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Lecture 25 (11/16/20) Nucleic Acids
TODAY

*Reading: Ch25; 990-995, 1005-1012

Ch26; 1035-1038
Ch27; 1077-1085, 1092-1096

*Problems: Ch25 (text); 1-3,5-7,10,13-16,12

Ch25 (study-guide: applying); 1,4
Ch25 (study-guide: facts); 3,4,6
Ch26 (text); 1,2,5,6,12

Ch26 (study-guide: applying); 1
Ch26 (study-guide: facts); 1,3,5
Ch27 (text); 6,7,9

Ch27 (study-guide: applying); 1,3,5

NEXT

*Reading:  Ch27; 1088-1091, 1096-1108

*Problems: Ch27 (text); 5,8,10,11,13,16,17  E.Transcription
Ch27 (study-guide: applying); 2,3 1. RNA polymerase

S . 2. fidelity
Ch27 (study-guide: facts); 4,6 F. Translation
1. Genetic code

2. tRNA
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Transcription
Nucleic acid function: Central Dogma

transcription

Transcription
MRNA structustcg

AUG Codon
: e ... AAAAAAAAAA
JUTR PEN READING FRAMEf 3°.UTR
° UTR R (ORF)
...mai:;,. Start of End of

&don % Translation Translation

UGGAGUGAAACGAUGGCGAYU

araB UGGA

galE “AGCCUAAUGGAGCGAAUUVAUGAGAGOU -

::Iz - AAUU(AGGGUG@GAUU:U:AAACC-A- ) y .
~UUCACACAGGAAACAGCUAUGACCAUG -

o s —uns el s Aot S STk 5’ cap and 3’ polyA tail

X174 phage Aprotein - AAUCUUGGAGGCUUUUUUAUGGUUCGUT
R17 phage coatprotein - UCAACCGGGGUUUGAAGCAUGGCUUCUR

Ribosomal 512
Ribosomal L10

trpE
trp leader

-AAAACtAGOlG('AUUUAAI‘.G(AACA-‘: o oW
~CUACCAGGAGCARAGCUAAUGGCUVUUA-, "

~CAAAAUUAGAGAAUAACAAUGCAAACA-
~GUAAAAAGGGUAWCGACAAUGAAAGCA-

AAGGAGGU

Sk % poly(A) polymerase (PAP) (PABP 11)

poly(A)-binding pro:gein

11/16/20



Transcription
MRNA structUStrOS:

AUG Codon

n )
5-UTR PENRE/(\)[::\:IG FRAMEf 3°.UTR
prokaryotes  shine-Delgagho (ORF)
- Start of End of

i cBdon Translation Translation
araB “UUUGGAUGGAGUGAAACGAUGGCGAUVU -
galE “AGCCUAAUGGAGCGAAUUVAUGAGAGUU -
lact -CAAUUCAGGGUGGUGAUUGUGAAACCA -
locZz “UUCACACAGGAAACAGCUAUGACCAUG-
Qf phage replicase “UAACUAAGGAUGAAAUGCAUGUCUAAG~
X174 phage Aprotein - AAUCUUGGAGGCUVUUVUUUUVAUGGUUCGU -
R17 phage coatprotein - UCAACCGGGGUUUGAAGCAUGGCUUCU -
Ribosomal 512 ‘AIAACCIGGDGC*AUUUIA".GCA‘CI‘
Ribosomal L10 CUACCAGGAGCAAAGCUAAUGGCUUUA-
trp€E ~CAAAAUUAGAGAAUAACAAUGCAAACA-
trp leader -GUAAAAAGGGUl‘l(ﬁl(llu‘lllﬁ‘l-

AAGGAGGU

Transcription
MRNA structusag

AUG Codon
- —_——— ...AAAAAAAAAA
5> PENREADING FRAMEf 3°-UTR
5-UTR onh)
eukaryotes 5-cap 3"-Poly(A)

Start of End of
Translation Translation

5’ cap and 3’ poly(A) tail

poly(A)-binding pro:gein
poly(A) polymerase (PAP) (PABPII)
(a)
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Transcription

Proc_e_ss_: RNA Polymerases need 3 things:
eInitiation *NTPs
*Elongation «Template
Termination *Place to start (NO primer needed)
(RNA)n residues +NTP = (RNA)n-H residues + PPl
}/ H,0
(5) CGCTATAGCGTTT (3') DNA nontemplate (coding) strand
(3') GCGATATCGCAAA (5') DNAtemplate strand
2P;
What is the sequence of the Nomoow
newly synthesized RNA strand? . W | iy \L

