Chapter 15 Protein Biosynthesis and Gene expression
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* Genetic code (F+3 ¥ 3%), codon

* codon—anticodon interaction

* DNA®9| fr7x7d ol wet mRNASE FEOE HMAZ ohy

* T A3k 34 - Initiation, elongation, termination

* Peptide bondE &atil YAW FHB R 3t FAAHA &&= EF
- Glutamine, hippuric acid, glutathione, gramicidin S
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1. @9z A7)+
1) mBNA :
- @ FAE 98 DNARRTH BARE IE HAFste] ybstes 93
- Polycistronic mRNA : o8 @A S A = Q= FHAAHARE g7
- Cistron : polypeptideE T4 3t= AR <} ribosome 715 Q
A& 7FA| a1 9l+= DNA sequence
* Heterogeneous nuclear RNA (hnRNA) :
- DNAS] 123 Ab=, ol A g, mRNA Aol th
* Small nuclear RNA(snRNA)
- 90 - 300bp= o]Fo| A Ut}
- o] @uldy} Agete] 22 3 YEFEEewld A (snurps)E E4
- 7] : RNA processing@} 2=Z2}o] 4 (splicing)ol] #¢]
* RNA splicing : matured mRNA 34

2) tRNA
- m/o : 6091 tRNA(F Y3 amino acidoll tlale] =52 tRNAZA)
- Eukaryote : 100~120% <] tRNA (271 E2A)
- tRNA9] 3‘endS 2E tRNAYA —-CCA=Z Ho3
Send 85% o]4o] G, UM A= Colt}
- Amino acid® 3‘end?] 3'-OH group®l esterZ &
- tRNA 7]% 2 genetic informatione 4t
O tRNA= 2 JIXl E01HQ ASRYE JHEICL
- mRNAY] triplet codon®ll X<l : anticodon-$
- amino acid A%< : 3 end (-CCA)
- ribosome A 3¢
- amino acyl-tRNA©°|| synthetases T-H3}o] Eo] o}m] :-AFS tRNAC]

ZAsHA 7] = synthetasel-$
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Fig. General cloverleaf secondary structure of tRNAs

3] Ribosome
* 2lOIBE2 & AUAME PHE cIBSHACIBA QIT0|C.
% 16S TRNAX 30S ribosome©] mRNA$} A A= =0 o3}
* Ribosome have three sites : A-site (amino acyl-tRNA), P-site (peptidyl)

E-site (WY7F= #F8])
4) Genetic codon (§& YD)

- 4= 64 codon®] 75
- Sense codon : 61, Initiation codon : AUG(Z2 GUG)
- nonsense codon (stop codon, termination codon ) : UAA, UAG, UGA

First letter of codon (5" end)

Second letter TABLE 27-3 Degeneracy of the Genetic Code
of codon
u & A g Number Number
UUU Phe |UCU Ser |UAU Tyr |UGU Cys . . . .
UUC Phe |UCC Ser |[UAC Tyr |UGC cys | Aminoacid  of codons Amino acid  of codons
u
UUA Leu [ UCA Ser |UAA Stop [UGA Stop
UUG Leu |UCG Ser |UAG Stop |UGG Trp Met 1 Tyr 2
cug Leu ccg Pro CAg His ceg Arg Trp 1 lle 3
CUC Leu|CCC Pro|CAC His|CGC A
C e o * 91 Asn 2 Ala 4
CUA Leu | CCA Pro|CAA GIn|CGA Arg
CUG Leu|CCG Pro|CAG Gin|CGG Arg Asp 2 Gly 4
AUU lle | ACU Thr|AAU Asn |AGU Ser Cys 2 Pro 4
" AUC lle | ACC Thr| AAC Asn |AGC Ser Gin y) Thr 4
AUA lle | ACA Thr| AAA Lys |AGA Arg Glu 2 Val 4
AUG Met | ACG Thr | AAG Lys |AGG Arg ) ) 6
GUU Vval | GCU Ala|GAU Asp | GGU Gly His Afg
& GUC Val [ GCC Ala|GAC Asp |GGC Gly Lys 2 Leu 0
GUA Val | GCA Ala|GAA Glu|GGA Gly Phe 2 Ser 6
GUG Val |GCG Ala|GAG Glu |GGG Gly

Fig. mARNAOI A= OHII=&MF 29| ALM
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Z(universal) 2. & 7
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- fFAd s = S5M AP(degenerate codel= 7t}
- Eo] ofu| =2kl g sl o]Ate] o+ E b )

