NUGAEAS INLAN S

A9. 522 ANTZIUNT




v/

6 = A
ANUTTEIANTITLIUUS

wialininAnwrlinnudanudilaneafiuanuiiugruneinuiugansiuanalulssnu

&9 9
o
faluil
1. @15WUFNTTY 3. DNA inlvilinaneauenenugnssulaogials
* N15VAABINEUEUIT DNA Wua1swugnIsy ® The central dogma

v 1 1 ~ a [ ] . .
* ANENUR Mi8Ea8VaINIAllIAGDN naln Transcription

Y * naln Translation
* Ta596579 DNA uaz RNA
4. msﬂfmqumsv‘hafmmmﬁu (gene regulation)
* 53AU DNA
* 530U RNA
= ¢ 1 d' d' v
* Tushunaziaulelanegiineadag * 536U protein

2. N1991899A2189U9 DNA

* N13531989ALBMUUAIYTNY



ANS1EIATUDTULNULA

CAMPBELI

BIOLOGY
WASSI zr]i.x} \1\‘ i- \ :: \i":“‘l: r ", \-i|\\\ KSON




1. #15WUFNITY

AMEANUAYD ST TWUTNTIH

@ v Iy} .. . & a Ada Y,
*  @UTANUTIYANIINUINTIY (genetic information) NavuAvaERFInlIlA
*  E@NTALEAIENEALANNY AUTEYaNIINUENIIU (expression) MAULALE

*  @wnsaaenen (transmission) Yayan1siusnssulugivaasusalula

9

A o =

*  @W1393180907 (replication) walnlalauanalvsiniianwazmilawaumn
Usenis
*  JlAT9E519AUTI901S BAFINISALARA variation dULLINNRINAA mutation
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Alfred Hershey ag Martha Chase, 1952

Aoy : azlshvansugnssu WUk wse AL

N1MAABY : 1¥n15un3NVaslaFa bacteriophage T2 Wwaawkuaise £.Coli lagdn

aanluanalusiy waz fdule dasasnulunsed

» Figure 16.3 A virus
infecting a bacterial cell. A
phage called T2 attaches to a
host cell and injects its genetic
material through the plasma
membrane, while the head
and tail parts remain on the
outer bacterial surface (color-
ized TEM).

oratory Archives. Noncommercial, educational use onl

.



@ Mixed radioactively

@) Agitated the mixture in

€) Centrifuged the mixture (@) Measured the

labeled phages with a blender to free phage so that bacteria formed a radioactivity in
bacteria. The phages parts outside the pellet at the bottom of the pellet and
infected the bacterial cells. bacteria from the cells. the test tube; free phages  the liquid.
. and phage parts, which
Radioactive Empty @ - are lighter, remained L
: protein sheII EAYZY i~ ded in the liauid. Radioactivity
protein o NS suspended in the liqui (phage protein)
found in liquid
) @\/ v 2
N U ‘)l ;
&— DNA o

Batch 1: Phages were
grown W|th radioactive
sulfur (35S), which was
incorporated into phage
protein (pink).

Batch 2: Phages were
grown with radloactlve
phosphorus (32P), which
was |ncorporated into
phage DNA (blue).

Results When proteins were labeled (batch 1), radioactivity remained
outside the cells, but when DNA was labeled (batch 2), radioactivity

was found inside the cells. Bacterial cells containing radioactive phage
DNA released new phages with some radioactive phosphorus.

Conclusion Phage DNA entered bacterial cells, but phage proteins
did not. Hershey and Chase concluded that DNA, not protein,
functions as the genetic material of phage T2.

DNA

Centrifuge

Pellet (bacterial
cells and contents)

Radioactivity
(phage DNA)
found in pellet

«

Pellet

Source: A. D. Hershey and M. Chase, Independent functions of viral protein and nu-
cleic acid in growth of bacteriophage, Journal of General Physiology 36:39-56 (1952).

VWALVARIENE How would the results have differed if proteins carried the
genetic information?

DNA viwmtiiduansnugnssuvaelna T2
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1. Ribonucleic acid (RNA)

-~
.— Nucleobases

2. Deoxyribonucleic acid (DNA)

Base pair

helix of
sugar-phosphates

RNA DNA
Ribonucleic acid Deoxyribonucleic acid



(a) Polynucleotide, or
nucleic acid

- -
" * Nucleoside
-
Nitrogenous
base
(”) 5'C
-0—||>—o
O
Phosphate ;.o N
Se o group Pentose
S~ sugar

{(b) Nucleotide

29AUSZNAUYDY nucleotide Ad

Pentose sugar

Nitrogenous base

Phosphate group




UIN1aNAAISUDUY 5 8EMDN

OH OH OH H
Ribose 2-Deoxyribose
PYRIMIDINES
PURINES

NH, o) o o NH,

i .. ﬂ ] !

