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BIOL 230: Cell & Molecular Biology
Fall 2019 17-205 W, Oct. 23

http://accounts.smccd.edu/staplesn/biol230/

1. Pre-Lab writeups due each Mon. (for both M&W!!) at the start of lab.
(briefly, What? Why? How? for each expt.). Question & Hypothesis?!

2. LAB NEXT week: DNA Fingerprinting, #2! © PCR.
» Dr. Paul Welles. (NO lecture meetings next week! Do forensics! ©)
3. Anastasia GEL DATA will be under ADDITIONAL MATERIALS.

4. Extra Credit: STEM SPEAKER SERIES, Weds. @ 5pm-6pm, Sept. 11- Nov. 6. (NOT Oct.
9) in 6-102. Write 1 page summary by the following week, and upload to CANVAS. Extra-
Extra credit; Ask the speaker a scientific question, and write abosut the answer.

5.TODAY!! — Exams returned: Midterm 2. SEE ME
after reviewing your exam, if you scored <70%!!
6. NEXT WED.: QUIZ #4 first attempt due!!!

7. RESEARCH TOPICS Should be finished tonight!!
OUTLINE DUE Monday, Nov. 4" online.

REVIEW

1. Compare the processes of proofreading and the types of post-replicative repair of DNA.
Which enzymes are shared with normal Replication?

2. Draw and explain how Eukaryotic cells preserve the ends of their chromosomes after many
rounds of replication and reproduction.

TODAY’s Objectives: Students should be able to....

1. Ch. 14: Describe Beadle and Tatum’s experiments and their

contribution to our understanding of molecular genetics & Central Dogma.
2. Diagram and describe how the Central Dogma of Molecular Genetics
explains the transition from hereditary genotype to an organism’s
expressed phenotype.
Compare replication & transcription: product produced, start & end sites,
enzymes, & the direction of movement and synthesis.
What is the nature of the Genetic Code, and describe the experiments that
lead to it’s discovery. (What are the “translators™??)
Define and diagram the roles of tRNA, rRNA and mRNA in translation.
Compare sites, directions, and molecules involved in Initiation,
Elongation and Termination of DNA, RNA and Protein synthesis.

< Objectives and Study Guide Questions are your HOMEWORK
between classes!l! DUE WED. at the end of Lecture!l
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Chapter 14: From DNA to Protein:

Genotype to Phenotype

1. One Gene, One Polypeptide

2. DNA, RNA, and the Flow of Information

3. Transcription: DNA-Directed RNA Synthesis
4. Post-Transcriptional Processing i‘ﬁ"&¢
5. The Genetic Code & Translation ﬁ‘i‘lq
6. Posttranslational Events gi%;

(15.) Mutations: Heritable Changes in Genes.....

14.1) One Gene, One Polypeptide

** Genes:
— made up of DNA; = units of hereditary information.
— = segments of continuous DNA sequence that encode a
functional product (usually a protein or an active RNA).

— expressed in the phenotype (physical characteristics) as
polypeptides.

 Beadle and Tatum’s experiments:

— with the bread mold Neurospora crassa — haploid!

— exposure to X-rays resulted in mutant strains lacking
a specific enzyme in a biochemical pathway.

— Specific Gene expression = Specific protein activity!!

* These results led to the
One-Gene, One-Polypeptide Hypothesis.

https://www.dnalc.org/resources/nobel/beadle tatum.html
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Beadle &  (ceorge andEdwara; BALILILN
HYPOTHESIS: Genes determine enzymes in a biochemical pathway.
METHOD
a u m ) Put spores of each arg mutant strain on a minimal nutritional medium with and

without supplements.

