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Stage of processing of tRNA in E. coli , there are five stages, in stage no. 3 genarate
5-P end, this step catalyzed by RNase P which is ribozyme( unusual RNA enzyme)
step 4 generate 3-OH end ( CCA end) . In step 5 six bases all in or near loops of
tRNA are modified to form pseudouridine (), 2-isopentenyladenosine(2ipA). 2-o-
methylguanosine(2mG) and 4-thiouridine(4tU)
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The promoter for RNA polymerase Il has an initiator box at the start site and a TATA box slightly
upstream of this. Further upsitream there are normc||y several upstream elements (two are shown
here).
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Although one RNA polymerase is used to transcribe most protein encoding genes, specificity is
controlled by transcription factors and their recognition sequences. The promoter region is close to the
start site and usually binds several transcription factors. In addition, extra transcription factors bind to
regions known as enhancers. These may be far upstream of the promoter, as shown, or may be
located downstream. Binding of the transcription factors to their recognition sequences influences
polymerase activity and gene expression.
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Prokaryotic Chromosomes

Eukaryotic Chromosomes

1-Many prokaryotes contain a single
circular chromosome.

2-Prokaryotic chromosomes are
condensed in the nucleoid via DNA
supercoiling and the binding of various
architectural proteins.

3-Because prokaryotic DNA can interact
with the cytoplasm, transcription and

translation occur simultaneously.

4-Most prokaryotes contain only one

copy of each gene (i.e., they are haploid).

5-Nonessential prokaryotic genes are
commonly encoded on
extrachromosomal plasmids.

6-Prokaryotic genomes are efficient and

compact, containing little repetitive DNA.

1-Eukaryotes contain multiple linear
chromosomes.

2-Eukaryotic chromosomes are
condensed in a membrane-bound
nucleus via histones.

3-In eukaryotes, transcription occurs in
the nucleus, and translation occurs in the
cytoplasm.

4-Most eukaryotes contain two copies of
each gene (i.e., they are diploid).

5-Some eukaryotic genomes are
organized into operons, but most are
not.

6-Extrachromosomal plasmids are not
commonly present in eukaryotes.

7-Eukaryotes contain large amounts of
noncoding and repetitive DNA.
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: Protein Synthesis (Translation) cwissdl pica 4ilac

N e JaSsy 5 sl Adlay s Aiia (e S g8 a5 sl Gt Guleal) o38 Cnal

[ sbleS 5 dal e

A MRNA = 5 jsrall 4 g sl Hll 3aa 6l) Ll )) el 1 [nitiation sl As =)
MRNA I Je 835 sall cadl 3,88 ey 3 (initiator tRNA) ¢l tRNA a=
) (adall initiator tRNA desy Cua UAC 3,840 aa Jeay Cua (AUG)
Met- gumsa Cun (815l il 3 i siia Jseysill5) 515l At 3 (o sl
o2 s a5 Gl sy (48D Galan¥) G iaay LS) A G5 P gisall 4 tRNA
sda Chgan delud clivig p Slllia a8 SAL paall feg el d8aa (<3 6 Sl
1ol JSGIL i e WS g Initiation Factors (IF) = daxisse (e g dalaall

Large

ribosomal
P site subunit

Initiator tRNA

mRNA

5 3 5 3
mRNA binding site Small Translation initiation complex
ribosomal
subunit
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¢ tRNA J Ao eV (aalall Juand oy o

.L.U..ﬂ\ GJJ}QSJ}*}\J@}}S&AB‘U\ ¢« tRNA 4 a_\..gSJS:\A‘)chﬂ\u_“-my
(153 a8 Tyl 75350 05 o an gl (sl ) s5sdl Gadlall )
olia) JSEN A& e WS 5 Loops el sill Bae (e (o sSH Cua

aminoacyl-tRNA a5Vl dhaul s el (sl tRNA I daesd ol
olia) JSAIL (e WS 5 synthetase

Amino acid
J— binds.
(val) ATP binds.

Amino acid /_’
¥ ol
P atp

 Aminoacyl-tRNA | ATP looses two
- synthetase phosphate groups

/.
| fjlf) P, and binds to the

Enzyme returns
to its original

amino acid as AMP.

state. ~.D
PiA
AMP
il — “" tRNA binds.

aa-tRNA
released.

AMP released./v

aa-4MP-enzyme

Aminoacyl-tRNA
{aa-tRNA)
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It g A adsall 4 SO tRNAD) a3 22 1 Elongation AaY) s e -

A e (S B el paalally (J5Y1) Gl e (aalall by ) dlee

Y ¥ paelally Jese A ERNA I oS I 5 Lagias sty o al (585

a B @dsall (gl tRNA A Jii Cus saal 5 0 shad o g sl I & jai g S

A gsall muary P oadsall ) ALl Jesall tRNA ) Jeiiy g abiaat dladd # 53

2 ASall b3 ey aa el (rmelay Jese 3aa tRNA JuiinY Lgas § )

et Gl Al g pll amy gy g a8l ) dddeal) 238 ~UsS, Translocation

385 A Jead o) ) Adleall 038 aiud 5 Elongation factor (EF) Ayl Jal gz
oLl JSAL mm 50 WS | (stop codon) sy

. W Codon recognition. The anticodon
/‘./m;m;; m«\ Amino end 4 P f of anincoming aminoacyl tRNA
| A of polypeptidg : g base-pairs with the complementary

\ - ﬁmm mRNA codon in the A site. Hydrolysis
\ M”?}/ of GTP increases the accuracy and

efficiency ofthis step.

Ribosome ready for >
next aminoacyl tRNA / 5

// .Peptide bond formation. An
rRNA molecule of the large
subunit catalyzes the formation
of a peptide bond between the
new amino acid in the A site and
the carboxyl end of the growing
polypeptide in the P site. This step
attaches the polypeptide to the
tRNAin the A site.