5’-CGCUAUAGCGUUU-3"

8 e ¥ gowts

Direction of transcription

DNA strand
Template Nontemplate

Promoters  Transcription
Prokaryotic Transcription — Initiation (a place to start)

Operon -35 region -10 region Initiation
(Pribnow box) site (+1)
lac ACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGG

lacl CCATCGAATGGCGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCGGAAGAGAGTC
galP2 ATTTATTCCATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTATTTCATACCAT
araBAD GGATCCTACCEGACGETTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTTTTT
araC GCCGTGATTATAGACACTTTTGTTACGCGTTTTTGTCATGGCTTTGGTCCCGCTTTG
trp PTCGACAATTAATCATCGAACTAGTTAACTAGTACGCAAGTTCACGTA
biaA SGTGTTTTTEGTTGTTAATTCGGTGTAGACTTGTAAACCTAAATCTTTT
bioB CATAATCGACTTGTAAACCAAATTGAAAAGATTTAGGTTTACAAGTCTACACCGAAT

tRNA™  CAACGTAACACTPTACAGCGGCGCGTCATTTGATATGATGCGCCCCGCTTCCCGATA
renD1 CAAAAAAATACTTGTGCAAAAAATTGGGATCCCTATAATGCGCCTCCGTTGAGACGA
rrnEl CAATTTTTCTATTGCGGCCTGCGGAGAACTCCCTATAATGCGCCTCCATCGACACGG

rrmAl AAAATAAATGCITGACTCTGTAGCGGGAAGGCGTATTATGCACACCCECGCGCCGETG

Initiation

~35 region 10 region site

S TNGIANCEAT ... 16-190p... T AT ATAIT ... 5-80p ... 0A
e 69 79 61 56 54 54 77 76 60 61 56 82 c¥r
(Coding strand) 5 G 4

* RNA pol requires signal
to begin transcription
* why?
» o factor recognizes
promoter region of a
gene/operon (10 & 35 regions)

» o factor-RNA
polmerase complex
work together to
transcribe DNA at
specific start sites.

» Once o factor
interacts with —10
element, the
complex unwinds
DNA ~2 turns (open
complex).

Called the “Holoenzyme”




RNAP Complexed With Promoter

-10 Element

3| Coding
strand

1
5 Template
strand

Transcription
Mechanism ~ Inhibitors of Transcription

°

CHy R

RifamycinB Ry = CH;007; Ry = H Premamatone| (2SS
N i o
Rifampicin Ry =H; Ry=CH=N N—CH3 system | o Y e
s | &

» i
) o . _ o Actinomycin O
= -
P -
H Pn -
My ,cu—-eu?ono
e . . 4 e I P
Inhibits elongation at first Py il o 2
. - - CH3
phosphodiester bond PPy o,smon ..4_4.
L . -7 HO ) o 4|:n,"o ot
!nthItS eI_ongatlon by g_g_:_g_é_;}_c_m_m
intercalating O CHy—CONH,
a-Amanitin - 2
. v S
Inhibits EUKARYOTIC RNAPs (only 1 &1l =~ Ao e ompox
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Transcription

RNA Polymerase Structure RNA pol is a multi-subunit enzyme

(0,pp'@0)
These subunits make up the core
complex:
» two a subunits make non-specific
contacts with DNA for positioning
+ the B and B’ subunits catalyze the
addition of ribonucleotides to the
v growing chain
% ) | ¢ y » the w subunit acts to stabilize the
N L) I 2 complex

O 34 2

rpoA Non-specific DNA binding
3 B rpoB 150 1 Polymerase
() H
3 '-. B’ poC 155 1 Non-specific DNA binding
F ) Template DNA '-: & polymerase
Nascent RNA 2

Coding strand DNA  © Sl I I
RNA-DNA duplex is in the A-form o rpoD 70 1  Promoter recognition

It uses the same mechanism for correct W-C bp and fidelity Rate is ~ 50 base/sec
Therefore, error rate is the same 1/10,000

No proofreading
Processivity is ~2000 bp

Transcription

Eukaryotic RNA Polymerase || Conformations

Also, the p’ homolog has a
disordered CTD that is
phosphorylated
In going from ~ 9 - O
Initiationto /G208 J 2
elongation

Closed conformation

Coding
strand

Entering DNA
(downstream)
Template
strand

Yeast RNA polymerase
L PDBId 1150
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-

there is a mispaired nucleotide, or

Funnel

Transcription
Eukaryotic RNA Polymerase || NTP sites (A & E)

Transcription

+" Upstream DNA

j—1 i+1

i Pol Il
Backtracking
RNAP is very sensitive to the RNA 1
helix shape in the active site. If exit 3 % P rOOf re ad I n g
--------------- %, Downstream DNA

even a deoxy nucleotide, it stalls
(as well as at damaged DNA).
The helix unwinds and the 3-end
of the RNA goes into a P-site.
Other subunits/proteins hydrolyze
RNA at 3-end.

