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Nucleic Acid Catabolism
Nucleases (#%ESfS)

l. Classified by substrate (Z/E#192K)
<» DNases (DNAE#S) : degrade DNA ([##% DNA)
<» RNases (RNAE#) : degrade RNA ([#i# RNA)

. Classified by mode of action (3Z{ERBINHE)
< Exonucleases (9MJJ#i&ES) : Remove nucleotides one at a time from the ends of nucleic
acid chains
< Endonucleases (PItIIHxESES) : Cleave phosphodiester bonds within a nucleic acid chain
< Restriction endonucleases (PRFITEAIES) : A special class of endonucleases that

recognize specific DNA sequences



Nucleic Acid Catabolism

Restriction endonucleases

Restriction endonucleases are bacterial enzymes that recognize specific sequences in
double-stranded DNA (3% DNA) and cleave the DNA at or near these recognition

sites. They are part of bacterial defense systems against foreign DNA, such as
bacteriophage DNA (IXE{R DNA) .

< Restriction enzymes show high sequence specificity (EER7ISRHE) .
<+ They recognize specific DNA sequences, usually 4-8 base pairs (4-8 bp) long.
< Many recognition sequences are palindromic sequences ([EI3X[=%1) .
< Cleavage may generate:
v' Sticky ends / cohesive ends (#147KiR%)
v Blunt ends (ExKi#)



Nucleic Acid Catabolism

Restriction endonucleases

Correct explanation of palindrome ([E]3%5#4) : A palindromic DNA sequence ([E]XX
DNA F%ll) reads the same in the 5'—3’ direction on both complementary strands.

5’... PGAATTGp...3’gcory 2 ---PG AATTCp...3’
3’... pCTTAAGp...5’ 3’...oCTTAA Gp ...5°

|

This produces 5’ sticky ends (5’ #t&3Kix) : 5'-AATT



Nucleic Acid Catabolism

Degradation of Nucleotides (#ZEEabEfE)

Nucleotide + H,0

Nucleotidase / phosphatase

Nucleoside + P,

Feature

Nucleotidases

Phosphatases

Specificity
Primary Target
Main Function

Example

High (Nucleotide-specific)
5' or 3' phosphate on sugars
Nucleotide catabolism & Signaling

5'-Nucleotidase

Broad (General organic molecules)
Various phosphate esters
General metabolism & Regulation

Alkaline Phosphatase (ALP)




Nucleic Acid Catabolism
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1. Phosphorolysis (i#%E&fE) 0
OH OH OH

Catalyzed by nucleoside phosphorylase (#ZEh#ES{LES)
Nucleoside (#%Z&) + Pi (GHlEkES) — Base + Ribose-1-phosphate (#%#E-1-1#4E8)

< Occurs widely in organisms ([ Z{FHEFEDEAI)
< Important in nucleoside degradation and salvage metabolism (#r&{i)



Nucleic Acid Catabolism
Degradation of Nucleosides (#ZEaIFEfET)

2. Hydrolysis (7Kfi#)

Catalyzed by nucleosidase / nucleoside hydrolase (#ErKEEES) -
Nucleoside (#%%) + H,O — Base (f@&) + Ribose (#i#E)

<+ Common in plants and microorganisms (ERFEIFIRIER)

< Acts mainly on ribonucleosides (#Z#Et%E)



Nucleic Acid Catabolism

Degradation of Purines (IEISRIFEEE)

Purine bases are degraded through deamination (fiz) and oxidation (F{¥) reactions.
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Nucleic Acid Catabolism

Degradation of Purines (IEISRIFEEE)
Fate of uric acid (EREZAYZEM)

Humans and higher primates (AXHEERIE)
< Final product: uric acid (ERER)
% Humans lack functional uricase / urate oxidase (ERESELIEE)
< Therefore, uric acid is excreted mainly in urine.

Most other mammals (SZEtIHZLE1)
% Uric acid is further oxidized to allantoin (FREXR)

< Enzyme: uricase / urate oxidase (EREZFALES)

Some lower organisms (FELARFEND)
< Allantoin may be further degraded to:

allantoic acid (FJREfE) — urea (BRE) — CO, + NH;

11



Nucleic Acid Catabolism

Degradation of Purines (IEISIFERT)
Gout: A Disorder of Purine Metabolism (JEXl: EIiHHZ=EL)

< Acute gout: sudden severe joint pain, swelling,
warmth, and redness. (2MEXTRIE. &%, K4)

<+ Common site: big toe joint, but ankle, knee, wrist,
and fingers may also be involved.

< Chronic gout: recurrent attacks may cause tophi,
joint stiffness, deformity, and kidney
complications.

< Risk is higher in men and postmenopausal
women; estrogen(liggizz) partly protects
premenopausal women by promoting uric acid
excretion.
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Degradation of Pyrimidines (IZLERIPERT)
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Nucleic Acid Biosynthesis

Nucleotides are synthesized by two major pathways:

1/. De novo synthesis (}A%ﬁﬁﬁ@% éalvage pathway (%bﬁ&éﬁﬁ@&)\

*» Nucleotides are synthesized from < Free bases and nucleosides are
small precursor molecules. recycled to form nucleotides.

<+ This pathway is especially < Saves energy compared with de
iImportant in rapidly dividing cells. novo synthesis.

< It is the major pathway in many < It is especially important in tissues
tissues, but its contribution varies. with limited de novo synthesis, such

\ / K as the brain and bone marrow. J

15




Nucleic Acid Biosynthesis

De Novo Synthesis of Ribonucleotides ({ZHEIZEBESAIM LS L)

Purine Ribonucleotides (IEMIZEEZEIES)

< Starts from PRPP (5-phosphoribosyl-1-pyrophosphate, 5-
EESHENE-1-EREEER)

< The purine ring is assembled step by step on the ribose

phosphate backbone (TEtZEIAESESSL) .
< The first complete purine nucleotide is IMP (inosine

monophosphate, REIZEIIZETES) .

glycine
% IMP is converted into: .
N ~“
v AMP (BSEE) e C| |
v GMP (BH{E8) formate \N/C\N/C_
: formate
glutamine

P - - - - -

Ribose 5-phosphate
° Purine&Pyrimidine
PRPP synthetase <+— Ribonucleotides

&

v «— Pi

PRPP

Glutamine PRPP | & . _gmp-------- .
amidotransferase | @ «-imp -----.

