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Viral Structure
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' protein
DNA <] Envelope

\ /
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(TMV) virus (HIV)
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By Jonathan Corum | Source: Andrew Rambaut et al., Covid-19 Genomics Consortium U.K.
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Deoxyribonucleic acid (DNA)

DNA #ilu polynucleotide N1l52noUAIBTHIEY nucleotide N3 base

Turauanmall aeiluaneen 101815 Phosphodiester bond
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2. Nitrogenous base
* uugeenmuanvaelassadala 2 Jszannoe

2.1 Purine

dhavanlassasruiluarsisznev aromatic heterocyclic compound
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Futhurauviou 2 19¥eunu 191nuily Pyrimidine tazdnuilu Imidazole
a\ =
32 ¥iia o adenine 2% guanine NH >
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H,N N N
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2.2 Pyrimidine
dhavanlassazruiluarsisenen aromatic heterocyclic compound
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1. Nucleoside
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1 phosphoric ester

NH -5
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qJ k\
N N

phosphate HO

HO O
2 , . \\P — \
=deoxyadenosine phosphate | | O
O

A
NI
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HO OH

v
v W

A = ] A =< = ] A v
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@gwuﬁﬂlﬂx‘iNucleotide

] Y v d . o Y
ol napiueyiuivedNucleotide NNIANA ribose H1NNI1deoxyribose

1. Adenosine 3,,5,-cyclic monophosphate

130 3,9 =AMP %30 cAMP.
NH -

N
N—
SI >
\N N ninMily: Key intracellular regulator

of a number of cellular processes 1BH

CH2 [ U/ o d a
/ o Fudinansveamsninu sasluu 9%
O 15U epinephrine, glucagon and ACTH
\ /O OH ( q.v. )
P—OH
7/

O



Adenosine 3,,5,-cyclic monophosphate (cAMP)

% % % Y . L
Tﬂﬂﬂ’iziﬁ]u phosphorylation Vo4 11501 protein kinases
*%k = = . :
1NA1NN51a8Y adenosine triphosphate (ATP) Tag enzyme
adenylate cyclase uazgﬂﬁwmeﬁﬂﬂ cyclic nucleotide
: {8 ’ : :
phosphodiesterases Taolaswilu O —adenylic acid.

NH
—— N
N ‘ \> ATP
. N
N
HO HO HO
HO. .\ _O.\ O\ O
P P P o
|| 1 1
'®) '®) '®)
H H

HO OH 35
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cAMP

"o, Glucogen
E Fructose FBPase-1 PFK-1 Phosphorylase
: 2 B-bisP s P
: Fructose} 1,6-bisP 4& ")
A | __/!—r
Protein kinase A PEP (P)
S L Pyr A~
6 Kinase
Pyruvate Inzicda of Liyaye Caf
Copyright from http.//www.biology.arizona.edu/biochemistry/problem_sets/carbomet/05t.html
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Glucose

T

Fructose-6-P **-.

(P
Glucose Glucogen
6-®tase Synthase
Glucose-6-P -

Glucose low in blood
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\esepasaneeneeseneseseess
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2. UDP=glucose
( uridine 5,-pyr0ph0sphate glucose ester 30
uridine -5, -diphosphoglucose)

HO

OH

HO HO
HO

OH

O O

Y A

o\ o\ _o
\P/\P/

HN |
o%\ N

O

HO OH

3 vq ¥ > y ¢
Win = dudan ieang Inalumsdunsiey glycogen

[~ <4 A ~
- 11U coenzyme VoUdU 193 Musansiilaesu

galactose-1 —phosphate i3l glucose -1 =phosphate
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UDP-Glucoese Pyrophosphoryl ase ’,J
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3 = CDP=choline

(choline cytidine -5- pyrophosphate ester)

130 cytidine diphosphate choline ester) NH.,
N=" |
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@ C)\ O O\I_I @)
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1 1 ©
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OH OH
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y
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e
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e
v

