Unit -1

9 "igdT (Charaka Samhita) S STATeE =01 | AT 777971 F UoTzH-a5o STATI &I
AT TSATSHTATST (Enzymology) T 38 & THEATAT 4T 8l

1. 799 gas § “UATeH” M1 Tal, T USTSH-gLr SAqemeont off

g+ @A ES (Enzyme—Substrate) TS, T TI (active site) TS & ST 9T TATSH
THATAT 2

AT I Gigar § UATSH 9Tsx Al (WAdT—6 Y F7-7a7317% [ZI730 F1 T177 F37 T4
gt & ser—
o AR (Agni) — SF-TETAF TRATT FLA ATAT 9TRE

o SO, greaTiy, '*fcﬁ'sa' — digestion, metabolism, cellular transformations
o UTHAA-5 (Digestives) — W%‘ﬁ'@h‘ qToTSH H enzyme enhancers

o AT & TAT-THT — metabolic regulation

TH THIT AAE | "SH" e science F digestive enzymes & THEE FTF Fdl &l

2. T STATT 3T MY H TATSHIATST 7 e

* 2.1 3% (BR) / 9=+ 3MWTSAT = Modern: Amylase,

Protease Activators

MMgaa:
L AT § H77-77F7 SHATAT TATS TS &—SAT TS T I T@TAT g1 IITZLT:

o U=t (Piper longum)
o TTH (YUIN)



« #{TH (Black pepper)
« Tz (Pippali + Maricha + Shunthi)

F:
A (STST) FT q1F w7, ™" 57 77 957, 7797, JFeTragdr gl

s T

= F41 | 91T S1d 8—

« TTEYTA — Pancreatic amylase 3I¥ lipase secretion SETAT §
« e — gastric motility 3T enzyme release TETAT &
« Capsaicin-like action (from black pepper) — saliva amylase # 7{@{

= I FTA1gI5g<¢ breakdown TATSHT (S amylase) FT FETAT &

* 2.2 % (Buttermilk), FTSTSTEAT = Modern: Lipase
Modulation

FITH *H AT

T H AY "THAA-3TH" AT AT §—
o Torg o9 F 9T § 9w
o Al AAUYT HI T FAT &
o FRrFr R EEare

srgfas s

T | HiSa:

e Lactic acid bacteria — gut flora FYTTHT TRt lipase T TFFT Fed g
« Buttermilk phospholipids — fat emulsification TETdT & — lipase efficiency 1

= g [Ife digestion FT e[ equivalent )



* 2.3 %‘I (Asafoetida) = Modern: Trypsin, Chymotrypsin
Enhancer

EIRCLE

o TAATR
o YA H HETTF
o "HTMOT (indigestion)" T TAT

AT USTEH facts:
o & ¥ resin acids + volatile oils T ST g
« ¥ pancreatic protease enzymes (trypsin, chymotrypsin) &T stimulate F¥d &
« intestinal motility FETT § — digestion T

= ¥ FT (g3 AU YT protease activation ¥ HS @TAT g

* 2.4 qTAA-A 1207 SHWTEAT = Modern: Proteolytic Enzymes
(Papain, Bromelain)

TH H—

e & (Fruit-based) sirofert
o AT =T T FHSIT AT H ITTRT
o IAF HN"CEH" F TAW HT AU

e correlate:

« TIAT (Papaya) — papain enzyme (protease)
o AATATH (Pineapple) — bromelain (protease)

T #frer protein-digesting enzymes %I



= FF § T F T BA-3TTRT FT 35 — 3 papain/bromelain medicinal enzymes
& H ITART 2 2

* 2.5 TTEATHE, AT, 9T (Fermented preparations) =
Modern: Fermentation Enzymes

=T HigdT § Araa-37e hil—

o "FUA"

° Hg"
o "qTEA"

FATIT 73T Bl
st gie:
Fermentation # &I T2 &

¢ Yeast enzymes — Zymase complex
« Ethanol — gastric juice secretion TETAT §
e Mild acids — salivary & pancreatic secretions 1

= AT & fermented tonics — digestion enzymes indirectly increase F¥d &l

3. sgatea ‘ST Sl swgfeT “USTSH” T qATTHE [ag o

AT ST e THwe AT

TSR Digestive enzymes (amylase, pepsin, lipase) IS &1 TATAT § Fa it of<h

et Tissue-level metabolic enzymes FTTAHTT metabolism T energy conversion
ST Cellular oxidative enzymes 02 s biochemical pathways

o sfrwfer Enzyme secretion stimulators S AT FRTH AT FoF



I SFARTTOT e TRer S

e sfwfer Catalytic enzyme enhancers T Wae A T8 8

= T |, F17 = GF-TA1I17% T3] FT G167 3]

4, T[METE UATEH-G 18T S (o ITATE (I ATHT)

(A) =TT (Indigestion)

Modern correlate:
1 amylase, 1 lipase, 1 protease secretion — improved digestion.

(B) ATAHTX (Diarrhea)
IE |

o o (Aegle marmelos)
. QII_:H'
.o EEN-fasy

Modern correlate:
o o ¥ tannins — digestive enzymes T regulate Fd &

e gut motility normalized
e carbohydrate fermentation control



(C) gv=Ti¥r (Low metabolic fire)

Modern:

e thermogenic compounds — metabolic enzyme activity 1
o salivary & pancreatic enzyme release 1

1. Ribonuclease-A (RNase-A)

FTA: RNA & FTed a1aT Uaired (Endoribonuclease)

(] LT (Structure):

o Rt 39 & (124 amino acids)

¢ 4 ROeHES T (—S—S—)

e o-helix 3fi¥ B-sheet TT ITfeera

o 7 fRAT (heat-stable) protein—fSTHTZE TSI F FTL0r

« Active site § T residues:
o His12
o His119
o Lys41

10 FA-fafer (Function):

RNase-A RNA #T phosphodiester bond T qT=dT 2|

AT 99



Structural Feature Functional Outcome

His12 sfix His119  Acid—base catalysis ¥ §; RNA bond cleavage

Lys41 Transition-state stabilization

Disulfide bonds (4) Protein & thermal stability 2@ & — boiling 9% ¥t denature & grar

Compact folding  Active site pocket perfect shape =dT g aTfs RNA bind F¥ &+

= RNase-A FT T{¥gF “Anfinsen Experiment” TaTaT g T protein T H@' tertiary structure =

el function|

2. Myoglobin

A AT § O, T WSTLT (oxygen storage protein)

[ TFAT (Structure):

e 153 amino acids

o HAA Th polypeptide chain

e Globular structure

e 8 a-helices (A—H helices)

e Prosthetic group: Heme (Fe** + Porphyrin ring)

e Hydrophobic pocket G@'T heme grf%?r gt %’
(11 wra-fafer (Function):

« Fe* 9% Oz reversible bind F¥AT &
« Myoglobin O, F HIHUTAT T TgaTT &7 store FaT &

GEAT-51Y g9
Structure Element Function

Heme pocket (hydrophobic cavity) Fe* #T SiaTH¥0T & F=TaT &; O, FT gierd Fe



Structure Element Function

Proximal Histidine (His F8) Fe?* & #1¥ [ heme #T o FeaT g
Distal Histidine (His E7) 0, binding & f9=3a &<ar 2; CO binding FT 7 T &
Compact a-helical fold R ST specificity Tgm@T 2

= Myoglobin =T structure Igad ﬁ'ff%‘l’cf (compact) § — O: storage F foTT perfect.

3. Hemoglobin (Hb)

FR: FRST F FAH dF Oz o AT

(] LT (Structure):

e Tetrameric protein (4 subunits)

o 2 x a-chains

o 2 x B-chains
e W chain # 3TT9T heme — total 4 O2 molecules bind F¥ T &
« Hb T fF9rvaT: Cooperative Binding

10 FA-fafer (Function):

e TEAT O2 bind I 9% 9T 3 O FT bind FTAT ST &I ATAT &
« 7% Sigmoid (S-shaped) O: binding curve IaT &

AT 49

Structure Function
Tetrameric quaternary structure Cooperative O, binding e
TR transition T-state (tense) - Low O, affinity

R-state (relaxed) - High O, affinity



Structure Function
Salt bridges & ion pairs T-state &1 fRow w@q g

Heme—-heme interactions Cooperative binding =T 3Temx

Allosteric Regulation

o H+ (Bohr effect) — O: release 1
e CO:— O:zrelease 1

e 2,3-BPG (in RBCs) — O: affinity | — Zd#i # O: release 1

= Hemoglobin #T complex architecture — oxygen transport & {eTT optimized g, ST myoglobin
¥ TS ST behavior ZdT &1

4. Chymotrypsin (Serine Protease)

T Proteins (T2TST 1vE) T HTA ATAT IT=F TATSH
Location: Pancreas

[ TFAT (Structure):

e 245 amino acids
e Three chains (A, B, C) formed after proteolytic activation
o Catalytic Triad:

o Serl95
o His57
o Aspl02

e Hydrophobic binding pocket (specific for aromatic amino acids)

10 FwrAd-fater (Function):

« Tyrosine, Phenylalanine, Tryptophan ST¥ aromatic residues & 9T 9%eT=€ bond &l qredT

g

e Mechanism:
1. Ser195 nucleophilic attack
2. Tetrahedral intermediate
3. Acyl-enzyme complex



4. Deacylation — peptide cleavage

JEAT-F1 G

Structure Element Function
Catalytic Triad (Ser-His-Asp) Nucleophilic attack - peptide bond cleavage
Oxyanion hole Reaction intermediate stabilize F#¥aT &

Substrate specificity — aromatic AAs #T 2t bind

Hydrophobic pocket (S1 pocket) 3

Zymogen activation (Chymotrypsinogen - . . o .
. Digestion only in intestine, not pancreas
Chymotrypsin)

= Chymotrypsin FT structure T8 YT evolved g 3 T aromatic amino acids & T8 T=2T2E
Five F Tgq specific TLH T FHTe

5. Summarized Comparison Table

Protein Structure Function Structure—Function Logic
Single chain, disulfide bonds, Active site histidines + stability
RNase-A . . RNA cleavage |
His12/His119 important

. . . . Heme pocket & histidines control O,
Myoglobin  Single chain, 8 helices, heme O, storage

binding
) Cooperative binding due to
Hemoglobin Tetramer (a,B,), 4 heme O, transport
quaternary structure
Protein Catalytic triad + binding pocket

Chymotrypsin Ser-His-Asp triad . . o
digestion specificity



1: Physico-Chemical Characterization of Enzymes

UATSHI FT Fifaa-Taraia% o7 a8 Ta=1= % forg o Srar g FF 3 58 19 e 2, e
FTATA H *U% T2d 8, The T a0 3Td 8 30 ST SehT-3Tah i a7 TrETI = 07 4T 2|

AU =N foga T o 9HE:

1. Molecular Nature (sorfa= T5fq)

o %% RNA UATEH (ribozyme) 9T 21
o VAT UATSH #7 UF fAfrg iy uffe siqgaw grar & ST 39T 3-D shape FATAT &

= Structure = Function (§¥=HT 81 FTF &7 AT T 8)

2. Molecular Weight (smorfas \)

o TTATSH F® AT § J&< &g AT Dalton TH g1 Tohd &
e T TATEHA: ~10 kDa
e & complex TITEH: ~500 kDa 3T SATaT

SITEL:

e Lysozyme: 14.3 kDa
e Hexokinase: 100 kDa
e RNA polymerase: 450 kDa

= Molecular weight TSITEH it fe2aT 3T catalytic efficiency T AT HLAT gl



3. Nature of Active Site (af%% = it w5 a)

USITSH T heart = Active Site

o IT FA protein FT Had 2-3% AT &
« T amino acids FT AT arrangement AT g

o substrate TATETT ST & bind FraT & (lock—key / induced fit)

Active site ¥ ﬁ'—‘?l'ﬂl'dT'i'

catalytic residues (Ser, His, Asp, Lys etc.)
binding pocket

hydrophobic/hydrophilic interactions
transition state stabilization

4. Coenzymes 3fiT Cofactors

T UATSHI & activity & (1T STTTRTH T-STEIT (0] AT 31 &
Cofactors (8T 3TIN)

@I'a'—Mg”, Zn?*", Fe**, Cu?*"

Coenzymes (19 3T7)

SH—NAD", FAD, CoA, Vitamins

Prosthetic group (AVT & S cofactors)
S¥—Heme, Biotin, Flavin

= Cofactors enzyme #T catalytic efficiency F% AT d2T o]



5. Temperature Dependence (dT9HT 9T fA+war)

o TWTZH optimum temperature T TEH dT FTT Fd %’
o HATHTIA: 37°C (U9 9T & UATEH)

e dgd SITT A9 — enzyme denature

o FH qTT — reaction &iHT

6. pH Dependence (pH q< i)

22 UHATZH FT A7 optimum pH AT &
Enzyme Optimum pH

Pepsin 2

Trypsin 8

Salivary amylase 7

pHaﬂ?ﬁ'@':

« amino acid residues T charge & STAT &
« active site distort BT THAT g
« substrate binding FH g STdT §

7. Kinetic Parameters: Km 3fi< Vmax

Michaelis-Menten kinetics & &I SH@ IXTHTex:

Km (Michaelis constant)

o enzyme #T affinity SdTaT §
e Km FH — substrate affinity 3Tfars
e Km 3Tf&F — substrate binding FHSIT



Vmax

o TTSH fY sferRaw A
o TF & USATSH I a8 saturated g

= Km 3T Vmax UHTEH characterization T Fa# Hgca Ul [ZedT &l

8. Specificity (fafarsam)

TATSH FTX T AT specificity f@Td 8:

1. Absolute specificity
o T gl substrate (e.g., urease — urea)
2. Group specificity
o T functional group (e.g., trypsin — lys/arg residues)
3. Bond specificity
o T fa99 bond (e.g., lipase — ester bond)
4. Stereo-specificity
o T&F L- =T D-form molecules

9. Inhibitors (rareF)

Competitive
Substrate FT g fa@ar g (Km 1)

Non-competitive

Active site % FATAT bind F¥AT g (Vmax |)

Uncompetitive

ES complex ¥ bind F¥AT g (Km 3T Vmax AT |)

Inhibition enzyme T Tg=TH 3T mechanism THAT H 988 AUl &l



10. Stability (Rerar)

e Thermal stability

e pH stability

« Denaturants % o resistance

« Disulfide bonds, hydrophobic core, salt bridges ¥ TdT &

2: Enzyme Classifications (TS afism)

Enzymes & SiaeaTg 1 €47 [UBMB Bg T&T a1 # diedl gl
g< enzyme T 94T EC number AT g (Enzyme Commission number)!

