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UUU |

uucC

UUA |

UuUG

cucC
CUA
CUG

AUC
AUA

First mRNA base (5’ end of codon)

GUU |

GUC
GUA
GUG

CUU |

AUU |

Phe

Leu

Leu

lie

AUG Metor

Val

Second mRNA base

UCU |

uccC
UCA
UCG

CCU |

CcCcC
CCA

CCG _

ACU |

ACC
ACA
ACG

GCU |

GCC
GCA
GCG

Ser

Pro

Thr

Ala

UAU
UAC

UAG Stop

CAU |

CAC
CAA

CAG |

AAU |

AAC
AAA
AAG

GAU |

GAC
GAA

GAG _

JTyr

UAA Stop

His

GIn

Asn

Asp

Glu

uGuU
UGC

:| Cys

UGA Stop

UGG Trp

CGU |

CGC
CGA

CGG |

AGU

Arg

Ser

Arg

Gly
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® > 0Cc O > 0C O > 0O0C
Third mRNA base (3' end of codon)

O > O C



Wild-type

DNA template strand 3’ ILE S & N o o O S e Ry S e 5’
MA T GAAGTTTGGUCT A Ak}

UM A U G AAGUUUGGCUA AES

Protein Met 3 Lys 3 Phe ; Gly St'op

Amino end

A instead of G
KT A C T TCAAAUCCAAT T4

CMA T GAAGT TTGGT T A Ak}

U instead of C
LMA U GAAGUUUGGUUA AEY

Met § Lys § Phe § Gly St!p

Silent (no effect on amino acid sequence)

T instead of C

KT A CTTCAAATCGAT TE
AT GEATAE GET - FETEANGECETE AT A K]

Ainstead of G

[MA U GAAGUUUAGTCUA AK]
Met § Lys § Phe § Ser St'op

Missense

Ainstead of T
kT A CA TCAAA G A T TECH
C

(e
A T G T AGTTTGG T A AkY

U instead of A
(A U G U AGUUUGGUU A AKY

m Stop

Nonsense

(a) Base-pair substitution
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Carboxyl end

Extra A

c@T A CATTCAAACCGAT TEY

(A T G T AAGTTTGGU CTA AE}

Extra U

(A U G UAAGUUUGGTCUA AKX
T
Stop

Frameshift causing immediate nonsense (1 base-pair insertion)

N missing
KM@T A CTTCAAICCGAT TE)S
MA T GAAGTTGGUCTA AEKY

"] missing
MA U GAAGUUIGGCU A AXEE]
Met § Lys § Lleu 3 Ala ZH

Frameshift causing extensive missense (1 base-pair deletion)

ESIE missing
kM T A CIAAACCGATTH
A TG T T T GGCTAAK

W4 missing
HA UG|IUUUGGCUA AEX
Met 3 Phe : Gly St'op

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

(b) Base-pair insertion or deletion



Wild-type hemoglobin DNA Mutant hemoglobin DNA

3 5 3
5' 3 5
MRNA MRNA
5' 3 5 G U A
Normal hemoglobin Sickle-cell hemoglobin




Primary
structure

Secondary
and tertiary
structures

Quaternary
structure

Function

Red blood
cell shape

Normal hemoglobin
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Molecules do \\\ q Function
not associate
with one >
another; each
carries oxygen. QQ Qq
Normal red blood Red blood
cells are full of cell shape
individual
hemoglobin

moledules, each
carrying oxygen.
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Sickle-cell hemoglobin

1 2 3 4 5 6 7

Exposed
hydrophobic
region

B subunit

Sickle-cell
hemoglobin

Molecules
interact with -
one anotherand ¥/ 4
crystallize into e

a fiber; capacity «+

to carry oxygen w‘" o
is greatly reduced. . -~ ~

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