5-Phosphoribosylamine

I
I
I
|}
I
I
I
I
|
9 steps :
|
I
]
IMP s=cccccccaaa- :
4 |
:
s===AMP.» © °<--GMP--~\ :
I
GTP j i !
GDP+Pi are XMP : i
¥ ADP+Pi >
Adenylosuccinate ) -
GMP -========a"r
16
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Nucleic Acid Biosynthesis
De Novo Synthesis of Ribonucleotides (#Z{EZEESAINLS L)

ERH MG RRIERR)

Purine Nucleotide Salvage Pathway (IZI$#%

< What: R li f purine b roduced during nucleic acid L G g
at: Recycling of purine bases produ uring nucleic aci L\)E? \__/ T
breakdown. “ Adenin: EEEEEEE ®—0—H,C .
<+ How: Free purine bases react with PRPP (5-phosphoribosyl-1- e APRT A
pyrophosphate, 5-iEsizHE-1-£E#%ES) to form nucleotides. e — —
< Key enzymes (%) : :i> N /I
Hypoxanthine ®—-0—H,C
v" APRT (adenine phosphoribosyltransferase, FRIENSHESIZIE -
Eg*gﬁg) .2" PHOZYP%XA%!::;S'\:JQ:ASE OISPOH
v" HGPRT (hypoxanthine-guanine phosphoribosyltransferase \> )i\>
HNK 7T
, RERR-SIFRHEHIREESESs) 2020909090 0 | e
Q 0—H,C
<+ Why: Salvage synthesis uses less energy than de novo purine EATORER
synthesis and helps maintain nucleotide pools. PATHWAYS oue




Nucleic Acid Biosynthesis

De Novo Synthesis of Ribonucleotides (#Z#EtZEERAINLS L)
Pyrimidine Ribonucleotides (IEIEIZFEIZEES) o

i JC
0 0 - ! I
CPS-II Il Il ATCase I 0 s CH,
HCO, + Glutamine + —pP—0 » I 6|

EATP*H(]—r' H,N—C—0 #
3 2 | f ' _C—Nt2C—H

<+ The pyrimidine ring is synthesized first

Glutamat e 0" . i I
from small precursors(gi{x). e O:\Tf ":: A
< The ring intermediate orotate (ZLi5HEs) is . L. H-J\%?EH T
then attached to PRPP. Oi\?[“ UM '“A::f
« The first pyrimidine nucleotide product is B
OMP (orotidine monophosphate, ZiBHE v« }4
%) , which is decarboxylated to UMP ( O,L\JT c=o Gunss .
uridine monophosphate, FREES) . B—cH, \| o P{ r\mp ’i\)&_ ' ‘/ \EW U;\Ji(n o
<+ UMP is the precursor for other pyrimidine oH OH Orotte( pyrimidine) Dikydooruse u?m,

Orotidine-5"-Monophosphate (OMP)

nucleotides. 18



Nucleic Acid Biosynthesis

De Novo Synthesis of Ribonucleotides ({ZHEIZEBESAIM LS L)
Pyrimidine salvage pathway (IEZIEZEEEFMISIRER)

Goute 1: Direct phosphoribosylation (BEIESESIZIEFETS) A
Uracil (BRIZIE) + PRPP— UMP (BREEE) + PPi

\Enzyme: Uracil phosphoribosyltransferase, UPRT (FRIEIERSEIZIEIETSES) y

(oute 2: Via uridine (Z£2REIER) \

Uracil (ERIZIE) + ribose-1-phosphate (#%#E-1-6%E8) = Uridine (BRE) + Pi
Enzyme: Uridine phosphorylase (FREES(VES)
Uridine (X&) + ATP — UMP (BREE8) + ADP
@zyme: Uridine kinase / uridine-cytidine kinase (FREFEES / FRE-IBEREES) jg




Nucleic Acid Biosynthesis

Biosynthesis of Deoxyribonucleotides (IREIZIEIZEELHIEYIARK)

/
Step 1: Formation of NDPs (NDP BYH2R%)
NMP + ATP — NDP + ADP

Enzyme: nucleoside monophosphate kinase ((ZE—55% i)

\

N/

Step 2: Reduction of NDPs to dNDPs (NDP /573 dNDP)
NDP + reduced thioredoxin — dNDP + H,O + oxidized thioredoxin

\_ Enzyme: ribonucleotide reductase, RNR (IZHEIZE & /)

J
~N

J

oxidized thioredoxin + NADPH + H* — reduced thioredoxin + NADP*

g Enzyme: thioredoxin reductase (fiEif & HL/REE)

/Step 3: Regeneration of reduced thioredoxin (i&]ﬁi“ﬁ,..,’fﬁ&%ﬁﬂ‘]ﬁi}

2 &
0-P=0 "0-P=0
Q Q
"0O-P=0 "O-P=0
C:) Base C:) Base
CH, O CH, O
H A H H i H
OH OH ATP OH H
Ribonucleoside gaTp Deoxyribonucleoside
diphosphate Q diphosphate
u?ibonucleotide reductasej
Thioredoxin (2 SH)  H20  Thioredoxin (S-S)
(reduced) (oxidized)
K Thioredoxin reductasd
NADP* NADPH + H*

20



Nucleic Acid Biosynthesis

DNA Biosynthesis: DNA Replication (DNAE)

< The major biological pathway for DNA synthesis is DNA replication (DNA £ifl) .
<» DNA replication produces an identical copy of the genome before cell division.
(DNA SHlEAR S REI-E—HhERINEEZEEN)
< It is a template-directed polymerization reaction (IStRIESAIRS /KAL) .
<+ DNA synthesis requires:
v DNA template (DNA #&#R)
v" RNA primer (RNA 5(47)
v dNTPs: dATP, dGTP, dCTP, dTTP (RREWZE=HsER)
v DNA polymerase (DNA R&i#)
v Mg?* as a cofactor (Mg?* $§[AF)

21



Nucleic Acid Biosynthesis

DNA Biosynthesis: DNA Replication (DNAEHI)
Basic Rules of DNA Replication

1. Semiconservative Replication (3{REEHI)
«» Each parental DNA strand serves as a template. (555, DNA $#HEAEIR)

» After replication, each daughter DNA molecule contains one parental
strand and one newly synthesized strand. (&§%lfg, 81F{ DNA 5F&

B—5FFEI—5FFaGE)

< This mechanism ensures accurate transmission of genetic information. (&

R G SR RYERRERE)

22



Nucleic Acid Biosynthesis
DNA Biosynthesis: DNA Replication (DNAEHI)

/|| )

Conservative

20RH

Semiconservative

FREE

\_ /

X

Dispersive

baf

23



Nucleic Acid Biosynthesis
DNA Biosynthesis: DNA Replication (DNAEHI)

(A) EEFERETS T e “ (B)

R " '\ e /Ddughtcr strand

RCR }» % ] ' g Replication
% ’J,’f" “"-*-\‘\ : . fork \
S SAT: . : \ DNl 4
/ . .. {
P T e o TR '
:, s .
e |
. \.W. . ‘.7 Replication
A e 3 fork
Vs - >
g A
. Parent strand
I
100 um
H. John F. Cairns (1922-2018) 1963, John Cairns cultured E. coli cells for long periods on

3H-thymidine (3H-T), to make their entire cellular DNA radioactiwe.