1. Oxidoreductases (EC 1)

FTI: Oxidation—reduction TR

ELAEEU R
e Dehydrogenase
e Oxidase
e Peroxidase
e Cytochrome oxidase

2. Transferases (EC 2)

1A TF molecule & @3{ H group transfer
ETEL:
o Kinase (phosphate transfer)

e Transaminase
e Methyltransferase



3. Hydrolases (EC 3)

Fd: Water T ITTEATT H bond AT (hydrolysis)
TR

Lipase

Protease (trypsin, chymotrypsin)
Nuclease

Amylase

4. Lyases (EC 4)

1 f9HT hydrolysis 3T oxidation % bond AT
ELAEEU R
e Aldolase

e Decarboxylase
e Fumarase

5. Isomerases (EC 5)

A Molecular rearrangement (isomerization)
e Racemase

e Mutase
e Epimerase




6. Ligases (EC 6)

1A Bond formation using ATP
ELAEEU R
e DNA ligase

o (Carboxylase
e Synthetase

gSTeH AT (Nomenclature of Enzymes):

UATSHT T ATHHLIT q&A: &I %8 o gl a—

1. |TTT (Common) TTHHTIT — TTLATH ATH
2. TUBMB YUTTHT (Systematic ATHHT 3i¥ EC Number)

1. T/ & 7 (Common Names)

T TR QO 997 F ITAN H 2 B
T Hrer-Ed T4 8

o TATEH ®IF-HT FRAT F2aT 8
o T3 substrate I FTH FAT §

A, ATHEHRIIT T GTHTT ﬁ??l":l'

substrate ST ATH + “ase” (TH)

SELGESIN

Substrate Enzyme Name Function

Urea Urease Urea #T CO, + NHz ¥ dT=aT 8



Substrate Enzyme Name Function

Lipid Lipase FET FHT AEAT S
Lactose Lactase Lactose #T glucose + galactose & dT=4dT &
Starch Amylase Starch - Maltose

2. faT (Reaction type) 9= saTiRa 917
s USATSHI &l SH TR i THTII7% FIa1297H AL 9 A1 fHerar g ™ T catalyze Fd g

SITEI:

« Oxidase — oxidation F<TaT g

+ Reductase — reduction FITAT &

« Peptidase — peptide bond TTEAT &

« Polymerase — polymers IATdT &

« Kinase — phosphate group STTEdT &
« Dehydrogenase — hydrogen Z2TdaT g
« Decarboxylase — CO. ZeTaT &

= Common names 39 reaction + ase 9 H gId 2|

3. IUBMB (International Union of Biochemistry and Molecular Biology)
g0 Systematic Nomenclature

UHATSHT T ATTEHTIE (systematic) TTHHRLIT T FHATHE B T AT 2|
IUBMB g% UST2H & ad1 2

v/ [ T& systematic name

¢ [ Th EC Number (Enzyme Commission Number)



A. Systematic Name (Rrecifes am)

Rrexifas e # 21 4T AT A1 2

1. U e substrateﬂWW%
2. ﬁ»‘&rwﬁqﬁrﬁmwé’

SITEI:

Lactate:NAD" oxidoreductase
Tg FATAT g o TSITEH lactate 3T NAD' & &9 oxidation—reduction reaction FTdT &

Peptidyl-Lysine deacetylase
FaTar g T T peptide H lysine residue ¥ acetyl group g2TaT Bl

= Systematic FTH AT el &I, ST reaction T ‘1’& qE TIE Fd 2|

B. EC Number (Enzyme Commission Number)

Tg USATSHI T T HFAYOT A HL0T TOTAT 5
Z¥ enzyme T TF code AT SITaT 8:

EC X.Y.Z.W

STt AT 37 STT-TT AR < 2
1st number (Class)

%<7 6 enzyme classes:

Oxidoreductases
Transferases
Hydrolases
Lyases
Isomerases
Ligases

AN



2nd number (Subclass)

e aeg T afatwar g
(ST — hydrogen transfer, group transfer)

3rd number (Sub-subclass)
-9 substrate IT bond

4th number (Serial number)

39 aET # fafers uerew it "ear

] EC Number T Example: “EC 3.4.21.4”
T2 Chymotrypsin FT EC number gl
T qHET &

« 3 — Hydrolase (ST ETXT bond Z&dT &)

e 4 — Peptide bond hydrolysis
e 21 — Serine protease family

o 4 — TH UG FH AMAT UATH

= EC number THTZH FT FFAT FT faesper a8 &7 | Feriar

4. Naming Based on Cofactors

T USTSHI T ATH 30T HSIAAT FIA AT cofactor T STETRA gIdT &

NAD-dependent dehydrogenase
FAD-dependent oxidase
Biotin-dependent carboxylase
PLP-dependent aminotransferase

= g ATHEHRIIT enzyme-cofactor Hael &1 fa@TaT 8l



5. Naming Based on Source (Protein origin)

T UATSHI &l Ieh BT AT 9T oY 97 fHerar

 Trypsin — Pancreas (Trypsinogen ¥)
« Pepsin — Stomach (Pepsinogen ¥)

« Papain — Papaya &

« Bromelain — Pineapple stem &

6. Historical/Legacy Names

T UATSHI o ATH [ 87T & = 97 g &
e Pepsin
e Trypsin

e Chymotrypsin
e Thrombin
o Fibrinogenase

TAH “ase” suffix A AMAT— TR T modern ATHHRTIT | T &

7. Summary Table: Enzyme Naming Systems

Naming Type Example Basis
Common Name Amylase Substrate
Reaction-based Oxidase Reaction type

Systematic Name Lactate:NAD oxidoreductase Substrate + reaction
EC Number EC3.4.21.4 Class + subclass

Cofactor-based NAD-dependent DH Cofactor



Naming Type Example Basis
Source-based Papain Organism

Historical Pepsin Classical names

uwTew Wit (Enzyme Kinetics) T 87?

TStz TfAsht ag s & S a8 steqae 3T 8

o TuTEw f s & st #aa 2
o TiafeRaT T T o oot o AT et g
« substrate FT HTAT, TATSH T AT, pH, ATTHTH, inhibitors 3T T FT ¥ TG

TATSH TTATHAT il I THA HT AT § — Michaelis-Menten Kinetics

1. Enzyme-Catalyzed Reaction

et \TaTer USTew giAfhaT T e g9t Srar 8

E+S=ES—E+P

\]

ST

E = Enzyme

S = Substrate

ES = Enzyme-substrate complex
P = Product

UATEH G2 Agl daadT, I8 TRIT T a7 FdT



2. Reaction Velocity (V) - wfafwar #it &

gt 7 (V) = I3 797 9949 F1T product

L) §T&SATT velocity (Vo) HH Hgca Ul gIdT &, F11% I T substrate TgA ATSF 2IAT & AT
reverse reaction 90T gl gl

3. Effect of Substrate Concentration [S]
ST substrate concentration FH & A T TLEH FEdT &, AT UATSH i I UH Fadl &

T [S] TR — V fiX-efix szar &
SH[S]FEATE — VAT d@dl g

gq AT [S] I — UATEH saturated FT STTAT &
T H — T Vmax T2 Tgaa? (097 g1 ATl &

Sl e

TH Hae I Michaelis—-Menten Curve (Hyperbolic curve) Fgd 2l

4. Vmax 3 Km (Michaelis Constant)

g Enzyme kinetics T 2T T8 Tgeaqul HFheadTy &l
] Vmax (Maximum Velocity)

o T ATIFHAA TIA ST TATSH % THT active sites substrate T T q4g AL 31
. zofgfad USTSH ‘saturated’ '@Tﬂ %
e T UATSH % maximum capacity Fgd &

[J Km (Michaelis Constant)
Km = T substrate concentration STgf USTSH %[ TTd Vmax FT 50% Il 2l

Km FaTdT &



« enzymatic affinity (JTHRYTT)

e  Km FH — TSITSH FT substrate & T SATHIT STST
e Km FITET — USTSH FT THYUT 7

= Km FHae enzyme—substrate =T T[0T %, EE] enzyme concentration T THT T&Pf @?ITI

5. Michaelis-Menten Equation (srisfi=r fi=<or)

T T ATA T & TH I

[
V =\frac{V_{max}[S]} {K_m + [S]}

]
T8 @t g o gfafwar it T substrate concentration 3 HTT ¥ TEeT gl

6. Lineweaver-Burk Plot (Double Reciprocal Plot)
T SATETRA ITOET & 1T Michaelis—Menten FHTEHTOT T reciprocal T STaT &

[
\frac{1}{V}=\frac{K m}{V_{max}} \cdot \frac{1}{[S]} + \frac{1}{V_{max}}
]

Tg Hreft ¥@T (linear graph) T |
THHT STIT:

o  Km 3T Vmax T+ Fe &
e inhibition mechanism cIE?FI_"I%I' )



7. Enzyme Inhibition (4ATsH s@aqe)

Inhibitors THATSH T T &I FH Fd 2l
T q&=T T

1. Competitive Inhibition (sfieTeff sra<iam)

« inhibitor substrate 9T fa@ar

e active site 9% bind FXAT
« substrate 3% inhibitor competition Fd &

= Effect:

e Kmt{agarg
e Vmax = same (! TZdT)

Example: Malonate — Succinate dehydrogenase inhibitor

2. Non-Competitive Inhibition (f=-wfieTefT)

« inhibitor active site 3 SITAT FHRET 3T ST bind F¥AT &
o TWTSH & activity F FH FL qdAT g

= Effect:

¢ Km=same
e Vmax | 9 g ATAT 5

Example: Heavy metals (Hg*, Ag")



3. Uncompetitive Inhibition

« inhibitor fr% ES complex & J=aT &
« reaction pathway T I&< aaT &

= Effect:

e Km | &HH
e Vmax | ®H

8. Effect of Enzyme Concentration

+ TWTEH concentration IRAT — Vmax HT IR[AT
o Km 7&l a&aar

9. Effect of pH

o YU UATSH T UF optimum pH AT g
e AT pH — active site % residues ionization F& T &
e activity 7 T Tl &

Examples:

e Pepsin — pH 2
e Trypsin — pH 8

10. Effect of Temperature

o AT FEH & I Tt 8
o TEd ATIF AT — TATSH denature
o U UATSH T TIAT optimum temperature 2rdT g (FTHE & 1T ~37°C)



11. Turnover Number (Kcat)

Kcat = T ¥he U U12q {3+ substrate molecules T product § F&eTaT %’I

High Kcat = T enzyme

Example:
Catalase — 40 million molecules/second (H‘c@f I AT U 2H)

12. Catalytic Efficiency = Kcat / Km

Tg USATSH il Fa4 AW efficiency parameter gl

o Kcat 1; Km | — UHTEH 98 efficient

o Diffusion-controlled enzymes — catalytic efficiency *_THIT perfect

I. ToITEw Sharferf@e %1 95 (Mechanism of Enzyme Catalysis)

TATSH TTETAAE T THRAT T T HT F2Td 8 FA11h F Activation Energy (Ea) F &H F¥ d &

TR o reaction T enthalpy (AG), equilibrium position &7 7gi Faad|
= TS Sherfertere & Tt W a5 FT step-by-step TELTS & THSATAT 74T B

1. ES Complex Formation (TsTsw-gsa¢e THRE< & [AHTr)

TTAToRAT T TgAT T

[
E+S=ES

]

ST9r substrate TSITZH & active site § T g1 SITAT €, 99 ES complex a+dT 2|
TET complex TTATHAT FT transition state T o STAT g



2. Active Site it Binding Models

Active site 3T substrate #T binding 3T {&T THTT H THAT SITAT &

A. Lock-and-Key Model

o TSITSH T active site Tgel & rigid shape ¥ graT g
o substrate IET shape F ATATT fit AT &
o SIH qTAT ST AT

1] g specificity TWATT o 1T 31527 AT g AT real mechanism simplistic &1

B. Induced-Fit Model (98T ST AISH)

e active site AHT (flexible) AT &

o substrate % AT 9T active site 3TTAT shape TTAFT tightly bind FAT g
« IZ binding THTSH &7 catalytic action F ToIT ready Ta®T # &ATAT §

() TET WIT AT A T2 Tt gl

3. Enzyme & Activation Energy % #%d 8?7

TATSH AR &I a1 ° TIATHAT T aOFf L 5

A. Proximity and Orientation Effects (Raear six sttsrfa=me sma)

« substrate molecules T UH-ZHL & Hehe AT
o 3ve WGl orientation H TEAT
THH reaction ATETHT & ZIAT 2l