* Mutants (auxotrophic) T
that cannot synthesze Strain]  None [ Ornithine [ Citruline | Arginine
Argmllne for themselves 5,'1: P B 4 4 Nowrospora
« Wild Type = Prototrophs I | J colony
X'rays Helped only

* Some arg- mutants can use 1

some molecular precursors,

] @

| % «| | by Arg (end
‘ I ﬁ of pathway)

but not others, to make Arg. 2 N ‘ -
S % | Citr or Arg
+ The MORE supplements that help |j, i i
the mutant, the EARLIER in the Helped by
pathway is the mutated gene/enz. 3 N N ; Orn, Citr,
NH* “ i ﬁ or Arg
2 L
d=0 HaN—C=NH,*
NHs* @H |\:|H 8e, Figure 12.1 (Part 1) S —
EH, GHz Gz
CH, CH; CH, INTERPRETATION
GHz CHz CH; If an organism cannot convert one particular compound to another, it presumably
He-NHy FG-NHg* HE-NH,* lacks an enzyme required for the conversion, and the mutation is in the gene that
coo- coo coo codes for that enzyme.
ornithine citrulline arginine 3 2 1
» Each mutated unit of Precursor m Ornithine m Citrulline m Arginine
heredity (gene) controlled 1 4 }
one enzyme in ARG CONCLUSIh fi Ge B —
biosynthesis : Each gene specifies a particular enzyme.

One Gene, One Polypeptide

« The absence of certain enzymes was known to
cause by certain hereditary diseases in humans.
(“inborn errors of metabolism”)

— PKU (phenyl ketone urea), AKU (alkaptonuria), etc......
— (Dr. Archibald Garrod, ~1900: Gene = enzyme)

» These observations supported the one-gene, one-
polypeptide hypothesis.
— [Exceptions in Eukaryotes (Ch. 14)]

« *ESTABLISHED THE CONNECTION BETWEEN
GENES & PROTEINS!! **

— (Later restated as DNA > RNA - Proteins)

http://www.dnaftb.org/dnaftb/16/concept/index.html
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14.2) DNA, RNA, and the
Flow of Information

* RNA differs from DNA in three ways:

1. It is single-stranded, - o

2. its sugar molecule is Ribose _‘&‘_ﬁ
rather than deoxyribose, 4«“2“:‘ ;;r;

3. and its fourth base is Uracil ::%?
rather than thymine. mﬁ:“‘:’gl

* U-A, not T-A base pairs

A. RNA vs. DNA

- base base
RNA (R/ |DNA
1. Ribose QH OH 1. Deoxyribose H o
2. Uracil 2. Thymidine
3. Single-stranded 3. Double-stranded
4. Chemically labile 4. Chemically
— (2" OH) 0 stable CH: o
H H
\ \
/Y% /%
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Three Types of RNA

1. Messenger - mMRNA: serves as an intermediary for
the synthesis of proteins (5% of RNA in cell).

2. Transfer - tRNA: is the adaptor for converting the

nucleic acid code into the amino acid sequence (15%).

3. Ribosomal - rRNA: is a central component of the

protein synthesizing machinery (80%).

B. The Central Dogma of
Molecular Genetics (Crick)

¢ The central dogma of molecular biology
is DNA —» RNA — Protein.

— (one-way flow of information)
eplication

ONLY one-way in a normal cell.

Translatlon;

Activity

Phenotype!!

(v) Exception: Retroviral REVERSE TRANSCRIPTASE

© 2001 Sinauer Awsoctates, Inc.

anscription
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3 Processes Responsible for the
Inheritance of Genetic Information

1. Replication: duplicates double-stranded nucleic acids.
* DNA-Directed DNA synthesis.

2. Transcription: generates a single-stranded copy of the
double-stranded genome.

* DNA-Directed RNA synthesis.

* RNA discovered as the intermediate between DNA in the nucleus,
and proteins synthesized in the cytoplasm.

3. Translation: converts the nucleotide sequence into
amino acid sequence.

* RNA-Directed Protein Synthesis.

The Central Dogma of Molecular
Genetics (Francis Crick)

Nuclear
envelope

DNA
- ;J‘Q‘E::i Transcription

(RNA synthesis)
e pnan i AAAAALLALLLLLLLLLY

=

A gene is Expressed
in two steps:

\

1. First, DNA is
transcribed to RNA:;

2. then (m)RNA is
translated into

protein.

