val | Ala
G Val Ala

Wal Ala
Val Ala

Asp
Asp
Glu
Glu

OroOCOrOCOrOoCcErac

The Genetic Code

UNMIYVERSITY OF
cﬁ_Tr\h'ASI [INGTON
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Mutation Exercise

(5) GGATAGCATGAAA .CCGCATAA (3)

Antisense B)TACTTT .GGCGTATT (5) R
(5 AUGAAA. CCGCAUAA (3) C— C—
amino acid Met Lys Pro His 2?7 ?
U C A anticodon AUG
(5) GGATAGCATGTAACCAGCATAA (3) 6 b £ Y S0000 Ll mRNA
Antisense (B3)TACATTGGTCGTATT (5) Uz""éa“‘;‘;"""a
(5 AUGUAACCAGCAUAA (3 ENEEREREaP
amino acid Met Stop 3 | § 3533 STT;?: § 3
s |Cli be |Gn | | K |3
(5)GGATAGCATGAAATAACCAGCA (3) A T e §
Antisense (3)TACTTTATTGGT CGT(5) | e | ¢
(5) AUGAAAUAACCAGCA(3) Glua | me e | & | X
amino acid Met Lys Stop The Genetic Code
T WASHINGTON



Questions ¢

g&o@mnc_ Frameworks for Engineers
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