ME 411 / ME 511

Biological Frameworks
for Engineers

0
Q
m
o
3
®
2
o
-
A
W
o
-
m
-

Q
-
®
®
.

IIIIIIIIIIII

M WASHINGTON



ME 411 / ME 511
DNA

%@@mno_ Frameworks for Engineers
L/ . &

UNMIYVERSITY OF
cﬁ_Tr\h'ASI [INGTON



N 217
slaauibug Joj sHIIoMauIDI |03!$0M

DNA = Ticker Tape¥¢

I

lllllllll

WASH INFTDN


http://www.steampunklab.com/pics/146.jpg
http://www.steampunklab.com/pics/146.jpg

3 10} SHIOMSWDIS [DOI

sio9auibu

DNA o RNA

Electron micrograph below shows many molecules of
RNA polymerase simultaneously transcribing two genes.

Individual RNA polymerases
are visible as dots along the
DNA. New RNA (fine threads)
are attached to them.

Lengths of new RNA
indicates that DNA is
read from left to right
(3’ to 5" of DNA)
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Central Players

DNA Polymerase

DNA

Transcription Factor
RNA Polymerase |l

RNA

tRNA
Ribosomes (rRNA + proteins)

Proteins
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DNA Replication

. incoming
: 5 triphosphate deoxyribonucleoside
triphosphate

primer
I COITHNg strand “thumb"”
deoxyribonucleoside
triphosphate ternplate tamplate
1 strand
gapin
helix
OO == 0 4+ 0
(diphosphate)
: “fingers”
5 -po-3° rirmeEr
direction of strand
chain growth
“palm”

(DNA Polymerase)

Reads DNA 3> 5’
Makes DNA 5 >3
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Transcription

(RNA Polymerase II)

B subunit

(a)

(b) B subunitq,;j .‘.;U

.

Ll

Figure 4-12
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company

Reads DNA 3> 5
Makes RNA 5 >3

[A)

DMA double halix

e CCCCCCCCCECC
3

¥ 5'
GEGGEGLGGGGGGGGGGEG

Ly 3
— AMA

an RNA polymerase that moves from left
to right makes RNA by using the bottom
strand as a template

(B . —

¥ 5
GGEGGGEGGEGGGGOEGGEGLGEG

an RANA polymaerase that moves from right
to left makes ANA by using the top strand

as a templata



s199ulbug Joj s> JIoMawDI4 |o:>|$ofb§§/

. Transcripfion Factors &
Promoter Sequences

(TB P) TATA box-binding protein

TATA TATAA/TAA/NT TBP
BRE G/CG/ICG/ACGCC TFIIB
INR C/TC/TAXT/AC/T/C/T  THID

FFFFFFFFFFF

DPE A/IGGA/TCGTG TFIID | \}.,A%II[N(‘TDN
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Figure 7-31 part 1
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company

TATA box
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* Preinitiation
complex
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Figure 7-31 part 2
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company
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| Preinitiation
complex
:;;cent Elongating
Release of Pol Il with
general factors 700 Phosphorylated
except TBP N CTD

O\.o

Figure 7-31 part 3
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company
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Translation

aa7'tRNA7
arriving H
Growing |
polypeptide HzN‘-C—-R7
chain I
e
(o)
Ribosome
tRNA4

leaving

3I

Codon Codon Codon
aa, aa, aa,

Movement of ribosome ————mmm)

Figure 4-17
Meolecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company
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U C A anticodon AUG
A G U codon UAC mRNA 3
2nd base in codon
Phe | Ser | Tyr | Cys U
U Phe | Ser Tyr Cys c “
E Len Ser STOP | STOP A o
'g Leu | Ser STOP | Tmp G g
o Leu | Pro His Arg U o
£ C Leu | Pro | His Arg C 5
o Leu | Pro | Gln | Arg A 0
E Leu | Pro Gln Arg G E_
+ lle Thr Asn Ser u g
< | AV | m Asn | Ser | C
e | Thr | Lys | Amg A
Met | Thr | Lys Arg G
Val | Ala | Asp Gly U
G Val | Ala | Asp | Gly C
Val | Ma | Glu | Gly | A
Val Ala Glu Gly G

The Genetic Code

I
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Proteomic Numbers

 Proteome: final product of gene
expression

— A cell has 10,000-20,000 different
proteins

— For each protein: 20,000 — 100 million
copies per cell

— 2,000 housekeeping proteins (>50,000
copies)
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, Genetic Code

e What if...
— 1 base pair encoded 1 protein?