19acholine lumsduns 1z phospholipid
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Uridine <<—— Cytidine Choline

u ﬂ Choline Kinase

| |

CTP Synthase
UTP =—=> |CTP | + PHOSPHOCHOLINE

CTP:Phosphocholine
cytidylyl transferase

CDP-choline + Diacylglycerol

CDP-choline:diacylglycerol
phosphocholine transferase

PHOSPHATIDYLCHOLINE

Copyright from https.//www.researchgate.net/figure/70 146 33_fig1_Fig- 1 -Phosphatidylcholine-PC- 4 1

biosynthesis—via-the-Kennedy—-pathway-In-rats—plasma



4. Nicotinamide = adenine dinucleotide “ri%iz) NAD +

0 NH
<D N
) — A
O O </ ‘ \
1 _
N MO o TN g T2 N N
Z o | o 0
‘ O OH
N NH
o OH OH

Yy 2 I
nuN: 1 coenzyme U034 dehydrogenases
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5. FAD %30 riboflavine D’ =adenosine diphosphates

NH 5
N~=— |
g
o /OHO /OHO N
\P/ \P/
|| | ©
Ho—CIZH @) O
HO —CH
| OH OH
HO—?H
Tz
Hs3C N /N \%O
HsC N

{ s < 4 a : . .
vun: lusandszaeuluoulesivaleyiia D-amino acid oxidase,
glucose oxidase, glycine oxidase, fumaric hydrogenase,

histaminase,4l0¢ xanthine oxidase
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deoxyribonucleic acid (DNA) UJ52noUN8 mononucleotide A
1 ' o Y w . d! U de Y
9 HNUWNININUMIINUES phosphodiester bond  HBINUBLUINATSHIIN,
AMHUY C_, V99 monomucleotide MINHINVRYNUAMKUI C, VD
. = W d! o |} v d' (<4
mononucleotide ﬂﬂﬂ?ﬁﬂx‘]‘i’l1ﬂ1§ﬂﬂﬂﬂl’lﬂ!‘§i’)ﬂ 9 ‘ﬂl!!‘].l‘i»!ﬁﬁlﬂ'l’)

HO / 0 __ s
T~p’~  TCH 5 base
|| ©
O 3 1
HO /o 0
5
~p~ T“CH , o base
|
O 3!
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3 Unang polynucleotide (deoxyribonucleic acid )

NH2

adenine
S'end

phosphate! ‘

-

- dinucleotide

5,

A
deoxgnbose H )NHZ o
NH2 ) a > C
il i eytosine ~ ;4 ' '
!‘Hﬂﬂiﬂix‘m’ﬂ\‘lﬂﬂk‘iﬂﬂ
0 —
3/ A 5/-phosphodies'rer - trinucleotide G
bond ’
& f\ thymine 3
/L (in DNA)
H
= v
ooy H NIIVY U
3'9|"'d ©1998 Encyolopaedia Britannica, Inc. d@ ﬁ !‘ﬂ Y ‘ﬁ ‘a gIN
LYY d 1 Y A‘ C G
fyandyaioe13eo
4 Pa_ 3 NU 3 U 3 N
pdApdCpdG \ OH
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1A599313999 DNA

13538514 polynucleotide f&naranidhuite
iﬂ‘ix‘]ﬁﬂ\‘lﬂﬁuﬂu (Prlmary structure) U934 DNA mmu
m‘nwafluﬁﬁmm DNA finvaziilassadafidudon
o



1. %50 DNA 13 virus wunlassadreaaulvanily
DNA ag1Ae7 (Single stranded DNA) #uiulasaasig

polynucleotide N uBoU

Collar ——&=

Core Protein ShEath
HE«

(!