Nucleic Acid Biosynthesis

DNA Biosynthesis: DNA Replication (DNASH)

Basic Rules of DNA Replication
2. Replication Modes: Origin Number and Directionality (Sflie=3iB5HRMRE)

Single origin, unidirectional ((8i2sa, EAFM)

Multiple origins, unidirectional (Z#2=, BAMH)

Single origin, bidirectional ((g#Er3, M)




Nucleic Acid Biosynthesis

DNA Biosynthesis: DNA Replication (DNASH)

Basic Rules of DNA Replication
2. Replication Modes: Origin Number and Directionality (Sflie=3iB5HRMRE)

Common examples:

» Bacteria: usually single origin, bidirectional replication (HEEH HEiEH. WAREH)

» Eukaryotes: usually multiple origins, bidirectional replication (EiZ&4ERE HZEA.
X EEH)

<

L)

L)

4

L)

L)

Replication fork (£%#IX) : A Y-shaped structure formed when parental DNA
strands are unwound and separated. DNA E§hIiER, FHAWHE DNA #EEFIEHD
FEREAY Y SERsEEE,

]|

26



Nucleic Acid Biosynthesis

DNA Biosynthesis: DNA Replication (DNASH)

Basic Rules of DNA Replication
6 DNA Replication Requires an RNA Primth

% In cells, DNA polymerase cannot start DNA
synthesis de novo. (DNA B&EEABENLITIAE
F% DNA)

<+ DNA polymerase can only extend from a pre-
existing 3'-OH group (3'-&ZH) .

< Therefore, cellular DNA replication requires a
short RNA primer (RNA 5|4)) , synthesized by

primase (5|¥E8§) .
% In contrast, PCR uses synthetic DNA primers (

DNA 5|$3) for in vitro amplification. (PCR {&H
ATLERRY DNA 5|98 TRIM1E)

@ DNA Elongation Proceeds 5'—3' \

<+ New nucleotides are added to the 3'-OH

end of the growing DNA strand.
(FrVZE B IIE IEERE R5ERY 3'-OH i)

% The 3'-OH attacks the a-phosphate of an
incoming dNTP, forming a 3°,5'-
phosphodiester bond (3',5'-#%E8 —FgHE) .

< Therefore, the newly synthesized DNA
strand grows in the 5'—3' direction.

AN y




Nucleic Acid Biosynthesis

DNA Biosynthesis: DNA Replication (DNASH)

Basic Rules of DNA Replication
5. Semidiscontinuous Replication (AR EEEET)

5 3
T Definition
Because DNA polymerase can
’ . synthesize DNA only in the 5'—3'
\ Okazaki fragments direction. the leading strand i
\ S R ES irection, the leading strand is

3’ 5° \\ 5° synthesized continuously, whereas the

lagging strand is synthesized
Leading Strand Lagging Strand discontinuously as Okazaki fragments.

RIS =t
28



Nucleic Acid Biosynthesis

DNA Biosynthesis: DNA Replication (DNASH)
Enzymes and Cofactors in DNA Replication (DNA EHIprERIESFNLHEF)
1. DNA Polymerase (DNA pol; DNA B &)

Full name: DNA-dependent DNA polymerase ({%k#i DNA B9 DNA B&{E)

< 5'—3" polymerase activity (5'—3' BATEHEMT)
v Adds dNTPs to the 3'-OH end of the growing DNA strand.
v Responsible for DNA chain elongation.
< 3'—5' exonuclease activity (3'—5" JM]IEBETE) BENEASEECROIREYS, FHISHEIKEE,
v Removes incorrectly incorporated nucleotides.
v" Provides proofreading function.
< 5'—3" exonuclease activity (5'—3" JMEBEE) BEtTIE e DNAKER,
v' Present in some DNA polymerases, such as E. col/iDNA polymerase | (XBizff&E DNA RSig 1) .

v" Removes RNA primers during lagging-strand synthesis. .



Nucleic Acid Biosynthesis

DNA Biosynthesis: DNA Replication (DNAE)
Enzymes and Cofactors in DNA Replication (DNA SHIFrEAYESFIsHEF)

1. DNA Polymerase (DNA pol; DNA &)
Bacterial DNA polymerases |, 1l, and 1l (4iE DNA &g 1. 11, 1)

/ DNA-pol | (DNA B&H |)\

< Removing RNA primers (JIf&
RNA 5[47)

< Filling gaps with DNA (i&xp
DNA ER[1)

< DNA repair (DNA {88)

\ /

ﬂ)NA Pol Il (DNA B2&E II) \

< Mainly involved in DNA
repair (FE£25 DNA 28)

<+ Helps restart replication
after DNA damage (#3E1

DNA {{hEmEHERHSE)

\_ /

ENA Pol Ill ( DNA R&fi8 Im

<+ The major replicative DNA
polymerase in £. coli

< Responsible for rapid, highly
processive DNA synthesis

The major bacterial

\ replicative polymerase/
30




Comparison of £. co/i DNA Polymerases

DNA Polymerase | DNA Polymerase Il DNA Polymerase llI
Subunit number 1 > 7 > 10
Relative activity (fBXJiETH) 1 0.05 50
5'—3" polymerase activity N N N

(5'—3" REIER)

3'—5' exonuclease
activity + + +

(3'—5' ERIMIESEE)

5'—3' exonuclease
activity + - —

(5'— 3" RERIMIESTEE)

Primer removal and

Main function repair (JIS3 14, 155 Repair ({

W
]

) Replication (&)

31



Nucleic Acid Biosynthesis

1. DNA Polymerase (DNA pol; DNA &)
Eukaryotic DNA Polymerases (EtZ4lid DNA ES5i)

Polymerase Main function (EZEINHEE) Key feature (45=)

. . Primase-associated; makes RNA-DNA
Pol a (a) T O D replication (B primer (SSHIMEE, &3 RNA-DNA

)
L . SHE =BV A
Pol & (5) }I;E)ggmg strand synthesis (HEHES 3'>5' proofreading (KIHEHE)
Leading-strand synthesis (BIS%S 3'—5' proofreading; also
Pol £ (g) ) TR repair/checkpoint roles (18X, th&5(E
S/MMER)

Pol B (B) DNA repair (DNA {£8) Base excision repair (THEIIRIES)
Pol y (y) Mitochondrial DNA replication (Zgfi Main mitochondrial DNA polymerase (

i~ DNA £l

LRIAFE DNA RETEE)

nn
oL



Nucleic Acid Biosynthesis

DNA Biosynthesis: DNA Replication (DNAE)
Enzymes and Cofactors in DNA Replication (DNA SHIFrEAYESFIsHEF)

2. Primase (5|Y7E8)

Primase uses DNA as the template and NTPs as substrates to synthesize a short RNA primer. This

RNA primer provides a free 3'-OH group (3'-OH i) , which allows DNA polymerase to begin DNA

chain elongation.