.ﬁﬂwa?reactantsqwmﬁmgl
= TSTSH Ieg HATa AT Tl alignment H T@dT gl

B. Transition State Stabilization

TqaH HZea 0T catalytic mechanisml|

o TUSTEH transition state FT g9 ATeF T F2ar %
e THW activation energy (Ea) dgd H RIS
o TRUITH: reaction AT AT a1

Transition state = reaction FT 998 FS11aT9 intermediate
UATSH IHT &7 stabilize FF reaction T ATETH FATAT 2

C. Acid-Base Catalysis

Active site T lﬁTf{ amino acids (His, Asp, Glu, Lys, Tyr) proton donate IT accept F¥d gl

ST
Chymotrypsin ¥ His57 proton shuffle FXTAT & — peptide bond Z&aT &l

D. Covalent Catalysis
e % G FEATAT covalent bond AT & — reaction FT 79T pathway F=dT g
IITEI:

e Serl95 (ATEHITICE)

e Cys (cysteine proteases)



E. Metal Ion Catalysis

Metal ions (Zn?*, Mg?*, Fe?") reaction & stabilize F¥d &

e negative groups stabilize
e electron transfer

« substrate FT polarize FLd &

IETEI:
Carbonic anhydrase (Zn** dependent)

F. Electrostatic Catalysis

Active site FT charged amino acids substrate T attract IT repulse F%h reaction ATHTT T g

G. Desolvation Effect

TUWTEH substrate Tl ITHT (solvent shell) ¥ T reaction & H FTAT § — reaction a7l

T (AR, TSTEH 39 Ot Il ° reaction Fr energetically s T9Td €1

I1. TsT=w sraXee (Enzyme Inhibition)
e TEd & T3 R USTSHT T activity T TR IT W 36T STTAT 21
Inhibition IT T¥g =T BIAT &:

« Reversible (ST ST T TTAT)
o Irreversible (¥ITY)



TE1 T8 reversible inhibition F TFHTT IE|

1. Competitive Inhibition (srfaeaeff sra<rem)

« inhibitor substrate 9T f@aT g
e active site 9¥ &I bind FLAT &
o substrate 3% inhibitor competition Fd g

= Km JgaT §
= Vmax Tel T §

IITEI:

Malonate — Succinate dehydrogenase T inhibitor

Graph:
Lineweaver-Burk plot # slope F&aT gl

2. Non-Competitive Inhibition (f=-sfiewet sraram)

« inhibitor active site ¥ STTAT Fgl A< bind FLAT &
o TWTSH shape T2 ATAT &
« substrate T bind BT ST, activity &% STl &

= Km same
= Vmax sH

Il % T,
Heavy metals (Ag*, Hg*")

3. Uncompetitive Inhibition

« inhibitor Fa<T ES complex ¥ bind F¥aT g



« reaction pathway T 9o adT &

= Km 9 g1 g
-Vmax‘frm'@ﬁT%’

IETEI:

Lithium — some enzymes

4. Irreversible Inhibition (=t sra<iem)

« inhibitor THTEH ¥ covalent bond FATAT &
o TS AT €9 ¥ inactive BT ITAT &

AT

e Organophosphates (nerve gases) — acetylcholinesterase inhibit
e Aspirin — COX enzyme %I permanently inhibit F¥dT &
o JTodoacetamide — cysteine residue 9¥ attack

5. Allosteric Inhibition (aaTg Ta< &1 Ad=rom)

« inhibitor THATEH & allosteric site IT bind FAT &
e active site FT shape & STAT &
o FHH FH AT S

7 inhibition metabolic regulation H Fgeaqul gl

SETEI:
ATP — Phosphofructokinase (glycolysis) #T allosteric inhibitor



6. Feedback Inhibition (sfifaa Fifmerrsi &t fA==rr 4=)

T pathway &7 TdH product T8 enzyme FT inhibit F¥AT g

SRTEI:
Isoleucine — Threonine dehydratase FT inhibit F¥AT g

= ST FHITAHTA H metabolism control L T natural method |

-1 : Proteins &7 Classification (affom)

TTEIAT 0 s q¥g o AR (hAT 1T Bl
T T AT A= TeATs ¥ {70 &7 7 2

1. Chemical Composition ¥ 3T&T 9T (TETET GC=AT & T I)

A. Simple Proteins (9% TIEiA)

. e ol o A A E
o Hydrolysis % f&F amino acids & fHd &

SRTEI:

Albumin, Globulin, Histone, Prolamin

B. Conjugated Proteins (AT TEiH)

o HAT UME + TF non-protein group (prosthetic group)
« I prosthetic group STEA FT 9T FTF T FLAT &



THE T

Conjugated Protein Prosthetic Group Example
Glycoprotein Carbohydrate Immunoglobulin
Lipoprotein Lipid HDL, LDL
Phosphoprotein Phosphate Casein

Metalloprotein Metal ion Cytochrome, Hemoglobin
Nucleoprotein Nucleic acid Ribosomes

C. Derived Proteins (IT9% <)

o« & TEM % Hydrolysis 3T denaturation & a9 &

I8 LU: Metaproteins, Proteoses, Peptones

2. Shape (3TFfd) & I I

A. Fibrous Proteins (G-3RI TE1H)

o T, T SH
o AT M7 gAaefierar w9
e Structural role

SITEI:
Keratin, Collagen, Elastin, Myosin

B. Globular Proteins (TR TEH)



) Tﬁ?r, compact
o T H erfer gamefier
« Enzymes, hormones, antibodies Z&T Zoft #

SRTEI:

Hemoglobin, Enzymes, Albumin

3. Function (F13) ¥ T4 9<

Class Function Examples
Enzymes Reaction catalysis Amylase, Lipase
Structural 9<% =T Collagen, Keratin

Transport TaTf &1 9¥@g"d  Hemoglobin, Transferrin

Contractile Ta/H5®=+ Actin, Myosin
Hormonal Signals Insulin
Defensive Hz&m Antibodies
Storage  WETXU Ferritin

4. Solubility (FsfeaT) ¥ TR 9T

Protein  Solubility
Albumin Water soluble
Globulin Salt solutions
Prolamin Alcohol

Glutelin Acids/base



5. Nutritional Value (qTvT) & 3T&m< U

Type Meaning Examples
Complete Proteins &¥T essential AAs Egg, Milk
Incomplete Proteins & essential AAs T #HT  Wheat, Rice

Partially Complete Growth 7gl, repair #¥ T%d Gelatin

6. Genetic Origin ¥ 3T&TX T

e Coding Proteins — genes 3121 synthesized
e Non-coding proteins (post-translational products)

7. Structural Organization % 3T 49X

Primary Structure

Amino acid sequence

— mutation TET THTIT FTAT §
Secondary Structure
a-helix, B-sheet (H-bonds FTT)

Tertiary Structure

3D folding
— enzyme activity, binding specificity

Quaternary Structure

U H ATAF polypeptide chains
— Hemoglobin (02f32)



WTT-2 : Proteins Separation Techniques (AT &7 ST T FEA it T 1)

STTEIA ST FHIAT (separation) biochemical analysis 3T purification FT T &

A= Tt S TR R TETS & THSATIT 74T 2

1. Solubility-based Separation (S=sferar a< sreaTia)

A. Salt Precipitation (Salting Out)

« Ammonium sulfate FT JTTN
« Salt concentration FZAT IT TTE precipitate BT &
o Y I T “salting-out” concentration 3@ T gIal &

= Purification T HH g1 AL

B. Isoelectric Precipitation

« pH = pl (isoclectric point) TT I T net charge AT
e T pH 9Y solubility minimum — precipitation

1

ELAEEU R
Casein pH 4.6 9% precipitate T SITdT

2. Size-based Separation (ST 9T STETRA)

A. Gel Filtration Chromatography (Size Exclusion)

o T2 TIEA Soat e 8
o I T pores H TR X FaFerd

= Protein size (molecular weight) T T =T T



B. Dialysis

e Semi-permeable membrane

o TS V& membrane F 3T T ST &
o TIE A AT Tt ST

= Buffer exchange ¥ desalting F o7 ITa|

3. Charge-based Separation (339 < Semia)

A. Ion-Exchange Chromatography

e T T charge (+ 3T —) F SATYTT I separation

o T THT
o Cation Exchange — negatively charged resin
o Anion Exchange — positively charged resin

= High resolution purification T TXIeTI

B. Electrophoresis
1. SDS-PAGE

« SDS WIEIA &l negative charge 3T g

o separation only size % JTETT TT
« molecular weight TdT FdT &

2. Native PAGE
« protein # natural charge 3f¥ shape F JTLTT 9T separation
3. Isoelectric Focusing

« pH gradient 9T §



o TIE pH = pl 9% o2 1 T &
= T & pl value FTT FEA T TATTH TR

4. Density-based Separation

A. Centrifugation

o Gravity % ¥IT9 UX centrifugal force
o T T ST, AT A1

B. Ultracentrifugation

o Tgd AT speed (1,00,000 rpm)

o subcellular fractions, large complexes separation

5. Polarity/Hydrophobicity-based Separation

A. Hydrophobic Interaction Chromatography (HIC)

« hydrophobic STEIF matrix & bind FXd &
o salt FH FLA 9T elute BT &

B. Reverse-Phase Chromatography

o dgd hydrophobic proteins separation
« peptides purification § ITATT



6. Affinity-based Separation (9% specific T 1%)

Affinity chromatography = @& powerful 3f¥ specific T

ligand (substrate/antibody/metal) resin < immobilize

¥orer T YA AT X S affinity
Tt wash 21 ST &

elution by salt, pH change or competitive ligand

SITEL:

« His-tagged proteins — Ni?-NTA resin ¥ purify
e Enzyme purification — substrate affinity column

7. Immunological Separation

A. Immunoprecipitation (IP)

e Specific antibody STEIF &I THEAT &

o ATHT T wash BIHT g2 T &

B. Western Blotting

e separation + antibody-based detection

« specific proteins FT Tg=TH

8. Chromatofocusing

« pH gradient % 3T 9T separation
« pl differences % 3TI&ET proteins



¥TT-1 : Protein Purification (ST T e / gfaaeom)

TIENT 9TTE T I

o ToHET fror (F 1 v, foog EHSe, Feaw) |
o TF L THF A
o SATEFHaH LHAT (purity) ¥ FRATf=aT (activity) F a1

e I (isolate) FHLATI

Protein purification & %< =TT Z1d & {9172 stepwise strategy Fgd 2l

(A) Protein Purification ¥ 7&x =<

1. Preparation of Crude Extract (Fg TaH<HE i qIT)

T TgAT AL & — FITART/SAF BT TISAT TR T T8 3 Tehl
ICIERIF

Sonication

Homogenization

French press

Detergent lysis

Enzymatic digestion (lysozyme)

T+ dTe T 7 centrifuge ¥

o cell debris Fﬁ%,
e proteins 39X supernatant H o ST %I

T supernatant FT crude extract Eh%%r s{l



2. Fractionation (=215 / fars)

%< mixture H Tt T grd 2|
Trg | GETHT |l pure FIAT JHAT g
THTT Igeft TTHAT § — fractionation|

A. Salt Fractionation (Salting Out)

e TFH AMH — Ammonium sulfate precipitation
o TT-3TENT TTEIA T salt saturation T¥ precipitate ZTd 8
o 2 99T 9T purification ¥ Tgd Tgeaqul

- T T T T0< 9¢ qa9 TR f=3fen

B. Isoelectric Precipitation

e pH=pl 9 U% JTEA precipitate
o TF GTE TIEHT & [T selective separation

Jalgul: Casein (pH 4.6)

C. Thermal Fractionation

« Heat-stable proteins THT H Tgd &, 3777 denature g1 ST &
« DNA polymerases ST THT=H purification § ITIM

3. Chromatographic Purification (¥s& adi=+ fafemr)

A. Ion Exchange Chromatography



AT (charge) F ATHTT IT separation|
IITEI:

DEAE-—cellulose (anion exchanger)

= High resolution purification|

B. Gel Filtration / Size-Exclusion Chromatography

ATRTT IT AT separation

. T TET TR P
e« BIEARH

= Molecular weight estimation HT F¥dT g

C. Affinity Chromatography (¥s€ Specific)

TIFT (column) ¥ ligand &91T 2raT &

o Tl T bind T ST ligand  affinity §

Tt wash 21 ST &

¥ pH/salt/competitive ligand ¥ eluate 3T STaT &

IATEL:
o His-tagged protein — Ni-NTA resin

= One-step purification & T 90-99% purity!

D. Hydrophobic Interaction Chromatography (HIC)

e hydrophobic patches binding
e clution by salt gradient decrease



E. Reverse Phase Chromatography

e dgd hydrophobic T 3T peptides purification ¥ forT
« High pressure (HPLC) S¥HTH graT g

4. Electrophoretic Methods

A. SDS-PAGE (Size-based)

e SDS W & linear 3 uniformly negative I9TAT &
o A size ATYTT IT separation
o purity T assess LA | AT HEALIN

B. Native PAGE

« native charge + shape 9l 9T separation

e activity THTT T@ % forw ITIHT

5. Ultracentrifugation

o Fgd 9T T complex proteins
« density gradient H 3TeI°T 31 &
« ribosomes, membrane proteins, lipoproteins # {or@ ITART

6. Dialysis and Desalting

o salts, solvents, 3¥ B¢ molecules _"Q'E-ﬁ' D ﬁl"‘{
« protein purification steps % == buffer change



¥T-2 : Criteria of Homogeneity (S[E4a1 & AT9EE)

ST W Fad & (6 T Tt i “pure” F¥ form,
T AATHF T & THRT AAA:

U YA TF E TR T A AR &
[ Fs contamination:r&pf%

[ activity stable 3T specific &

[N o N e

BTHISIHET [f1 F & Fg HIGE 5.