'Translocation. The ribosome \
translocates the tRNA in the A

site to the P site. The empty tRNA

inthe P site is moved tothe E site,
where itis released. The mRNA

moves along with its bound tRNAs,
bringing the next codon to be

translated into the A site.
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e Lﬁi e}u}g\)l\ adbia’ Ladie dla yall 22 jag © Termination elgy) s ya Y
Releasing sl&¥) Jal s (i A a8 gall Jity Cus stop codon sl &l il
Gl g Jal ) @l g aginl) damie Al gy a3 e Jeay 050 (53l 5 Factors (RF)

;o) aladall 8 eia g0 LS g MRNA ) s S5 a gas sl )l

Release
factor
' 7\ Free
polypeptide

.l“

bl %&3,

Stop codon ‘

(UAG,UAA, orUGA)

@ When aribosome reachesastop @ The release factor hydrolyzes @The two ribosomal subunits
codononmRNA, the Asite ofthe  the bond betweenthe tRNAin  and the other components of
ribosome accepts aproteincalled the P site and the lastamino  the assembly dissociate.
arelease factorinstead of tRNA.  acid of the polypeptide chain.

The polypeptideis thus freed
fromthe ribosome.

MRNA Jsb o de jgall Clagugal I (4 45 3434 38 : Polyribosome
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Jsaall (e LS 5 31 5all Aoy s s b i ) pia dalee (g (3 A a3 Ly Lad

:DUJ\
31630 Ailay 3gil) A8da Ll &
70S 80S el M| Y
fMet-tRNA Met-tRNA | W tRNA| 2
dihial 165 RNALLI ) axy Gaasd o 8 40s B paall 3as 6l) Jalii ) ey Giaas sl ddee | 3
Shine-Dalgarno 5' cap 4dhia
IF & e 05430 | (elF-1 to elF Wl Jensorde ga S| |F cadl dalse | 3
(IF-1, IF-2, IF-3) elF-6)
[ s A8 (| ALY Jal e | €
xcls GTPase m i ) EF-Tu | e 2clu GTPase ~ ¥ s4) eEF-1a EF
) Jesall tRNAD Jsan e [P g )Wl a8 gall ) Jasall tRNAA) J g3
(P or A g Ll &8 5l (or A
EF-Tu ¢ GDP JV413)) EF-Ts |  eEF-1a (= GDP J 41 }l) eEF-1By
) dlee Je) EF-G | ( Translocation ) dlee Jew) €EF-2
( Translocation
(25 RF L e 4530 225 eRF L e n a8 RF el Jalge | ©
UAA ¥ a8 3 RF-1|  UAAand k¥ 583 s eRF-1
and UAG UAG
UAA L&) (Jad ey RF-2 UAA and ¥l S48 e eRF-2
and UGA UGA
Jaall Jlasd) Alee (4a ¢ »= RF-3 Azal)l Juad)) il (1a ¢ »u eRF-3
JPPVEREIN PRNKPL <= MRNA S sasl g Ghlidl axe | 1
Polycistronic mRNA monocistronic mRNA (& o ddall
Coding region
of mMRNA
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Gene Expression ) il 13 pdlal) 3 palaall
Transcription &Ly

opdll ALlS s g Basasall Cliall e e o) Gl ledae sl paiuly dead daall Aad) o)
A5l Sl slaall DNA Jasa iy » s RNA 8ale o6S5 il g cpall &8l 55 Sa3 EXPRESSION
Ay e Yo o<1y daal) AN Jeal il e Janiin Yy Slaglaall o3 ¢ A0 Janting 5 4laY)
=3 RNA I DNA (e &)l Slaglaall Jai dalee g RNA JSG Jaladl cpall (e gt Jand
Clill (any ligh cilall 18 (e i) Ofie sene Il Qliall ausi | Transcription ¢ luiiul
oo AY el W« (tRNA,rRNA,snRNAhnRNA RNAi )RNA Al Leal 58 ) 5S
48050 e slaall Jail 4dans g Al je RNA 058 Aladl o3 (B (4355 5 Aledll Leadl 55 (58 Silipall
i cliall Qle) 4l Loy mRNA dul el 8 clasladl 81 RNA 058 @l s DNA e

Gt dolee (e g sl 18 o L3S 55 0 oS A i g 5

RNA a3 dany & 0es DNA  4al zsadall Ly dll old llati ad) Flusicl dolee
Osolall Gld e ey s DNA ss i m 3¥) 18 hasi p Sus RNA s 02588 e polymerase

&R Gm}“LQSRNAu:’}SSJCJJJA‘
ds DNA Gene of interest
STRANDS ARE LOCALLY PULLED APART T(‘]]]Pl'l[(‘ - d
(AL 3
Template strand
¥
Ol 4}‘
J I &
X Coding strand

NEW RNA STRAND IS MADE

) oW MRNA ¥ N DNA b 41 i
@Q’”% Doy \
Coding stand

Llee A daaluall bl paliall muagis DNA goijall husddl (uRNA - ¢ lwdiad dyles
. Gl ol g Fludin)
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QI 5 sl DNA Jas il (8 2 gall Juaduasill JaSe SN RNA s 3 (& 2o gl Julas ) 5S-
& Aeddiiaall agia o i) 2 ) g8ll O LS Jal ) sl palill Jlasiad ae sense or template strand
Loy Jall Bias 5 RNA (e Glaall Iy plll ol iz 138 5 ATP,GTP,UTP,CTP (S5 dllall o34
5-- oladh RNA  giald o) (5855 coding strand of DNA or antisense strand (« _idal
&) Saall (e 43 LSl i (15 3a)50 ZLiY ) lae 3 DNA. (0 a5 i Jass s 53

o smisa) s 8 (e 4dlie Blalie b ea Jay IS by A1 (e (51 Jamy

) (o Jaxi 4 il ) 86 g IS 8 Lgia ¢ e Jarin s Cliad) G ) Dle s g5 ST Jany
JS i) (amy Jad ¢ Lgilia & ganae (00 % Y0 JSALe (gl cpn Vv e (lea gaill Q) e 2
Jexd (s 4 housekeeping genes 4eall Sl cand Sliadl 034 5 (SI gad Jad jo JS (8 jalisa
ALy 4ilide il Jand 485 gaill Jal ye JVA ¢ Al Al Ci g puial (iandd AdaiulS il
OS5 Al Gkl A W sad Jal o e ada o JS A AR 8 RNA (e 4dlid g 53 Wl 5
(2 03 93na ) yal Slial) Jaii Glal¥l Gany by i jral (aee ol Giad aliiball Giliadl aae
Jie saill o adme dla je (A V) Jaxd il Gara s A zlia) coua s & ) (8 51 el
S S (580 50 sl Adlia 8 ) puanl) i 58 130 eyl o3 Jai Jand ) Aiial Cilisal)