3

Hybrid 5

Metal A © *

RNA exit P-site
3 & (backtracking)

RNA I:smlymerase n
PDBid 2E2H
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Transcription & Translation

Nucleic acid function: Central Dogma

translation

TABLE 26.1 Some Noncoding RNAs

Type Size (nt) Function
Ribosomal RNA (rRNA) 120-4718 d catalytic activity)
Transfer RNA (tRNA) 54-100 livery of amis

Small interfering RNA (sIRNA) 20-25 Sequence-specific inactivation of mRNA

Micro RNA (miRNA) 20-25 Sequence-specific inactivation of mRNA

Large intergenic noncoding RNA (lincRNA)  Up to 17,200 Transcriptional control

Small nuclear RNA (snRNA) 60-300 RNA splicing

Small nucleolar RNA (snoRNA) 70-100 of rRNA

Table 26-1
©2013 Joha Wiley & Sons. o Allrights reserved.

Translation: The Genetic Code
Recall: Genetic Code is Degenerate & Nonrandom

it

Gold = hydrophobic amino
acids; pyrimidine at second
position

Polar amino acids (blue =
basic; red = acidic; purple =
uncharged polar) have purine
at second position

How was the Triplet
code discovered?

e » A e & » A e o » A e o » A e




Translation: The Genetic Code

ORFs THE EIG RED FOX ATE THE EGG
If one base is deleted: THE |GR EDF OXA TET HEE GG
If one base is then inserted: THE IGR EDX FOX ATE THE EGG

First reading

frame start
Second reading
frame start

Wild-ty

H

ci

-0

Third reading H H H H H H H

frame start Base added 5 E ; E E E :
“U-ACU-AC-U-A-C-U-A-C CATCATERCATEATCATCATCATCEA
1 AR R L R gl gt 0

| @y—@yD)—@yp)-++ First reading ! ;I ! : ' ! !

frame Base removed i E L E E :
'._“...Se(ondreading CATCARCATECATLTEATCATCATC
frame sl et SR ad: el S JA e e

w)—Lew)-++ Third reading Base added, : i 5 i ‘(-) E E E

3 frame base removed | ' : i : H H
CATCATOCATEATATCATCAT CAT
P A A S T Al R
Brenner & Crick Experiment: E # IW

Wild-type cistron

i : i ! The regain of function for the triple mutant told Brenner and
Theer bases addod i i i i : i Crick that it was a triplet code, uninterrupted.

Translation: The Genetic Code

Key Developments:

1. Chemical synthesis of nucleic acids

2. in vitro protein synthesis @/Radioactive amino acid
<

!

Nirenberg (NIH) \ \\ Trinucleotide
1. First codons used Polynucleotide _ :
Ribosome

Phosphorylase (NDP = RNA + P)) to
make RNA in vitro: poly-A, poly-C, /
etc.

Filter

Result:
UUU=Phe, AAA=Lys,
CCC=Pro, GGG=Gly

2. Chemical synthesis of defined triplets.
*Use ribosomes and charged tRNA with
different radioactive amino acids
*Mix and filtrate - only those amino
acids with correct tRNA to
complementary “mRNA” will complex
with the ribosome  Result: 50/64 determined
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Translation: The Genetic Code

Key Developments:

H H - . Repeat unit Coding pwoneries of polynucleot:oes  Eanected ovoduct
1. Chemical synthesis of nucleic acids
uc UCU CUC UCu CuC Single seauence

2. invitro protein synthesis PPt resective of pnate

Khorana (MIT) A

*Chemical synthesis of repetitive RNAs
by first making small overlapping
complementary DNAs, ligating, and
using RNA polymerase to make
corresponding repetitive RNAs.

*Add synthetic RNAs to in vitro protein
synthesis cocktail with radioactive
amino acids.

*Analyze sequences of the radioactive
protein produced.

Result: nearly all codons determined, but
some remained ambiguous.

Combined data from Nirenberg established
the CODE.

This method was only one able to determine
the stop codons.