DINA

polymerase
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2. ﬂi,jN DNA nnulu procaryotic cell, chloroplast ila%
mitocondria 1u1anaved DNA nauiiiluianvinuaias (Double
stranded cyclic DNA) "llié)gjﬁ IUNY protein uaz NN membrane

) %
aoNIv

Bactenal
ChromosOome

*pr (F factor) Amunau
‘mJ plasmldiﬂﬂ‘nbacterla

ﬂQNHNﬂ”JHJﬁ"IN"Iﬁﬁﬂ‘H

N9 fertility
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Bacterial DNA

Plasmids

el

ell replication

\

Integrated plasmid

Plasmid
integratioP

Cell
replicati

;
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** F cell AinNANYAU N hairpine N¥1uM3 fertility

Qrmszemqal DN Flfuzm M Qremszemq DN
1.
Recipient
2.
3.
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Approximate Number of
Nucleotide Pairs (kb)*

DNA content of some representative viral, bacterial, and eukaryotic genomes

Form

Herpes simplex 152
165
267

ichia coli 4,700

Saccharomyces cerevisiae (yeast) 13,500
genorbabditis elegans (nematode) 100,000
Arabidopsis thaliana (wall cress) 100,000
Drosophila melanogaster (fruit fly) 165,000
Homo sapiens (human being) 3,000,000
Zea mays (maize) 4,500,000
Ampbiuma sp. (salamander) 76,500,000

ying the length in base pairs by 660.

a bominis 760 }

Circular double-stranded

Circular single-stranded;
double-stranded replicative form

Linear double-stranded

Circular double-stranded

Haploid chromosome number
16
6
5
4
23
10
14

= kilobase, or thousands of base pairs. The approximate molecular length in micrometers (um) can be
ulated by dividing the length in base pairs by 3000. The approximate molecular mass can be calculated by 5 1



3. nau DNA fiwly eukaryotic cell latanaved DNA ﬂduﬁ
1unaeaen (Double stranded helical DNA) 8¢5 330U
Tisfuii¥0 1 histone 4287152 Ionic bond Tngag]u
nucleus Vo ABAAIUANHU VDA INIBUUAZH membrane
aoNIOU
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chromosome

:[ telomere
s I centromere

chromatids TR — telomere

nucleosomes = =%

nucleus

cel

bases
pair

— % DNA of
double helix 953



Short region cf
DNA double helix

"Beads on a string”
form of chromatin

30-NnMm chromatn
fibre of packed
nucleocsomes

Section of
chromosome INn an
extended Tormnm

Condensed section
of chromosome

Entire rmatotic
chromosome
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Nucleosome
Y Yy Y Y Yy

Inssaduamaaioaluyn Usznounie

(1= DNA megenlszana 200 awa

@ = histone protein
anuauz @18 DNA Wu50U histone 2 301 &4 histone ign
U "\ "\ W P |
wWudiiluunu (Core) 1 4 wiia (viinaz 2 ou) Av  H2A
H2B H3 #az H4 lagil a1g DNA @3Uau|iuni histone

A o A
THO l;ll Hunarenunazunuves nucleosome
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Histone tails

HZB, H3 und H4
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dalanmian 9 lnfiondlalow

Arg  WIvRD

dalaw  wila Lys
(%) %)  laana
H1 Lysine-rich 29 1 23,000
H2A  Slightly 11 9 14,000
lysine-rich
H2B  Slightly 16 6 13,800
lysine-rich
H3 Arginine-fich 10 13 15,000
H4 Arginine-rich 11 14 11,000

IMumaa
fanalala
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= =R
S18aZ198ANSANH
Y Y
MUlATIa319U99 DNA
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1) Chargaff’ S

1 U ) VY Y
walu DNA 134 wiia Binw AR T sazduiudeiiuss
hydrogen bond 2 #i152 315301 C(E) G 1azIUNUMIINUEY

hydrogen bond 3 Wuss

s
O&; o TR S— "tF{ <
- Ar g \«:i ) N
Thymine (T) Adenine (A}/
£

Cvytosine (C) Guanne (G)



Table 11-1. Molar Properties of Bases* in DNAs from Various Sources

7/ 7
Organism Tissue P_a__df:_ninﬂ Thymine thal_ninc Cytis.i:le
_Escherichia

coli (K12) — 26.0 23.9 24.9 25.2
Diplococcus

pheumoniae — 29.8 31.6 20.5 18.0
M}'mbafrﬁium

tuberculosis — 15.1 14.6 34,9 35.4
Yeast — 31.3 329 18.7 17.1
Paracentrotus

lividus

(sea urchin) Sperm 32.8 32.1 17.7 18.4
Herring Sperm 27.8 27.5 22.2 22.6
Rat Bone marrow 28.6\ 28.4 21.4 21.5
Human Thymus 30.9 29.4 19.9 19.8
Human Liver 30.3 303 | 19.5 19.9
Human Sperm 30.7 31.2 19.3 18.8

