Translation: The last step in the transfer of information
for gene expression.

Who are the players?
MRNA (processed in the case of Eukaryotes)
Ribosomes (rRNAs and proteins)

tRNAs (the predicted intermediate that is covalently bonded to
amino acids)

al  E coli fRNA transcription unit Prokaryotes
Interna| Internal 3 Terminator
spacer spacer /
165 rRNA gene 235 rANA goene P rRNA SRACET
5, gene —— /
DNA . 0 ] -
~ W . .
5' spacer One or two IRNA genes One or lw'i'a tRMA ganes

Promoter

bl Processing of pre-rRNA

Pre-rRMA transcription
unit (p30S RNA}

are in this spacer

Transeription

T
5
Fﬁ\‘—:n k2
5 165 Y

55
Internal
Spacer

spacer Internal
Spacer

Pre-rRNAs {a few nucleotides
lenger than mature rRNAs)

PIBSEL — — —E  p23SE

235

sometimes found in
this spacer

3
spacer

RMNase 11l cleavage

165

235

—B8 55 .::-;

i rDNA repeat unit Next ribasamal

DNA repeating

Ribosomal DNA repeating unit unit Eukaryotes
Ribosomal DNA tr iption unit
5.85
185 (RNA RNA
gene gene 245 rRNA gene
ona T | BN 5 I
NTS | ETS | |\TS | ITS | ‘ETS

Transcription —— __.‘

A fourth gene, 5S
rRNA gene is located
elsewhere

5] Processing of pre-TRNA
Transcription

455 pre-rRNA
185 5.85 285

i . ‘ -

I ETS s ETS

|

Cleavage

415 pre-rfRNA l

Cleavage
208 pre-rfRNA 328 pre-rANA
= !
‘ folding = N iehe
v Cleavage
185 rANA
E——
5.85 rRNA 28BS IRNA
Hydrogen-bonded
10 285 rRNA in

=
mature ribosome  5.85 rANA

55
s o i
Maldive ik econdary processing
[— =1 ==
168 235 55
Prokaryotic ribosome Eukaryotic (mammalian) ribosome
31 ribosomal ",'_,L,Jceq s~2s. 21 ribosomal 33 ribosomd
proteins Peb 3w Fefice proteins proteins
R SCEd
Sesey Tafe
BIPHS -
55 A=C-< @
rRNA
168
rRNA
185
rRNA
238
rRNA
505 O 308 Note, all
subunit subunit  rRNAs form
& 9 secondary "™
603 405
structures subunit subunit
=, & n
20 nm
70S ribosome
I_V_‘
24 nm
What you need to know: ProK EuK RS ussma

Large Subunit
proteins

23S + 58 + proteins

28S + 5.8S + (5S) +

8/25/2010



Important Regions:
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There are two unusual pairings that can occur between the 31
base of the codon and the corresponding base of the anticodon.

1) Inosine is a modified adenosine in the tRNA. It has unique
and varied pairing capabilities when in the 3 position of the
anticodon!!!

I=(U, C,A)
2) G=U

Which sequences or molecules are NOT involved in RNA
processing in Eukaryotes?

A) 5-GU...A...AG-3
B) 5'-TATAAA-3

C) 7mG

D) 5'-AAUAAA-3’
E) snRNA
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mRNA codons
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Fig 13.22 Base pairing between the anticodon
of alanyl-tRNAA'2" and mRNA codons GCU,
GCC, and GCA according to Crick’s wobble
hypothesis.
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*Each triplet nucleotide sequence or codon refers to the nucleotide sequence in MRNA (not DNA}

that specifies the incarporation of the indicated amine acid or signals polypeptide chain termination.

Charging the tRNA (attaching the correct
aa) Aminoacyl tRNA synthetases

Amino acid ATP
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Figure 15.5

How do these enzymes recognize proper aa and
tRNA?
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Anticodon —I: y)

Fig. 1 (left). Major identity
clements in four tRNA's.
Each base in the tRNA is rep-

Gl “”S-.?T} a:a°°°°°°° 33 resented by a circle. Filled cir-

%eo““ou cles indicate positions in the
cloverleaf that have been

g § shown to be identity elements
© for the cognate AAS. In each
case additional identity cle-

ments may yet be discover-
ed. Fig. 2 (rlght) Location of clements in the tertiary structure of

tRNASer tRNAN2

tRNA. A representation of the x-ray crystal structure of veast tRNAP is
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Translation in
Prokaryotes

1) Small subunit of ribosome
binds to mRNA (IF3 keeps
subunits separate).

How does the small subunit of
the ribosome recognize a
mRNA?

A +P
GDP

Shine-Dalgarno or “GAGG” sequence.