31 sl Aol 5 jraa¥) S e

28y dgadiy Alule el & aad DNA (e 42k o structural gene =S 3 cpalls | cistron-
Ahias Jaxioy palall Ci gl A cis\rans methods Gk JalSill &l jLaaly cilial) s3a & je
JAxY Al g RNA (e goal gl ) @iy i gl s jaiiall DNA adad JS Jelid cistron  J)

. tRNA,rRNA.. etc Jie 4aa il Al

DNA or (» 4aki ) Jle open reading frame (ORF) as sidall 3¢l jall 5 jil mllaias (gllay
s cistron JS gads cistron s ORF JS 06 @l g g 3l A et Lal ) 3l s RNA
s Ofisn Y aasiis MRNA (e 22hi& IS e ey 8l d8as LAY 8 ORF
o Al gl Jama g ao pud) (V) dadi o 8) il Al WA 8 s A monocistronic mRNA

b i e LS 5 polycistronic mMRNA 138 s 2y 9 dlaie mRNA JS5 Gl B2 (e

FUKARYOTES PROKARYOTES
SNA Promnoter S Ao e at DNA Promoter Structural genes
L Operon 1

TRANSCRIPITION

Monocistronic i :
=R R

TRANSLATION

Single prowein Several protcins
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3
13

8 sl 8 polonad)
Fladin) dalae Jualds

e ¢ Bl dliia LS (e laiad JBls o) 408 LS 8 Y ALY dlee Cina g o
dolee (& S 0 By bl el g ol G (39 8 (amy llia 81 LK) JS as g & LasinY)
 RNA piaidlee 3 Gl s #Lasind 1)

uisw\oamdyijNA‘sl\ 3 Y5 (pall ae alail Baaas Ashia 3 68 cpa JS Aedia S
palud O dac ashidl o3a as 34l jiis RNA polymerase a3 & s ns promoter  Jleal)
J8 adiy cpall 5 ALl 8 8 Al dshiall e gene expression  suall Huadll e &
sac@ Jo) sy Wl upstream region dadsiall ol Ay glal) Aslaidll (yaig pll o yadal) aslaidll
=S ddhie Goludadll (2 59 SV 5 i g sall o e Bac B J ) (o Slaall MRNA oy pd (A i 5 i
gt Al ashidl a5 5 untransulated (region or 5-UTR)5 4l (3 daa jiall ye adlaially
A Aikie LI aa 65 Gl MRNA da i e A Al A (4555 e 58 Y s mRNA S

O o) aiual s MRNA 4l il G (pihaial) (0la aalud s SUTR oensis Wi jizae e

Upsoeam region Downstream region
DNA Promoter 7 Cene
1 I I
-35 -10 +1 A

A '

1

1

suTRE S suTe]

P

1

1

Start and end :

of protein '

coding sequence

'

1

1

Start of oanscript End of transcript
Upstream and Downstream Regions

core enzyme (i ) s g (e 8)sill 43l 8 RNA polymerase a ¢ o5k L
L CRlEAS () 5 (gl (i) A ) Cilas g @ )) (e @ 3V 8 s Al < and sigma subunit
A e s Lein
Four subunits = o’ Core enzyme u
One subunit = s Sigma factor |

dae (e s leia IS 55 (LILIINRNA polymerase (e g si &0l @lligh 3) 5ill diia é Ll
L“;ﬁ LAS} Oza
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Nuclear DNA is transcribed by three different RNA polymerases |
RNA pol 1 |

Transcribes all rRNA genes (except for the 5S rRNA) u

RNA pol IT |

Transcribes all structural genes .Thus, synthesizes all mRNAs |
Transcribes some snRNA genes |

RNA pol 111 |

Transcribes all tRNA genes .And the 5S rRNA gene u

il e Al g 68 sigma eas sl Ll cnaall RNA Loy pd 5185 (e Jgpme aa 3V 58 2 05
dahaid) A ae) gil) e cpaaaae cplalid e LaSu aa gl (8 et leal) dalate 8 Aald @Ol
Cuaws -10 and -35 okl Gila exiy jadall e Ly ydll oo jlall dilie & cpall 4y 5la)
210 4kl e 3l (AS Wiy ) (e gensiingd Jg) (e 33018 ¥O5 V0 aay o a8 Ll o 13Ka
consensus )@Lﬂ\ Jududll ) | el sda Jlamiad Lo 53 sl 38 5 Pribnow boxX sin » (3 sdba
SOl <8 35 dshie W TATAA e S3alad 6K 210 dahiall Cag ymall g (sequence
Ledans gia aa g5 LK (e Adlida &) g3l 45 Hlaay SOl oda b je 285 TTGACA (o et il
G 0S5 il o2 W Jlia 8 g nd Sl cliald) o aay s 0 bladll a2 (e Llle oSGy
Ghliall o3 & il cliall (e 48 O e el ey o Leidlalad 3 Gilias ) cilial) (e | e
Gliall Cu 8 LS G Al ey lgde Cooailly LeSis Bas g i (815 20 ) 88 et ) 4ny ) &8l 50
g Adla A Y et B () oS5 Lgie el WalS 5 ) s HiS)g (5 8 (5SS consensus sequence (w

o o) s Gpall e il oy (ST 5 8 Slaa Laila pum gy s Al I GRS

Core
enzyme . . .
. The sigma protein binds to both the
Coding -10 and -35 sequences of the
| TICACA TATAAT Gene promoter, thereby establishing a
35 10 R constant position with respect to the
— : . start of transcription.
Promoter region