* Defined as moles of nitrogenous constituents per 100 g-atoms phosphate in hydrolysate.
Source: E. Chargaff and J. Davidson, eds., The Nucleic Acids. Academic Press, 1955, 61



DNA BASE COMPOSITION DATA

(a) Chargaff's data*
Molar proportions
1 2 3 4 (c) G + C content in several organisms

Organism’s /Source A T G C Organism %G + C
Ox thymus % B2 16 Phage T2 36.0

Ox spleen 25 24 20 15 Drosophila 45.0

Yeast 24 25 14 13 Maize 49.1

Avian tubercle bacilli 12 1 28 26 Euglena 53.5
Human sperm 29 31 18 18 Neurospora 53.7

(b) Base compositions of DNAs from various sources

Base composition Base ratio A+T/G+ C ratio

1 2 3 4 5 b 1 8

Source A T G C AT G/C A+GNC+T) (A+T)IC+QG
24 e WEEE X

Human 309 294 199 198 1.05 1.00 1.04 1.5
Sea urchin 328 31 177 173 1.02 1.02 1.02 158
E. coli 47 236 260 257 1.04 1.01 1.03 093 P44z,
Sarcina lutea 134 124 311 371 1.08  1.00 1.04 0.35 Aat)—
T7 bacteriophage 260 260 240 240 100 100 1.00 1.08 -
¥Source: From Chargaff, 1950. 02

“Moles of nitrogenous constituent per mole of P. (Often, the recovery was less than 100 percent.)



2. Watson-Crick structure

l5inniin x-ray diffraction finyudulaves DNA (namimu

auiins 92% N
/

Diffracted ray

Incident x-ray beam

O

DNA speclmen in
which helix axes are

oriented vertically \

Photographic film

Nustration 2
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> DNA 1
' % Y = I A X Ay o v
AUNUINSIA519 DNA (0a80a%1ia B-DNA aalianyazaing

aane |
@ 111 DNA 1nagn9 naan 2 ae polynucleotide WHNY

luanwazinas1Iuv (Right-handed double helix)

— Sugar-Phosphate backbone
] (two; outside)

Nitrogenous base-pairs
(inside) A+T
G+C

Held together by hydrogen bonds
(H-bonds)

2, waluunazag polynucleotide UANUBE I UIZHIVAIDINNUINY

U

VOIUNAL? 64



3. DNA uaazduiiiamensanudnu (antiparallel)
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4. a.n.vounaed 20 A Tagwilssoundalszneunua

| ] | | Y Y ' W g’J 43! = (~1
10 whaszazvianazawmmn 3.4 A asfunilasoundanily
szazme o4 A

== mvewm

L g = |'|-r’l'|1_
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5. 1ndeI B-DNA 35039 2 ¥Hane e e
~
1) Major groove 12 a o o
2) Minor groove 116 A Tj

i One turn
3.4nm <3
(10.5 bp) i /

Major groove| - -7

- _}>0.34 nm
L

Minor groove | -
Minor groove

sUnandlnssa319u09 DNA 5iia B-DNA  °™ 67




DNA Tulviaylu bacteria 1182 eukaryotic cell #1A33a3191UU B-DNA
HONVINHEINIATIa519 DNA 9n 2 ¥Hane
Y Y ! H w v d
1. A-DNA fhdassadranasuedasnnain B-DNA 1oa N3 uauiinsanas

< (4] N v o v A =2 = =2 SO v
i 75% fidnpazddnyne maerauun ueznilsseunaeadigua 11 vie manse
wulassa31auuy A-DNA lalugnuai RNA-DNA hybrid

FIGURE 4.8. Schemes of the A and B forms of DNA.