Translation: The Genetic Code

Key Developments:
1. Chemical synthesis of nucleic acids : e e s
2. in vitro protein synthesis : = wreioectoe of prase

Khorana (MIT) Bl

Repeat unit Coding rwonertes of polvnucleotoes  Eanected oroduct

AAG AAG AAG AAG AAG Ditterent seauences
+Chemical synthesis of repetitive RNAs TV n—
by first making small overlapping .
complementary DNAs, ligating, and ey
using RNA polymerase to make S
corresponding repetitive RNAs. s
+Add synthetic RNAs to in vitro protein 2. 0 S
synthesis cocktail with radioactive
amino acids. e aientin IR
*Analyze sequences of the radioactive WO
protein produced_ GauA r'._‘f_. AGA UAG AUA GAU AGA UAG AUA ‘.“.‘.."'..L?‘.‘.";‘-‘M
Result: nearly all codons determined, but s G e L3 ooerg 10 H00C
some remained ambiguous. R o
Combined data from Nirenberg established Use of repeat polynucieondes for deter- |
the CODE. e sa msenoers & i I Conpsncaon wan 8 900 |

. . ten-synihesizing system from E. colr. The polypeptide |
This method was only one able to determine  cranssroduced were isolated anc anaivzea and the !

composdion dehned the cooing propertes of the con-

the Stop COdonS. z;.n;r’-nqlm (Acaptea from Khorana G Harvey Lect

11/16/20
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Translation: tRNA

)
A
€ Amino acid
¢ arm (O Constant nucleotide g;’o"
5 Pu ) Constant purine 5" (© Acceptorstem
PG or pyrimidine A
- .»c
1 —G
cn
TUC arm :“
DHU arm o2,
Pue U c Y v 5
§ Neh %
(G), y
o N s® X-Ray Structure of
Yeua 0

W Extra arm
Variable in size,
not present in
all tRNAs

Yeast tRNAPhe

Cantains
two ar more
DHU residues
at different
positions

11/16/20
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Translation: tRNA
Acylation = Charging of tRNA

THE KEY ENZYMES FOR THIS ARE THE
Aminoacyl-tRNA Synthetases

‘ 3'End
\ [ J
/ @

2 Acceptor Stem

\
A\

N ‘ Anticodon
.o

E. coli GINRSRNASR-ATP G ?
PDBids 1GTR N Observed

Translation: tRNA

Class | and Il Aminoacyl-tRNA synthetases

Minor groove;
s Makes 3’-end

£ *« a hairpin
l. p

Major groove;
3’end remains helical

tRNA Classes of Aminoacyl-tRNA Synthetases tRNA
é Amino Acids (I)
| Class| Arg Leu O*FI’—O*CH
=p—0— a 2_0. i
o Fl’, O0=CHz o Adenine Cys Met (')» 7l Adenine
o H H Gin Trp H
Ho) H Glu Tyr 3 |2
2l of e val o o
c=0 Class I Ala Lys c=o0
H—1|:—R Asn Pro H_(I:_R
| Asp Phe [
NH3* Gly Ser NH3
His Thr

N ——

11/16/20
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Translation: tRNA

2 step reaction: Aminoacylation: 2 steps ..
1) A.A.+ATP > AA-AMP + PP; |
2) AA-AMP + tRNA = AA-tRNA + AMP ?
(AA-tRNA is shown at right = “charged” tRNA) 0=FI’-—— 0—CH2_o_  Adenine
L ! o H H
Again, just like with DNA and RNA synthesis, subsequent HO) H
hydrolysis of pyrophosphate provides driving force for reaction 30 02H
H O
R—C—C—0- + ATP (|f=0
NH3 |
Amino acid 1. The amino acid reacts with ATP to H=C—R
}» form an aminoacyl -adenylate |
PP, i 1-AMP). The sub: NH3+
o o e 1 oacyl
R—C —C—0—P—0—Ribose-Adenine i ’ Amlnou‘y -'R"A
NH{ 0 First % reaction is sequential random bi uni

Aminoacyl-adenylate
(aminoacyl-AMP)
2. The amino acid, which has been
tRNA 4 -
“activated” by its adenylation, AA-tRNA
AmpP reacts with tRNA to form an

H O aminoacy!-tRNA and AMP. A.A. ATP PPI tRNA AMP
R—C—C—0—1tRNA
NH; E EeATPeA.A. 1 EeAMP-A.A. l I E
Aminoacyl-tRNA EeAMP-A.A.+PP,
i *

ATP  AA.
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