Sa¥ g Intiation, elongation and termination (o daw ) <l shad SO Cpall Fluiin dolee 25
RNA pol. m il caaty ladie | Lealad) (8 Apuutd ) Jal e s2a) 5 ST 0815 <l shadll oda s Lilee il
il by s DNA (sl 53 3al (s lall ity Lot dlee 18 (uma Cpn (3 il Bhalie e
Gaady g el Gpali g (ial SOl e Ll i 1 s Slgus Lgnd Tl )V 8 (585 (il 5 =10 4dkaie (e
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Transcription Flwiiny) dclisy sanle cplay p&l) @l 3y o <0 ¢ Aalaall 238 A age 50 LS Juladl
core ahaiuly paall RNA Ly il Fluiin¥) ddac fag DNA A i ¢l 4yl &35 () 223 . bubble
=l DNA Ljd e W saa gl Juadti s paall RNA L s Al e Jesy 315 enzyme
Jucmil w33y Fidall s ¢ il DNA Ja,l Mo 34l RNA oy b 205l Jus o5
28 A9 (RNA (s el @ 4 A s lauiiie a3V 8 ga & aty o) e V) LS 3as )
Aol i Bae B J <8 Gliall Qle) A cpall e Jlaall Gl LS sas gl jalad lyaas adadil)
sie s pyrmidine g ¢ (o el dblas DNAJ LoV Loy pall A K5 cpinl oo Aduiiie
cacliat dolae (e | S A1 13 g Baal gl AplE] A3acld €0 ) sa ALl de ju S5 CAT 05Sike
1o iy o35 Ann il Jane pe (381550 Jondl 13 (ST Al L35aclE Y+ v vl sa alu 535 DNA

sand gl Al 8 isel (iaela

Template strand e s(‘l'i tion }
P gan P upy, /.

o7 9
/:-/ /,//
4V & 4
Sequence of = Direction of synthesis ) 4
growing RNA s = & o oy
chain

The beginning of RNA synthesis is
shown. The DNA strands have
seporoted at the transcription
bubble. Synthesis of six bases of

RNA complementary to those of the
DNA template strand occurs while
RNA polymerase remains at the
promofter site.

ol (8 age 50 0 B sl aali A ) Cilas g )l (50 RNA ol el 8 s <l Ll U 580 LS
cllia) | laall RNA Lz i 5 sals dlae J age 50 By "B Qliaa sl ()5S Lad Jliall 1S e Sl
Bacld Yo lga g8l gill Al 332c8 VT ) sa saiay ) (S ddialiin (A S 3 003 RNA pol. s )
Loy pil anada 138 5 oY) 252830 el Al gl (B e 3 g0 Lyl lia g ¢ 8 gl Adsa B

. Gl sl RNA
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The structure of yeast RNA polymerase reveals a groove that may be used by
DNA as it moves relative to the polymerase and a potential groove for the
newly formed RNA.

oSl ol GUEDY) ddasl g Flasiad) Gy die DNA il $lal Galaly) ol dlee fag
<Y DNA gyrase Lt Flaiin¥) dgee (8 53 (pay 3 ol s RNA pol a i) J2&s DNA - (o il
il La¥) Gl aa 53 topoisomerase a3l s RNA pol. bl (ol al (0685 3 2eloy

Adluiinl o4 o) 2 RNA pol. «sls DNA

O i Gl bl e ag 591 Lead oy (3lalie a5 SIS uall Aol Caya 3lalie llin a5 LS -
g..u;j\ Lyl L“g sale (oo Lﬁﬁ‘j Terminator G@.\Ab dalaial) o2a (8 gad é\.uﬁu‘}[\ lac Lgad (88 o1
Aian s i 28 i gn Legs oy (el Lagamnnd oplia IS5 ikl e illsy; DNAJ
o3 s MRNA b (58 Fladinl) 2i28 gy oaal) o pall (8 oV (e Sl Bale 2
e gsim Sl mRNA - bl 058 g daol s Gaalil) Jladad lae Jalall je oyl
e ¥ DNA daidl 8 4 sliall cdlaludl) 665 Jay pal) (e 3 4l A Jasl ) sall (e 3l
b Liayl 4dlaall RNA 4o i) any b aa i 4l I il ey L3 285 pday 5800 SIS
stem and loop" 3se 5 bu (e 45 5S5a 4Bkl Cojmy S 55 0 oS35 Lol 1 (50 93 Lan 4Slaia

. hairpin structure"

Oe e e A8l mMRNA 4 il cJaall e i gi 35 21l RNA pol. a3 Jay Ladie
onll aan o adiag 104 53 a0 yiil (a8 gl g RNA pol. m i) dee oot o) aalaind Al &l gyl
dpay Als 8 4K RNA 4ja poais RNA pol. dee elgd¥ da i laad oda g 45 Sidll
Oy (ia Al alae 3 glag oy 5V QB U ) jSe a5 a0 Alla G Ll cday 8l s (AU (e ) S
A &) S Cna bl ) s 5 ) Gla RNA L pb 4 U @l Se gadaiadi ¢ 8yl o yidl Cad o
cliy ol RNA L s ) ahy a3V dee (68 o)) bt el g QA DNA L jd A o2 g sall
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e dalia Llle (815 adline il y38 olgiV) Adee AU 3ale | DNA JRNA O canall Lol HY)

Al
A
DNA: Inverted
Coding strand NNNN-TAGCGGCCATC-NNNNNNNNN-GATGGCCGCTA-TTTTTTT
Template smuand NNNN-ATCGCCGGTAG-NNNNNNNNN-CTACCGGCGAT-AAAAAAA
(N = any base) Repeats
TRANSCRIPTION
Messenger RNA NNNN-UAGCCGGCCAUC-NNNNNNNNN-GAUGGCCGCUA-UUUUUUU
B
cVu
Loop L i
C
A A
CcC G
U A
A U
CcC G
C G
Stem: G C
(base pairing of G C
inverted repeats) ’
CcC G
G C Terminator
A U
U A
\

Messenger RNA--- AUUA~ UUUUUUU ---3end

A) The signal for RNA polymerase to stop is shown in both the DNA and the RNA franscribed from it
The terminator consists of an inverted repeat separated by approximately 10 bases from a run of U,
B) The complementary bases form the stem of the hairpn, wih the infervening bases forming the

e
MRNA Ly s 835 sall U J aublaial) ol (pe dldine ol e 30 b oleiV] ilec a5

MRNA (il @8 o 330 A Flaiial) ddae jalad () (S RNA pol. a5V 4 s ol el g Glad)
Adludinl @by Al Gas e Ualy oy 3V1 alay eledW) adse (8 RNA 5 DNA Uay il Jaaidy Ladic
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m RINA