C C P P 25\
NT SN HNT S e\ HNZ 4 SCH HNZ 4 3C—CH, NZ 4 ScH
L, L] e L, Gl o &2, ody €2 , ScH L, oy

HC2 ; 4C?® c2 g fc.9 N - N - Sy g
Sy \T HzN/ SN \T O/ T O/ T O/ |i1
H H H H H
Adenine (A) Guanine (G) Uracil (U) Thymine (T) Cytosine (C)
Figure 2-17
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company
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group
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Sugar-phosphate backbone Nitrogenous bases

5' end

0
\ o

Thymine (T)

Adenine (A)

Cytosine (C)
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Usznaunie polynucleotides 2 &@189t38967 LUHIANI9ASINUYIN

(antiparallel) Wutdundeauwan (Watson-Crick, 1953)

Tu 1 1NFIa9FEBULETT 3.4 nm uaz 1 diuse1d 0.34 nm
031 1 indedfdue fwang

¢}
3.4 nm O 3

AQUNU T

C UNU G

Complementary base pairing

\wagauvasaasaneianalalnadu
funenuselalasiay

UNANEIANILTITATZININNNITIU
v suaAUTANLTILTY
YINNIINY



1A59E519LNA8AVR DNA Usenaunag major groove

LAY minor groove

Copprigd © P U g 148 Comparmen b Parvasane s S auraiaton o Saiay

— Major groove

— Minor groove

) Major
Wide and deep groove

— Major groove

— Minor groove

Minor

Narrow and deep groove




The discovery of 3D structure of DNA

Francis Hanry James Dewey Maurice Hugh
Compton Crick Watson Frederick Wilkins
(1916-2004) {1928 -) {1916-2004)

(a) Rosalind Franklin (b) Franklin’s X-ray diffraction
photograph of DNA




@)

Us2naunae polynucleotide 1 @1e
usaz ribonucleotide Usznaunae
1. Ribose sugar
2. Nitrogenous base (A, U, G uaz C)

3. Phosphate group

(b) Primary structure

] AUGCGGCUACGUAACGAGCUUAGCGCGUAUACCGAAAGGGUAGAAC [EVZ

' An RNA molecule folds to
form secondary structures...

[ ...owing to hydrogen bonding
between complementary

bases on the same strand.

Secondary
structure

5’
Strand Phosphate

continues
Base
H o)

1
0—P—0 RNA contains uracil
in place of thymine.

RNA has a hydroxyl group on
the 2’'-carbon atom of its sugar
component, whereas DNA has
a hydrogen atom. RNA is more
reactive than DNA.

Strand
continues

3'
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2. N1353180414LaNAYaY DNA (DNA replication)

Watson and Crick’s model : the semiconservative model

(a) The parental molecule has two complemen-
tary strands of DNA. Each base is paired by
hydrogen bonding with its specific partner,
A with T and G with C.

(b) The first step in replication is separation of
the two DNA strands. Each parental strand
can now serve as a template that
determines the order of nucleotides along
a new, complementary strand.

E 3

(c) The complementary nucleotides line up and
are connected to form the sugar-phosphate
backbones of the new strands. Each
“daughter” DNA molecule consists of one
parental strand (dark blue) and one new
strand (light blue).




First Second
Parent cell replication replication

o onservatve LUUUBINITINADILUANARLDULD
g;?erﬁté_l stfanvc\zllg <
reassociate after

acting as A
templates for m
new strands, < ﬁ&l&ql ﬂgﬂu
thus restoring

the parental m

double helix. \'4\ ® Conservative model

(b) Semiconserva-
tive model.

AV ° i i
Th o s NV < Semiconservative model
molecule
sepﬁr?te, and m<
each functions
as a template
or synthesis o / ,\<
]; ne\XV,t?omplef- \/ /'\/'\

mentary strand.

(9 Dispersive P IRITVATERIRRIRRIHE

model. Each z\ V7
strand of both

/ -
daughter mol- ,\\ x <
ecules contains \ )(
a mixture of m /

® Dispersive model

old and newly

synthesized L /\ x
DNA. "\ \<
WA/ U \/



N13MARBIVBY Meselson wag Stahl (1958) aliuayun1sINaadRLdUBLUUNEYSNY

(semiconservative model)

Parent cell

(a) Conservative
model. The two
parental strands
reassociate after
acting as
templates for
new strands,
thus restoring
the parental
double helix.