——
" Translation
Ribosome ¥ (hrotein synthesis)

f,;/'

Polvpepw'

LIFE 10e, Figure 14.2
L2010 Adicciate: |
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An Exception:
Reverse Transcription

* In Retroviruses, the rule for transcription is
reversed: RNA — DNA.

— Such as HIV, many Tumor Viruses.

» Other RNA viruses exclude DNA altogether,
going directly from RNA to protein.

14.3) Transcription:

DNA-Directed RNA Synthesis

1. RNA is transcribed from a DNA template

- after the bases of DNA are exposed by unwinding of the double helix.
2. In a given reqgion of DNA, only one of the two strands can act

as a template for transcription. (UNIDIRECTIONAL!)

3. RNA polymerase catalyzes transcription from the
template strand of DNA.

4. Transcription starts when RNA polymerase recognizes and
binds tightly to a PROMOTER Sequence on DNA.

5. RNA elongates in a 5’-to-3’ direction, antiparallel to the
template DNA. [Just like DNA synthesis!]

» Special sequences and protein helpers terminate transcription.

* EUKARYOTES ONLY: Introns must be removed, and Exons spliced
(ligated) together to make Mature mRNA Transcript.

10/22/2019



Transcription

Hewmdmg of DNA

Complementary
strand

RPol covers 50 bp!

| http://www.stolaf.edu/people/giannini/flashanimat/molgenetics/transcription.swf |
http://www.hhmi.org/biointeractive/dna/DNAi _transcription vo2.html

LIFE 9e, Figure 14.4 (Part 2)

©2011 Sinaver Associates, Inc.

Transcription

(B) ELONGATION http://www.stolaf.edu/people/giannini/flashanimat/molgenetics/transcription.swf

transcript

Template
strand

“Hairpin Loop” or poly-U
formed at 3’ end of RNA =
LIFE 9e, Figure 14.4 (Part 3) Termination sequence

EUK: http://lvcell.ndsu.nodak.edu/animations/transcription/movie-flash.htm
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14.4) EUKARYOTIC RNA Processing
(post-Tscn):
A. Eukaryotic Protein-Coding Genes
(“Structural Genes”) - RNA Splicing

1. Noncoding internal sequences (Infrons)
» Coding sequences = Exons

2. Flanking sequences involved in the machinery of tscn/tsin:

— Prom.()ters, S;adrctm Splice sites T
—_— Tel"MInatOI'S. Promoter / l’ # L lv \ |

DNA Y — — - s
_Enhancers -E?n'l Intron 1 m Intron 2 & -

annny
—Silencers...... !
Pre-mRNA 5" . —
N X e

mRNA 5 I 3

LIFE 10¢, Figure 14.8 (Part 2)

http://vcell.ndsu.nodak.edu/animations/transcription/movie-flash.htm

B. Euk. RNA Processmg (post Tscn)

* After transcription, the ends of the == e
pre-mRNA (primary transcript) 000
are altered by the addition of: '
1) 5’ Methyl-Guanosine (Me-GTP) cap — °_iéj
ribosome binding/translation!!, mMRNA stability. ) N
2) 3’ poly A tail - mRNA stability, nuclear {
export!!
( A “cap” of modified ) [ This sequence is recogmized\
GTP is added here. ) Coding region of | and cut by an enzyme.
— primary transcr\pt 7 /
I N li"/ +
& I 4
Pre-mRNA i ; sgf;:z?iz?\ylase\A poly A “tail” is added. /\

S FT AAAAAA
Mature mRNA
LIFE 10e, Figure 14.9
2014 Sinauer Associates, Inc.

| http://vcell.ndsu.nodak.edu/animations/mrnaprocessing/movie.htm |
http://www.sinauer.com/cooper/4e/animations0702.html