Primase associates with other replication proteins to form the primosome (5|%&{#) .

33



Nucleic Acid Biosynthesis

DNA Biosynthesis: DNA Replication (DNASH)
Enzymes and Cofactors in DNA Replication (DNA SHIFFERYESFNLHEF)
3. DNA Ligase (DNA iZEi&f#)

DNA ligase seals nicks in double-stranded DNA by forming a phosphodiester bond (#E —EgiE)
between the adjacent 3'-OH group (3'-7&=&) and the 5'-phosphate group (5'-BEEE)

a) DNA replication (DNA £5l)
< DNA ligase joins Okazaki fragments on the lagging strand. DNA 1E#&EEgEE wE % LAINIGHER.
b) DNA repair and recombination (DNA {E&€5&%4H)

<+ DNA ligase seals DNA nicks during repair, recombination, and splicing-like DNA joining events.
DNA i&#f87E DNA (28, EEN DNA FEEZSEREEGRO,

34



Nucleic Acid Biosynthesis

DNA Biosynthesis: DNA Replication (DNAE)
Enzymes and Cofactors in DNA Replication (DNA SHIFrERYESFN5HEF)

4. DNA Helicase (DNA fi#iEhs / fRIZHEDS)

DNA helicase unwinds the DNA double helix by breaking the hydrogen bonds between
complementary base pairs. DNA fi#iefgB ISR E*MRE 2 [BRISHE, £ DNA XUZhEREFT.

< Unwinds the DNA double helix (§#FF DNA IXI25E)

< Breaks hydrogen bonds between base pairs (TEIAREISZBRIZHE)

< Requires ATP hydrolysis (FEZE ATP 7Kf#HEE)

< Generates single-stranded DNA templates for replication (F2pkRI{EH1EIRAYEEHE DNA)

35



Nucleic Acid Biosynthesis

DNA Biosynthesis: DNA Replication (DNAE)
Enzymes and Cofactors in DNA Replication (DNA SHIFrEAYESFIsHEF)

H)

Wi

5. Single-Stranded DNA-Binding Protein (SSB, Ef% DNA &5

SSB binds to and stabilizes unwound single-stranded DNA to prevent the separated DNA strands from
re-annealing and protects single-stranded DNA from nuclease degradation. B]f51E DNA B3 EHENXIE

1, FHFEIPERHE DNA IIZBREEIEAR.

SSB prevents:
v Re-annealing (£1%) of DNA strands
v Formation of secondary structures (ZZR{%5143)
v Degradation by nucleases (¥%E&ES)

36



Nucleic Acid Biosynthesis

DNA Biosynthesis: DNA Replication (DNASEHI)
Enzymes and Cofactors in DNA Replication (DNA SHIFrEAYESFS

6. DNA Topoisomerase (3R3MEIIES)

Relieves positive supercoiling (

1EEB125E) ahead of the
replication fork (£#IX) .

E3Eg)




Nucleic Acid Biosynthesis

DNA Replication (DNAEHI)

SSB

DNA Pol lli

|

5 3’

DNA Topoisomerase Il

ihFFaEE O

- Helicase [i#i25ES

SSB

Primosome 5| &{§

DNA Pol Il DNA Pol |
\' DNA Ligase iE}%ff

/0

5?

38



Nucleic Acid Biosynthesis
DNA Replication in £. coli (KIgtFE ([Ftz%%¥)) DNASEH)

Origin recognition (iEEia{ii=miH50) — DNA unwinding (DNAf#%%) — RNA primer synthesis

DNA replication initiation must solve two problems:
1. Open the DNA double helix into single strands DNAfZFFpkERHE, IRHIEIR.
2. Synthesize a primer to provide a 3'-OH end k514, 1R{H3'-OHXKiR.

39



Nucleic Acid Biosynthesis

DNA Replication in E. coli (KIBtHFE ([FtZ%£¥)) DNASEH)
Replicon (£#F)

A replicon is a unit of DNA that is replicated from a single origin of replication.

< Prokaryotic chromosomes usually have one origin, one replicon. [F#Z4%): —N\&
HiEm, —1EFF.
< Eukaryotic chromosomes usually have many origins, many replicons. E#z54: =

TEiliEs, SPEHF.

This diagram shows single-origin, bidirectional replication.
40



Nucleic Acid Biosynthesis
DNA Replication in E. coli (KIBtFE ([FtZz%%$¥1) DNASEH)

Synthesis and Elongation of DNA Strands DNA (&S T

1. Leading strand synthesis (5SH:RYFE(H)
<» DNA polymerase lll reads the template strand (#&#i5%) in the 3'—5" direction and
synthesizes the new DNA strand in the 5'—3" direction.
<+ New dNTPs are added to the 3'-OH end (3'-OH3Kii5) of the growing strand.
< The leading strand is synthesized continuously toward the replication fork (£%IX) .

2. Lagging strand synthesis (iEEHS L)
< The lagging strand is synthesized discontinuously as short Okazaki fragments (XIFHEZ) .
<+ The steps are: Okazaki fragment formation — RNA primer removal — gap filling — DNA
ligation

41



Nucleic Acid Biosynthesis
DNA Replication in E. coli (KIBtHFE ([FtZ%£¥)) DNASEH)

Chromosome
Free nucleotides
R

DNA polymerase

N @SS

Leading strand

Original A 1N Helicase
template h ‘
%)NAp ) Lagging .

Replication
fork

am» Adenine

strand r r %
||’| | i ?
Thymine
@ Cytosine

amx Guanine DNA polymerase

Original (template) DNA strand



Nucleic Acid Biosynthesis

DNA Replication in E. coli (KZHE (F#z4EY) DNAEH)

Termination of DNA Replication EFlIA9421E

<» DNA synthesis ends when replication forks (8%I%) meet near the terminus

region (££1FKX) .

< In E. coli, Ter sites (ter{iizf) and Tus protein (TusZ

termination.