GAACGCUAC E. colitrpA
GCGAUUGCA E. coli araB
CGAGUGUUG E. coli thrA
AAACCAGUA E. colilacl
GUUCGUUCU X174 phage A protein
UCUAAGACA Qp phage replicase
CGAGCUUUU R17 phage A protein

GAACAACGC A phage cro
[ J | J

Shine-Dalgarno Translation
sequence initiation codon
mRNA —M 4

5 --AACACAGGAGGAUUAUCCAUGUCGACUCGTAU -3
[IRIIRI RTINS
gulCcCuCCy,
Gh ¢
W E—
PUUGGECGUCCAAGGGGGAUGCCAA 5

3 Region of
165 base-pairing Terminus
rRNA

Base-pairing between the Shine-Dalgarno sequence in a
prokaryotic mRNA and a complementary sequence near the
3’ terminus of the 16S rRNA is involved in the formation of
the mRNA/30S ribosomal subunit initiation complex.

Pairs with Pairs with
165 rRNA initiator tRNA,
1) Modified N-

formylmethionine-tRNA
is placed in the peptidyl
“P-site” of the small
subunit. Only tRNA that
directly enters P-site!!

IF2 and IF1 involved.

* Large subunit joins the
party
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a)l Adjacent aminoacyl-tRNAs

4) New aa-tRNA enters
the Aminoscyl “A site”

5) 23S rRNA is the
Peptidyl transferase
and catalyzes the
formation of the
peptide bond.

The formation of a peptide bond between the first two amino acids (fMet and Ser) of a polypeptide chain is catalyzed on th
ribosome by peptidyl transferase. (a) Adjacent aminoacyl-tRNAs bound to the mRNA at the ribosome. (b} Following
peptide bond formation, an uncharged tRNA is in the I site and a dipeptidyl-tRNA is in the A site.

al Adjacent aminoacyl-tRNAs

b) Following peptide bond formation
cHy

Peptide bond

Peptide bond
3 4 formation catalyzed
| by peptidyl transferase
08 1 i
subunit ﬁ—b
P site codon with Next codon P site codon with
Met-tRNA. IMet (Lysine] uncharged tRNA

A site codon A site with
dipeptidyl (RNA:
i.e., fMet-Ser-tRNA. Ser

with Ser-tRNA.Ser

6) Uncharged tRNA released and Ribosome
translocates forward with peptidyl-tRNA moving into
the P site

Pepti
formi
08 R
subunit | aog 4 —
P site codon with Next codon
TMet-tRNA. fMet Roarcsdon {Lysine]
with Ser-tRNA_Ser
Amincacyl-tRNA
EF-Ts
—O0
NH,-fmet

Peptidyltransierase

7) Process continues, elongation factors
(EF) bring new aa into A site.

(d

(&)
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8) Release factors (RF) bind
to stop codons and cause
break-up of the complex.

Party Pooper!

Eukaryotic Translation

Process is similar to Prokaryotic, but generally more complex
(and less well understood). Some basic differences are:

1) mRNAs are long-lived (generally hours vs. minutes, but
this is variable). Cap and tail aid this longevity.

2) translation occurs in the cytoplasm away from
transcription.

3) there are recognition sequences for translation
initiation analogous to Shine-Dalgarno (GAGG); Kozak
sequence (5'-ACCAUGG-3’). This plus the 7mG Cap are
essential.

4) met not fmet is the first amino acid, a special tRNA is
needed; tRNA;Met

5) In general more complicated with more IF and EF
proteins involved.
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Nontemplate strand

Template strand

DNA

Recognition sequences for RNA polymerase (promoter)

(a)

1 =
TGTTGACA
ACAACTGT

)

-35

(c)

h A
- ik
| | b
|
Initiation
) site
_TATAAT A
ATATTA T
-10 +1
tl
mAna —» R - -

| TN, LANSTA
‘ = 17 A A 1G] N ..
| A . ci“‘ AfdY Skl M(;I .
|\ T AMUNATY AL
| .
i | Tal {1 T ‘.:(i; [
Coding sequence of struct
E: ge length about 100}
Initiation
site
[re=mmen f
TATAAT A - ATG
ATATTA T
| B e TAC
-10 +1 Ribosomal TranscnpuonI
5, binding site
mANA 5 - eee

Translation

8/25/2010

Protein chain




P

Transeription l

R T——

:

11

T
OO0

AR A La%Fg | T Gl A ¢ 1
‘G% AlG ...r,:c\ é{\‘ (':\A V1A %‘? C .ud |
SN of SHINALY NG L AN
Tcn CC\:\ | w“«G‘ |_{_‘-? i t6 ‘.A? G IA
; ! : A
Coding sequence of structural gene
~{average length about 1000 bp) S— — ;f:glr:;’nancn
i
TAA GCCCGC...GCGGGC
ATT CGGGCG...CGCCCG
o]
o G
v A
Stop B Mens
codon A-—C-G—A
U—c-9—-AWE
o T e S e e S
G-
~CCCA" WUUUULUY - OHY|

Hairpin or rho

~

DNA
b,
-
16Sw
Large
" tibosomal
RNA subunit
= Small
ribosomal
subunit
acid 4 Ribosome
[
- &
Co g *
\
Protgin
|
‘\\_ Cell membrane