10/22/2019



RNA Processing
*(3.) The introns are romtn & Spiooshe

5'qgd Exon / Intron \__ 3 Exon

removed from the e o G0 QP

snRNP

hybridizes/ snRrNP

mRNA precursor Dy basepars
the Spliceosome . %4 ]

—a complex of RNA’s

& proteins (snRNPs). a . 2
5 e %0 =N o

Enzymes with both RNA and \ ,/ '
protein components (some are 5 T 6
RIBOZYMESZ 5 Exon OO >

1) Ribosomes™* s MSHa=ITHbA

2) Telomerase [ Figure 14.11 |

3) Spliceosome/snRNPs**

‘ http://vcell.ndsu.nodak.edu/animations/mrnasplicing/movie.htm

14.5) The Genetic Code

1. The genetic code consists of triplets of nucleotides
(codons).
a) 4 bases, therefore > 64 codons. (NON-overlapping!)

b) One mRNA codon = start of tsIn; codes for methionine
(Start Codon).
— Gives DIRECTION and sets READING FRAME for translation!

c) Three Stop Codons = end of translation.
d) The other 60 codons code only for particular AAs.

2. 64 codons = only 20 AA’s; thus, the genetic code
is redundant (“degenerate”):
a) Some AA’s encoded by >1 codon!!

b) However, a single codon does not specify more than one
amino acid. (codons are not “ambiguous”!!)

http://www.dnalc.org/view/16494-Animation-22-DNA-words-are-three-letters-long-.html

http://bcs.whfreeman.com/thelifewire/content/chp12/1202002.html

10/22/2019
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First letter

Universal Genetic Code

Second letter

A
Uuu Phenyl- ucu UAU T ; uGu : u
uuc r UAC yrosine UGG Cysteine c
alanine ucc Sadiie
B | . cine Hgg Stop codon .y Stop codon]( A
UuG StOp codon UGG Tryptophan G
cuy ccu 8% Histidine ggg g
cle Leucine oD Proline Arginine
CUA CCA CAA CGA A —
CUG CCG cAg Glutamine | CGG 6 %
AUU AAU ol AGU o B
AUC Isoleucine | ‘aa AAC Asparagine | agg Serine o] &
A| AUA Threonine
— ACA AAA | AGA , . A
@ Methionine; | ACG AAG Lysine AGG Arginine
start codon G
GUU GCU GAU Asparttic | GGU 2
e Valine cet Alanine GAC acid cet Glycine <
GUA GCA GAA Guutamic | GGA A
GUG GCG GAG ,cig GGG G

LIFE 9e, Figure 14.6

©2011 Singuer ASSOCiaes, Inc.

Deciphering the Genetic Code
Synthetic polyribonucleotides — polymono-, polydi-,
polytri-NTs - directed synthetic Polypeptides
Deduction > which RNA triplets gave each AA!!

ahddell [HIRY A triplet codon based on three-base codons specifies amino acids.

Prepare a bacterial
extract containing

(RESULTS |

Add an artificial mMRNA
containing only one
repeating base.

all the components
needed to make
—, | Proteins except mRNA.

Codon Codon Codon

* AJAJAJAJIAJAJIAJAIA s
- T QO

T Q@

produced contains

The polypeptide
a single amino acid.

(e [¢{VE][e/'W UUU is an mRNA codon for phenylalanine.

AAA is an mRNA codon for lysine.
CCC is an mRNA codon for proline.

Je, Figure 14.5

1961, by Marshall
W. Nirenberg and
his post doctoral
fellow, J. Heinrich
Matthaei.

10/22/2019
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14.6) Preparation for Translation:

Linking RNA’s, Amino Acids, and Ribosomes

* In prokaryotes, translation begins before
the mRNA is completed.
— Tscn & TsIn = simultaneous!