IDNA template saand

Hairpi

IDISASSENMBL.Y

Rho-dependent terminators need Rho (p) protein cnall Jeal Cilhgiall e (pe 58 3 50
DNA L é e a3 Jeadl Rho Jalall ) zlisy J5¥) & 5l « Rho-independent JAY) g 5ill 5
= E. coli & Clhgiall dplle o 5855 o3V dalae &5 (5 ) dale gl (I zliag S8 U & il Ll

el Alle b a3 ) £ il Wl Rho s oo il g il

Bl RNA ¢¢s Bl ¥ e i s all 1 Jamy 5 gl Aadi Judls d3u e Rho Jalall allsy
Lexic s RNA (o @Blaall Loy il Jsb o @ aill (8 jauys Can G oo o) sina 4188 ()5S
2 Y ol (535 Laa 4y Jasi g g pall 138 4y Bl 89 pall 3 o1 4ats RNA pol. w3l el

Baa e IS gl 5 an 3 e IS ) Wasy Fludin) dlee (il 555 DNA 2
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Rho attaches & moves

i Ut TP P Ut T U TP S ) -
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O 058 B ddlide Clipa Lol o 6 g e Chg kS Al (8 Jaad ) adadinall Gl gl (e
& aal g dadie (45 5 al ol 13 2 g8y 88 ame il Cand Ll il D Glialdl e dae ) sl
alide A de jgie Cliall oda (¢S5 M85 (e opdal dlatin) Giliall (e 22e e jamy 48 )l LK)
Jaall 12 o 585 Flustinsd Jal s 2 55 &80l SH 3 13 adbide UK 5 Al & 5] ila gus g s S
transcription factors

Al el Al 8 0 ga e sp g Tadiiall (i g all Dty o ghy e MU gl a3l b
AV Jae alaiiBaal s claliie 3ae a5 (s (6 sie o AT 8 Gl Ca el O ang agle 403U
ol panl wdai] Lasld ) pualaa 8 Ansn 55wl 138 5 o (Jalel Aatod 10 W1 5,1 3k
dime Sl 3 ) zUaS Sua B ocoli LS B e sl Bgiul B 33U 5 Sall dagdl (ST
A L asmpe Sadl 138 @il (o 4y pasall il Jond Tl (50 Sl 13a g
3l Tl 3 sl S 3gms Al 3 Y1 il 038 iy il o 31 day, e Janty LSl
Lgijd badiall gl apdss e Jasy g Jadiiall (455 5l Jasi y Saall dga g ied (L S 4 gal
O Ayl Gliall Flaiinl g Slaall Lli ¥ e RNa pol. ml jésg 13ay Jlisll 8 8 sa
LS inducer sfialy hadiall gpis ) dapdii o Jaad (Sl Gsllad) & 0a pands Sl eDiginl
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Activator |
proleln. ) ) l )
_ Theadvolor profein s binds fo
DNA § Cene to be transcribed )
35 10+l fhe promoter region 0[ rhe gene.

Once bound, e actvalor profein
cliols fhe binding ofthe RNA

‘}-f“n polymerase. Gene franscrpfion e
| RNA
polymerase
DNA § _ Cene to be lranscribc;lj Commences.
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-~ Maltose

The MalT protein has a binding site
comp|ementory in shape fo the
sugar malose. In step 1, MalT
STEP 1 binds to maltose, which causes
MalT o change shape. In step 2,
the new conformation of Mall
protein allows it fo bind fo DNA ot
a specific sequence found only in
G certain promoters. The gene thus

activated is involved in the

—cemeerseae—  Metobolism of maliose.

of maltosc

DNA | P Promoter

1
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Translation and Protein o5l dslia g daa ) Adas ; pdie 4alal) 3 pialaall

Synthesis

A5l e slaall Jais 5 o saspa s S o A3 5l 415l Slaslaall e Ao Wb G s sl phay
U senall Cila slaall arding 400N Al jall 5 Fladin) ey MRNA - ) DNA (0 Legl ) Osils e
5080 Jygad ey 138 5 Al daete JS5 eVl (alea¥) e Alds Jaadl mRNAL & e
Jasil o « Translation des il daleay dpen 13ed g At g el B () "g 9 5ill Gmaladl 43" 435 ) )
i jall slall dle (538 el Taaddls Caymy (il I &5 RNA Y DNA (e 4l sl cila shaall
A8 MRNA ey i dglae o) VATY dii cly S Alladl g 4l LS 56 81 (e J 5l Central dogma
dsb o & at dua g ) aial s mRNAG b 5 Al Gilagjsul M et dals (S 8

B Aoy Al Aadie Jay i)

o= Gy Beadle and Tatum 4uajd laa (e Gl (a5l alad e galie 320 Ciria g 3]
8 Clay 3V a5 il g ) IS Jadial dpum 8l 028 (381 sy (815 28l 5 33 iy o JS ) e
Ll uiad tRNA,FRNA < s sl Cad S duia 8050 4 Gl g o) of () LAY can
O Adaill i (e s e JISY U1 aodalt Clilee dllia Liayl o rall (as LS A 053