1. Single Band on SDS-PAGE

7% SDS-PAGE ¥ Fa TF &f 8¢ o —
Tg AFH FS19d purity indicator gl

« ST sharp, single 3T |TF ZMAT ATV
« molecular weight expected ZFT ATgU

= 3T multiple bands — contamination THT #T HISE|

2. Single Band on Native PAGE

Native PAGE charge + shape & S[HTY separation F¥dT gl
Tfz zad ot UF g band — homogeneity SHTITA|

3. Single Peak in Chromatography
TfT purification 3 I analytical chromatography (HPLC, gel filtration) #:

o+ TH &I sharp peak — homogenously pure
e % peaks — mixture



Tg advanced purity check gl

4. Constant Specific Activity (9% 35T AT9EE)

Specific activity =

[

\text{Enzyme activity (units)} / \text{Protein amount (mg)}

]

Purification I&9 9%

e specific activity TZdT g
« 3T ¥ constant value ¥ stabilize BT STl §

() STE specific activity 39 ST Aal a@dl —
ST T gl STTdl % pure enzymel

= I enzyme purification FT TFHF [FFTA1T TTF 5|

5. Uniform Amino Acid Composition

Amino acid analysis § T#F & pattern fier — pure proteinl

6. Ultracentrifugation (Single Sedimentation Coefficient)

T Svedberg unit (S value) TF g fTr — homogeneous samplel

7. Immunochemical Homogeneity

o Single precipitin line in Ouchterlony
« Immunoblotting & TF 2T band



= Antibody-based purity confirmation|

8. Mass Spectrometry (MS)

« Molecular mass precise 3f¥ unique

e IS contaminants H@'
= TSTohel AT labs H SITAH confirmation MS & & F-haT ST 21

9. X-Ray Crystallography / NMR

T2 protein crystals T, single lattice 91T & —
FATEF [F T

¥=1 g End Group Analysis?

TSI AT Iearse | &1 &9 terminal (F1F) 1d 8—

1. N-terminal (Amino-terminal)
2. C-terminal (Carboxyl-terminal)

End group analysis T8 T 1% g {SEE T2 & 2 T FIC 9T Wﬁﬂ‘d‘:@ﬁ' 3 AT amino
acid FT Tg=T9 &t JTA 2

= 72 Primary Structure Determination T Tg«T <0 ZIaT gl

End Group Analysis ¥ 3¢

e WATF tliﬁ' amino acid (N-terminal residue) F¥ EEEIG]
o & % faW amino acid (C-terminal residue) FT 7291



« JTEH % homogeneity ST
« Sequence determination ¥ {3 HYAT
e T mixture FT e ug=m

aT-1 : N-terminal End Group Analysis (N-=< &1 fagwor)

N-terminus = ¥ amino acid ST TIEIT % T L& | AT g AT ST side I free -NH.:
group '@'crr %n

N-terminal Tg=TA+ FT F= classical 3T modern fafar=t g

1. Dansyl Chloride Method (Sanger’s method =1 modified version)

Tg FaH TIIAT 3T THATId N-terminal analysis T& 1 g
Steps:

TTE &1 dansyl chloride (DNS-CI) ¥ treat 33T STTaT 21

DNS-CI N-terminal amino group ¥ react %< dansylated amino acid SHTAT 2|
TIE T acid hydrolysis & TTET SITAT 81

THT amino acids <6 &1 ST &, To=q f4% N-terminal ATAT fluorescent FrdT 2|
T4 chromatography ¥ 98919 od gl

M e

Special Features:

o dgd high sensitivity
« Fluorescent g9 ¥ detection 3TETH
« Peptides 3T proteins TAT TT ITATM

2. Sanger’s Reagent (DNP method)

Tgel N-terminal sequencing T 1 (Frederick Sanger 1T @IS(T %)



Reagent:
2,4-Dinitrofluorobenzene (DNFB)

Mechanism:

« DNFB N-terminal amino group ¥ react < DNP-amino acid S9TdT 2|
« Acid hydrolysis & protein 2&dT § — DNP-labelled amino acid ITg¥ Haerar &
« Chromatography ¥ amino acid T 89T gIdT gl

3. Edman Degradation (Most powerful method)

TZ N-terminal end group analysis T ¥9€ modern 3% precise GRAED 2l
THHT ITANT sequencing F 10 T =T STaT g1

Reagent:
Phenylisothiocyanate (PITC)
Steps:

1. PITC N-terminal ¥ react %% Phenylthiocarbamyl derivative S9TAT g1
2. Mild acidic cleavage ¥ N-terminal residue T €7 & (PTH-aa) qTg L AT %’I
3. @l peptide chain sequence F T intact T2T Bl

—> THT ITHAT T FTL-ATE IELHRT I sequence TET ST TFhdT g

4. Fluorescamine Method

e Non-fluorescent reagent
« N-terminal amine ¥ react F¥ fluorescent derivative IATAT |
o g sensitive — pico-mole TI¥ % detection TH|



5. Derivatization with OPA (O-phthalaldehyde)

OPA primary amines ¥ fluorescent complex sHTdT &
HPLC analysis § ST

9TT-2 : C-terminal End Group Analysis (C-Z f3gwom)

C-terminus = T amino acid ST T & 3(q § graT g A< et side ¥ free —COOH group

&I 2l

C-terminal analysis & Ffod g F1Th carboxyl groups FE STg HIS[E 21 &

1. Hydrazinolysis Method

g C-terminal residue TZATA T TaH classical 3T effective THATH |

Steps:

1.
2.

3.
4.

Protein T anhydrous hydrazine ¥ treat =T STaT gl

T+ft peptide bonds Z& ST &, THd—

C-terminal amino acid hydrazide Tgi S=TaT

T THT amino acids hydrazides a9 STd 21

C-terminal residue intact =T § — chromatography & Tg=T|

= =7 T2 T C-terminal amino acid F¥ T1g vg= o=t )

2. Enzymatic C-terminal Analysis (Carboxypeptidase fafer)

Carboxypeptidases & TSITZH & ST polypeptide chain T C-terminal ¥ amino acids FT TH-UH
FH Fed g

3 HET THL



« Carboxypeptidase A — aromatic & hydrophobic aa ZeTaT &
« Carboxypeptidase B — basic aa (Lys, Arg) ZeTdT &

Procedure:

1. Protein FT carboxypeptidase ¥ incubate FId g
2. Time intervals T fserar gU amino acids analyze F¥d 3
3. ¥ Tgl ST amino acid release ZIAT & T&T C-terminal residue g

= Biological 3T gentle methodl|

3. Ammonolysis / Esterification Methods

« C-terminal carboxyl group T esterify F¥ Tg=TH
« Peptide rest unreactive ¥EdT &

1-3 : End Group Analysis &7 S73T (Applications)

v/ [ 1. Protein Structure Determination

« N- 3T C-terminal residue ST & sequence #T f39T T3 Bt
e Primary structure 3T 98T L0

v [ 2. Protein Homogeneity STi=

o 7f< sample H multiple N-terminals — sample impure
e One terminal = homogeneous

v/ [ 3. Sequence Overlap Strategy

gﬁ H sequence & (fragmentation) % T overlapping sequences N-terminal 3 SITETT X
STrEd &l

v [ 4. Genetic mutations =t 9g=T9

e Truncated proteins



e N-terminal methionine removal
e C-terminal stop-codon mutations

v/ [ 5. Protein Degradation Pathway T (&qd

9T-4 : End Group Analysis ¥} gyl §?

. ST AT e G st T
ST T HEAAT THAT T TEdT a7 Bl
« recombinant protein synthesis
processing, modification, cleavage FT TdT <7 2|
« Enzyme mapping ¥ catalytic domains #¥ f&erT &w={t STt )
« Modern proteomics analysis #T TATT TR

O SYINT

Protein sequencing
Homogeneity test
Structural analysis
Mutation studies

Protein Structure Hierarchy #ir g?
TSI %1 ST A &G4 H AT gl g

1. Primary Structure (STI® §<=AT)

2. Secondary Structure (fE T =)
3. Tertiary Structure (& HHAT)

4. Quaternary Structure (I HI=AT)

= O} T FT FHZ AT &1 Hierarchy of Protein Structure FZTdT g



T FT 31@%, o, framefi=taT (function), binding &T¥4T, ST enzymatic activity Tral
TEAATAT I AT FdT 2

1. Primary Structure (STafie =)
Tg TIEM HTAAT T GaH ALTT & 2

TR

Primary structure =
Amino acids F¥ w{H® SFaET (sequence)

STT peptide bonds FTIT =T BT Bl
&g faaward:

« T HeT polypeptide chain
e covalent peptide bonds

o genetic code THY sequence T FH&THa Fed &
« sequence FEA & TTEIA T 2T function & THAT &

SITEI:

Hemoglobin & Glu — Val mutation
— Sickle Cell Anaemia

Primary structure IaT= FTAT AT

e Edman degradation
e Mass spectrometry
e DNA sequencing

= g 0 protein architecture T “fia” 2l



2. Secondary Structure (fga= g<=)

Primary sequence ST& fold gI+ @RTAT g AT 3ehT local folding patterns S &, T&T secondary
structure %’I

Tg folding Hydrogen bonds ZT¥T #9¥ Tt g

Secondary structure &l HET 1T @ﬁ' %’

1 A. a-Helix (3% o)

o TV T T FEatl (right-handed coil)

o Y AT amino acid F = hydrogen bond gI4T &
o 9T turn — 3.6 amino acids

o FEq A HT=

" amino acids FT THT &

Ala, Leu, Met

I THE qg! HLAT:

Proline (helix breaker), Glycine (g flexible)
SHEASUE

Keratin (9T, ATE), Myoglobin FT T AT

"] B. B-Pleated Sheets (1T 5fi<)

o THITTT, UL, ATAIGTT HLAAT

« Hydrogen bonds polypeptide chains F &=
o parallel T antiparallel TIFT 2T T &



I

Fibroin (¥ar8 )

1 C. Random Coil / Turns / Loops

e rigid turns S B-turn
« protein & 3D shape a1 % o0 sMa97®
« active site formation # HZcAIT

= Secondary structure I #T local geometry SHTAT Bl

3. Tertiary Structure (J=F =)

T8 Tt T polypeptide chain ‘1’& 3D 3]13?% (three-dimensional folding) 2|

AT T HLAT 52

e Active site I9AT g

« Enzyme specificity Tg! & T &

« Binding site, pocket, domain, motifs 9 g
e« I soluble AT membrane-bound T94T &

Stabilizing Forces (FI<aT Y19 &< aTaAT QTi=pAT):

Hydrogen bonds
Hydrophobic interactions (Fa& Hga )

Disulfide bonds (Cys—Cys)
Tonic bonds (salt bridges)
Van der Waals forces

Domains T fA#TT:

Al

Tertiary structure § &2 functional units I9d g Sve domains Fgd gl



3l LUl
« Myoglobin #T T STFHfT

e Enzyme #T catalytic domain
e Antibody #T Fab region

= tertiary structure & protein FT function FETRE FAT

4. Quaternary Structure (IF =)

STar T A7 A2 polypeptide chains (subunits) e T F=T functional protein TATT &, AT I&
quaternary structure E?r %I

I

o Hemoglobin = 4 subunits (02f2)
o Lactate dehydrogenase = tetramer
e DNA polymerase = multi-subunit complex

wfaarssaE:

e Hydrophobic interactions
e Ionic bonds
e Hydrogen bonds

o FT-FHT disulfide bonds (inter-chain)

FT AEAL?

« Cooperativity — St& Hemoglobin # O: binding
e Allosteric regulation
e Enzyme complexes ST

= Multi-protein machines (ribosome, proteasome) TEHT HLAAT il asTg & FHTH FLd g



Protein Structure Hierarchy #1 U =157 & 903

Primary: amino acid sequence

Secondary: helix 31¥ sheets

Tertiary: X7 3D fold (T chain)

Quaternary: %% chains fo=r< complex AT %’

bl o

Hierarchy =i S&1 82

v [ Structure gl function T FLaT g

e Enzyme active site
e Antibody antigen-binding
e Hemoglobin oxygen transport

¢ [| Mutations T effect THZAT

Primary structure # geaT AT THadH
— tertiary + quaternary ¥ ST aaaTd
— function & STAT &

¢/ [ Protein engineering

e domain swapping
o stability IT@TAT
» catalytic efficiency ST&TT

¢/ [ Drug design

3D structure ¥ inhibitor 3% ligand design 3T SITaT 2

Pl 9 IR0 § THA

Trypsin enzyme ¥ hierarchy



Primary: specific sequence of ~245 amino acids

Secondary: F% o-helices + B-sheets

Tertiary: catalytic triad (His, Asp, Ser) active site TATIT &

Quaternary: monomer, TR activate @ﬁ ED ﬁl‘Q zymogen cleavage H‘I‘%‘I

bl e

Memory Trick (IT T@« FT SIETT TLUHT)

1D — 2D — 3D — Multi-D

Primary = 1-dimensional sequence
Secondary = 2-dimensional local shape
Tertiary = 3-dimensional fold
Quaternary = multiple 3D units together

HT 1< (Summary)

Protein structure hierarchy =

UH-Ta FEH I¥ &0 gU T il T aA1ae AT Hd Hf THAAT

Level Meaning Forces Example
Primary AA sequence Peptide bonds Insulin sequence
Secondary Helix, sheet H-bonds a-helix in keratin
Tertiary 3D fold Hydrophobic forces, disulfide Myoglobin
Quaternary Subunit assembly Noncovalent + disulfide Hemoglobin

1. THAST AT T 82

TG A= U AThehe TAle ZIaT g, ST 7 I90TaT § T (ohelT e &l gl ierge gadr
(polypeptide chain) ¥ ST 3T F 1= FAA-FI & HI (angles) T (allowed) § T FIT-T

9 (disallowed)!