 In eukaryotes, transcription occurs in the
nucleus and translation occurs in the
cytoplasm.
— Tscn & Tsin = spatially & temporally separated!

| Practice Tutorial: http://learn.genetics.utah.edu/units/basics/transcribe/ |

Complete Gene Expression!!: http://learn.genetics.utah.edu/content/basics/transcribe/

Preparation for Translation:
Linking RNA’s, Amino Acids, and Ribosomes

1. Translation requires three components: tRNA’s,
activating enzymes, and ribosomes.

2. In translation, amino acids are linked in codon-
specified order in mRNA.

3. This is achieved by an adapter, transfer RNA
(tRNA), which binds the correct amino acid and has
an anticodon complementary to the mRNA codon.

10/22/2019
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A. tRNA Structure

Amino acid 3

attachment

OH
site (always 5’

CCA) Hydrogen bonds between paired bases

result in three-dimensional structure.

Amino acid
attachment site
(always CCA)

“cloverleaf’

http://www.hhmi.org/biointeractive/media/DNAi translation vo1-lg.mov

http://www.hhmi.org/biointeractive/animations/index.html
LIFE 9e, Figure 14.12 R A

B. Specificity of the Code:
Aminoacyl-tRNA Synthetases

» The aminoacyl-tRNA
synthetases,

— a family of activating
enzymes,

— attach specific amino acids
to their appropriate tRNA'’s,

— forming charged tRNA’s.

Activating
enzyme

e =the primary \Pan2 O

determinants of Codon-
Amino Acid Specificity!!!

10/22/2019
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**AminoAcyl tRNA Synthetase:
Charging a tRNA molecule **

START Specific
amino acid

D OFi

(e.g., alanine) )
‘ gy @ Pyrophosphate (PP;) _ Activated
tRNA site >>__‘ @ A alanine

Activating enzyme

(aminoacyl-tRNA
Charged synthase) for a
tRN specific amino acid -
i can . R Alanine-
\ > = Alanine ; specific
o gt PP tRNA

LIFE 9e, Figure 14.13 R —

14.7) Translation: RNA-Directed
Polypeptide Synthesis
« The mRNA meets the charged tRNA’s at a ribosome.

mRNA binding site

SMALL RIBOSOMAL SUBUNIT

LIFE 9e, Figure 14.14

http://www.stolaf.edu/people/giannini/flashanimat/molgenetics/translation.sw
raw-hill.com/sites/0072437316/student_view0/chapter15/animations.htmi#

10/22/2019
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A. Initiation of Translation: mRNA,
Charged (aminoacyl) tRNA, Ribosome

INITIATION
A. An initiation complex snine.
Lo . Dalgarno &
—consisting of an amino  sequence
. (prok.) or
acid-charged tRNA G-cap (euk.)
— & a small ribosomal 5
subunit bound to mRNA
» triggers the beginning of
translation. 5

— READS RNA 5’23’

— Synthesizes polypeptide N=> C. (-

https:/lyoutu.be/oefAl2x2CQM (Amoeba Sisters) | 14.15 (Part 2)

B. Translation: Elongatlon

» Polypeptides grow from the N
terminus - C terminus.
» Amino to Carboxyl !!

» Peptidyl Transferase activity is
in the Large Subunit!! (rRNAs)

» Growing chain in the P-site is cleaved
from the last tRNA,

« then attached by its CARBOXYL group to
the AMINO group of the new AA in the A
site!!! (condensation rxn!)

* The ribosome moves along the
mRNA one codon at a time.

» TRANSLOCATION is 3
nucleotides (NT) to the “RIGHT” (3’

C] CTG u‘m U7 AL
5]
direction on the mRNA).

% Requires Elongation Factors and GTP! o, Fiowre 1ane pa sy P EDLIAY] Transferase

10/22/2019
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Translation - Elongation

CcGuu‘AAueclclcuAU
ﬁ/?ﬁc

14.16 (Part 2)

3 i KW
e g, EF-Tu
oy aatRNA

¥ mRNA

Initial Binding __|

Fun: http://learn.genetics.utah.edu/content/begin/dnalfirefly/fireflymon8.swf

LIFE Se, Figure 14.16 (Part 3) L or—

C. Translation: Termination

* The presence of a stop codon in the A site of
the ribosome causes translation to terminate.