2. Z-DNA 177910 DNA NNHHI51U0IN5I53898 10 UIUE purine-
pyrimidin 154 CACACA ngl Z-DNA Hanbasd1AAe INa81918 1tk

= 1 1 AN A Y = = .
IULINAYINALUE 12 KUY HAZNINYITDIUAYIND Minor groove
A-DNA Z-DNA
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Unusual Structure of DNA

Taseadalialnfived DNA a3HuNHAHBININAIAUM IS8V

waluais DNA (DNA Sequences) Tagiln@iguuai3eadififs

11N UnazmivnannuRalnfnulassa3s1aves DNA o155
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1) msiiniaeg1ve9 Adenine (Poly A) fimalaamemiialy

DNA indengazinlviinanisnnse (Bending) Hatula

A T Y o g 1,0 iy B g T g N,y

:
$

!
I‘ﬂﬂm‘l@ﬂﬁ“

/ Bandfn;
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=N

1o A N =R o v a0
2) ‘Vil!?)ﬂ“]ﬂ‘ﬂllaﬂHﬂ!%!ﬂHﬂi%%ﬂNVHQﬂu!!ﬁ%ﬂu 138N

o

Mirror repeat M1%itnalnssa31anaeraiuae (Triple-

|| Y

A

helical DNA) 135931 H-DNA

Triplex

- Simplex

} Hoogsteen hydrogen bounds
| Watson and Crick hydrogen bounds

(drawing after Dey |, Rath PC, Biochem Biophys Res Comm 2005)

Triplex DN&
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3) minasrwesdduuaiidlufiamanduny ( inverted reptition)
luae DNA 138071 Palindrome 10891100 palindrome H1) DNA 119@@3a1¢

TGCGATACTCATCGOA

5 =TT TTTT T

S-type extrusion

| ==

o
oL ML

=0

— o> 3
CoCaCO—aA>

lllllllllllllllllllllllllllll

i

ST T s

C-type extrus ion

(b) Cruciform

Hairpin
(a)
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MSONUUUVYDI DNA

(DNA replication)

Taa 3 11Ju131n1s DNA replication ANWUH1I4

Y =
00N 2 nay fo
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1. nqu DNA 29uwumen (Double stranded cyclic DNA)
NUYVIUMS replication luanyouy 2 NANY (Bidrectional
. . = :; Y . o Y o A a b 24
repllcatlon) IﬂﬂN%ﬂlﬁﬁJﬂu (orlgm) ummmumﬂuﬂﬂmamwm

o @@@ @

Old DNA

, %, New DNA
r‘ ' 5’“&%% : -‘
.rl\':" ol ad %ﬁ“u ‘

Replication
Origin of proceeds in
replication  both directions 75
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2. ﬂ’sjﬂl DNA !ﬂaﬂﬂ’s’fmf;j (Double stranded helical DNA) NUYVIUMS replication
luanbae 2 AFMITHAY HANDABUAHIIUIUINN

— —_—
Origin of Parental Daughter
replication strand strand
gl
Bubble J Replication fork

Two daughter DINA molecules
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i naln DNA replication

Helicase | [ /

§5 DNA Binding Helicase
Proteins

5.
1181011 11!
- Lagging strand

‘s - —— Fork movement

/ A Leadl strand

>IN
s.
"/ o gy “TIITLIILITIIIIIT .

Rep protein

=Rep protein
masUNNAMIUUaIY DNA N192a319 leading strand A3 3°-->5’

~Helicase 11
d'i d'a d' Y . a\ ’ ’
A UHUNNANIIUUHAEY DNA Nazaiig lagglng strand NANY 5 -=->3

U o Y A = T
N Rep protein 1a¢ Helicase I MyidnAa1@inagIf
7



DMNA primase
RMNA primer

DMA ligase
DNA Polymerase (Pola)

DUIIRIIITIN ™%,

Okazaki fragment
&
oY,

O] L

DMNA Polymerase (Pola)
Helicase

Single strand,
Binding proteins

Lagglng l
strand

|

Topoisomerase

5
Leading
5trand

-SSB (Single-strand binding protein) M#iNNiloanumMsnauudaiunaeInve

DNA
Leading strand 11l Daughter DNA Nasenniane 5-->3’