T AT H&T & & &1 h{01 G AT 200 2

o« @ (%1 / Phi) FT
ey (9T / Psi) FIT

2. TIE ShaI ST BN hT TFAFT

TTEI %I O (backbone) TH FH # gl &
—N-Co—C-N-Ca—C—
Tt o9 4T 94 (bonds) BT &

1. N=Ca — ¢ (Phi) &1

2. Ca—C — v (Psi) &7

3. C-N (U=TSE §°) — o (Omega) FIT
o (3THT) FIT

o T FHIT GHAT 180° (trans) ZraT &
o URET 9 H A qiv€ A g+ & HIL0 T IH Al dahdT

() THU, TIEM T AT § AATATIT T @ 3 g FHIVI 3 FHILT AT 2

3. A= A= FT 3T&T (Axes)
e X-3&T (Horizontal axis) — y (Psi) T
o Y- (Vertical axis) — ¢ (Phi) FT0T
o FITT FT HHT: —180° T +180°

AT &1 %5 &A1 (regions) # fEraTiora B Smar g

4. TTHT (Allowed) X [RTOF (Disallowed) &
R #q '} FTUTT 3 FATSIA I



o TTHTY] ATIH H T AT & (Steric hindrance)

zgferT gl

o THI/EH AT — Allowed regions
o« TEX &F — Highly allowed
« @HI/ATYF &7 — Disallowed regions

5. 7@ gdi¥s H<aTU (Secondary Structures)
(A) a-gfer (Alpha Helix)

.« ©=—60°
° \I]Z—45°
o AW F T [F=er ARTH g

TIH T 91

(B) p-<fi= (Beta Sheet)

. @m-120°
. yE+HI200

o UM F HUL 9T ATT H

o  FHMET AT FLaiay (parallel & antiparallel) 19T 8T Tafc T &

(C) Left-handed a-helix

¢ = +60°

y = +45°

AN HLAAT

Ffdrea< glycine H TS STT %’

6. Glycine 3fi< Proline FT 397 a8



Glycine

ATzE =9 = H (B33 1919)
FEA BIET I & FHE:
o SATEF AAATIA
o THEYGA = § Afee® & SIqad

Proline

ATe< = N § ET gl g (ring structure)
Tgd T (rigid)

@ FHIT AT

o-helix T TTe+ aTAT (helix breaker)

7. =g AT 6T ST

1.

W

I ST T S
o ATX Fe THIAT 31+ disallowed & § gf — HILAAT Td BT Tl &
X-ray crystallography 31X NMR # validation tool
Protein folding FT THzT &
Drug design 3T bioinformatics #

8. Hg<d (Importance)

TIEIT T FRaT (stability) FT 907 & gTIH
fadraes gv=a it wiasaarfy

. o
HYAATH FATETT T TgATH

Expressed Proteins &t Characterize %= % Tools

(ST / AfHrea<n MEAT & fAgwor it aereieh)



STar Tl gene T express ¥k T a«TAT STAT 2 (S E. coli, yeast, insect T mammalian
cells ®), TS T SATAAT AT BraT g T

o TIE WE 9T § AT AGH

o 3T AT (purity) FFa«r g

o IHHT A (molecular weight) TET § AT AT
o AT FATHT (functional) T IT A5l

o 3T GIAT (structure) FHT &

Svel TI1 &1 3L & & (<17 protein characterization tools FT ITANT AT SITAT &

1. SDS-PAGE
(Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis)
& (Principle)

« SDS U detergent g SI:
o I & unfold (denature) ¥ AT &
o AT TIEAT T negative charge 3dT ¢
o YTE gel § FHacT STHIT (size) F SALTT IT AT B &

T AT AT g2

e Molecular weight (kDa)
e Purity (single band IT multiple bands)

ST

e Expression confirmation
« Purification F B step Fl ST

2. Western Blotting
(Immunoblotting)

i



e SDS-PAGE % aTg Y1 membrane 9 transfer
« Specific antibody ¥ TEATT

T TR AT g2

o Target protein T specific TgaTT
« T protein express A AT Tel

ST

o His-tag, GST-tag, FLAG-tag proteins T qf%
« Low abundance proteins #T Tg=T

3. UV-Visible Spectroscopy
GFAKS

o YTEF 280 nm 9T absorb FXAT §
e U Tryptophan, Tyrosine, Phenylalanine

AT TR AT g2

e Protein concentration
e Purification yield

IS
o AW 3T HTT

e Non-destructive

4. Bradford / Lowry / BCA Assay
(Protein Quantification Methods)

Method Principle

Bradford Coomassie dye binding



Method Principle
Lowry  Cu?* reduction + Folin reagent

BCA Biuret reaction

YT

o Total protein concentration
o Expression level comparison

5. Mass Spectrometry (MS)

EETES
e MALDI-TOF
o ESI-MS
e LC-MS/MS

T AT AT g2

o Exact molecular weight
e Amino acid sequence
o Post-translational modifications (PTMs)

ST

e Protein identity confirmation
o Phosphorylation, glycosylation analysis

6. Circular Dichroism (CD) Spectroscopy
g
e Left 3% right circularly polarized light T 3T&IT absorption

T TR AT 82



e Secondary structure:
o o-helix
o P-sheet
o Random coil

ST

e Proper folding check
e Mutant vs wild-type comparison

7. Fluorescence Spectroscopy
i

« Tryptophan fluorescence environment 9% ¥
T AT AT g2

e Protein folding/unfolding
e Ligand binding

ST

o Stability studies
e Protein—protein interaction

8. Enzyme Assays
(7T expressed protein TF enzyme 2)
T HTIT SITAT 872

e Enzyme activity

¢ Km, Vmax
o Substrate specificity

wEe



o Functional confirmation

DU AT g iR T @]

9. Dynamic Light Scattering (DLS)
T TR TRt g2

o Particle size
e Aggregation status

ST

« Protein aggregation STT=
e Crystallization & T2 quality check

10. X-ray Crystallography
T AT AT g2

e 3D atomic structure
e Active site details

wamg

« Protein crystallization Ff&a
e Time-consuming

11. NMR Spectroscopy
T TR AT g2

e 3D structure (solution state)
e Protein dynamics

YT



e Small proteins (<30 kDa)
o Flexible regions Ft Tg=T"

12. Cryo-Electron Microscopy (Cryo-EM)
T TR TRt g2

« Large protein complexes #T HL=AT
farQrwar

« Crystallization T S&=<q 51
e High-resolution structures

13. ELISA (< applicable)
STAIT

e Quantification
e Antibody-based detection

14. Bioinformatics Tools (In-silico characterization)
BLAST — identity
ProtParam — MW, pl

SWISS-MODEL — structure prediction

[ ]
[ ]
[ ]
e Ramachandran plot — structure validation

& qriersT (Exam-oriented)

Tool Purpose

SDS-PAGE Size & purity



Tool Purpose
Western blot Specific detection
UV / Bradford Quantification
MS Identity & PTMs
Cch Secondary structure
Enzyme assay Function
DLS Aggregation

X-ray / NMR 3D structure

Unit 2
[ 1. 79T THEE 9T gid 82

T THEe Stfaa Srfor it Fwrferreti § 9r0 S arer 972 SF-3 (biomolecules) & ST
AATTF AT (genetic information) FT TIZIT (store), HATIT (transmit) ¥ ZH (express)
FA 2l

I TS a7 T F 21 &

1. $TUAT (DNA) — Deoxyribonucleic Acid
2. MXUAT (RNA) — Ribonucleic Acid

71 2. SUAT #it g 1% (Basic Unit: Nucleotide)

éﬁ'@"'{ﬁ“{ﬁﬂ?ﬁ'ﬂﬁ'ﬂ' (Nucleotides) ¥ fHeT=h< g9 24T 2l
e AAATersE % i T AT g &



1. ®i¥he 9g (Phosphate group) — (PO _44{3-})
2. SIS X (Deoxyribose sugar) — 5-RTaeT ATAT 9ThET
3. ATEEIS <6 &T<F (Nitrogenous base)

() ATSEISA<h &TGH (Nitrogenous Bases)
AR EARE AR

EEQLY 99 F =T
Purine (2 fT) Adenine (A), Guanine (G) 2T 224t RT
Pyrimidine (1 ﬁ'*T) Thymine (T), Cytosine (C) Zret Tshet 31

] 3. STTAT Fit AT (Structure of DNA)

] (a) Double Helix Model (Watson and Crick, 1953)

ST Y AT FT Fiead T B T 1953 § TH=ATIT om
Iegld FATAT o AT UF Tgd Heferd (Double Helix) H3=T 8 —
S T qET §§¥ﬁ?§r (spiral staircase)|

1 (b) StuAT ¥ &7 @3}{ (Two Strands)

1. SUATF AT ﬁﬁm Q?{H' (polynucleotide strands) Q%—?ﬁ *F AT AT
FEoId (coiled) BT &

2. TEIEIH TE-9F (antiparallel) 219 & —
e & BRT 5 — 3" fRem §, gEer 3' — 5" e H

3. AL ESH I TH-GHAL TS 1 F ATZEISF 98 Fd 5

11 (¢) 99 9T (Base Pairing Rule)



FWIE & a7 (Chargaff’s Rule):
AT § FHET:

e Adenine (A) = Thymine (T)
e Guanine (G) = Cytosine (C)

) TEET wEOT Ag B
A ST T & 19 2 greg oI qive,
G #iT C & &1+ 3 g oI dive ad 2|

I IR TSI Tie e it Aorad’
A=T 2 I T
G=C 3 RIEEEEG

1 (d) Sugar—Phosphate Backbone

TAF TS H:
o ST 30T HIFHe HAHT “SFHFA T 2
o FATIZISH o Ffa¥ AT A et Zra 2

N J o VN e o= o
o ZIESISA A7 961 & S ST Fd &, S TqA gl aAal gl

[ 4. 31TAT FT fAeqd TFAT (Detailed Structural Features)

e IEEEuI
3T (Shape) T F= (Double Helix)
TS T 95 (Pitch) 34 A (TTE2i)
T FTHH 99 L "EAr 10
TR FATHR T 344
EEEGEIRLE FTU g T 2 (Right-handed helix)
Tdge #f faem -
HESIERELE] I AT F A

FAAE FET Y- Ehe S| H



[ 5. STTAT % THTC

STUAT AT HEAT H T, fataeard | g &

EETRS

ICERUL

A-DNA grv TiefRafaa ®, 9T 9 9&d fsa
B-DNA HaH ATAT, FITAFTA H 90T ST qTAT BT
Z-DNA T faerm # o, go9 &9

(] 6. STTAT TSIt Ag<A (Biological Significance)

1.

ﬂ':lﬁ'i'm AT (Genetic Material):

AT F Sfrae it G Aqai® gEaTe gt 2|

Protein Synthesis:

U7 — RNA — Protein (Central Dogma of Molecular Biology)
Replication:

STUAT AIAT FHIF HIYT FAT ThaT g (Self-replication)l

Inheritance:

T 2 dIET O F AT | ATATAR AR R HA




What makes up the chemical structure of DNA? (@) i roee;

The sugar-phosphate backbone What holds DNA strands together?

BASE BASE BASE DNA strands are held together by hydrogen bonds between bases on adjacent
strands. Adenine (A) always pairs with thymine (T), while guanine (G) always pairs
with cytosine (C). Adenine pairs with uracil (U) in RNA.
[9) (o} (o)
ﬁ 1 1
==er—P =0 "o—r—o "0—||>—0 O—see-
o o o

DNA is a polymer made up of units called nucleotides. The nucleotides are made of
three different components: a sugar group, a phosphate group, and a base. There
are four different bases: adenine, thymine, guanine and cytosine

OIS OIS

NH The bases on a single strand of DNA act asa code. The letters form three letter
2 codons, which code foramino acids - the building blocks of proteins

HNT X
L g ) )\ Z—— _I>
k\N | N/> (0) H (o) Transcription Translation

An enzyme, RNA polymerase, transcribes DNA into mRNA (messenger ribonucleic

acid). It splits apart the two strands that form the double helix, then reads a strand

and copies the sequence of nucleotides. The only difference between the RNAand
the original DNAs that in the place of thymine (), another base with a similar

m m structure is used: uracil (U).

DA sequence 0000000000V 00
mRNA sequence Go GOOGGG@ o

HN N Y AN 2 Amino acid Phenylalanine Proline
I /> In multicellular organisms, the mRNA carries genetic code out of the cell nucleus,
N HN = to the cytoplasm. Here, protein synthesis takes place. ‘Translation’ is the process of

turning the mRNA's ‘code into proteins. Molecules called ribosomes carry out this
process, building up proteins from the amino acids coded for.