Ll 4l 3 LEY) Caci 8 4K 138 5 MRNA

2015 ) L o STy IS ) b g ) S5 el aela Yo ollin Cig jee s LS
Ly (Sa¥ 5 aals (ol Gaalal 235 Gl sasl s 3aclal (Say¥ 13 s MRNA day 03 Al A 530
il aalal HaEE ae) @ Y S ol ma Y Jldal s Jladal VT dad Jlaat LY a8 o) lhae Wl
codon 5 sl aus a0 55 N 038 5 ¢yl Agisal) (beadl) Caliae Jlind TE Ly 130 5 51
Al iael el Y+ L a5 400 Ly ¢ 805500 il e abeaDU £351 ) 5l VLAY (o
Al Dl 24 G gy () ALLYL A )5 588 e JIS) Aginal) (alaal) Gasd o) gl (e
il mag 3 Jsaalls stop codon sl il il Ciyed dea sl slgdl dlens Lavadia
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2nd (middle) base
Ist \ / v | 3rd
base U C A (’ base
UUU Phe |UCU Ser [UAU Tyr |UGUGys | U
U UUCPhe [UCCSer |UACTyr [UGCGs | C
UUA Leu [UCA Ser |UAAstop |UGAstop| A
UUG Leu |UCG Ser |UAGstop|UGGTp| G
CUU Leu |CCU Pro |CAUHis |CGUArg| U
C CUCLeu [CCCPro [CACHis |CGCArg | C
CUALeu [CCAPro [CAAGIn |CCAArg | A
CUGLeu |CCG Pro [CAGGIn |CCGArg| G
AUUIle |ACU Thr | AAU Asn |AGU Ser | U
UClle |\CCThr |'ACAsn [\GCSer | C
UAlle |A\CAThr |['AALys [\CAArg | A
UG Met [\CGThr | \AGLys [\CGArg | G
GUUVal |GCU Ala [GAU Asp [GGUGly [ U
GUCVal |GCCAla |GACAsp [GGCCly | €
G GUAVal [GCAAla |GAAGIu [GCGAGl | A
GUGVal |GCGAla |CGAGGlu |GCGGly | G

i A3l 8 lowal!

e dailill AuwY) Gmleall, )l

The 64 codons as found in
messenger RNA are shown wil

their corresponding amino acids As
usual, bases are read from 5'o 3
50 that the first base is of the 5 end
of the codon. Three codons (UAA,
UAG, UGA) have no cognate
amino acid but signal sfop. AUG
lencoding methionine) and, less
often, GUG (encoding valng] act os
start codons. To locate @ codon,
find the first base in the verfca
column on the lek, the second base
in the horizonfal row af the fop and
the third base in the vertical column
on the right
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Jeads dga (8 MRNA L b 83,80 o il a6 dimae Gl Ja 8 4350 )11 3,800 3¢l
e 43iled aal (8 Jesy Cus (RNA oo 3oke 585 Gl jall oda ¢ s AN Liga (8 il (aala
lera JalS5 g MRNA oy i (85 )alll dleSa (585 2e) 8 SO (el Al g anticodon 38

Al 1) 3,88 e (38) sia sl aela RNA ey DAY Gkl g daia 5 50 eal s

| @ ()(lon

mRNA —)I-AUC—GUA—GCC—GAGd
N \(> (‘h\r ﬁacr \|LT(F

Amino lle al

acid

Andcodon

tRINA

adapror)

Several tRNAs are seen bound to mRNA codons by their anticodons. Each tRNA carries a different
amino acid at the end of the adaptor stem. This diagram is intended to show the principle of mRNA
decoding. It does NOT illustrate the actual mechanism of protein synthesis. In real life, the codons are
contiguous and there are no spacers in between and only two tRNAs are bound at any given time.

Cloverleaf structure of tRNA

Z 33 e da i O sS Lghiai 5 s Jshall (8 Al o Av s (e tRNA (55l paalall 0 oS5
sonle 108 5 clals SO g day Hll A 93 je Gl day ) e 0 5S0e (JGD) JBU (g5 51l pamalal) (5
A1 O a5 andd (5 A gad agiila aal agd i slagV1 AU )5Sy s 5 eyl A8 )9 JSE A
e ) Gaalall s 8 Al slias (5Sy il D Adla s T A8ls (e JS (5S4 (gl A
(b i (Sl Ll gha (o ATRLIN 2, 5 i) (mal gad) a5 o jlund) all) g alag¥1 (I3 S il h )k

sl 0 o Jshall 8 aDEaY) (e s Al 6lS 5 AY-VO (Ll sha = ) i LS
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Amino acid > OH 5 end
attachment sile

3 end

Variable
loop

Modificd

purine .
Anticodon

Two

pyrimidines

Anticodon loop

A) A planar view (secondary structure) of a tRNA shows its cloverleaf structure comprised of the 3’
and 5" acceptor stem, the T- (or TyC) and D-loops and the anticodon loop. A variable loop, which
varies in |ength in different RNA molecules is also found. B) The folded (tertiary structure)
configuration resembles an “L.”

G 328 sale Al 5 34l ) 503 (e (5550 acceptor stem i) padall Jadina) Gladl ¢ &
Ll ) padall Laii gy CCA-OH dadadlls sale o35 Al 3 4ledll aa 3 jhuda 5S84
e dala (55 ALl dgad) 8550 Chual axy o Jafiiall Bl s 3 Gahall S 5 1S 5 Hed)
Bile (Baw g coiatiall 85 jalll Baliaa Lgia EDE () oS5 20 ) 8 auw (0 () sSH g anticodon loop 3l

ole) JSAN 8 i 9o LaS 3 ) gaa (il Bac B Laby g (e jm g 98 (e (aiae 8y 3 el Baliaal) ae ) 4all

Gind Cun B aall Laaaeld e llade) Cuew tRNA @S5 A gn AY) gl ol
DHU-4LGA 48lal) 585 Lad pseudouracil W sise 058 Allg (psi) TyC loop (T)sY!
alec elals tRNA Sl dolee (8 age )33 Ol psadll 03d 8 ¢ Dihydrouracil (= loop(D)

LY (5 i LeS g daa il Jalse 5 ila g sl L ol ) (8 age 50 tlal] anlli LS rmia JSU
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¢ A,G,C, and U (4 o 2 58 day ) (e Ll Jay 58 (e 4dliatindl (ps RNA O5Sh g pme oo LS
\°Q\Pdﬁ\-ﬂ\\-’)\mcdﬁdséuéthNA@CWW@&Judf—\)ﬂ‘bifbua’u)}aﬁ