2H) help regulate fork

< After replication, each daughter DNA molecule contains one parental strand (3%

{£#%) and one newly synthesized strand (Fi4Eq%E) .
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DNA Replication in Eukaryotes (E{Z<E¥IDNASEH)
1. Chromosomal DNA Replication & [FDNASHI

Prokaryotic Cells Eukaryotic Cells

Replicons/E#l+ Usually 1 per chromosome Many; often >1000

L Single origin, bidirectional (g, Multiple origins, bidirectional
Replication mode RFT) (BEA. W)

DNA Pol lll for chain elongation;

DNA Pol | removes RNA primers DNA Pol a, 5, £

Major DNA polymerases

Okazaki fragments ~1000-2000 nt ~100-200 nt

Eukaryotic DNA replication is similar to bacterial DNA replication in its basic principles, but differs

in genome organization, number of origins, and polymerase usage.
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Nucleic Acid Biosynthesis
DNA Replication in Eukaryotes
2. Replication of Chromosome Ends

< Telomeres (i#§i) are maintained by telomerase (IEHiffS) .
< Telomerase is a ribonucleoprotein enzyme (#Z#EZERES) with reverse transcriptase

activity.

Telomerase contains:
1. An RNA template (RNA#&EfR) that provides the sequence information for telomeric DNA
repeat synthesis.
2. A catalytic protein subunit ({E{tEEEHIFE) that synthesizes DNA using the RNA template.
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Nucleic Acid Biosynthesis
DNA Biosynthesis: Reverse transcription (%3%%)

Reverse transcription (J#%%3%) is the process in which DNA is synthesized using RNA as the
template. This reaction is catalyzed by RNA-dependent DNA polymerase ({&#&i RNA g9 DNA &
fg) , also called reverse transcriptase (JF&LREE) .

Reverse transcription occurs in:

1. Retroviruses (WittEFRiBs)
For example, HIV uses reverse transcriptase to convert its RNA genome into DNA.

2. Normal animal cells (IEEGHI4HER)
For example, telomerase (im#iifg) uses an RNA template to extend telomeric DNA.
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Nucleic Acid Biosynthesis
DNA Biosynthesis: Reverse transcription (%3%%)

<» Template: RNA template (RNA%%E#k)
< Primer: tRNA primer (tRNAS|#)

» Substrates: four dNTPs (PUF#H dNTP)
¢ Product: cDNA

> cDNA (complementary DNA, H#P DNA) is a single-stranded DNA molecule
synthesized using RNA as the template.

> In retroviruses, reverse transcriptase first synthesizes a DNA strand complementary to viral
RNA, forming an RNA-DNA hybrid (RNA-DNAZAZIRF) .
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Nucleic Acid Biosynthesis
DNA Biosynthesis: Reverse transcription (%%&3)
Enzymatic Activities of Reverse Transcriptase 55 RESRIZSINEEES &S

1. RNA-dependent DNA polymerase activity {&k#i RNA § DNA B SEgiEE

Uses RNA as the template to synthesize DNA, forming an RNA-DNA hybrid.
2. RNase H activity #Z#EtZESES H iETE

Degrades the RNA strand in the RNA-DNA hybrid.
3. DNA-dependent DNA polymerase activity {&k#fi DNA B DNA BSEsEE

Uses the newly synthesized DNA strand as the template to synthesize the
complementary DNA strand, forming double-stranded DNA.
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Nucleic Acid Biosynthesis
DNA Mutation

DNA mutation (DNA2SZL / E[XZ€3ZT) refers to a stable and heritable change in the nucleotide
sequence of DNA. Mutations may occur during DNA replication, or may be induced by external or

internal mutagens such as radiation, chemicals, oxidative damage, or errors in DNA repair.

/ Base substitution \ / Insertion \ / Deletion \

fRE SR ;AN R
One or more base pairs One or more nucleotide pairs One or more nucleotide pairs
are replaced by anothers. are added into the DNA are removed from the DNA
sequence. sequence.
May be silent, missense, or If the number of inserted bases is Like insertion, deletion may also
nonsense depending on its not a multiple of three, the reading cause a frameshift mutation if the
effect on the encoded protein. frame changes, causing a number of deleted bases is not a

%meshift mutation (FBERE) . Qultiple of three. 50




Nucleic Acid Biosynthesis

DNA Damage

DNA damage is any chemical
or structural alteration of
DNA, including strand
breaks (§&#r32) , abasic sites
(FEiRE(ZR) , modified
bases ({ZihiRE) , bulky
lesions (X{#f4#R{%5) , and

abnormal covalent crosslinks
(BREHMNZEL) .
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Nucleic Acid Biosynthesis
DNA Damage Repair

DNA is chemically stable, but it is continually damaged by environmental agents and endogenous
metabolism. Common sources include UV radiation (£45M%) , ionizing radiation (EBEIESHY) ,

reactive oxygen species (iE4E, ROS) , alkylating chemicals (¥t{t5!) , and replication errors (&£l

==

tHi=) . To preserve genomic integrity (EEZE5EEM) , cells use multiple DNA repair pathways.

1. Direct Reversal Tl _— \ T
< Photoreactivation (FEiHES) TTTTLc " —CcTrTTI ; N
Photolyase (¢Z4AHS) usesvisiblelight JIiiii§If8§§Ti§§ (| *8) /] |
energy to split UV-induced pyrimidine | i,{
dimers (BEIEZER{K) , especially RREA. ]

thymine dimers (H@HE”%UH:%1Z|§) . PhOtOIyase_ is abs,ent in placental I -‘) . restorati:ne:fs:::veDNA
mammals, including humans. CTTT T T . T T




Nucleic Acid Biosynthesis
DNA Damage Repair

1. Direct Reversal

< Methyltransferase repair (FREEEER(EZE)
MGMT / O%-methylguanine-DNA methyltransferase (O°-BREEZIEN-DNARELEFEES) removes the
methyl group from O°®-methylguanine (O°-BREBZENR) . This is a suicide enzyme (BXEE)

because one MGMT molecule repairs one lesion and is then inactivated.

Pseudosubstrates DNA unrepaired
(06-BG. 06-BTG ) {chemosensitive)

*;\ MGMT Py

—~ ~ ‘ _06-me ~ \ -4

DNA repaired 53

(chemoresistant)




Nucleic Acid Biosynthesis
DNA Damage Repair

2. Repair of Single-Strand DNA Damage BHHRIBIEE

Most single-strand DNA damage can be repaired accurately because the undamaged
complementary strand (H%lMi&) provides the correct template.

