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DNA
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Gene 3
1% A

DNA 5
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Codon
[ TRANSLATION u l ¢ ¢
Protein UW—wlt—r—n
Amino acid
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Second mRNA base

UuU | ucu ] UAUT_ UGU U
Ph r s
1 uuc | ® ucc s UAC ' vac | I8
- er
UUAT - UCA UAA Stop UGA Stop |-
eu

UuG | UCG _ UAG Stop UGG Trp [&
- - - I3
SE cuu ccu ]| CAU | CGU | T8 S
o His o
SHlcuc cec CAC CGC (ol ©
. C Leu Pro - Arg 6
=l CUA CCA CAAT| . =~ CGA AR
Q Q
2 [ CUG CCG | CAG | CGG | G I
a8MAUU]  Acu  Aau7. Acul_ [ &
o Asn Ser o
<MIAUC [lle Acc AAC AGC c P
P4 A Thr - = Z
2 Bl AUA _ ACA AAA AGA A [
£ Lys Arg E
B AUG 5" ACG | AAG | AGG | c)l ©
“B cuu . - B

GUU GCU GAUT _ GGU u

S
GUC GCC cac | P aac c
G Val Ala - Gly
GUA GCA GAATl .~ GGA A
GUG | GCG _ GAG | GGG _ G

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.




Wild-type

DNA template strand 3" LIRSS < S SN N W S N RN s
[JA T GAAGTTTGGCTA AKJ

WU A U GAAGUUUGGCUA AEY

Protein Met 3

Amino end

Aiinstead of G

(4T A C T T CAAACCAAT TE
(A T GAAGTTTGGTTA AKJ
U instead of C

A U GAAGUUUGGUUA AEKJ
Met ; Lys 3 Phe § Gly np_I

Silent (no effect on amino acid sequence)

T instead of C
9T A C T T CAAATCGAT TId
A T GAAGT T T AGCT A AL
Ainstead of G
[ JA U GAAGUUUAGCUA AKJ

Met § Lys 3 Phe 7 Ser St'op

Missense

Ainstead of T
k@T A CATCAAACCGAT T}
[JA T G T AGT T T GGC T A AK
U instead of A
5'3'
m Stop

Nonsense

(a) Base-pair substitution
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Lys 3§ Phe : Gly

Stop
Carboxyl end

Extra A

kdT ACATTCAAACCGATTE]
A T G TAAGTTTGGCTA AEKL
Extra U

A U GUAAGUUUGGCUAAEK]
T 5%

F ift causing il (1 b P

ir insertion)

I missing
kT A CTTCAAICCGAT TE]
4A T GAAGTTGGCTAAEK]
™1 missing
[4A U GAAGUUIGGCUA AR

Met § Lys 3 Lleu 3§ Ala I8

F ift causing (1 base-pair deletion)

EE missing
9T A CIAAACCGAT TH
[dA TG T T TGGC T AAE]

W4 missing
EJA U GIU U UGG CUAAES
| met g Phe 1 Gy vy
Stop

No frameshift, but one amino acid missing (3 base-pair deletion)

(b) Base-pair insertion or deletion

Wild-type hemoglobin DNA
<N C T T I
5 WWN = 3

MmRNA
5 [N 3

Normal hemoglobin
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Mutant hemoglobin DNA
3___ NI 5
5_ lN 3

mRNA
5 G U Al 3

Sickle-cell hemoglobin




Normal hemoglobin . Sickle-cell hemoglobin
Primary il
structure 12 3 4 56 7 12 3 45 6 7
—J W‘ Exposed ;
Secondary [/ { Secondary hydrophobic
and tertiary % > B subunit and tertiary  region B subunit
structures \:\. structures
\ \\ \
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I
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Quaternary Normal ( 4 Quaternary  Sickle-cell
structure hemoglobin \ & structure hemoglobin
(top view) ( \
\ @\
- \
Se \ \
N Q N
S Y
Function Molecules do \‘\ q Function Molecules ‘Q;‘( &
not associate interact with L
with one one another and '3
another; each Q Q crystallize into h .
carries oxygen. q ) a fiber; capacity f*‘“
q to carry oxygen % _
is greatly reduced. .-~ ~
Red blood Normal red blood Red blood
cell shape cells are full of
individual

hemoglobin
moledules, each
carrying oxygen.
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cell shape

Fibers of abnormal
hemoglobin deform
red blood cell into
sickle shape.