B 9a 3ac |8

b 535 sall Y Ay il sl il e Jiiall e sama 3131 51 Ailial Aalens (oS5 <y satl) )
L)) dlee 4 ac bty Lgany daia 5 yinil) ae ] 8l (amy Lol ) aiad Jilal) ALl dlac « RNA Ly i
W 5(5-methyl Uracil) T dsie s yill 3aclall Gl JaaBly g dea jill dpale il dpa g ) sl Hl i g 5l
gl U 3acldll Alie dlany tRNA (A 8293 00 Ll DNA & dash aal g8 L Bale
O SIL das yd caline (4 6S0 Lead jgnl I S dals ) (ST ety [ s2e Wl ) a8 pseudouridine
aila Bale &f“\l\} Inosine 3 ) sxall saclsll <5 ie ) yridine & ) el Ju o
Jadl g Lelel 8 ael gall & JIAT Liad T 3alls Led a9 tRNA il A 8393 50 hypoxanthine
Sl des QY W xnAlls queuosine ,wyosine 8 saall 2o gall A alia

ERNA &a Yo O8I e 55 o) L3 0% @il 5 aal s isal Gasla (RNA ¢0 o658 US Cann
Ll 131 AN sy Al AR08 (i g pal) S o ilida Jisal imala Yo Jaa adaindi S
sl 4 55 550 o JiS) ligh el s gigal Gialan) et &35 0 ik 1) ligh GENI il i
paelal) (i and 383 0a JS) G O tRNAs s 0ad lad Gala¥) 138 e ¢ sl )
e lina e 6 VY s dllia o aa g daadl LIAD e 8y aclE e SiS) aa 2 93 30 4l (g) (SinaY)
& il Calias o) casdall e g ¢ stadl g (gan Y1 RGN aea oe) A AAS &) 63 038 () ¢S5 RNA

OIS s il 81 ) e ) (RNA Sl s 220

La ¢ Lgza ) 93 31 LeiSay Bacl8 dyiia g yii Bac 8 JSI 8 (gae Gl ) 50 31 (il 8 (e B9 2a g LS
A1 ) Sae) Gl it dand Qo e ST 618 e tRNA 5,8 0o Jhsw oadl) I ol
O il g2l 203 il 8 e dealall gLl o dagiill iy Jaeyd adlise ae) @ ae 53y
daa il dalee A Baliaall 5,800 5 580l ddee & jeV) ddia (S15 DNA oy il 7 50 3all (55 0l
z 28 « pairing process not double helix z 52« Ol Gy )53 (o laall a2 58
Ol B s g mMRNA oyl (85,880 iaeld gl e tRNA day pil 5 3l das & oiaeld A
& AU Bl e z g0 3 Al g tRNA J 3880 abias (A (Jo¥) saclall Wl ¢ dualie ) ~) 92 3Y)
S i (A LS (i 93 e e B (5 ) seane Caund LY @l 5 SLIE 3w Lld mRNA Lyl 5 sl
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Sl Jsaall A LS5 wobble ruleseudll (il 8 auii Cua dala

PAIRS WITH THIRD CODON

BASE
First Anticodon Base normal by wobble
G C U
U A G
I — CorUorA
C G no wobble
A U no wobble

Wobble rules codon\anticodon pairing

C ooz O aahion 48 G g 5 (e 5200 dian 8 82clE Jg i€ 13 ¢ dolaall 238 uia il
cllay Godingll V) Gadall tRNA o JUall diss (e s il Gl 8 cas U g ) Lialic
= s MRNA Lyl (8 CAU 5 CAC &l ad e IS (e Capatll olaing (3l g GUG ot Slias
Sl Ladie A G 0w IS pe ) 52 )Y) adaind Ll U 6l alias A sacld J ) S 13) Ay plall s
O3 5 Cinsgl 3 LS U and € ¢0sS5 o) Y 200 55080 (b il il (e 53 i) Gadtal
o2 (halaiiy (s ya) i)Y Adlaial gl aa 5 5 claali KN (asla g (Dl 8 LS A and G
Wl ja ol aals tRNA  ster gl <l jad G o ao ) elliad il dpa¥) paleal) e il il
slcae e U gine 13 Baad 93 e <l ad EG T ) (RNA J oS WS il oyl 68 e lalaie )

.U, A, and C (e JS ge ) 533V aadainy (g3 T 38l

¥l paaall (RNA (s

138 o yaas 4 paldll i) aaslall s tRNA e (0 IS o iy pald a3l (RNA S
Caat Alaall o385 Y (adlally J8UN Gl ey 505 aminoacyl tRNA synthetase < a33Y!
Aliy gslall A BLslull 8 dleall 034 2a 635 (charging of tRNA) tRNA sy o Aol

b LS g (i glady
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a) amino acid + ATP — aminoacyl-AMP + PPi
b) aminoacyl-AMP + tRNA — aminoacyl-tRNA + AMP

maall ) adall pa g e JS4 jaadia aminoacyl tRNA synthetase ~ ¥ 58
s b 5l e A 5y ol B L) e el iy pmeal) JI LY esia e
oty iilid) NS e it a3V s 5 A) Sl b Jiiedll Gldl Al g @Yl

< gl

A) FORMATION OF AMINOACYL. - AMP

HNT"—C—cooO"

H
AMINO ACID

o
o O N ~N
I 11 i
ngN"—(I:—(:—()—P—()—(:u2 £
= S 131 H
H H
OH OH

AMINOACYL. ADENYLATE

B) TRANSFER TO tRNA =
TS OH 3°

AMINOACYL. ADENYLATE
NHo
oy
2
; NT
-O—P—O—CH, =
|
o 11 =1 A 4
H H
OH OH
AMP HNT " —C—C—O
Il
H O
= e 3
S
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This two-step procedure begins (Al by attachment of the amino acid fo adenosine monophosphote
(AMP o give aminoacyl-AMP or aminoacyl-adenylate. This involves spliting ATP and the release of
inorganic pyrophosphate. Then, in the second step (B), the amino acid is transferred fo the hydroxyl
group of the rbose ot the 3end of the fRNA, yielding AMP as a byproduct,

A o)l RGN Bp) @ (yilSa g ilag ) gl )

e S deas Al e gy sul ) (o5 o e e Aol g &5 A5l 3l 361 8 Alee o
O 2 © Al die Tad MRNA dea i diee | (i g all delina Llee &5 () sadiall tRNA s mRNA
saaie Jay 8 ) el (ales) Cisiar s MRNA da 3 Joba o e ath leil) o3 a5 5 sl N Jasi
e o gl dlme das s 18 MRNA Ly s e 3588 JSa0a 4405558 158 LS aaall i)