{a)} Prokaryote

8/25/2010

o\ |
‘ ‘ : | |4 [ \8
| | | i ] |
Chromosomal DNA Recognition sequences for RNA polymerase (promoter)
(@)
Initiation
site
Nontemplate strand f—— —— . #
TGTTGACA _TATAAT, A
ATATTA T
Template strand Lt
.35 (b -10 +1
DNA 5
mAna —» [N - - -
(©
L ipti P ing  Transpor to Translation
- i : . ]
/ s Amino acid mANA
RNA polymerase Il IRNA ", - m
"uy = Protein
R e ‘m
Large Charged .
ribosomal &
ANA sutunit aminoacyl Ribosome
tRNA

I 28s|

TR <+ 5S |

RNApol | e @ 55 |
1850 — @B |

Small |

. fibosomal |

synthetase

toplasm
ENApol 1 1 tailypunit o
0
«SNRN
Intron — =
Exon splice :
Nugle
X mANA g
Primary 5 7TmG
transeript o
7 cap Nucleus
Cell membrana
(b} Eukaryote




T P x =
NN NN N TN TN A
. Tl‘a-nk.r[plibn ‘ 1 I'h:g\.:hll;.ll: el

e . ranscription.. |

. Control of Gene Expression
Transcription

) .| Processing (Eukaryotes only)
Pre-mRhA (primany rascnpt)

Nuclear export (Euk. Only)

! * o v | 2 Aeguistign * ° .
. \ A ‘ ol ;ppl::im; amd, | Translation
SE b precasiiii .
- s Lo+ e . .-F""'""P .
«Lap —

Recognition by Ribosomes
5’UTR such as

s Hucleus : B2 Ib::gu:-mlur" L0
l-“ e et rl Shine-Dalgarno (Prok) or
v\ Kozak, 7mG (Euk)
Phuac |ear Muiclear
iiDiEie pore Secondary structure in 5’

@ 7l 3’ UTR poly A tail, interactions 5’end
Croplem ke * AN (Euk only)

Tranilation 5. Translational
ragulation

Degradation of mRNA

miRNAs (antisense sequences)

Protein & activiey | SIRNAs ... (Euk only?)
product oy — [protein

Mendelian ® Genes on DNA @ RNA = Proteins = Mendelian
Traits Traits

Let’s now begin to make the connection between genes and
traits.

What is the relationship between the genotype and the
phenotype?

We will do this by looking at the genetic basis of some well
known traits.

A. Garrod 1902, 1908 Inborn Errors of Metabolism

For Alkaptonuria he recognized that afflicted had a build up of
homogentistic acid (alkapton). He speculated that either:

1) alkapton was an abnormal product formed by “perverted”
metabolism of tyrosine (Gain of Function Mutation),

2) intermediate by-product of normal metabolism caused by a
block in a pathway (Loss of Function Mutation).

Experiments:

Fed tyrosine and phenylalanine to Alkaptonuria patients and to
normal people (himself).

Alkaptonuria people had more alkapton, normal had constant
levels.

Concluded alkapton is normally metabolized.

G o - After examining many cases
(e.g. albinism), Garrod
concluded:

Hereditary information controls
chemical reactions and
metabolism in humans.

Inherited disorders are the
result of genetic errors
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e + — & —» E  Beadle& Tatum 1941
'a‘lﬁ} o E & Working with bread mold
gl (Neurospora).
3 7 o 2 %_
o T " l»_ - “One gene, one enzyme”
| | . .
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l ! A : . In which pathway is the
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+ +
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{ Complementation tests and
© T T 1 ; 1 pathway analysis (adding known
aa precursors to tease apart
steps in pathway).

] An electron micrograph of collagen fibers, the most abundant protein found in vertebrates,
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Complete Minimal Minimal Minimal Minimal Minlmal Collagen is the most abundant protein in vertebrates, yet it is not an
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(d) Quarternary structure )
Heme group Even some proteins
pare made up of Enzymes
polypeptides from
multiple genes!

Proteins encoded by gene have diverse functions:

Structural Proteins

Contractile Proteins
More commonly the

X Transport Proteins
statement is:

Immunoglobulins
“One gene, one
polypeptide”.

Histones

Is thi rrect? . .
s this correct Proteins have complex structures allowing them to carry out

the diverse functions.




Bovine Insulin -- secondary structure
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Fha-Val Ins HigeLaus Cyse Gly-Sor-His-Leu-Val-Glu-Ala-Lau-Tyr-Lau-Val-Cys-Gly-Glu-Arg-Gly-Fha-Pho-Tyr-Thr-Fro-Lys-Ala
5 15 E 2 3

Disulfide bonds between Cysteine amino
acids

(a) Alpha helix (b) Beta-pleated sheet ~ Folding patterns and tertiary
structure are important for function

Normal PrP Infectious PrP

KW
Hydrogen bond _—0atom
Covalent bond —_ /
C atum of carboxyl group
Central C alom — lom

' — H atnm
— Hydrogen bond

Prion Diseases S. Prusiner 1997 Nobel Prize working with “Kuru”

Mad Cow and Scrapie Disease: Bovine Spongiform Encephalopathy
(BSE), Creutzfeldt-Jakob Disease (CJD)
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