H,N

www_compoundchem_com © Andy Brunning/Compound Interest 2023 | Creative Commons Attribution-NonCommercial-NoDerivatives licence @ Q g e

BY NG ND

IUAT i (DNA Replication) T U S Tt & Foreeh 1T FHITHT o799 STUAT hl
727% F1a (exact copy) TATAT &1 Tg TTowAT Tt STrfara ITorat § ZIdT & aTeh STa FRIT<raT
farATora 8T (cell division), T e A= FHITAFT T GIT SAAT0F T2T2 (genetic material) Fer
GED

AET TH T AT § A0 a0 [

() $TuAT Asid & T 9 (Main Steps of DNA Replication)

1. Initiation (3% F77)

o STl & S[ET origin of replication FTHF feT T & FraT &

« DNA g (Helicase) TTH® USITSH S g ol Hl GIAAT g ST IT T¢g6 (GTT) HT
AT AT 2

o THH TRUMTHETET T replication fork I=dT gl

e Single-strand binding proteins (SSBPs) qﬁr gC AT @3‘&[ 7 fRue @ %n




2. Elongation (3f& 73)

« DNA polymerase GSTZH 7T réifc\rc'lq TeTZSH SITSAT 8 S complementary base pairing %
FIATE = & (A-T 3T G-CO)I

o AT USTSH FAA 5 — 3' 3o H 7 FAT )

o TH T ¥ TF %2 (leading strand) T¥ FH¥a ST graT &, St g7 (lagging strand)
Tle-Bic Okazaki fragments H F9dT g

« RNA primase ATH® USTH BT RNA ZFHST (primer) STTET g dTreh DNA polymerase
L&A FT Gl

3. Termination (FHT97 F3T)

o S JTAFd T 21 AT &, T DNA ligase USTTEH AT THaT 1 STTZHL TH A
T FAETAT B

o  IRUTHEEET T FHTH STUAT 0] T9d & — TAF | Teh [T (parental) 3T TF T37
(daughter) 2|
« ZTHITSMT TH semi-conservative replication FZT STdT 2|

e

o T THAT HITAHT fArasT F oIy sraed= gl
o STAATIF SATAFRTLT T Teh TTATITT TATT T | FUTFA (heredity) a7 T2aT gl

TuAT ROae

STUAT RUFT UF HITAHT G g ST STUAT Tl &1 | TATAT g 3T ATTA 190 AT o0l STl
FATT T@AT 5| T TIHAT ATELT AT AT FATTAT AT o LT BIT AT SATOTTeh HTAT a0l

TEAT ¥ H¥FAd T g1 3T AT fawer g1 ST g, a7 SHH Iafead+ (mutations),

SRR ST, 7 Fe S 7 &1 e 2
AT RO 9 FT FAT §




& 6T T FITAHTT STUAT H gU THATT ol TgaTT FAT &, ST [ 10207, TETIAT AT
FATTHT THATAT o FTLOT 2T Toha T B

HOHA: &1 o ThTL o ST 9 Fg qoAl T STANRT AT ST &

ufaee R (Excision Repair): &7fATed & &1 g7 14T € 37T I @Al SHTE FT T80
AT | 9T fogT Srar 2

TAA-EE 1% (UAX (Double-Strand Break Repair): 78 T <1 & gIdT &: THSTAT
e (homologous recombination) 3fi¥ E-THSITA T 3@ H4TI9 (non-homologous end

joining)!

AW 9T T 7 sfad =T STUAT i §EEAT F e AT 2T 2l

]
g T HITITHT o ATHT AT o (70 Hgeadqul g 3 SOAIH hl srgear e wedr gl

et Aeega & Scafade af ¥ehd 8, ST Srett T2t 7 T9Tfad #¥ o 2|

ST HEFAA The T ST § 31T HITITHT G& il S Agl HT AT g, AT HITART SAHGAT T
AT g (TRl RH) AT A= &7 F fFrarirg Mt oF F Tohdt 8, R F9< g1 9T 2|

UqU Recombination

Fruau RaFiFaaer (Recombination) ag THRAT 8 fSEH STUAT & S T-31T el a1 fHerrn
STaT g, e srafer faferear st 81 =9 31 9o Yo & g, a9y e ais, S
TIETAATST (Mmeiosis) F T AT g S ST o A a7 & HIL0T F94dT &l

7aT, fntfrade Stuau qadie, ST astTias aiEnarst 7 ST F2e &1 ST 1-31e Jrai §
STUAT T ST 2l

e 7 grE A= (Homologous Recombination)
Tg TTRAT TS AT § ST HITAFRT [T o ST Ueh ol [OTEA & & A gedl & a1 S10AT

* GET FT AEA-T&T gIaT gl

Tg ATEF TT9 | U Hgea o1 et (Aarar g, Rreer spreft fidy & 70 s F g4ree
(combination) & &TT HATH UaT BT 2l

faiframic AT g




TH TRAT |, AT TIRTATAT H S-S Sl & STUAT Hl Hled 3T STEd 2|

Tg THATE ST FATT 3L SO o6 A FHT THAA o [T Tgd STANT g

SR o T, SO St Ageadqul TIE a1 & forw Breft Strar o ST0AT &l JaR T | STar
ST 9haT 2l

AT Ifeeher (Replication) & 3aY:

TE AT T@AT Aged Ul ¢ o SruAy Xfeersher (Ffasfd) U srem wiear g1 Yeasherd |, Fifer
O q¥ STUAT 6T Ueh HErF TTATA T STATAT & qAT1h FITART AT o o718 T ATeAt A2
FITATHTAT T Uk STET AT 197 Tared foen

TR # AT ATHIAT T a7 2IAT &, SaTeh (oeAeheld H SIUAT il gag Tl
AT 2

A-DNA, B-DNA 3fiX Z-DNA

— S1UAT (DNA) F T & H3AATHE &9 21 8. A-DNA, B-DNA 3T Z-DNAI
AT T G THTAAE T TH & (STA g HLaAT), AT ST AT, f3er oiie gher
&1 o= & 3w grar 2

() FuAT Y A9 §=ATU (Forms of DNA)

IEER G A-DNA B-DNA (9THTT &9) Z-DNA

: d | P (G-
g@ﬁ(ry)wm EEK] BN fir;l?ﬁ&aﬁﬁﬁm

S TRt S AT (Right-  STAT T ATAT At AT aTT (Left-

T handed) (Right-handed) handed)
gfa e a| e

. TS 11 T 10.5 T 12

(base pairs/turn)
‘I&E ) ﬁ?ﬁ_ﬁ; 28 A (avESiH) 34 A 45 A
T (Diameter) 23 A 20 A 18 A

99 UTE FT AT TAT 20° FTAT 6° T 9°



IEER G A-DNA B-DNA (THTT &9) Z-DNA

(Tilt)
dgresae (T =) W%Wﬁw 9T AT AT 7
feerfar FTUAT T TTRTITAT SIECIKIIEARET N N
ghfRafaat o gruAy
R =~ o S fR=ee (gene
Hed TATTLTAT § Q%W%ﬁ*ﬂ'{w; Wﬁ%wgi regulation) ¥ HaTaT BT
qhaT g

- |ierg auie
1. A-DNA
o ¥E SIUAT T GET &9 &l
o ZEH o OISt ISt IR A 2T 2

o TE ATHA T FHH AT (low humidity) TT ST 2l
o Tl ¥SH ITU IHAA 8 (right-handed helix)|

2. B-DNA

Tg T AT ST ITHTdeh TT g, ST AT IR H ITAT ST 3
At A Treh gTRT GIsft 72§37 J2t 2

T% right-handed double helix g

TCAF gIoTer & | AT 10.5 99 934 I 2l

3.Z-DNA

o 7% left-handed helix T § — ATAT FET T IALT T90T § HAT g

o THHI HTAAT zig-zag ST fa@dT 8, TATT THHT 917 “Z-DNA” TET AT

e L UT: G-C rich & § F=dT 2

o g ST ATHATE (gene expression) T AT Fe & C\REIRC IR ET A




AR AT

Yfeeerer sAtoruem (wfasrfa Y e&ed), 39 THHRaT FT I8 Tgadel =2 g o g us
FTTSTRT ST STUAT T &7 AT STt & TR ST TRt fA97iora g1 av Yo 75 it i
FUAT FT TF [T He [ Toh1

T TIHAT TTRATEH (STH TFNAT) S ThATed (S AET) AT H Fg Sa<l & a1 graf
g, A g1 Forgid 991 2|

giasia T e &% q&T F<:
. St % 9= (Origin Recognition):
. AT ¥ f3farg = g 8 foeg "wiasdfa & Saf" (Origin of Replication) FgT SITaT &1

. T3 SE = T 6l TgAT9d & AT 399 F&d &1 ThAeH | AHAE 9 U &f g 21dT 8,
SaToh TohATEH § F2 g

SIuAQ &1 goAT (DNA Unwinding):

. U= USeH ford gefiee (Helicase) F2T STAT g, S giolad o AT FAdT g i greg o st
T AISHT STUAT o ST TETH Hl AT FHLaAT gl

. Ig T "gfasia wE" (replication fork) STAT &, STT U AT (Y) SR it §4=4T g

e (Stabilization):

. ST BT TSH GAd 5, RINA-t¢E aTsfeT Nieid (SSB proteins) 3TeRT g0 &gd | 5[ I gl T
TTE TESH oI 199 TH-9L 8§ S[29 F Uahd &l

ITEH GHU (Primer Synthesis):

. AT qrefiHest (DNA polymerase) AT H&d USITSH, ST AT6dd | STUAT SATdT &, 3Tohel

FTH 9[F Al Y ATl TH Tk L9 fog T sraeThar grar gl

T = USITEH o ITSAS (Primase) Tl SaT g, AuAu (RNA) &7 UF SIel Thel SIEdl §
ST YT=HR (Primer) FgT SITAT g1 T8 TISHT SIUAT GIATHS & (o0 STl 9 o &9 | &1
AT 2l



T LU ATE, TTOAT GIATHIS TTAF T Bl o G2 AN TE4T 9% HaT g 3fiT 90 Suau
TESH T HYT HaT g (& s (Elongation) J¥0T &gl SITaT 8), oo siaa: a1 a9

SIUAT [ TG &

Sy T%Tﬁ' (DNA replication) % Elongation (ﬂ'@:{) 3T Termination (FHTYT) F¥IT T
Prokaryotes (ﬁ%ﬁ\?ﬁ?ﬁ') 3T Eukaryotes (?ﬁv'&éﬁ'{ﬂ') —

71 1. Elongation (e 9IT0T)

Tg 98 =407 ¢ S| T3 SuA wE g914r 2

. Eukaryotes (¥ T &
IECKLE Prokaryotes (ﬁ'@' E. coli) AR )
HET USTTEH DNA polymerase III DNA polymerase a, 5, 3T &
Rerr TAT SUAT 5 — 3/ fRem F F=ar g T — 5" — 3 faemr &

. _ DNA polymerase o + primase
9TEAX (Primer)  RNA primase ZT3T RNA YTEHY a9dT & frer RNA-DNA T2 a7 &

(Leadiné:strand) f93a% (continuous) HEWOT ZrAT & A< (continuous) FETIT
AR e .~ ghsl § — Okazaki fragments
(Lagging strand) THET | F9dT § — Okazaki fragments (@ A E)
Srite o DNA polymerase I RNA Y0¥ geT®¥  RNase H 3T FEN1 RNA YT=HY

‘ DNA SIT=dT g; T DNA ligase STTEdT § geTd &; DNA ligase STTEdT &

. T — =TT 100

T (Rate) qgd AT — ST 1000 nucleotides/sec nucleotides/sec
Proofreading ('{ﬁ‘.’ DNA polymerase III &7 3’ — 5' DNA polymerase & 3% ¢ ®
) exonuclease activity proofreading Tl &

] 2. Termination (FHTIT =(LT)

Tg 9 T ¢ N AT SiAEiT T St g i I 9 AU AiaAt Senw gr A’ gl

e Prokaryotes Eukaryotes



forwar

Prokaryotes

9 termination (Ter) sites @%r
THTIT 19 2, STal Tus protein gicTehsl &I UH
e
ll)?l!jé L FIATHE (circular DNA)
FT FATHIT STUAT I H 6 L5
THTI & qTS %’ — topoisomerase II ﬁ EEE
FATE
TS
(Telomerase) a
sifaw aRome =7 97 g7 DNA o]

Eukaryotes

Fre AT2d Ter site TE1; STa a1
replication forks IEEG] %;, Slﬁ?% &eh
ST &

& (linear DNA)

TS FIHTE o 3d (telomere) I¥
THEAT gIdT g FAITH DNA polymerase
YR — g USTEH TATTHIT T FETHT
DNA #T FaTs 9970 &l &

T 07 ¥ DNA 9] fSrereh 2o i
H¥fera wa g

FuAT gfasfa (DNA Replication) H Fae DNA polymerase 21 7gl, Sfod #5377 UATSH
(enzymes) 3T TgTF TIE (accessory proteins) 9T oTfA<T Zrar €,

[ F1TAT Tidpia § TI<H TSTSH S Ggrae et (Enzymes
and Accessory Proteins in DNA Replication)

ERIED USTEH / NI &7 919
AT fY Tt gieraT Fr
1. DNA oot (DNA &1t € 3% I &659 Hl
Helicase) A AT %’ GLED Slﬁ?ﬁ
% BT Tohl
2. Riveede qrefer A G0 STUAT HEH AT
W R Tgar g @t o e
TIET (SSBPs) T 93
3.DNATTEN/  UqT o ¢ & a7
AT (DNA  “TACHIEA” 19 T 59

Gyrase / AT 2|

TR /

13 (Function) zﬁyﬁgﬁz T
Sufeerfa

AT H

T ¥ (Eukaryotes ®

RPA FgT SITaT § —
Replication Protein A)