Operon (RMIIHAO] H¢)
- 3k 7 o] FHEAFARY 19 AALE ZE 3= operator®t promoterZ
o]Fo|d A

ex) Lac operon, Trp operon

Open reading frame (ORF) :
- LIS 2AFBH CHMAIS BMGIE BIAEO HSE

— Upstream region : 5' UTR
- Down stream region : 3' UTR

Wobble hypothesis :
- Ml WHIH EJi9] JHA

Nonsense mutation (prematurely terminated) :
-SRI MYSTY AE 37HA Fesk Ao
- UAA @ amber mutation

- UAG : ochre mutation

- UGA : opal mutation

Shine-Dalgarno sequence : S-D &JIME

- initiating signal (7}A]41%)

- Prokaryote mRNA2] 5 endel] &=, HUHZl StM=C XA

- 30S ribosome 2] 16S rRNA 3’end°l] A Shine-Dalgarno sequence ¢} base
pairg ©] &t}

- RE wH ol 447 S-D 97149S A3 g AL ok,



2. Protein Synthesis
w huld ke s B A A 94

=1

s ASAEe] B Aol T07H o] Az B eeluE wudo] 4§

# ATAZL Hi obv)wite] BBk 20744 oo Ea7t Ba
s A Gl A AT BE T4 el AgEE Bt 90% ol &
* Alet2 15000719 ribosome, 100,00071¢] #H G A QA =}o} § 4 OOOOO7H

o] tRNA =4
« CHHZISHMIFEGEA) : DHAL 9E, 8] + (MM 439 + d 2 JI3)
o E g4 5 protein folding
1) Activation of amino acid (OHD|'=&t9] &%} : ATP, Mg™

- Ol0I=A2 MS OO sz &43HE T (00l =4 + ATP)

- Takes place in the CYt0SO0l (ribosome x)

- &2 ! amino acyl-tRNA synthetases (Mg dependent)

- Amino acylation of tRNA (charged tRNA)

PPi
~ ATP + amino acid — A, 5 -Aminoacyl adenylate (Aminoacyl-AMP)

t-RNA-3'-CCA
Aminoacyl-tRNA
- OHO|'=OI&-tRNAE Eaol= dl 22 X0l 0HS0l= ATPI} AHIECE

2) InitiationHAI :
- mRNA, N-formylmethionyl-tRNA, AUG(7HA] Z+=), 30S, 50S ribosome,
GTP, Mg++, Initiation factor (IF-1, IF-2, IF-3)
- grglgofol A wld e =21 WE QY tRNAZ A Ht

@ Initiation mRNA A

6 Vs’
@ukcer (CEd-cre

GDP + P,

®-6-®

(37 UAC (5
Anticodon

Fig. Formation of the initiation complex in bacteria



3) Elongation (H3) :
- Functional 70S ribosome (7§A]&-gA]), GTP, Mg++, Peptidyltransferase
- Elongation factor : EF-Tu, EF-Ts, EF-G
- AFRJAAEL oH ol -tRNAE B RF YAZT.
- Peptidyltransferaset® HElo| =43 FAS =4
- Polypeptide® olv| =g oA Ft28Adgdoz A HET

Initiation
complex

Esite Psite A site

Next codon

i L
N E 5
51 =
(AA
203 Incoming o
aminoacyl-
tRNA

57

GTP

peptide bond
formation
cTp Esite Psite A site
v

i 0
X Deacylated

tRNAfMEt

binding of
incoming
aminoacyl-
tRNA

Dipeptidyl-

Fig. First elongation step in bacteria: Fig. Second elongation step in bacteria:
binding of the second aminoacyl-tRNA. Formation of the first peptide bond

O Translocation (¥1X10I=) J1H
- mANADJL St Ol 8 D=4 2I0IEE S S0t 0lsotes &8
- HIEIOIEZE H GTP= F=&I& = tRNAZ= 1t mRNA 2 {IXI01=0 L0
- GTPII &0 &tCt.

O Polyribosome or polysome
- 22 ribosome=0| S mRANA 2XE SAI0f HAE

[
O Polypeptide= OIOI-ZEHOIM JIESA ST gstoZ A E .