11U contineous

Lagging Strand 15V Daughter DNA Na¥ronnany 5-->3’

/8

11UV discontineous



Ribonucleic acid (RNA)

RNA 134 nucleic acid N lilamuihinudening
U | W
NMINUENITUHNOU DNA uaaztuainaradlunms
MeNdAUYIANNAINA1ID10 DNA Tfl¥a313 protein

d
VaNLBaa



1a598519993 RNA

Uszneuneaee13ve4 Ribonucleotide 1HaNHM polynucleotide UAINEN

YoImadUnNwanaves DNA 110 agdlsimulassadenugiundienasny DNA 3D

A
o
1. vihma - Ribose
2. Base - Purine (A,G)
- Pyrimidine (C,U)
0
H__ H
N Uracil
%\ ‘ (2. 4-dioxypyrimidine]
0 M H
3. Phosphate o

Taen 1]y prokaryotic cell ItaY eukaryotic cell 3 RNA Wlumenaen (Single
strand) 9MIviSnames A < U naz 6= C lilluldmungues Chargaff

M51U81IA5 38319 nucleoside, nucleotide 1183 polynucleotide M luanya
1A83INUNY DNA 80



U < 1 a Y = 1
@ﬂan’iﬂﬂHJ‘UNﬁTl«!‘Uuﬁ'lﬂ RNA ﬁ'l?J'lﬁﬂ!ﬂﬂiﬂﬁx‘lﬁﬁNlﬂﬂﬂ?ﬂ
w Vv | d' = v
Tae1Fen5a319%I9N38n hairpin loop

| I J—
e ™
{5
I |
vF
& v 11 a
A——1)/ U3NW base 3UPUNA
I I
¢—=
"
G—— A Y v A o
b &L U3 base dugliindlag G asnsadutian g
I I
T F f U la
EI [ e ok
PPP S
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In33a319984 RNA 314

1 . Messenger RNA (m-RNA)
< U o Y v Y
gﬂumnmauwammwuﬁﬂﬁsmnn DNA 1% nucleus "l‘llﬁ
ribosome magﬂmmmaﬁn proteln mnuﬁlwammwuﬁﬂﬁu

ﬂﬂﬂﬂ1’3ﬁ\‘l!ﬂﬁ1°"l"i protein ‘V]!“lfﬂﬂﬂ'é)\‘]ﬂ1§ !Nﬂﬂl”ﬂmulﬁﬁﬂ mRNA aY

mane

160000001

mRMNA Transcription )

ddprddd

Transport to cytoplasm for
protein synthesis (translation)

Call mambrana 8 2



m-RNA 1u eukaryotic cell Qﬂﬁx‘]!ﬂﬂ%ﬁ%ﬂlﬂ nucleoplasm Taeoulass] RNA
polymerase ué’ﬁagnwdaaang’r cytoplasm Jag m-RNA 3§ MW 30,000 -
300,000 madiu 923 m-RNA vzdmiuunazduiiezdenen deluanaves m-
RNA afﬂumiﬁuﬁﬁm%fua 18 polypeptide 1 218 138031 Monocistronic 139 monogene
aIuluanaved m-RNA fslhuaifaidmsae polypeptide Faua 2 aeradlal

= Y . . G
138N Polycistronic 1130 polygene

Prokaryotic mRNA
Multiple translation start sites

UTR ‘ Protein 1 ‘ Protein 2 l Protein 3 UTR

s { !

Eukaryotic mRNA
Single translation start site

UTR ‘ Protein 1 LITR

\
Ao

1 83

5/

3/

5 m’G

AAAA ) 3’



anvazlnsaa3lagiialidvues m-RNA
U3nawuae m-RNA Tliifeadeeiumsadie protein finuen 25-150 base
ansanyla 2 uSnane
1. U510 Leader RNA egfitane 57
2. 15109 Intergene %30 Spacer region Sluinamaausnauums RNA ﬁms@
JoANUMINUENTTN

The structure of a typical human protein coding mRNA inCluding the untransiated regions (UTRs)

Cap (5 UTH Cioding sequence {C05) 3 UTH

Leader RNA Interggne
5 —— —— | ¥

genel gene?2 gene3

(o] ChH o

/j:ﬂi‘ POLY A
HN

J 2R - -

J%N "l> ro-g-o—g-o—g—o ]

o o o o
| .