TERMINATION

Lo

o

3 UUJAA PR (S 3 (1 1 (1] (1] 1 L [ W
5 ucccau.‘ GHA
y ™ g W \
i / b
et AT T

terminus Rel
factor

lease

Clclsujuiajajulsicicle]v®A VSIS IUICIULY A g
f ‘b‘

http://vcell.ndsu.nodak.edu/animations/translation/movie.htm

http://www.hhmi.org/biointeractive/media/DNAI_translation vo2-lg.mov

10/22/2019
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Compare Repln, Tscn, Tsln:

Process Initiation Elongation Termination

Replication At Origin: AIT-  Dpol3, dNTPs, Terminator (ter)

eprcation rich, Helicase, 5>3’ sequences, or end
SSB, Primase, (leading, lagging) ~Of chromosome
DPol3 «* pidirectional (forks meet if circle)

+ Euk. Telomeres...

Transcription At Promoter— RPol, NTPs, Tsc’l terminator
TATAA, A/T- 5>3 (eg: poly-U, hairpin
rich, RPol ** unidirectional  100P)

Translation At Start Codon Ribosome, Stop codon

- (AUG), mRNA, AA-tRNA’s (nonsense codon):
met-tRNA, (anticodons), UAA, UAG, UGA
ribosome (SSU, N->C (fOllOWS ** Release Factor
LSU) mRNA 5,93,) (protein)

DNA to Protein:_https://youtu.be/gG7uCskUOrA |

14.8) Regulation of Translation

* |n a Polysome, more than one ribosome
moves along the mRNA at one time.

(A) B)
INITIATION #E E e
Large i
Small , subunit i
subunl? 5 \]
-

ELONGATION Ribosome

mRNA

Direction
of translation

chain

TERMINATION

ok %

LIFE 9e, Figure 14.18

Polypeptide

(speeds tra

TR

H

Prokaryotes & Eukaryotes)

011 Srawer Associates,

10/22/2019
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14.9) Posttranslational Events....

1. Signals in the AA sequ. of proteins direct them to
cellular destinations....... (more during Ch. 16)

2. Protein synthesis begins on free ribosomes in

the cytoplasm.
a) Proteins destined for nucleus, mitochondria, & plastids

b) Have signals that allow them to bind to and enter destined
organelles.
* (eg: pro-pro-lys-lys-lys-arg-lys-val = nuclear localization signal)

3. Proteins destined for the ER, Golgi apparatus,
lysosomes, and outside the cell
a) complete their synthesis on the ER surface.
b) enter the ER by the interaction of a hydrophobic signal

sequence with a channel in the membrane.

A. Signal Peptides (to RER)

% N-terminal Signal Sequence on a newly-translated protein

— Binds SRP in cyto; SRP binds receptor on ER; Signal is cleaved by NZ in ER lumen;
— Completed protein released into ER lumen for modification & delivery.

== _-Rough
Signal i endoplasmic :
recognition reticulum (RER) Flg. 14.21
particle

Receptor ER Elongation

@ s \
protein  membrane | \ Signal \removed ‘I‘continues I !
Peptidase ‘ | release
\\ \ \ \\ ,m

1\ g L S | I—
ij Protein synthesis é The polypeptide The signal The signal The polypeptide [ﬁ Translation The ribosome
begins on free binds to a signal recognition sequence is continues to L terminates. is released. The
ribosomes in the recognition particle, particle is removed by elongate. protein folds

cytosol. The signal and then beth bind released. The an enzyme in inside the ER.
sequence is at the to a receptor signal sequence the lumen of
N-terminal end of protein in the passes through

‘ ‘ the ER http://www.youtube.com/wa
the polypeptide membrane of a channel in the

-

L
chain. i the ER. ) receptor. ) tCh?V=ahANuQQmuak

10/22/2019
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B. Destinations for newly

translated eukaryotlc proteins
Inside of cell

Z_mRN A (cytoplasm)
Rlbosome

| T%?L";’:::ﬂfs +
/Rough
Nuclear ) ..~ endoplasmic
pore ¥ reticulum

@ Protein

y L o . ,
‘// \ = ' @ |
Lysosome
Perom@’ JN
Plastids

of cell
Plas :/ \Y Exocytosis
Mitochondria membrane

Protein

LIFE 9e, Figure 14.19

**Apply transcription & translation...

* The following stands of DNA encode a 3 AA peptide.