O ALZHON ZEE ribosome S22 =H|H SHHHA Y StCEHXA S DEEC)



4) Termination and release
- Termination codon in mMRNAGGEZHHE g9 Fxe] 5H3 As7F 29)
- Polypeptide release factors : RF1, RF2, RF3
- ATP (#9834l 4342 98] oluX7} Ba

Esite Psite  Asite

Deacylated
tRNAMet

Dipeptidyl-

5' [T

polypeptidyl-tRNA

‘%% l link hydrolyzed
3'

translocation

Esite = Psite  Asite "‘GDP“‘P
L3 ([ ] 3!
t=0
Incoming
aminoacyl-tRNA;
components
dlssociate
S'CT T T T T T T T T [UATG 3

Direction of
ribosome movement

Fig. Third elongation step: translocation Fig. Termination of protein synthesis

9) Folding and processing
(ME " SHEC As2 el JIB1H8E AR
- Amino-terminal and carboxyl-terminal modifications
- Loss of signal sequence
- Modification of individual amino acids : phosphorylation
- Attachment of carbohydrate side chains
- Formation of disulfide cross-links

6) Protein synthesis is inhibited by many antibiotics and toxins
- Fr2uto]l 2l (puromycin) : o}u=olA tRNA FAA, 2715493, 2 3")
- tetracycline : o}v]i=o}2 tRNAZ} ElH &2l Axlelol] Agsl= AL Zﬂ(°J &l o
— chloramphenicol : FE|=2] HALE A st i d AN x)
- cycloheximide : 3 AZ 2] 80S 2tH.EF2] peptidyltransferase & A (4 3 x)
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Cytosol ®\
Ribosome

Endoplasmic

HUEO] HAXI2IQt 20H (protein targeting and degradation)

* /q]:zx]q ﬂ-o]iéoﬂfq 6LA—]Q x:}HH;G_O_ _7;44 ,q] q% E;Gx} o]t_t(_;yﬂ
grotd7k? A Fe AXA A AFET

* Targeting pathwaysolA 714 Fa3k 24+ AMPAE(signal sequence)e]
ghal BEE A ofn Ak A dolth

1) B2 ZMNE RO HY T HAES ATHIMAM AIZELCL
— signal recognition particle (SRP)

Signal
sequence

/_\ Ribosome
SRP cycle

SRP5

receptor

reticulum fln__GTP @ @
. \SRP ’\Signal ‘a@
Pept!de receptor peptidase
translocation
complex %
ER lumen

Fig. 1% A2E /M2 g ARMZaYPe] 2%

N

|29 o]F
2) Glycosylation2 HWE HAIX|JAM S8t AgsS it
3) 3 &urS 93t Signal sequencer A THE A k=
- the nuclear localization sequence, NLS (24 HHXIAIE)
4) Bacteria®™ @92 F A X 3}E 935}o] signal sequences Al-g3Hc}
5 Ax= 84S WH=< MEW 0l2(endocytosislel olate] o
AFEN = TolElt
ex) LDL, transferrin(# -5 ©#A)  peptide hormones, w32 =3 iz
6) HMZAO BElll= B MIOIA SET MAHO 2ot 0Lt
- @A) Fa= v AY Ho X g whldoe] A= AS WA
SkaL opm| =4k e] AALE-S The kAl FHTh
ex) E. coli : %2 @ do] ATPOIEY protease (Lon)el| ]3t
2822l ATP7} v peptide A¢S Adtslr] 9 2l
ex) IHAx oA ATP QE FWMBZ= ubiquitins x3ste] ds oh&
zleltt. [26S proteasomeO| ubiquitin-proteing E0H)
- FHIAEOE HMA Fill= Z3tol e dWdS AAT vt oy}
Az 24 e e 83 7|5S gt
- cyclin® |UHIAHE AERM= AEXF7 =4 glox FLosi



4. Gene expression (RN X} &£dH)
- 012t KEAIS 2 35,000 el SEX SUHAM LF0H0| otLSl MIE

OIA ZEADI0 =T

- YR QEX A2 BRSS AN Det Hatl
- O B0 B2 WUXD ZRS HS DA 2Y S o
of B2 AME JtsE 0ILXC E8Xel OIS0 A0

O MIEW HHAE9 ST= Mo 771X 1H™o XHEIIE0 2lotod Z2FELC
DO ¢x RNA AAM=Z9] A4
@ mRNA #AA} & W& : alternative splicing pattern, RNA editing
@ mRNA 3
@ Protein synthesis (translation)
(® Posttranstional modification of proteins
® @A gA4ste} =5
(@ Protein degradation

Gene

Transcription /_\

Primary s Nucleotides
transcript

DNA

Posttranscriptional
processing ] mRNA
degradation

Mature mRNA AN

Translation

Protein f S Amino acids
(inactive) W 4/

2. o
Posttranslational k L5

processing Protein
degradation
o
Modified = |
protein Vdb o
(active) & |7 (',

4

Protein targeting
and transport

Fig. Seven process that affect the steady state concentration of a protein
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+ Constitutive or housekeeping genes are routinely transcribed because
they code for gene products required for cell function
- Constitutive or housekeeping genes : #dJ &I or &8 FHXL

* [nducible gene are expressed only under certain circumstances

@ RNA polymerase= DNA promoter0jl Z&}sic}.