— 2 base pairs encoded 1 proteine

— 3 base pairs encoded 1 protein?
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When is a cell like a
computere
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8. WORKSHEET: Genetic Code

DNA () GGATAGCATGAAACCCGCATAA (3)
DNA

MRNA

sl99aulbug Joj SHIoMaWDI] [P

AmIﬂO OC|d 2nd base in codon

Ph Ser Tyr Cys U
U Phe | Ser | Tyr c £
5 Len | Ser | STOP | STOP A o
3 Leu | Ser | STOP| Trmp G 5
o Leu | Pro His Arg 0] o
£ C Leu | Pro His Arg cC 5
a2 Leu | Pro Gln Arg A 0
p: Leu | Fro | Gln | Arg G 2
= lle | The | Asn | Ser [ U g

< Al Ve | o Asn | Ser | C

e | Thr | Lys | Am | A

Met | Thr Lys Ary G

val | Ala | Asp | Gly U

G Val Ala | Asp Gly C

Val Ala | Glu Gly A

Val Ala Glu Gly G
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& WORKSHEET: Genefic Code

DNA(5) GGATAGCATGAAACCCGCATAA (3)
DNA(3) CCTATCGTACTTTGGGCGTA TT(5)

MRNA
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AmIﬂO OC|d 2nd base in codon

Phe | Ser Tyr Cys U
U Phe | S Tyr Cc W
5 Leu | Ser | STOP | STOP A o
3 Leu | Ser | STOP| Trp G 5
Q Leu | P Hi Arg u %
£ C Leu | Pro His Arg [ 5
a2 Leu | P Gin Arg A 0
p: Leu | P Gin | ag | G g
= lle | The | Asn | Ser [ U g

< Al | m Asn | Ser | C

le | The | Lys | A | A

Met | Thr | Lys Ary G

val | Al asp | Gly U

G Val Al Asp Gly C

Val | Ala | Glu | Gy | A

Val Al Glu Gly G
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& WORKSHEET: Genetic Code

DNA () G GATAGCATGAAACCCGCATAA(3)
DNA@3) CCTATCGTACTTTGGGCGTATT(S)

MRNA (') G GAUAGCAUGAAACCCGCAUAA (3

3 10} S)IOMBWIDIS [DD

AmIﬂO OC|d 2nd base in codon

Q Phe | Ser Tyr Cys U
U Phe | Ser Tyr Cys Cc W
p— 5 Len | Ser | STOP | STOP A o
: 3 L Ser | STOP| Trmp G 5
o Leu | Pro His Arg 0] o
"D £ C Leu | Pro | His Arg c 5
3 Leu | P Gln Arg A 0
m hd Leu | P Gln | Arg G 8
u— lle Th Asn Ser 1] =]
a 2 A e Th Asn Ser cC =

le | Thr | Lys | Arg | A

Met | Thr Lys Ary G

val | Ala | Asp | Gly U

G Val Ala | Asp Gly C

Val Ala | Glu Gly A

Val | Ala | Glu Gly G




. WORKSHEET: Genefic Code

DNA () G GATAGCATGAAACCCGCATAA(3)
DNA(3) CCTATCGTACTTTGGGCGTATT(S)

MRNA (5)G G AUAGCAUL AAA G CAUAA(3)
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Amino acid Methionine Lysine Alanine 2nd base in codon

Q Phe | Ser Tyr Cys U
U Phe | Ser Tyr Cys c W
—— 5 Len | Ser | STOP | STOP A o
: 3 Leu | Ser | STOP| Trp G 5
o Leu | Pro His Arg 0] o
m £ C Leu | Pro His Arg [ 5
a2 Leu | Pro Gln Arg A 0
m g Leu [ Pro | GIn | A | @ 2
- lle | The | Asn | Ser [ U ]
(-ﬂ‘ e Al e | The | Asn | Ser | C >

e | Thr | Lys | Am | A

Met | Thr Lys Ary G

val | Ala | Asp | Gly U

G Val Ala | Asp Gly C

Val Ala | Glu Gly A

Val Ala Glu Gly G
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