+ Label the template and coding (“mRNA-Like”) stands, the polarity
(5" and 3’ ends) of all molecules, and write-out the transcript
sequence and the amino acid sequence of the peptide.

. 3 ATACGGTGATATTCGATGTA 2
. 5" TATGCCACTATAAGCTACAT 3~
[RNA: 5" U AUG CCA CUA.UAA. GCUACAU 3’

Second letter
(V)i | e S a |

| uuu ucu UAU uGu u

| uuc}“‘“ uce | o unc}“" uae fors c

Ay, oA UAA Stop UGA Stop A

. uue uca UAG Stop UGG Tp G

| cuu ccu t::ﬂ\U}Hii cau u

e cuc| = ccol.  cac cec |, ¢
: ] Bl | F
| i
Protein: N- met-pro-leu -C |3 0° o o= %o ©¢2
. :AUG}IIQ Acc | o Mac [Asn aag fser ¢ &

A aua ACA [T apa AGA ]_ A

| AUG Met ACG aa [s aga [A0 g

| quu Gou oA, o u

|Qucl,, ©oC|,, GAC A%® Gac | ©

GUA GCA GAA} G, GOA A

| aua GCG GAG GGG G

10/22/2019
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15.1) Mutations:

Heritable Changes in Genes

@ ®) Mutation,

» Mutations in DNA are often IRV, mmo?mm
expressed as abnormal proteins. ,“\",\,V*\,\,\N :
* However, the result may not be é -

easily observable phenotypic e ot i e
changes. e ©
vaJva MAAAAN
» Some mutations appear only under certain 5. &
conditions, such as exposure to a certain e s Py et
Codes for a nonfunctional protein Codes for a protein with new function

environmental agent or condition.
— = CONDITIONAL MUTATIONS
— Eg: Temperature-sensitive, salt-sensitive, pH-sensitive

— Normal unless moved to “restrictive conditions” (vs.
permissive)

FE 106, Figure 15.1
514 St i b

el

strand
erans:nDl ion

clulsiche) ]
;Tra"slmnoﬂ

e QOODOT

(8)
Silent mutation

Mutation at position 12 in DNA: A instead of C

strand
lTransanl on

&Tﬂanslaboﬂ

o QOODST

Result: No change in amino acid sequence

(C)
Mutation at position 14 in DNA: A instead of T

e -
omgiste * DO CCCOCCCC AR

strand

rranscn ption
mANA I o
el s ey by gl
¢Tﬂnslalm

erse QOGO

Result: Amino acid change at position 5; Val instead of Asp

LIFE 10e, Figure 15.2
22014 Sinauss i 1o

e L dcpdclohondclolalclol 113
template

mAna  5'E 3

(&)

DNA 3 5
empste U E B CC NS CACUORUE

)

.
Mutation at position 5 in DNA: T instead of C ]

DNA 3 5

template HEHETEEN GRCIch IAJAL

=TT Mutations

fe *Point mutations
(silent, missense,
nonsense, or frame-shift)
result from

Mutation by insertion of T between bases 6 and 7 in DNA

b cETTTTETTTITTITn  alterations in
= b ~ single base- pairs
_V_JFV_JLV_JF:H;;':V—’W—’ Of DNA_

s QOOSOO®
o

Result: All amino acids changed beyond the point of insertion

Polypeptida SZ=

Result: Only one amino acid translated; no protein made

— Missense: eg:
Glu->Val in HbA>
HbS (sickle Cell)

— Only a single bp
change!!
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Mutations in a gene’s coding sequence
can alter the gene product

(a) Types of mutation in a gene's coding sequence Hartwell

Wild-type mRNA 5 GCUGGAGCACCAGGACAacauGaa 3 (2004),

Wild-type polypeptide N Ala Gl Ala Pro Gly Gin Asp Gy C o aticg?