RNA start site
DNA —-35 region -10 region

5' UP element | [1TGACA | Ni;  |TATAAT| N5,

mRNA \N N\

Fig. Consensus sequence(¥ %4 €) for many E. coli promoters

@ AAN A= promoterd] FFH T+ ZH o] Aggst= ¢ Ed 9y
Zdd4
- Negative regulation : AAIS "3t AR o] 93 =4
- Positive regulation : &4 27} DNA| A% 3IH =3 A} A
RNA polymerase ¢ &A)o] 7}

Negative regulation Positive regulation
(bound repressor inhibits transcription) (bound activator facilitates transcription)
() 5 (<) RNA polymerase
perator ——
DNA @
| Vi | I |V |
. ) Promoter ’ U
Molecular signal
dissociati . ,
wagoninie, g9 | % S
from DNA
Signal ' '
molecule 5"\ >3
mRNA
(b) (d)
\ % A
I Vi1 I /|
Molecular signal U
causes binding 50> 3'
of regulatory protein L 4 I ' mRNA
to DNA
58> 3'
mRNA

Fig. Common patterns of regulation of transcription inhibition



@ Many prokaryotic genes are regulated in units called operons
- Operon : REXI HHO| HH
St Jf Ol&tol 2ted RTXeF 1o MAIE & ol= operator 2t
I250H ME2 0[F0H& A
@ The lac operon is subject to negative regulation

Repressor
Activator binding site
binding site (operator)
DNA | | [ promoter V//I | A | B | c |
\ / . v J
Regulatory sequences Genes transcribed

as a unit

Fig. Representative prokaryotic operon
TR A, B, C= 3t YA AEE mRNAZ HALE G,

® OIS FHO| PHCE INA ZESASS IIXID UL
©O DNA-protein interaction :
- AR TASs 2d5H7] fleke] living cellsoll oJsto] AR H AL = i
o] 7122 DNA-protein &Z&3 #7171 <)

- AFAAN AL, FAEY, ofv x4t dA7)He ]%7:-_3.%% x3tete T
L HEzL AFRH o R wl$ EW3I DNA-protein 282 3FA 3o}

O DNA XETUYZAEO| X1

- Helix-turn-helix - Helix-loop-helix
- Leucine zipper - Zinc finger
Promoter

{bound by RNA polymerase) RNA start site

I H |
TAGGCACCCCAGGCTTTACAC'ITTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCAC

DNA -35 region -10 region
Operator
(bound by Lac repressor)
mRNA\NNN NNV
Fig. Lac &5 A 493 lac 3129 &4
2) A2 fa2 LA 2
@ Lac ¥ &L ¥xd$ ¢,
O Ol2tE <Ml (Catabolite repression) :
2F3IA 0122 &2l ERet 42 2FIAI Mol A

_10_



O Catabolite gene activator protein (CAP) : O|2HHAlI S THHA
- CAP = cAMP®} cAMP &4 @@= CRPelE g
- Allosteric dimer2A4 ¥%939°] §12 W 23 promoter $1Z 2] DNAC| A3t
- CAP2 cAMPOIl 20| H=20 E=Y ST UEHH=E HTIL =L
- CAP A3 lac promotere] W3 RNA S& a4 Asd & F7HA1A
AALE F8

il CRPsite Bound by RNA polymerase 5"\N\+3'mRNA
5’-ATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGIGAATI'GTGAGCGGATAACAATTTCACAC
! =35 region =10 region Operator
[CRPOIl CI¢t lac RHIEC| MAIEH2H
cAMP Lac
RNA polymerase
Low CRP \ repressor —_—
glucose \ bound Lactose
(high cAMP) _\1_" I N7/
Lac
CRPsite Promoter repressor
High Lactose

glucose
(Iow cAMP) —\1—*| [ [ ]
Lac
repressor

Fig. Combined effects of glucose and lactose on expression of the lac operon

@ 22 AFAHELY FAAELS A LA 25t =dd.
® AREFAAEL AR AzF d3to] zFAL
O lLac operon
® Pz [ v [ o]
NN
i mRNA Repressor bound to operator site
\l/ prevents transcription of z, y, and a
® i o] z [ v | a |
ANNS>

imiNA | l acmRNA ||
Syl

B-Galactosidase Permease  Transacetylase
S

Repressor-inducer
complex does not
bind DNA
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