1. DNA glycosylase (DNA#EEALES) recognizes the
< Base Excision Repair, BER/ [HEI[RES damaged base and removes it.This creates an AP
BER repairs small, non-bulky base lesions site / abasic site (FTIEW/TTIEIENIA,; FREMA) .
(/NBURFEIRIE) |, such as oxidized, 2. AP endonuclease (APAYJES) cuts the DNA
deaminated, or alkylated bases. backbone near the AP site.
3. DNA polymerase (DNAERSHS) fills the missing
AP = apurinic/apyrimidinic site GIENS /7% nucleotide.
EBEhE( =, il LTiRENis (abasic site) . 4. DNA ligase (DNAE#HES) seals the remaining
nick (B0O) . >4




Nucleic Acid Biosynthesis
DNA Damage Repair

2. Repair of Single-Strand DNA Damage

< Nucleotide Excision Repair, NER {ZEHEIIIR(EES
NER repairs bulky DNA lesions (X{AFADNAR{5)

. . DNA Polymerase -
that distort the DNA double helix. Synthesizes new DNA to
repair the hole using the
other strand as template
Typical lesions include:
v UV-induced thymine dimers (FRIRRIZLE _E{K) DNA Ligase -

Forms the final phosphodiester
bond between the new DNA (5')
and old DNA (3')

v 6-4 photoproducts (6-45%¢7=47)
v large chemical adducts (K{AFMLEINED)
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Nucleic Acid Biosynthesis
DNA Damage Repair

2. Repair of Single-Strand DNA Damage

< Mismatch Repair, MMRgEHES
MMR corrects replication errors that escape DNA

polymerase proofreading (%) .

Typical targets include:
v base-base mismatches (fFE%5HC) , such as G-T
v small insertion/deletion loops (/NFERFEN/TRIER)

w

U

i mone
G

(I
-

\I, rucleotide
s bose

3

L I L L 1
G

l

G

|

new, covyeckt nucleotide
| —
C

TR T TR T T TR T TR T
G

Deamination converts a
cytosine base into a uracil.

The uracil is detected and
removed, leaving a base-less
nucleotide.

The base-less nucleotide is
removed, leaving a small hole
in the DNA backbone.

The hole is filled with the right
base by a DNA polymerase, and
the gap is sealed by a ligase.
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DNA Damage Repair

3. Double-Strand Break Repair

Double-strand breaks, DSBs (DNAXERTZE) are highly dangerous because both DNA strands are
broken. They may cause:chromosome rearrangements (GRE{KEEHE) ,deletions (fRsk) ,translocations
(Z£I) and cell death (4HREFET.)

Pathway 52374 Key feature Fidelity
Non-Homoloaous Broken DNA ends are
End Joinin IgHEJ E| S ENEE NI processed and ligated Error-prone (ZH4E)
I directly
Homoloaous Uses a homologous
J FREEES template, usually High fidelity (BfRE)

Recombination, HR sister chromatid
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RNA Biosynthesis



Nucleic Acid Biosynthesis
RNA Synthesis

RNA synthesis directed by a DNA template is called transcription((3)

A transcription unit (33R8{7) is a segment of DNA that is transcribed into one RNA
molecule. It extends from the transcription start site (3&FiiAiim=) to the transcription
termination site (3FRZ&RIEVR) .

A transcription unit may contain:
< One gene (—1EME) — common in eukaryotes

< Multiple genes (Z1E[E) — common in prokaryotic operons (#\¥)
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RNA Synthesis

Asymmetric Transcription (RXJfREER)

During transcription, only one strand of the DNA double helix serves as the template for RNA

synthesis.

< Template Strand (#&4x5%) :The DNA strand that is used by RNA polymerase as the template is

called the template strand (#&#x§%) . It is also called the: noncoding strand (FEZm#S%H%) , antisense
strand (/e $%) or negative strand (fa%%) .
<+ RNA is synthesized complementary and antiparallel to this strand.

< Coding Strand (Z®#2%%) : The DNA strand that is not used as the template is called the coding
strand (ZmfS%%) . It is also called the: sense strand (B X3%) , or positive strand (1EH%) .
<+ The RNA sequence is almost identical to the coding strand, except that RNA contains U instead of T.
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RNA Synthesis

Template
Strand

TSS/AEFRER
+1

Coding
Strand

59

ATCGTTCGGGTT

N

TACCAAGCGCAA

,

| ez
AUCGUUCGGGUU
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RNA Synthesis
RNA Polymerase (RNAE&S)

1. Prokaryotic RNA Polymerase ([RIZ4E#IRNARSES)
oLBR'6 = aLPR + 6 + 2 Zn?t

Subunit Main function

o subunits Enzyme assembly; interaction with regulatory proteins

B subunit Catalyzes phosphodiester bond formation during RNA elongation
B' subunit Binds DNA template

w subunit Helps enzyme assembly and stability

o factor Recognizes promoter sequences and initiates transcription
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RNA Synthesis
RNA Polymerase (RNAESS)

2. Eukaryotic RNA Polymerases (E#ZZ#IRNARESS)

Eukaryotic cells contain several nuclear RNA polymerases. The three major ones are RNA

polymerase |, 11, and III.

RNA polymerase Location (9315) RNA synthesized

Sensitivity to a-
amanitin (a-¥=5MH)

45S pre-rRNA — 185, 5.8S,
28S rRNA

pre-mRNA; many snRNA
and miRNA transcripts

tRNA, 5S rRNA, U6 snRNA
and other small RNAs

RNA polymerasel Nucleolus (#{Z)
RNA polymerase Il Nucleoplasm (&)

RNA polymerase Il Nucleoplasm (#%]&)

Insensitive (ABU)

Highly sensitive (=R}
%)

Moderately to highly
sensitive (HEISEHUX)
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RNA Synthesis

DNA Template Features for Transcription

In a DNA template, transcription-related sequence elements mainly include the promoter ([Fzl]
F) , the transcription unit (}381i) , and the terminator (£21tF) .

< A promoter (J351F) is a specific DNA sequence that is recognized and bound by
RNA polymerase (RNAEE&(#) and transcription factors.

It determines:

v where transcription starts — the transcription start site, TSS (4&FiIafiz)
v which DNA strand is used as the template strand (1{EfR#%)

v the direction of transcription (}&7AH)

v the efficiency of transcription initiation (}&FRiEcIER)

The promoter is usually located upstream (Eij¥) of the transcription start site. o
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RNA Synthesis
Prokaryotic Promoter Structure/[G#ZEVRENFE1E

12~14bp  5~6bp

5 ...TGTTGACAATTT......... TATATG....Pu... 3’ (4)
3’... ACAACTGTTAAA......... ATATAC......Py... 5’ (=)
—-35 Region -10 Region / Transcription
iRBlIERL Pribnow Box Start Site
EaERL

Recognized by the o factor and A-T-rich region that is The nucleotide where RNA
helps RNA polymerase bind to easily unwound, synthesis begins.
the promoter. allowing formation of

the open complex. .
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RNA Synthesis

DNA Template Features for Transcription

< A transcription unit (33F8{) is the DNA region that is transcribed into RNA. It
extends from the transcription start site (3% RiEiR{iIm=) to the termination site (&FRE
1Efi7s1) . During transcription, RNA polymerase reads the template strand (t&#k$%) in
the 3' — 5’ direction, while RNA is synthesized in the 5" — 3’ direction.