N\

(b) Semiconserva-
tive model.
The two strands
of the parental
molecule
separate, and
each functions
as a template
for synthesis of
a new, comple-
mentary strand.

AN\

(c) Dispersive
model. Each
strand of both
daughter mol-
ecules contains
a mixture of
old and newly
synthesized
DNA.

First Second
replication replication

<
m<m

AVAYY AN

AVAYY A

N\

-

AV, \24 //x
X

AN
> >

© Bacteria
cultured in
medium
with
15N (heavy
isotope)

RESULTS

3]

@) Bacteria
transferred to
— > medium
T with
_ a 14N (lighter
/ \isotope)
DNA sample @ DNA sample Less
centrifuged centrifuged dense
after first = after second g,
replication replication More
dense

Predictions:

Conservative

model

Semiconservative

model

Dispersive
model

First replication

:i :u: N7\
| VAVA)
IAYZAN!

o AVA
AN/}

Second replication

*U[,\/\
AN

W\
AVA
A

2N\

~.

X X




a Y o a & . e . . 1 a a =
AIUAUVIINITINAB9LULANERLAUL (origin of replication) sendnalusuaslantazgunslond

AMULANA1INUBE19lS

(a) Origin of replication in an E. coli cell

Origin of Parental (template) strand
replication

—_
Double-
stranded
DNA molecule
Replication
bubble @

NN

—

Two daughter
DNA molecules

In the circular chromosome of E. coli and many other bacteria,
only one origin of replication is present. The parental strands
separate at the origin, forming a replication bubble with two
forks. Replication proceeds in both directions until the forks meet
on the other side, resulting in two daughter DNA molecules. The
TEM shows a bacterial chromosome with a replication bubble.
New and old strands cannot be seen individually in the TEMs.

Daughter (new) strand

Repllcat|on fork

0.5 um

(b) Origins of replication in a eukaryotic cell

Origin of Eeplication /Double-stranded DNA molecule

1

Parental (template) strand

Daughter (new) strand

0.25 um

In each linear chromosome of eukaryotes, DNA replication begins
when replication bubbles form at many sites along the giant DNA
molecule. The bubbles expand as replication proceeds in both
directions. Eventually, the bubbles fuse and synthesis of the
daughter strands is complete. The TEM shows three replication
bubbles along the DNA of a cultured Chinese hamster cell.

ECITSYHEE [ the TEM in (b), add arrows for the third bubble.



*  Haell RNA primer
® RNA primer gna’i'ﬁﬂﬂﬂ RNA primase
(prokaryote) %39 DNA polymerase Ol

(eukaryote)

L Gduasns vy

-~ <
primase SR
FIYLLNLLUY

RNA
primer

o =1 L4
> i]']itE]‘NLBI‘WiLNB'S

AAn19n1saaasieraneIndtaziinainaiu 5° end lUAu 3’ end Laue

ALDULDEYLULUUALANANTIRN 3° end 1UAIU 5’ end Laus
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Overview

_ Origin of replication _
Leading strand | Lagging strand

. Leading strand
Lagging strand Overall directions

of replication



ALLAUSNLAA DNA replication 1380791 replication fork

(5) ©)
aa
(1) ABuienadieLIa fidualoing
o Jum
! ad
ARURHIMY
‘g o

amavalnsie (wSlulu) '

Iwsies

ad ]
ARURMEN

a & a
(llolsweisa 11) ALEMENDRLNBL S

a--d A A
TUsAunmeAduemede

(Wséi SSB) (2)
(4)* : prokaryotes —s primase

eukaryotes _5 DNA pol. O



Topoisomerase breaks, swivels, Primase synthesizes RNA

and rejoins the parental DNA primers, using the parental
ahead of the replication fork, DNA as a template.
relieving the strain caused by

unwinding.

RNA
primer

5’

Helicase unwinds

and separates Single-strand binding
the parental proteins stabilize the un-
DNA strands. wound parental strands.

A Figure 16.13 Some of the proteins involved in the initiation
of DNA replication. The same proteins function at both replication
forks in a replication bubble. For simplicity, only the left-hand fork is
shown, and the DNA bases are drawn much larger in relation to the
proteins than they are in reality.



Overview

Origin of replication

Leading strand Lagging strand

€) The leading strand is Leading strand

synthesized continuously template //“i
in the 5" to 3" direction P \//

@ Molecules of single- by DNA pol IIL - - f .

strand binding protein o eadng strand

i ,

:g?rt\)gll:'?et?t?'aunr:iv:.ound \ \ \ \ | | | (™SS | gging strand m
\ \ \ Overall directions 5

\ of replication

@ Helicase
unwinds the
parental

double helix.