HO OH 5'-5' linkage

5" END

v
U
X qQf MM XMAI(AY 9
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2. Transfer RNA (t—-RNA)

1111402111 amino acid 11§43 ribosome !W?ﬂ‘lf a9 ‘I\‘i protein
ﬁﬁ"iﬁ‘ﬂﬂﬁﬂi’)uﬁﬂuﬂﬂ 20 FUA !!ﬂﬁu‘ﬂuﬂﬂu&l t-RNA TI‘i]]!W1u®€J1Q
ffeafign 1 ¥iin t-RNA §i MW 23,000 - 30,000 madu _,

JW‘%@Q

miR NA TFEI‘IEEFIFI‘I:IEIFI

Transport 1o oyloplasm for
protein synithesis (ranslatiaong

Cell membrans
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andaelasaasnalaainallves t-RNA

t-RNA Usznaumanuan linoy
NUY (Unusual base) «?iaa"i’]umﬁ A, U, C

uaz G Hiivia) methyl 1 150 2 waflu
Tmaqa Taun methylguanine (G-CH,),
dihydrouracil (DHU),
psedourindine((y)), inosine (I) Tl

Taawaradnfmariny 10% weniiu

Wwwadnfda t-RNA Ngiuanaing

naenla eenalsnaadl O uinam il

! = 34
AT A m'l, A, m'G, yW, FA

I, Gm, Cm, m°C, ¥, mcm°U, mem3s2U, ncm5U, ncm°Um

QR




D arm
Pu @

NG AP
Contains
two or three
D residues

at different
positions

3'
A

C Amino acid
< arrMm

51 Pu
pPpG—@&
- — @

®— &

- — &

- —&

e — .‘
U

* — @
N —
- — 9

eseesc® ©®
LT
-

e ® @ G

s

Exira arm
Variable in size,
not present in
all tRNAs

Anticodon
orm

Wobble
position .| |3 %
Anticodon 87
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taativainmsanmlnssasia t-RNA lagly X-ray
crystallography 1HMeHaInUNIAsIas19aINNAva9 t-RNA 13/
sis19amea (L) Jaedilare 3’-OH ynthnsunsaez il nass
UmedumiTiaand gy anticodon §I1123 T UZ, 1123 DHU taz
extra arm THUNHINUATINNVDIS UM M08

A.l 3
5
Acceptor
Stem
D loop Ty loop
Anticodon
( loop
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NISTNIU
t-RNA az1¥dare cCA laglymsina

WuszivnyoHNMMIG 2’ We 3’ vod
1U1A1a ribose

. I
_f 0 — C—CHR——Amino acid
' - —_—

Ester bond-" . MNH 3
g tRNA
u molecule
G
1]

Intramolecular
base-pairing

Anticodon

mREMA, 5

O
| S
O——l’-’—OC:I'—l2 O\ Adenine
—O — — \!
| 4 ~
31 ;=2
'O O H
O=—C
|
H——IC—R
NH
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3. Ribosomal RNA (rRNA)
r-RNA filszanae 75-80% vo3 RNA Mavina Jag r-RNA

9g3INN protein 111 ribosomd F9aIM r-RNA Mninniuusno

v d
NSTUATIZH protein 1M ribosome JASWUI ribosome 114

eukaryotic cell

EM%%

miA NA Transcrlptmn

Transport to cytoplasm for
protein synthesis (ranslationg

Cell membrana
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TA8gNUI ribosome 114 eukaryotic cell dvua 80s ﬁx‘i‘lﬁqi

771 ribosome 11 prokarotic cell NHVINA 705

~ W R e Eukaryotic -
L= ) =2."bosome _80S ribosome
395 subunit 9’Q§_§i1bunit

S = Svedberg unit (’Jﬂﬁllu1ﬂ ribosome Tﬂmmmuﬂa@uﬁ
meldusavdos Taedi 1 s = 10722 Sunf) 97