Ko A terminator (ZZ1FF) is a DNA sequence that signals RNA polymerase to stop \
transcription.

v where transcription ends — the transcription termination site (¥R IENIR)

v release of the RNA transcript (RNAR&==YIREHT)
\ v dissociation of RNA polymerase from DNA (RNAR&EEMDNALEE) /
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RNA Synthesis
Termination of RNA Transcription RNARZEAILZ1E

p factor (pElF) is an auxiliary protein that helps bacterial RNA polymerase recognize certain

transcription termination signals.

/1. p-independent termination \ / 2. p-dependent termination \

The RNA forms a GC-rich hairpin structure p factor (pEF) binds the RNA at a rut
(&ZFLEH) |, followed by a U-rich sequence site (pFJA{=) , moves along the RNA
(Z%£EV) . This causes RNA polymerase to using ATP, and releases the RNA when

\pause and the RNA transcript to dissociate./ k RNA polymerase pauses. /

67



Nucleic Acid Biosynthesis
RNA Synthesis
Termination of RNA Transcription RNA}ZEAILZI1E

Intrinsic termination Rho-dependent termination
p binding site
Nontemplate strand Transcription
¢ c=¢ bubble
poe G 5= C e
£ 222—\_ 5  RNA-DNA
R — c=g 5 WO 7 hybrid duplex
UuuuL N\,
D SHIIRIS TTTTTTH L
s“ v
mRNA | l 225"3
Template strand Hairpin or S=2 | G-c rich
Stem-loop c=¢ stem
G=C
AAUA AA AAA A A Ay -
s 2
Dre—mRNA Poly (A) tail O
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RNA Synthesis

RNA Transcription in £. coli

Initiation (218)
RNA polymerase holoenzyme recognizes the promoter (j3z1+) through o factor (o[A+) and
locally unwinds DNA to form a transcription bubble (3%%8) .

Promoter clearance (BilFiaif)
After several nucleotides are synthesized, o factor usually dissociates, and the core enzyme

continues transcription.

Elongation (ZEK)
RNA polymerase moves along the DNA template strand (#&#x5%) and synthesizes RNA in the 5’
— 3" direction. A short RNA-DNA hybrid (RNA-DNAZ*&{K) is maintained inside the

transcription bubble.

Termination (£&1h)
When RNA polymerase reaches a terminator (£21E—) , transcription stops. The RNA transcript,
RNA polymerase, and DNA dissociate.
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RNA Synthesis

Transcription in Eukaryotes compared with Prokaryotes

1. Separated sites (KZE#HPF) : Transcription occurs in the nucleus (4HE#) , while
translation occurs in the cytoplasm (ZHEE) .

2. Multiple RNA polymerases (ZHRNASESTES) : Eukaryotes contain RNA polymerase |, I,
and II1.
RNA polymerase Il synthesizes pre-mRNA (mMRNAGI{K) .

3. More complex promoters (FEIFEEZ) : Some promoters contain a TATA box (TATAR)
around -25 to -30 bp, but many are TATA-less.

4. RNA processing after transcription (8%=2=EII) : Pre-mRNA undergoes 5' capping (5'
imONE) , splicing (8Y%£) , and polyadenylation (Jlpoly(A)E) before becoming mature
MRNA.
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RNA Synthesis RNA pSE:)ecsessmg
1 : . . & b
Cis-acting Elements in Eukaryotic s
Genes M XAF F LA R
il \ Cleavage and polyadenylation
AATAAA
start codon&j Exon
ES STl SNBF
Transcription
Enhancer start site Ilj\]ntér\o?n T‘% 5?{%.!].:.!5‘ o |
tion t t
jinas = TATA box ranscription termination region

OCT-1

GC box OCT-1: ATTTGCAT AN\ 4K
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RNA Synthesis

Transcription Factors 3% X F F

Transcription factors, TFs (%3%[RX+) are trans-acting proteins (R=U{EFAEH) that recognize and
bind specific DNA regulatory sequences. They can bind either directly or indirectly to regulatory

DNA regions located upstream, downstream, or near the transcription unit.

1. Bind cis-acting elements (&&IREzX{EATTH)

Examples: promoter ([Fz1F) , enhancer (I&5&F) , silencer ((IEAF) .
2. Recruit or regulate RNA polymerase (I B5skiATTRNARSES)

They help RNA polymerase initiate transcription efficiently.
3. Activate or repress transcription (GEGEEkHPHIEES:)

Some transcription factors increase gene expression, while others reduce it.
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RNA Synthesis

Concept Nature Example

Cis-acting element

(IEEVEERTTH) DNA sequence TATA box, enhancer, GC box

Trans-acting factor Transcription factor, RNA
9 Protein or RNA factor polymerase-associated

(R2AEREF) pou
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RNA Synthesis

Post-transcriptional Processing of RNA

In prokaryotes (JR#Z4E40) , mRNA usually
undergoes little or no post-transcriptional
processing. Because prokaryotes do not have a
nucleus, transcription (3£3%) and translation

(%) are spatially coupled and can occur

almost simultaneously.

DNA

5’
3!’

4

t
|
|
|
I
|
| 4

RNA R &8

7

/
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RNA Synthesis

Post-transcriptional Processing of Eukaryotic RNA

In eukaryotes, newly synthesized RNA transcripts usually require processing before they

become functional molecules.

/For MRNA, the primary transcript is called pre-mRNA (mRNAGRBij{#) , historically also called \
hnRNA (#ZAA1I—RNA, heterogeneous nuclear RNA) .

Intron (&) : Non-coding sequence within a eukaryotic gene that is transcribed into pre-mRNA
but removed during RNA splicing.

Exon (4PEF) : Sequence retained in the mature RNA. In mRNA, exons usually contain coding

Qgions, but they may also include untranslated regions, such as the 5 UTR and 3' UTR. /

/9
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RNA Synthesis

Post-transcriptional Processing of Eukaryotic RNA

Eukaryotic pre-mRNA is converted into mature mRNA through three major processing steps:

5' capping (5'&ANME) :A 7-methylguanosine cap (7-BES#1E, m’G cap) is added to the 5’
end through a 5'-5' triphosphate linkage.

3’ polyadenylation (3'igllpoly(A)E) : The 3' end is cleaved, and a poly(A) tail (poly(A)RE)
is added. In many mammalian mRNAs, the poly(A) tail is about 200-250 nucleotides long.

RNA splicing (RNABE) :Introns (&) are removed, and exons (9MEF) are joined
together. Additional modification may occur, such as RNA methylation (RNARE({Y) ,

including modifications like m°A.
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RNA Synthesis
tRNA Precursors

1. Removal of extra sequences at the 5' and 3’ ends
The 5' leader sequence is removed by RNase P (#Z{E{ZEREEP) .

2. Addition of CCA at the 3' end
Many mature tRNAs receive a CCA sequence (CCARF%) at the 3’ end.
This CCA is the amino acid attachment site.