Leading strand

5/
i1iini .
) . Primer
3’ 2 -/
Parental DNA

DNA pol I1I
Primase

2"
DNA pol III
4 5
] o 3
\\'\'\’ vl “‘;“‘ ) 5
QPrimase begins synthesis . x,,\! ! ' ' ' I " l ; | ll l l l ‘-I ;I
\

of the RNA primer for the B
fifth Okazaki fragment.

Lagging strand DNA pol I DNA ligase

3)

Lagging strand 5’

template
© bna pol III is completing O bNA pol I removes the primer @ DNA ligase joins the
synthesis of fragment 4. When it from the 5" end of fragment 2, 3’ end of fragment 2
reaches the RNA primer on replacing it with DNA nucleotides to the 5" end of
fragment 3, it will detach and added one by one to the 3’ end of fragment 1.
begin adding DNA nucleotides fragment 3. After the last addition,
to the 3’ end of the fragment 5 the backbone is left with

primer in the replication fork. a free 3’ end.



Alueansguunesnaniulaenisviuveseululisding (helicase)

Single strand DNA binding protein (SSB) tninedinsuteansipeafiuenanniuudariees
ane WetestulilAdwefiuenannduiundudiia
Hemefiduewinuuasiaelisinuenaindu agvilindedduefilasanvedliabsn
inFeuut wulesiivivleluweisa (topoisomerase) agvimtifinansuuwilogausn
IngliASdnanefdueaeniaiiorarsindeiwdrendudiiul

finsleuledlnsia (primase) FuasziorsidueasdunSonin RNA primer %ﬂﬁwa@:
aufufduewinunmgiumefduensuinaaasuilunisdaaneiae il
AULENDABLE (DNA polymerase) azthilmdlalnalasweawsn (JATP dGTP dCTP
w38 dTTP) Whnseiuensiduelnsuesiiu 3 auaduuagaulufueaukiwuy



e lidnesianisiinla dnfnwiaunsaitnlugaauinlalugny lneaun

(o] 1

@131 DNA replication azdqeliviuninlasniauay

DNA replication

Filters v

DNA Replication

Wih the Amceba Smters

Q

About 283,000 results

v DNA Replication Animation - Super EASY

@ Medical Institution

3 years ago * 1,377,835 views
DNA Replication Animation ASSOCIATED VIDEOS & LINKS: -- Mitosis Video:
https://goo.gl/uféhh4 - Meiosis Video: ...

cc

DNA Replication: The Cell's Extreme Team Sport
Amoeba Sisters
2 years ago * 1,083,268 views
Learn the steps of DNA replication, the enzymes involved, and what it means
to be a leading or lagging strand! Check out our ...

cC

DNA replication - 3D
yourgenome
1 year ago * 509,999 views
This 3D animation shows you how DNA is copied in a cell. It shows how
both strands of the DNA helix are unzipped and copied to ...
cc



Histones

Chromosome

Chromatin fiber

"Beads on a string"
DNA wound on
nucleosomes

Double helix
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3. DNA i lvitinanueaznianugnssulaagisls

* DNA Wuiissuaiudaya

* Jayawaivinengaazaasgnirluldlunisdaunsisnlusau

KT

\\\‘““" 1 "y,

W %,
Q) 2,
3 %,

%,

%,
%
)
z
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: replication
5
§
S
&
N

“The central dogma”

transcription

translation

5
<IIIIIIIIIIIIIIIIII Z <IIIIIIIIIIIIIIIIII
>

protein



/ 1 a a f = a e a a A a 3
ﬂ’Jaﬁlﬂx‘iﬂ’J’]ﬁJNﬂUﬂWUa\‘iL%aaL&IﬂLa’e’lf?‘lLLﬂ\‘iGL‘Uﬂ‘L!‘VILﬂ%IiﬂIﬁ%ﬂQﬂﬁ%Uﬂ%ﬂLﬂaLeliaa

(sickle cell anemia)

NORMAL SICKLE CELL
MUTATION :
G AG G TG
L 1L A L0

j

J J
l l I | L T
RNA G A G GUG
v o $
JiGLull JIvALllL
FROTEIN
NORMAL MUTANT
PROTEIN PROTEIN
rsmamdmm
DNA CAC GTG GAC TGA GGA CT¥c cCTC
sequencé GTG CAC CTG ACT CCT GAG GAG
'. LG
Normal
DNA CAC GTG GAC TGA GGA clc cTC
sequence ‘aTQ CAC C©CTAG ACT CCT GG GAG

= ] P om0 I et et DY
oo | Valine — Histicine — Leucine = Threonine ~ Proline.
| 5 RAimedadaiest]  ESAEEASS RS BN

sequence | T

Sickled red blood cells

The change in amino acid sequence causes hemoglobin molecules to crystallize when oxygen levels
in the blood are low. As a result, red blood cells sickle and get stuck in small blood vessels.