Assembled

rRNA Proteins Subunits ribosomes
'.:: @ Total: 31
- 23S 5S
- (2900 NTs) (120 rNTs)
B e e e e e
o
@ Total: 21
165
(1500 rNTs)
v
ot
£ 25 588 Total: 50
2 :
£
¢ 288 :5.88 59
o (4800 rNTs, 160 rNTs) (120 rNTs)
'; -----------------------------------------------------
o
E .
£ Total: 33
w 18S

(1900 rNTs)




= =
VUIHDIININTIUAN
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1. Transcription (mmumﬁaammu)

T 0 AR £ £ A A
g I'f h'! ¢M* . '- ¢ '- . '- i [
mRMNA Transn:riptit;m)

1

M grrHes

/" Matura mRMNA

Mucleus

Transport to cytoplasm for
protein synthesis (ranslation}

Cell membrane
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anHM Transcrription ("'ll‘]J’J‘I«!ﬂﬁa’é)ﬂ!!‘lJiJ)

DNA

NN L sensestrnd

antisense strand

unwinding and
RMNA synthesis

VAN 74

re-winding and
release of pre-mRMA

VNN

premRNA 96



Transcrription (mmumsaammu)

e
e

" RNA polymerase .
DNA is Coding DNA is
rewound strand unwound

=
Template
strand

Matching nucleotide
is added

RAMIMsnaaui
RNA strand created

el ¥ =7 993 RNA polymerase
ErpnpnreRL NTP3

RNA DNA hybrid region

lli li ——ee Y

! a ¢
NIENTI = DNA Miumuninii3an Template stand
! o ! a\ d
= DNA nhilarienndluununiansiisen Non-coding stand
= @@ mRNA figna¥13i38n Nascent RNA 97



2. Translation (vuaumsulasianugnssu)

¢ CYTOPLASM
wl
NUCLEUS

Fre¢ aming ockis

“JJ" na
H“' IRNA bringing
amianG acid 10
. Rt
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Translational Initiation
iy E = Elongational site

10s @ P = Peptidyl site
/&Met

A = Aminoacyl site

Met = N-formyl methionine

elF3 Met
2 elF1A o
(amino acid AININIAND
lumsa319e18 polypeptide
voali)sfiu)
elF3 Met
elF1A
‘(%““““‘*:m HUYLHA)
ATP . .
mep 1. = Binding step
elF3 et 2. = Transpeptidation step

3. = Translocation step
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Elongational Translation

Incoming
amincacyl
tRMA

60s

Ribosome walts for
next aminoacy| tRMA mRNA

Step 1
Decoding

40s ,: (Bmdmg step)

HaM

? Peptidyl transferase

Step 3 Step 2
Translocation Peptide bond
rmation

(Transpeptidation step)
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Terminational

translation
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il

,
n: A anticodon AL G
I codon oA C mRMNA 3°
Z2nd base in codon
Phe Ser Tyr Cys L JHUITd
U Phe Ser Tyr Cys C L
5 Leu | Ser sToP | sTOP A =3
= Leu Ser STOP | Trp G = 2 9 A
i Leu Pro His Aryg (N =i 1RUAY AD AUG
k= C Leu Pro His Arg C 5
- Leu Pro Gln Arg A p=
E Leu Pro Gln Arg = ﬂ v -
s e Thr Asn Ser ] o A
—_ Al ne Thr -E-sn Ser :;_:L = augane UGA ,
e Thr = Arg
Met Thr Lys Arg G UAG itay UAA
Val Ala Asp Gly U
G Val Ala Asp Gly C
Val Ala Glu Gly A
Val Ala Glu Gly e

The Genetic Code
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1311 JUAVD9 Nucleic acid

1. VinaTufUBHALaZANNTIUTUS o UVDITINT I

2. anauifnenunsataziva
A ] L. A s d A ¢
IHB4DIN nucleic acid WY phosphate gﬂumﬂﬂﬁzﬂamaaﬂmmmagﬂmmaa

A A
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Figure 4. Isopycnic separation with a self-generating
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