1 # (Eukaryotes #
Topoisomerase I 3T II)



TR /
EXIED TS / N &7 919 FT9 (Function) THRAE &

Topoisomerase)
ZleT RNA T (primer)

Z¥T H (Eukaryotes I8
4. RNA T8 (RNA g7 2 1% DNA

DNA polymerase o o |1

Pri
rimase) polymerase 1T IUAT =t 3)
T 9[F FT qF|
o TIHRATEH H: DNA Pol I,
5. DNA Tt (DNA AT FAA1ETESE STSHT N N
Polymerase) AT TUAT T FATAT B IL 1L = Eﬁl&:% . DNA
Pola, d, €
SR T2 & SATATHT THET

6. DNA forTst (DNA T STIEH UF 9qd S10A0 1/

Ligase) @A—S’ F9TET %’I
RNA T %71 Z2TAT1 2 AT THfaed § DNA Pol 1,
IHHT S SUAT T & RNase H 3T
fFTarerssq Sgaral FENI
DNA polymerase T STTAT qﬁ%&?ﬁ-{q " B-clamp,
8. WERTFIT vz & Aogdy & atga? THTZT & PCNA
(Sliding Clamp) TGdT g a1k 9 Ihar & = (Proliferating Cell Nuclear

™ Antigen)

9. FHTT AT (Clamp  TATSIST FA8T [ STUAT T < ;r g;gmp lex,
TS A AT HTT HLaT g L X

(Replication Factor C)

7. RNase H/ DNA
Polymerase I

Loader Complex)

e ThATEH § HIHEMN %
10- ) AT (telomeres) FT TARTATE Fae ThAed §

qTrh STUAT Frar 7 2
11. Tus T&A TR ATed § =9 aree
(Termination (Ter site) T ZfThst &1 T Fayer TTh(LAET |
Utilization Substance) T 2|
12. AR I/ 3 IIAET gareE A A 40§ ITREd (BT -
DNA TS T FAT § (decatenation)! )

(Telomerase)

() STt fR9=aT (Gene Stability) 9T 82



ST et 7 o1 § — el Strar Y RrforrTait § wis[g srqafors T (DNA a1 s it
HTHAT, FH (sequence) 3T FTF Al dd GHT TF (€47 AT T TATT T@AT|

Tg qiAtera Fwar g &

o T o T A A
« DNA #T 9% (replication) I a%E ¥ &I,
o ST FIAFTT Itk &1 7 fArariora (divide) 2t w1

(10 ST TouraT #0982

DNA #TaT =t &at & erfaired (damage) a7 T24aT 2l

T A THATT ST 7 FoRAT JTT a7 AW AT T ATAT § — =9 Genomic Instability FZT
STt 2l

Tg ATEATAT Tz SHTAT T8 FE, T (aging), 37T ﬂw fa=s T (genetic disorders) FT
FTLOT FAAT B

I DNA &I THET qgaT a1t H107 (Sources of DNA
Damage)

EEIRS IEEEL] SEHELUL
S NIEC] FTTATHT o AT g aTeft Reactive oxygen species (ROS),
(Endogenous) EIRIEERET Y replication errors
UV rays, ionizing radiation, chemicals,

< o
124 (Exogenous) TATEUT THTA pollutants

I DNA ¥ g9 atet T&T T&a1 (Types of DNA Damage)

1. 99 qfad+ (Base modification):

S cytosine — uracil 3T guanine FT oxidation



2. ¥E 9% (Strand break):
DNA it T& 3T Tl ¥ g T
3. 9TEA SS9 (Thymine dimer):
UV fort & a1 are e amog | S[E 94 8
4. wigfer® (Crosslink):
T DNA ¥ T DNA 3T T & &= covalent foi

O S fRa<ar S9TT Tae F Y@ dF (Mechanisms
Maintaining Gene Stability)

1. [ DNA 9% =27 (DNA Repair System)
o DNA ¥ g9 areft a4t &1 1 2=\ S F:3aT 2l

o IHY 1L

Base Excision Repair (BER)
Nucleotide Excision Repair (NER)
Mismatch Repair (MMR)
Homologous Recombination (HR)
Non-Homologous End Joining (NHEJ)
Direct Repair

2. [ 9<% DNA YIAHfd (Accurate DNA Replication)

o DNA polymerase proofreading & ATEIH & T o€ gTdT 2|
o THH AT DNA ¥ | T 6l HHATEAT 9gd i gl STl gl
3. [J[J DNA Damage Checkpoints
o ATM, ATR, p53 ST& YT DNA &fd &l 9g=Td 2
o 3T DNA G g AT FHITHT Tl AT g | U 5, ST qh o 700q T o
=l ST
4. [ Chromosome Segregation Accuracy

o HITOTRT FArToie o ST FIHET Tal aLieh & 3T g AT
o THEH IV A T Aneuploidy (FTHIETH FT TEAT TaeIAT) ST THEAT ZT THhdT 2|

| DNA RUg< AT i< ST fou<ar &7 99y

AT TOITeAT H&T UATEH A
BER DNA glycosylase, AP endonuclease, I a9 Iadad 3 FLdT 8§




AT TOITeAT & TATH w

Ligase
NER XPA-XPG, Ligase UV & g THATT 315 F2ar &
MMR MSH, MLH, PMS Yfeereher it rerfaat S Far g
HR/NHEJ RADS5I, BRCA1/2, Ku70/80 TIA-ELE ST S LT g
gierl::itr Photolyase, MGMT %md TS THETT |er 31 Fear

T AT UATSH T FHIvaq (HAT F DNA FT GXaATcHE ST ATa e Ro=ar a1 L5t gl

[ 3T S FRUaT 22 ST av T grav 82
ST DNA H3OHT 31 & FTH Al dedl, i IO gid &

o T FHT F@AT

o HIAIET ZZAT AT AT

o FETF fAFE
o TS W (developmental disorders)

() ST forgar & S fimriRat

T IR AT RIRUILY
Xeroderma Pigmentosum NER F;Ef #¥ TerT T Heaaefierar, =
(XP) FAT
Lynch Syndrome (HNPCC) MMR FIA AT TSTHICTT FET
BRCA1/2 9 HR T T HSTAT FHT
Ataxia Telangiectasia ggﬁtdamage response SIEEIRC IR IR IR EEDES

) DNA 9 i |1 gid 82



DNA o oees o fa9a N § ST DNA # g &fd (damage) IT T (error) T Tg=TAd,
FTed, S FEd 3T T STed 2

DNA T FTATE THATT TgadT T8l § —

« ¥TaX ¥ (endogenous): Reactive oxygen species, replication errors

o FTELH (exogenous): UV f¥0i, fafahor (radiation), TATAT (chemicals)

ST T THRATT | AT AU, T FEAA, FHL, 3T 37T AqA 197 AT 31 Tl g
THITTT DNA e usres s fRur=aT (gene stability) 3 ¥&14 1

(1] DNA RU3R g9 & YqE H1d

1. DNA ¥ &fa #r qgaraql (Damage recognition)

2. A AT ATAUET ST T ge™T (Excision / Cleavage)
3. Hgl SgMFAAIETSE SITEAT (Repair synthesis)

4. DNA ¥ FI SI=AT (Ligation)

T TN H FT UATSH THART FTH F:7d g

) DNA U9 % T&7 T 3% 394 TaTe

1. [ Base Excision Repair (BER) — a9 Ufagem faax

&7fer T T
B, THTT AT IREaT — S SHITa9r, s, erfesererd|
T UATSH ST STt YT

TATEH Ft

DNA Glycosylase #ATdRIFd 3T AT I I TZATTHL 22T adT &



UoTEH FE
AP Endonuclease 3 SiTg DNA T SFE—Fihe g & FTe 3T & (AP site Il )1

DNA Polymerase B 921 73T fFadeIze |12 <dT &l
DNA Ligase TS TT FI T2 DNA FT Tt % 2a1 2|

=[] TR FIET AT a9 1T L q¥g S a1 14T 2|

2. [1 Nucleotide Excision Repair (NER) — R’Iﬁ-ﬂ'«'ﬂ?ﬁr{s’ ufagem faaT

& FT THI:
= A7 bulky lesions S — UV rays & 9T Thymine dimer, IT chemical adducts|

HeT USTSH:

« XPA, XPB, XPC, XPD, XPF, XPG (HT94 #)

o DNA Polymerase d/¢
e DNA Ligase I

PIER I

T Tg=T=T (XPC 5T20)
gfershst (XPB, XPD) DNA & @TedT &
XPF 3T XPG DNA &l AT 3T & FTed g (FRTAT 30 FFadierzgH)

DNA polymerase F3T {#T STI=aT ¢
Ligase Tief F2aT &

A S

= | T
Y T pathway @IS g7 ATT — Xeroderma pigmentosum (XP)
(T T 9T T TATeH Haaaeiaar, @=r F4v)

3. [l Mismatch Repair (MMR) — freefi= fRuae



& 1 T
DNA replication % ZIXT e ¥ SITE SITET AT insertion/deletion errors|

& UHTSH:
FUIE LSl EL
FFRRIT A MutS, MutL, MutH

AWE | MSH2, MSH6, MLH1, PMS2

IET IR

MutS / MSH T o€ &l Tg=T94aT gl
MutL / MLH 39 & &l fAerear gl
DNA polymerase @&l o€ SITEAT gl
Ligase DNA & €T F¥dT gl

bl

= TFT:
MMR pathway #T TEaSt ¥ Lynch Syndrome (HNPCC) — T ST USH Ao Fe<l

4. [] Double-Strand Break Repair (DSBR)
DNA #FT I &2 g2 T8 T 1 TE T &

(a) Homologous Recombination (HR) - & 7%

TATSH:
RADS1, BRCA1, BRCA2, ATM, ATR

AT

« Z& DNA & 81 T RADS1 WIEH 9gamdr §
o THTT DNA (sister chromatid) FT 2¥Ieie SHTHT Tl DNA F9TGT &

= | g T error-free g



(b) Non-Homologous End Joining (NHE]) - @ @13 Tefaai a9

TS
Ku70, Ku80, DNA-PKcs, Ligase IV

CENE =2

« Ku70/80 22 T8 %7 T &
« DNA-PKcs 3wz stabilize F3aT &
o Ligase VI fI e aar g

= | g T error-prone g (T ~AFad1erze @ 9Fd gl

T
BRCA1/2 § GTET — T AT AETAT <

5. (| Direct Repair (ET&IT &)

INEIRENLE
YIE AT F TiEd ST Hd I T TS

& UHTSH:
LEIE] Lae

UV & a9 Thymine dimer &7 #ter 21% F2ar g (T it AT=(t

Photol
otolyase TrerT T 7Eg /)|

08-Methylguanine-DNA Methyltransferase

(MGMT) FaT=er T gETHT AT F ATHT FFEAT § ATerdr 2l

= | g TIH TCA 31T I DNA HLEHT TLHT 2

(] 7 GgTTE ST S e



TATEH / N e
DNA Helicase DNA &1 GTeraT g arfeh e UATeH FTH FT o6

Single-Strand Binding Proteins (SSBPs) DNA ¥z &1 o waq 2

Topoisomerase DNA % 9T (supercoiling) FT g21aT §
DNA Polymerase 1/8/¢ AT DNA s o #¥ar g
DNA Ligase T THET HT TTEHT G FAT &

1 DNA 3T gers= $it gadT & aiony

T EENERREIEGIRIRE gfume
XP S it "t NER T & gaamefierar, @=T 97
MSH/MLH Sfi= it @&t MMR Lynch Syndrome
BRCA1/2 Sfiw &t @xrslt  HR TAA/A=TT FHT

ATM S Y =t Checkpoint defect Ataxia telangiectasia

o DNA RU=az tsree gaTe = it T@<aT (genomic integrity) Y 1T F3d gl

o T TUATSH DNA #i¥ & T TgaTHHT IH 31 Fd §, ATrh FLL 31T F6< § F919 g
q61

o T =7 doTeT %, FfreRT H Sfie ST (genomic instability) sy 2, e

SATAH T, FET AT RITART T BT &

Recombination (RFRIFaA9) 7 82

ReiFaae (Recombination) T Sfae WHHAT & fSrAH 2T DNA S{U[eH & o= STqa <1 Iaret
(genetic material) FT 3TETH—IETH (exchange) gIAT gl



THH 97 S 445 (gene combinations) T & ST ATA <1k TATaeraT (genetic variation) FT
AL 2

= [ | T ool H —
Rrtftaaem ag whrar & Srad DNA % g3 (segments) TH-3HY & AT HIE gIH & ATd 3,
e 77 s et a=ar 2

() RtfFamer & &7 T (Types of Recombination)

TR IEERL SEUL
1. Homologous Recombination g1 7T F’T ¥ DNA HAT HI1RH (meiosis) &
GRIEN UL EIRRSERIEE) F = EATSTT crossing-over

2. Non-Homologous

Recombination (/AT A T AFHTT DNA aﬂ%'ﬁ ED Transposons T

NUREINE)) = EATAIT

3. Site-Specific Recombination DNA % fafere st l (specific ~ FFTITHT DNA 7
(REREIREACERIEG) sites) T BT £ SFATT S § A1
4. Illegitimate Recombination T TUTHAT T SMF9TFAT 721 — DNA Ca:c'?r % oS Tod
(CIRRIECINGERINE)) ITg>zF (random) recombination STE

"1 1. Homologous Recombination (FHTT TAEIIST)

| Homologous Recombination F4T g2

Homologous Recombination (HR) Te UHT Sifae wiram 8 e 27 961 I7 9T T 9611
DNA a‘:ﬁﬂﬁ' (homologous DNA sequences) = aﬁafms Taref (genetic material) =T

AEE-TE 2ial gl

g 98 AT 2 fSrd DNA % T F9T 39T cross-over (9T SE<) FEd & 3T S{AT &1 797
A T 2



10 =T 3227 (Functions)

1. DNA Double-Strand Breaks Y A0¥qq (Repair of DSBs)
— S DNA #T I €2 T2 STl 8, a7 HR 378 "ei® &7 § 31 FdT &l
2. Meiosis ® Crossing Over
— g WHAT ST F AT HITSIT aTRT AT 197 TfarerdT (genetic variation) STIs Tt

2l
3. Genomic Stability
— HR, ST &t r@=dT 9910 7@ § HEE HLdT gl

"] gl gIdT § Homologous Recombination?