Nuclear
envelope

CYTOPLASM

TRANSLATION

Ribosome

(a) Bacterial cell. In a bacterial cell, which lacks a nucleus,
mRNA produced by transcription is immediately
translated without additional processing.

Polypeptide

(b) Eukaryotic cell. The nucleus provides a separate
compartment for transcription. The original RNA
transcript, called pre-mRNA, is processed in various
ways before leaving the nucleus as mRNA.



N1309ATHE %39 transcription

AUIYHY NTZUIUNITAIUATIZI RNA N5in151Eanautuaann DNA Tuustasimdusu wWu

wlLlUU (template %39 &9 antisense strand)

Usznaunanme

Upstream Downstream
Nontemplate 2
1 2)
strand Profm))ter\b RNA-coémg region
DNA 3, .
l—b .. . N (3)
Template Transcription Terminator” Transcription
strand start site termination site
RNA transcript 5" | ' 3

promoter, RNA coding region a terminator



#2lananva4 transcription

* A1589LA512Y RNA andetaulasd RNA polymerase Lﬁﬁﬁuﬁ promoter

* duasrziludiAnig 5° luds 37

* &8 DNA wiinuu (template strand) Aa&18 antisense (3’5

* AIAULUEVDIEIY RNA ‘ﬁgﬂﬂ%’]ﬁ LAdUNUETY coding strand (nontemplate strand %59

sense strand)

Montemplate strand (sense)
RMNA& polgmerase\ gl

.. Ribonucleotide

T e s o et e e e e LR

Template strand (antisense)

|
-
Direction of transcription




N3EUIUNIT Transcription
1. Initiation
2. Elongation

3. Termination



Promoter
DNA / A \ Nontemplate strand
5’ 3
3 * o
TATA box Start point  Template strand

Transcription
factors

luguaslonvziingulusauinendy
transcription factor 113UAU RNA

polymerase #1¢

1. Initiation

RNA polymerase lUdu#i promoter f59
AWMLY TATA box a1nuuILaaulUss RNA
coding region (3UN3¥UUNS transcription

RNA polymerase 11
Transcription factors

3/
5/

~ ‘RNA transcript

Transcription initiation complex



Elongation 3 .
soangoion  (FNTPs) 2. Elongation
RNA nucleotides
RNA msé’uﬂs']zﬁ RNA AAINNITNIIUVDY
polymerase
RNA polymerase
e\l '7‘/ hN H
0\ S RNA_ + rNTP » RNA __ + PPi
/;;/O
; i, /” rNTPs (ribonucleoside triphosphate)
> Complementary base AU template
Direction of transcription
(“downstream”) Template
strand of DNA
R
ool 0=F=0=F=0=F=0
O 0 O O base



Template

w
~

w un
~

o

P
romoter RNA

Unwound DNA

polymerase

N 5
Terminator
@ Binding of RNA polymerase
and local DNA unwinding

’

3
- 5/

3/

5’

RNA NTPs

NTPs
{ @) Initiation of RNA synthesis

€ Elongation of RNA

5!

RNA polymerase

Termination signal

@ Termination of RNA synthesis

— 3:

n 5

RNA transcript

3. Termination

® RNA polymerase GEIGER bR
RNA 'lUiSagqaznseiaaasia
vgARi3eN31 terminator Uu
fUALDULBLILUY

®* RNA polymerase %anaan
Augan1sas1eany RNA



Y¥1nUas RNA #lAa1n transcription

1. Ribosomal RNA (rRNA) 2. Messenger RNA (mRNA) 3. Transfer RNA (tRNA)

rRNA gene Protein gene tRNA gene

S DNA
rRNA mRNA tRNA
> P 2
@ e J @ o 0
Ribosomal < Q04 ©
protein AUG @
£ &)
Aminoacyl-tRNA o]
EE§7 Amino acids
AUG
tRNA to be
recycled
Ribosomes to be
recycled
Newly synthesized
protein