3. Base modification ([RE(ZH)

Some bases are chemically modified, producing unusual bases such as:

dihydrouridine (DHU, —S5R#) , pseudouridine (¥, {BERE) , and inosine (I, JREE) .

4. Intron removal in some tRNAs

Some eukaryotic tRNA precursors contain introns that must be removed.
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RNA Synthesis

rRNA Precursors

In bacteria / prokaryotes In eukaryotes

A precursor transcript contains:

> 16S rRNA — small ribosomal subunit (30S
IMIFE)

> 23S rRNA + 5S rRNA — large ribosomal
subunit (50SKIFE)

Together they form the 70S ribosome.

The 45S pre-rRNAIis processed into:

> 18S rRNA — small ribosomal subunit (40S/MFE)

> 28S rRNA + 5.8S rRNA + 5S rRNA — large
ribosomal subunit (60SKIFE)

Together they form the 80S ribosome (80StZ#E) .
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RNA Synthesis

RNA Replication in RNA Viruses (B%)
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What is genetic engineering?

Genetic engineering (EETIE) is the deliberate modification of DNA to
change the genetic information or gene expression of an organism, cell,
or virus.

Key applications

Medicine Agriculture Industry Research

Enables safer, cheaper GMOs resist drought, Modified microbes Helps study diseases,
insulin, gene-based pests, and reduce produce eco-friendly and test treatments
therapies, and pesticide use. plastics, fuels, and without using humans or

cancer-targeting cells. enzymes animals. 81




Genetic engineering technologies

Recombinant DNA Technology / EE4HDNA

<+ DNA can be cut by restriction endonucleases (PR&EITEARTDES)

<+ DNA fragments can be joined by DNA ligase (DNAE#{ES)

+DNA from different sources can be assembled into recombinant DNA

<A vector (Fk{#) , usually a plasmid, carries the target gene
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Genetic engineering technologies
Recombinant DNA Technology / EE4HDNA

DNA Containing

the gene of interest .
.‘ . " Inserted TDNA
- \@\* carrying new gene

Recombinanat
Ti plasmid

T DNA

/ Ti Plasmid |
Site where
restriction
@ %} enzyme cuts -

Agrobacterium Plant with
tumefaciens new trait
o Treat foreign DNA and e Introduce the recombinant e Regenerate new plant from
plasmid with restriction plasmid into cultured plant cultured cells.

enzyme and DNA ligase. cells.



Genetic engineering technologies
Recombinant DNA Technology / EE4HDNA

Gene vectors (EE#F{F) are DNA molecules used to carry foreign DNA

into host cells.

Vector type

Key feature

Example

Plasmid vector (J&Rizkid)
Viral vector (J&Zkih)

Phage vector (IEEFAF)

Artificial chromosome (AT
&)

Small, circular, double-stranded DNA
that replicates independently in bacteria

Uses viral delivery mechanisms to
introduce DNA into eukaryotic cells

Derived from bacteriophages; useful for
cloning larger DNA fragments

Carries very large DNA fragments

pBR322, pUC19

adenovirus, lentivirus,
AAV

A phage

BAC, YAC

84



Genetic engineering technologies
Gene Cloning / EE[E

target gene (HRIERE]) — vector (#f#) — recombinant plasmid (&4
[Ei) — host cell ([BEHA) — clone selection (FE[EFEIF)

Np
> plasmid (J5&#i) C8) v |- @
> origin of replication, ori (E§l#E=R) - o et
> selectable marker (fFi&fRic) O == i
> multiple cloning site, MCS (ZR[&E{iR) O e
> transformation (45{%) OFS) okt 3
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Genetic engineering technologies

Gene Expression

Gene expression is the process by which genetic information in DNA

is used to produce a functional product, usually RNA or protein.

Component

Function

Expression vector (FRixF()

Promoter (B5jl¥)

Coding sequence, CDS (4wi3E51)
Ribosome-binding site, RBS ({ZHE(PESHI)
Kozak sequence (Kozak[E5l)

Terminator (£21EF)

Fusion tag (FESIRE)

Carries the target gene and regulatory elements

Recruits RNA polymerase and controls
transcription initiation

DNA sequence that encodes the protein
Required for bacterial translation initiation
Helps translation initiation in eukaryotes
Signals transcription termination

Helps protein purification or detection, e.qg., His-
tag
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Genetic engineering technologies
Genome Editing / EEHIREE

Genome editing refers to technologies that introduce targeted changes

into genomic DNA. The most widely used system is CRISPR-Cas9, which

uses a guide RNA to direct Cas9 nuclease to a specific DNA sequence.

Target DNA

®

Dual-Guide RNA
CRISPR l @

M () tracrRNA RNA
e (\ / , ‘.l" " /ﬁ\ am
}N’w Cas9 w\{ = _T |

O ,

2 = ,.31\,, = - ‘
> ~\ ’; I \ .
.} & - —_‘—f:"" oy

o,g AR TR R \B-o
L SO
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Genetic Engineering Applications

T ©7KF&(Golden Rice)

Provitamin A (B-Carotene) :

phytoene synthase,
phytoene desaturase,
E-carotene desaturase,

Lycopene cyclase
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Genetic Engineering Applications

Rose petal specific
promoter/terminator cassette .:_C-
(RhAGpP/NOSt & CHSp/MASt) 88 Fnst CHep AnAGh osiLE. .
—_— > Dual-expression plasmid %@k# : ﬁﬁﬂlﬁﬁéﬁﬁﬁﬁﬂﬂﬁ

+
idgS and sfp genes

20184E10H 17H09:29 | 3k HEBH#H Tr NFET
Transformatlonl BB, “WHOR RORE ok ST 7 A T A ST AR S, B 4R T A M EBR
Fib 4y, “TEBO S TS T o RHKE2E 2B M S B 5 o BB K2
> BRI, B B A SRR Bk B
Agro- lnﬂltratlon @ o
«— & AEH . RN R T IR S Rk A R S 5K ISR B B
/ i '"’e"“°" SRR b Bk R B B M-t 22 BT
O
@ A SO0VERFE Tt , ETC kAR (AT . T UL o B TR 2 R 30
Observe for color change Agrobacterium strains (GV3101) TR, BREGERTSITRESRNAREN. FI\ARBRELE\CTET . B
W RFTRE S BRI R, HE 2R, AT /RS 2 B T I 5 T IR
r = T ooy PRSI RN B, T A BN ek A S W € O
- '

LEREBEBBURXARE LT . %, T—HRERAN R SRS E, RIS
A, AAVEMAEBAEYIINAE A, A TTARAREEE T () M BB (BRARAR)
(Bthe: JFICF(EE ). g

blue rose
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