. tRNA Ly s

paals ¢ Ao pull BN (g3 el ajkll daul g Lellady Claghsul N oo Claglrall pen A
oo Al Ao ju sali Alls (Svedberg unit) <l sl (S- value ) Ll Dl e sl
i iS5 sl o) a1 () uiS S-value (e 4llad) 2l () e a8 Hll (e g 50 sa) 1) @l oSl
508 5wS) Gian g (e 0S5 T0S & 58 e S a s dsnl ) O5Se (Fadl GO ae 55l
0555 608 and 408 (e sty S B sl Lida S a5 sm) ) oS Lad 308 5 sl
o Boke Sl Gl 5 a5 50l aaa AB s IS5 rRNA (e g )53 G e LA a5 500
L5 Lagd 16S rRNA (= 308 3_all saa ol allii | (45 50 08 (s Waae daa g jsnl ) Sl g

.5S rRNA and 23S rRNA L (e 5 (e 508 50l sl
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i and 05 i, Thse i hm e

(511081)
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nmeros i, e 35 sun

s sl o 165 A e

gﬂg\ vih ) 1l proens. | The 503 s
" anluns 5 and 235 nbosoma

(Ll 134)

g0 A s 4o,

agie ) g many stems and loops Sl g Glawadl (e dae (e (5 oS5 L 536 LS 5 rRNA <l ja el
pes 03 TRNAJ O gl daall Susadly | (45 all delia dlae (8 1as age )50 S il 13gd
s as)sul ol 8 sl s gl (8 23S ¢ jall ba gad s (455 ) deliun dilee (& COlelail) alars &
o3 aali Sy (i s ) Aeliva Alee b oy V) W 50 N 3L ribozyme 2w Lad lgale Lkl
Alee oL Uia Giliadly 3l ia¥) pnmalall (o Aniadl 5 peal) delin 3 age 50 32l
daelad¥) & sl Liayl & el 5 peptidyl transferase a B o 33 50 caali Ll () ddan il
dS ) sa) il Je il S e a8 4y jsml ) Clidis  dsa g ade (aS) dadl) Al 5050 3 Sl 3as 5l
S ool delia 448 23S 8 &l jalall & jelal i yudlail) ke aladinly dApulu) Gilas ) (e
E. LSS il 13a) Y01 5 YE£Y cpundgall 6 el jidal) < jedal Lo Lol ALuL) ALY oo
saasll e yigall o all (Ao e at )l o il delia e W il aae (23S of coli
g sar (i) Gudaalall a5 o 685 L) Cua Baa gl) 3] (Baal) ) sall jedal 18 5 ) sl HUl 3 Sl
dee e Ll (RNA aminoacyl transferase s gbiog Cusy aiall 3 pa¥l Sl sia

Legin ariall 3 pua)
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a0, 6l 55 Be 3 c¥Laial

I )% Cua ¢ reading frame ¢! &l JUal Hlie W) lai 35 o cang (5 3 I MRNA aa i o) i
el sl e Y Ay ddan J<p5e0 Al Ayl o llaie) cVladal EDE mRNA b 3 ac) gl
Y laia) @llia e @l (pe Judus (Y il Calise dyine) Galeal) Jualisi 5 dakide 3¢ 8 and GO
Sall o dulall bl Wi o Sl mmg Ul Jldly sl dalias
Lt Rl g 5 Juloll 13 GAAAUGUAUGCAUGCCAAAGGAGGCAUCUAAGG

SIS 5 Tl Ainel) (mbea¥) Gl Y Laial &S0

If we start at base #1 we get the following codons:

GAA | AUG | UAU | GCA | UGC | CAA | AGG | AGG | CAU | CUA | AGG
If translated this would give the following amino acid sequence:

Glu | Met | Tyr | Ala | Cys | Gln | Arg | Arg | His | Leu | Arg
If we start at base #2 we get the following codons:

G | AAA | UGU | AUG | CAU | GCC | AAA | GGA | GGC | AUC | URA | GG
If translated this would give the following amino acid sequence:

— | Lys | Cys | Met | His | Ala | Lys | Gly | Gly | I1le | Stop | —
And if we start at base #3 we get the following codons:

GA | AAU | GUA | UGC | AUG | CCA | AAG | GAG | GCA | UCU | AAG | G
If translated this would give the following amino acid sequence:

— | Asn | Val | Cys | Met | Pro | Lys | Glu | Ala | Ser | Lys | —

Aol ddads i) 13) L JAY) Jlada¥) e Lalad Adlide duidi gy 86l 8 ary OYLAAY) (e 2al 5 S
reading ¢! 8l jUals s y23 3¢ ) jall VLAY 028 9 4401 ) 5l) 3 il A1SGAl) At o yiil) ae ) 81 (e JS)
ALK ae ) @ B 3e) J8ll jlal e 13 Ll Adlida 3¢ ) 8 ylal EO ae g8l (e Alude JKU ) 6 frame

5A) 5y AN CYLaaY) aal Jaay 43 il g pul) JAlS s iasy 14

opening (e el A Giis Lok Jheys 4l 5,40 fay DNA or RNAGe Juldas ) ()
ORF J 4dliae &Ylaial & mRNA IS Glé 135 « ORF —my | Laial 4l reading frame
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MRNA (e and () Jlie V) 5l Y] ae dea jill dulee (84 8 2 Al (A dapmoall Llad) sl
daa il Llee 18 13¢25 S-untranlated region <« Wl e Ly 8 an 0¥ Bkl e (g giad
34 oaall ORF 4 jaal Gkl aa) a3 sul Il Jasi jall MRNA day i & 8acld J gl A e Ty
Ofigie Sl gadall jais Jlly AUG oSl Wil Ay start codon sl 3,88 il
Jiall €15 el el iy des i) Ly 5i3 b 0sSie 5,80l o35 methionine
Clllaial ¢ Jaxd D il o3 5 (ad Lgiad) Alaine Ay ik D 41 b Wil 321 53

L) 3e) jall lal ¢ 5 Lyl Ailise

GAAAUGUAUGCAUGCCAAAGGAGGCAUCUAAGGA
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