Protein synthesis

Hydrolyzed / _.__-- ' J l >
mRNA

B zoom



* angatuussan RNA Jvwnauszuna 73-93 dandlalng

*  aulunszuaunis translation

fuanedu 3’ Wudiundanizvasnsaaziily

o a % . i o ] : 0 :
*  JA19ULUEHINAT 138N anticodon NIYURULUEARNUN RNA 3|
ﬁ —c—:(i:HR— Amino acid
| Ester bond NH3
lassasneszauas guasfiansiduie
las9eT & , ¥
g 4 <4 |elefelclelufdul. - Juclelafcicia]
UMl
TAs9esng é":. Taseass tRNA
AN E ANLALILNNE AUNEN molecule
o - d 2esnsmazily
Zavian

tRNAAR

ALLAUILNNE
Apanseazily

[ X [21 (S} (<] [N

Intramolecular
base-pairing

\Buastiue © Y ° mRNA 5
L [TTlclclal TT1 |

= Codon
3 Laumlrnay ‘
Tanau

d%TU Ala

713 - Hartwell et al, 2008.



2. mRNA

I o dy A |
* wWudengn VUINVUBYNUYU

* ihdeyanugnssuunanduludnunzuas Genetic

DNA

template 3
strand

5/
ABCECRARBARARCECRGRARGET
AASMERRREE]

MRNA 5

| TRANSLATION |

v

Protein

Codon

Coor
o004

First mRNA base (5 end of codon)

Phe

Leu

Leu

AUC [Ile
AUA _|
AUG Met or

start

GUU
GUC
GUA
GUG

Val

Second mRNA base

CcCu
CCC
CCA
CCaG

ACU
ACC
ACA
ACG

GCU
GCC
GCA
GCG

Ser

Pro

Thr

Ala

UAU
UAC

UAA Stop
UAG Stop

CAU
CAC
CAA
CAG

:|Tyr

AAU |

AAC
AAA
AAG

GAU
GAC
GAA
GAG

His

GIn

Asn

Lys

Asp

Glu

uGuU
uGC

UGA Stop

:|Cys

UGG Trp

CcGuU
CGC
CGA
CGG

AGU
AGC

Arg

Ser

Arg

Gly

:m>nc'm>nc

6 > N C

Third mRNA base (3’ end of codon)

6 > N C

code luguvas Codon MUsENausqeLue 3 Adlesanu
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nwauztdu ribonucleotide seguences

wsiazsHaUsenaunae ribonucleotide 3 %Y 1580191 triplet code

LAAZSUANINUANTADZLIU 1 YA

CY . % = o < a a =% 1Y 1 o
sanugnIsudanwazily degenerate code (nsAazilluunvila a1alisialaninndn 1 59e)

41 start codon wag stop codons
21UmaLa9liAN15LIUTIA WSBNTL AR
Laigin1sdounu (non overlapping)

< o A .
Wuswanwuly virus prokaryotes uag eukaryotes

Second mRNA base
I

First mRNA base (5" end of codon)

6> Nc 6>PNC O>PNC 0>ncC

Third mRNA base (3’ end of codon)
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ANargvu1n Mnumduaiudsenauvvadlsiulay

S = Svedberg Unit

(a)

5S rRNA

=
§ + 34 polypeptides ———
23S rRNA

=
16S rRNA + 21 polypeptides ——

Prokaryotic
70S ribosome

30S sunit

(b)

5S rRNA, 5.8S rRNA
=31

+
6.85 rRNA

= » 49 polypeptides ——

285 rRNA

=

18S rRNA + > 33 polypeptides ——

Ve g

60S subunit

Eukaryotic
80S ribosome

40S bunit

fiwn : Snustad and Simmons, 2006.




ARl MRNA w9 eukaryote

1. N15AA intron LAZFBD exon
2. N5y 5’ cap (ldwuan)

3. N13LHU poly A tail (9119)



RNA processing

Enhancer Proximal Poly-A signal Termination
(distal control elements) control elements sequence region
Y/ Exon Intron  Exon Intron  Exon
DNA
Upstream £ D t
ownstream
Promoter Transcription
Poly-A signal
Primary RNA Exon Intron  Exon Intron Exon Cleaved 3’ end
transcript 5 of primary
(pre-mRNA) transcript

RNA processing:
Cap and tail added;

introns excised and
Intron RNAQ4 exons spliced together

Coding Eegment

\

I
mRNA  G-P-P-P) | ARA-AAA | 3’
—_— Start  Stop — A

5 Cap 5 UTR codon codon 3’UTR Poly-A
(untranslated (untranslated tail
region) region)

Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.