Silent mutation GCU GGA GCC CCA GGA CAA GAU GGA

Ala Gly Ala Pro Gly GIn Asp Gly Fig. 8.27 a

Missense mutation GCU GGA GCA CCA AGA CAA GAU GGA

Ala Gly Ala Pro Arg Gin Asp Gly

Nonsense mutation GCU GGA GCA CCA GGA UAA GAU GGA

Ala Gly Ala Pro Gly Stop

¥
Frameshift mutation GCU GGA GCC ACC AGG ACA AGA UGG A

. et e At At At At et

Ala Gly Ala Thr Arg Thr Arg Tip

1. Silent/ synonymous mutations do not alter the amino acid specified.
2. Missense mutations replace one amino acid with another.

3. Nonsense mutations change an amino-acid-specifying codon
to a stop codon.

4. Frameshift mutations result from the insertion or deletion of
nucleotides within the coding sequence.

Codons & Deletion Mutations

Wild type CAT CAT CAT CAT CAT |- DNA

- FAT CAT ATE THE RAT | * Words
One deletion| | CTC ATC ATC ATC AT analogy
- FTC ATA TET HER AT. &

Two deletions| [CTATCATCATCAT >>Junk!
« FTATAT ETH ERAT ..~

Three deletions | | CTA TAT CAT CAT Back into
- FTA TAE THE RAT ... HCCREL

« Insertions or deletions (= multiple of 3), cause shift in reading frame
*= “Frameshift Mutation”-> all codons downstream are JUNK!
*=> inactive protein!
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B. Chromosomal Mutations

* Chromosomal mutations
involve large regions of a
chromosome.

a) Deletions

b) Duplications
c) Inversions

d) Translocations

> Telomeres:

* Protect & preserve chromosome
ends during replication

* Identify ends of chromosomes
for breakage repair machinery

(A [ peletion is the loss of a chromosome segment. |
)

BHABCDERGC B d A B ERG
A
m (lost)

la ~
®) Duplication and deletion result when homologous | /__.and swap

| chromosomes break at different paints... J segments

\

t/ V4
= n BloDEFRT /
—_—
ABCDOGDERE
}

- N
© Inversion results when a broken
segment is inserted in reverse order.
& “

e
— > GO

@ N
© Reciprocal translocation results when nonhomologous
| chromosomes exchange segments,

\& . J
¥ S
SCTLITI
—
OSUENNLD  @COEELE
+

LIFE 10e, Figure 15.4
22014 i cail

C. Mutations = Spontaneous or Induced

1) Spontaneous mutations occur
because of instabilities in DNA
or chromosomes. Rate: 10 to 10-°,

» Or replication errors.

2) Induced mutations occur When e swssamsin
an outside agent damages DNA.

» = MUTAGEN

— Altered form of C now favorably

pairs with All
* C*—A pairs!

(C) The consequences of either mutation

\

- -AATGCTG: -+ Il - --AATGCTG--- I
- *TTACGAC:** [l > - *TTACGAC:** [l

Original sequence

(A) A spontaneous mutation

" Fig. 15.5

H
‘ "
N
& v “H
! T

Cytosine (common tautomer) ~ Cytosine (rare tautomer)

Tautomer of C

H
"
~H o
N N Deamination by N N
- HNO, ' H
o] o

Deaminated form of cytosine (= uracil|

gure 15.5 (Part 1) .
Template
strand Il - -AATaCTG---
7 --TTAcGAC I
Ml - --AATGCTG: =+ Il
WsTmacAact il caataTTGs I
/ T+ TTACAAC: -

Newly replicated

strands Mutated sequence

- -AATGCTG: I Replication
-+ -TTACGAC Il is normal
Template /
strand
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