1. N159A intron Lazma exon

5 Exon Intron Exon Intron Exon 3’
Sl BT A
1-30 31-104 105-
146

Introns cut out and
exons spliced together

. [57Co P 7
L 1-146 J

5’ UTR Coding 3’ UTR
segment




2. N13LHU 5’cap

o Junistiuiiandlelnaiinudnnilanurefuane 5° Y89 mRNA

e dapdlalnanqtiidu T7-methyl gaunosine triphosphate

A modified guanine nucleotide 50-250 adenine nucleotides
added to the 5" end added to the 3’ end
Protein-coding segment Polyadenylation signal
5’ A /_H 3’
AAUAAA AAA--AAA |
‘ v A Start codon  Stop codon ) e /A A /
5" Cap 5"UTR 3" UTR Poly-A tail

MUABILAN 5’ cap

* YYNUAMULEDYTVDI MRNA
o [WuALKLIInINVaIUSAUU19A2NNUTUNT translation
e fdqulunszuaun1san intron



3. N15LALN poly A tail

WULUEDZAUY 50-250 HAalalnafiaiu 3’ 489 mRNA

A modified guanine nucleotide 50-250 adenine nucleotides
added to the 5" end added to the 3’ end
Protein-coding segment Polyadenylation signal
5 A — 3
AAUAAA AAA--AAA |
: Y A Start codon  Stop codon \ v 2 A ’
5" Cap 5 UTR 3" UTR Poly-A tail

AN UAS LN UETY MRNA LB mRNA 1ajgﬂeiaaaaﬁ81madﬂa



“The central dogma”
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transcription

translation

5
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protein



Fanandulunisudasia

* mMRNA (aasTgeanu1angdrumiuduuuiisue)
®* tRNA with amino acids attached (tRNA ﬁﬁﬂsﬂazmu)

e Ribosomes (l5lulay FaUsznausae rRNA was Wsaw)

ribosome
amino " 10X@)
acids O O
@
MRNA tRNA \%YG

Aminoacyl-tRNA

protein



N3¥UAUNIT Translation

1. Initiation

vnﬂ1
amin oacid

2. Elongation

3. Termination

polypeptide
gam



A (aminoacyl) site

P (peptidyl) site

E (exit) site

mRNA-binding
site

ribosome

Initiator tRNA

MmRNA
3[
Small

mRNA binding site subunit

@ A small ribosomal subunit binds to a
molecule of mRNA. In a bacterial cell, the
mRNA binding site on this subunit
recognizes a specific nucleotide sequence
on the mRNA just upstream of the start
codon. An initiator tRNA, with the
anticodon UAC, base-pairs with the start
codon, AUG. This tRNA carries the amino
acid methionine (Met).

ribosomal

Large
ribosomal
subunit

5" 3

Translation initiation complex

@ The arrival of a large ribosomal subunit
completes the initiation complex.
Proteins called initiation factors (not
shown) are required to bring all the
translation components together.
Hydrolysis of GTP provides the energy
for the assembly. The initiator tRNA is in
the P site; the A site is available to the
tRNA bearing the next amino acid.



o Y A a

Peptidyltransferase Uuauladlulslulounvinvtinnnansnaziilulfiluans polypeptide

@ Codon recognition. The anticodon

of an incoming aminoacyl tRNA base-

pairs with the complementary mRNA

/ codon in the A site. Hydrolysis of GTP
3

increases the accuracy and efficiency
of this step. Although not shown,

‘ mRNA
‘L’m
‘olypeptide
many different aminoacyl tRNAs are
present, but only the one with the

MRNA - appropriate anticodon will bind and
- allow the cycle to progress.
Ribosome ready for 5 site site y prog
next aminoacyl tRNA w
GDP +(®)

\YZ\\ Amino end
| om of polypeptide

—

@ Peptide bond formation.
An rRNA molecule of the
large ribosomal subunit
catalyzes the formation of a
peptide bond between the
amino group of the new
amino acid in the A site and
the carboxyl end of the
growing polypeptide in

the P site. This step removes
the polypeptide from the
tRNA in the P site and
attaches it to the amino acid
on the tRNA in the A site.

© Translocation. The
ribosome translocates the
tRNA in the A site to the

P site. At the same time,
the empty tRNA in the P
site is moved to the E site,
where it is released. The
mRNA moves along with its
bound tRNAs, bringing the
next codon to be translated
into the A site.




Release
factor

5[

Stop codon
(UAG, UAA, or UGA)

@ When a ribosome reaches a stop codon on
mRNA, the A site of the ribosome accepts a

“release factor,” a protein shaped like a
tRNA, instead of an aminoacyl tRNA.

Free

3 — == |- 3

z\v

@ The release factor promotes hydrolysis of the

bond between the tRNA in the P site and t
last amino acid of the polypeptide, thus

polypeptide

2 GDP +2(),

€© The two ribosomal subunits and the
he other components of the assembly
dissociate.

freeing the polypeptide from the ribosome.

Stop codon: UAA, UAG uay UGA
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araUIAlaiNLANLALINY transcription wag translation alugyy

transcription

Filters v About 1,200,000 results

Transcription
ndsuvirtualcell
+ 1,983,536 views

ect animation ‘Transcription'. For more
/veell.ndsu.edu/animations

Transcription and Translation Overview

do Hasudungan

asudungan Support me
vw.patreon.com/armando Ir m

Transcription 1

khan my ine

TRANSCRIPHON 1

demy.org/science/healthcare-and-medicine)
ntent or

@ KHANACADEMY

Transcription and mRNA processing |
Biomolecules | MCAT | Khan Academy

Khan A
7 mo

ny

+ 79,188 views
Introductior
promoters,

cCc

o transcription including the role of RNA polymerase,
rminators, introns and exons. Watch the next

nsaeasvid Transcription
NUTTINGMAN




translation

Filters » About 7,190,000 results

{ Translation
ndsuvirtualcell
8 years ago * 2,062,978 views
NDSU Virtual Cell Animations project animation "Translation®. For more
information, see http://vcell.ndsu.nodak.edu/animations ...

CcC

Translation

garlandscience
\ 7 years ago * 521,869 views
4 W h To purchase the book:

RTTRIRRR0 .. MMM AR RRE RS

http://www.qgarlandscience.com/product/isbn/9780815344544 To see mo...
CcC

3

Translation (MRNA to protein) | Biomolecules |
MCAT | Khan Academy

Khan Academy

7 months ago * 62,551 views

An deep dive into how mRNA is translated into proteins with the help of
ribosomes and tRNA. Watch the next lesson: ..

CC
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ANUTTEIANTITLIUUS

wialininAnwrlinnudanudilaneafiuanuiiugruneinuiugansiuanalulssnu

&9 9
o
faluil
1. #1IWUFNITY 3. DNA viliifindnuyaznenugnssulaagnals
* N15VAABINEUEUIT DNA Wua1swugnssy ® The central dogma

wva 1 ' a aa [ ] H H
® AMENUR WUIYYDYYBINTAUIAADN naln Transcription

Y * naln Translation
* Ta5985179 DNA waz RNA

4. msmuqumsﬁwﬂu‘umﬁu (gene regulation)
* 52U DNA
* 52AU RNA
= ¢ 1 a o v
* Tushunaziaulianegiineadag * 536U protein

2. N1591809A2L89UI DNA

* N135318DIANBUUNIBYINY




3. N15AUANNITNIUVBIEY (gene regulation)

1. N13AUANNTTIIUYREUTuLNILATlan

Operon : guvaig8uiedludn metabolism ety Agiseasianiu wazinisly
lslumassauiu

ANLLEAIANWUZYBY trp operon W E. coli

trp operon
A

DNA d Promoter 2
Promoter  Regulatory gene / \

Genes of operon .

AN e e e} ) ot YRS et W R A ) e et

Polypeptide subunits
Protein Inactive o . o ” that make up enzymes
repressor | ‘ : for tryptophan synthesis

(See previous figure.)

(a) Tryptophan absent, repressor inactive, operon on. RNA polymerase attaches to the DNA at the
operon’s promoter and transcribes the operon’s genes.



N13AIUANNITYINUVDY trp operon W E. coli

DNA operator
N TN [

a3t made

5 4 1 RNA polymerase

mRNA

‘ Active
- repressor

K—Tryptophan

(corepressor)

(b) Tryptophan present, repressor active, operon off. As
tryptophan accumulates, it inhibits its own production by activating
the repressor protein, which binds to the operator, blocking
transcription.




2. N13AUANNTIINUYRsEuluguaTlan

1.  52AUlASIE319UDIRALIULD
2. FEAUNIIUEAIUTY

3. STAUNAINIIUEASUTY

4.  21YNTVINNUVDIBIFOULD
5.  SEAUNTIUELATU

6. STAUNAIMNSIUELATY

Chromatin

1. Chromatin (DNA-protein comj

remodeling

- L ¥ e

“Open” DNA
(some DNA not closely
bound to proteins)

2. Transcription

R ——

Primary transcript

(pre-mRNA)
3. RNA processing
B Cap: ~ ~ = - ' Tail
‘\‘:‘ Mature mRNA o _—4 :

Degraded mRNA
(mRNA life span

5. Translation varies)

erares _% mRNA
6. Post-translational rrolypepiice
modification (folding,
glycosylation,

transport, activation,
degradation of
e protein) Active protein 4

© 2011 Pearson Education, Inc.
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