TRiegf ITT
Meiosis (F=R) Crossing over gTT S fafaredaT Ieqer FeAT

Mitosis (ATEEITR) DNA &t (damage) T 7T FHeAT
DNA Replication % T ST replication fork Z& SITAT g, T HR SHehT HLFIT AT &

| Homologous Recombination &7 T4T (Steps of HR)

Homologous recombination &% =<0l § gIdY g1 AT Tvg (Hed ¥ THATZ [
] Step 1: Double-Strand Break (DSB) Formation)

DNA % T[T #¢gH Tl 10 & 22 1 &l

e g ionizing radiation, NEIPIEED @"{H’, T replication fork collapse ¥ 2T HdT g

7] Step 2: Resection (T fo % 61%)

« ¢ U BT & Exonuclease THTSH £ ~{[FAA1cI5SH gaTdT gl
« =AY single-stranded 3’ overhangs T gl



"] Step 3: Strand Invasion (¥ &T 7a<T)

o T g single-stranded 2T ¥HTT DNA (homologous DNA) T% ST IHE J=4T 2
o TAHHITILAT G —
o RecA (T =T H) =T
o RADS51 (THARH H) TEH
« g damaged DNA & T template & ¥7 H intact DNA FT STANT Fdd § HEE HLdT gl

] Step 4: Holliday Junction Formation

o TFT DNA 3 3T M9 H S ITd g 3 “X” o ATHT 0l GAAT aA7d & —
Holliday junction FgT SITaT gl
« TE junction DNA strands & €3G &l 90T gl

] Step 5: Branch Migration

« Holliday junction DNA & &T¥ 3 9% ¥%dT g (migrate F¥ THdT 5),
S DNA & & fge0 Ush-ga< & I\ 97 (exchange) F¥ o &
e T FTT RuvA 3T RuvB & gRT =TT graT 2|

1 Step 6: Resolution (FHTYTT / 1)

« 3@ # RuvC nuclease Holliday junction T FTe <dT gl
o THY I DNA A I9d g S 7 S{I 3199 gid gl

O q%&7 Uss+d (Key Enzymes in HR)

A=A | MET 1t
RecA (Bacteria) / RAD51 (Eukaryotes) € e oe iXldl %’




UATEH / T Eap]

Exonuclease (RecBCD complex) g% ot Y TRrS A %"

RuvA / RuvB Holliday junction T stabilize 3fI¥ migrate F¥d &
RuvC (Endonuclease) Holliday junction T FTehT THTLTT FLaT §
DNA Polymerase FI@ DNA &T gﬂ'I?rFﬁ?r HTAT %’

DNA Ligase TESH Al SSHT HIA FaAT &

"] Holliday Model (gffere Atew)

TH HiTd T Robin Holliday (1964) 5 S&atera fam =m
g FaTdT g T3 % homologous chromosomes ¥ 1= crossing-over grdT 2

Ter fdy;

2T homologous DNA ¥¢SH TH-HY % AT HIW (align) BT &1
T T THY § T 4T 2

Junction FEAT Bl

Junction resolve g1 9% recombined DNA 94T 2|

sl .

] Homologous Recombination ¥ Sifas Aga

SeeT LES
DNA 73T DSB &t #E1® A3 AT FedT &
Genetic Variation ¥1ITE # crossing over T AT S HFTSH
Evolution U AT FASHAT & fAw § TRrEE

Genome Stability STHIH T HTAAT 3T FA@SAT T GL&T T@dT &

0] 3T HR 315 | 7 g1 a7 347 giar g2

ST HR pathway H TEat 2dT &, a1 DNA §3FT gl da! gidl —
TI9 Genomic Instability, Mutation accumulation, T FGL FT GALT 98 ST %I



St/ e Y T

BRCA1/BRCA2 HR # g4 TAF AT FSTT FHT
RADS1 fT i == Zeawe sEel DNA W3H0d &1
ATM / ATR &9 DSB sensing 319 Ataxia Telangiectasia

] 2. Non-Homologous Recombination (JT9HTT WTFF)

dgd sT=gT1
A gH Non-Homologous Recombination (3THHSITT ‘E’Fﬁﬁﬁ?) =T fawar ¥, F0ureg s
FeTiE =7 7 FFEr o TgqE T THA

"I Non-Homologous Recombination T g2

Non-Homologous Recombination 3g Y31 & S&H a7 DNA (=i % Cik] RGRRIEET
(recombination) ETAT & W &1 S ATHA (sequences) THTT AT HAT-[AT 7 B

=] I TR H:
STa DNA & SeT-3eT (r891) 77 T6-g87 & I 1 8, I1 DNA & 2¢ g0 [ faar Bt
TYTAAT F STg {30 SITd & — 39 Non-Homologous Recombination F2T SITAT 2l

[ & v (Key Features)
T e

DNA THTHT &7 STAIHAT T2 Bt

TR HT [EE AT FI9SITT (hon-homologous)

T (Accuracy) Ffret (error-prone)

e H Double-strand break repair (DSB repair)



IELIREI IEERU

Y@ YOIt Non-Homologous End Joining (NHEJ) pathway

1 %g! grdt & Non-Homologous Recombination?

1. DNA Damage Repair |
ST DNA # ZM[T #©€ 22 ST1d & (Double-Strand Break — DSB), 3T H#HTT DNA Z¥F{eie

U AT 2IaT, a7 HIT9RT DNA  f2i & € s 1 21
T4 Non-Homologous End Joining (NHEJ) Fgd gl
2. Transposons #T Viral DNA Integration H:

ST TS DNA ZoheT (S ZEaEi= 7 a197d) Agigs & 9 FrT of t s s o
ST &

3. Chromosomal Rearrangements:

FHT-FHT HIFEH e T TAd e § g Fq¥ 9¥ DNA THEAAT (translocation,
inversion) T T |

| Non-Homologous Recombination & Y&TX (Types)

THTT IEER T

1. Non-Homologous End Joinin .
g g DNA & 22 f&t &t ey sream DNA double-strand break repair

(NHEJ)
2. Transpositional Transposon T fRHT |T ST DNA )
L . Bacterial transposons
Recombination H =T
.. . rg=aa qaeareH, foar e Mutations, chromosomal
3. lllegitimate Recombination
THTHAT & rearrangements

1 @on-Homologous End Joining (NHEJ)



Tg TIE FZea Q01 3 ATHTT THL 5
THH DNA T 3T 21 g% Teed &1 |re Sire &3 srar g faar ft homologous template |

0] NHEJ &t w3t (Steps)

Step 1: DNA Break Detection (22 DNA #] 75%77)

« DNA ¥ double-strand break ZI< 9% T8 Ku70 3% Ku80 T T2417d 2|
o T TEIZE ORI & JEHT Svg *9T Fd 5

Step 2: DNA End Binding and Alignment

o Ku70/Ku80 22 f8i T STEsh T@d g aTtsh DNA 7T g 94l
« DNA-PKcs (DNA-dependent protein kinase catalytic subunit) 37 f1%7 T align F%aT

2l

Step 3: End Processing (171 #1 d97¢7)

o Y BT O¥ sfafi=s a1 dfaued =[fFaaierse &, a1 Sve Artemis nuclease T FTeaT
AT T STaT 2|
o FHHT-FT BT complementary I FATT STT & qTrh 6T 2 Tl

Step 4: DNA Ligation (1337 #1 5iis1)

o 3T # DNA Ligase IV 3T XRCC4 Y& ez DNA #i IE1 #¢29 &l A ad &
o TH YOHATH U AT IT a9 g Tehd & AT TAd S g1 TohdT § — TATTU TZ error-prone
gl

O 4&T TATsH (Key Enzymes in NHEJ)
ueTsH / N FA

Ku70 / Ku80 zZ DNA f&<i T Tg=TeHT fiT afe«T

DNA-PKcs  f3=1 =T align F¥AT 3T phosphorylate AT



UAT=RT / T F
Artemis TR 7 FTEHT TR FLAT

XRCC4 / XLF Ligase & f#or% szaT

DNA Ligase IV DNA &= T Sir=+T (ligation)

1] NHEJ &t #¥T1¢ (Limitations)

o ¥ TEA AW AT A(EYUT (error-prone) THHAT 2|
o FH-FAT FEFAIEEE @IS § AT T 9 € S0 § — TH9 mutation IT
chromosomal translocation @' HehdT %’I

12 @“ranspositional (Mobile Element) Recombination

a9 DNA F transposable elements (jumping genes) T 9t =419 9% [ T 8, oI &1
T TH 7 &

« I Barbara McClintock 7 GTSIT 9IT|
« g Non-homologous recombination FT 3aTgUT & i1 ﬂ@ﬁ % o7 homologous
region FT ATTLTFHAT A1 BTl

HET USTSH:
Transposase — ST DNA &I FTEHT 3i¥ ST I8 77 TITH I¥ TTI0T HLdT 2

13 @llegitimate Recombination

7% feeger ag=8a (random) TAHATS g fora# 1S gwTar a7 fafere arze 981 g

o IZ AFET DNA THATH T T AT % GHT gl Bl
« U mutations, gene duplications, IT chromosomal abnormalities @ LET| %‘I



] Non-Homologous Recombination T Stfas Agca

ELD ICERUI
DNA 77Hq (Repair) ST homologous DNA template Iaersel 21 d& DSBs T ALFAT FdT &
3t wfafsaT (Rapid response) DNA &1fa % qiq a1e 1 #¥ar g

V(D)J recombination & NHEJ T 39T 2rar g, fSred vdraiet fafaear

wfazaT yorrett (Immunity) T

ST SSATARAT (Genetic

CRISPR-Cas9 editing & NHEJ &T 37917 &% gene knockout {3 SimaT €
Engineering)

1] NHEJ 3T T (Diseases due to Defective NHEJ)

T TR NS gy
LIG4 syndrome  DNA Ligase IV ¥IATSTRiMU=, fasmer Heeft fasme

Artemis deficiency Artemis nuclease Severe Combined Immunodeficiency (SCID)

Ku70/Ku80 defect Ku proteins S srfRerear, 97 F1 @I

1 Homologous vs Non-Homologous Recombination 1T

Qo Homologous Recombination Non-Homologous Recombination
DNA gHT|ar o .
gt (homologous DNA =) GELl
SIEERED )

&% DNA HEFd, meiosis & crossing-
over

e F ¥ DNA STrg, DNA damage repair

LCAETI) Fgd eI (error-free) FAfequl (error-prone)



Qo Homologous Recombination Non-Homologous Recombination

qeq Uy RAD51, BRCA1/2, RecA Ku70/80, DNA-PKcs, Ligase IV

Immune gene rearrangement, CRISPR
YN Genetic diversity, precise repair . & &

editing
FHTh ¥ "5y BRCA mutation = Cancer LIG4 / Artemis defect - Immunodeficiency

« Non-Homologous Recombination DNA H¥FHT T Teh ool AA{ehel FH TEIdh LT gl

« THFT &I =T Non-Homologous End Joining (NHEJ) g, ST DNA 22 81 &1 #Ter
STrEar gl

o TE VOITAT DNA TRu=aT, Tfa<er Surreit & fashm, T S S afsT § Ageaqur siraesT
et 21

o FTATTH Tg HEld Azl gral, T T ST FlT homologous S¥IIe ITASH Agl 2IdT, Td Tal
FITITRT T STraw<erss TheRaT grdt gl

1 3. Site-Specific Recombination (FI-fafers mﬁﬁ)

ERLIE R
o1 g Site-Specific Recombination (FI-fAfre qAAIS) FT TgLT= A (deeply) 377 AT

IR EEIEERSE L E G

'] Site-Specific Recombination T g?

Site-Specific Recombination (FIA-TATAE qAHAS) TF THT DNA qAEIIS ThopaT
(recombination process) %’ SS9 DNA H'T[Sﬁ F = fFow (specific) =TT 9T Qﬁ'l?ﬁ #r
TETIAT & ATTAT9F TaTY (genetic material) FT Gl T AT SRM—S&TH 2raT 21




=[] I el H:
g U UHT IheraT 8 o DNA & 7 f&3f9re st (specific sequences) TH-gHY T J[=d g T
AIA—TA BId 8, AT T8 T AT TATSH (recombinase) 1T =T grar 21

) q=T faware (Key Features)

fasrerar [EERU]
DNA HHTAT AAAF? Tal, Hal (G907 “recognition sites” T SA@LTHAT ZIail &

GEHAT (Accuracy)  Sgd @i o A

qeq QG'I?{FF Recombinase (ﬁ'@( Cre, Integrase, FLP 31 é)
THE FTT DNA integration, excision, inversion e
I FHFITATHS A DNA &7 ST S § AT

"] Site-Specific Recombination & grdl g?

Tg WTHAT DNA % & fafre S #AT (recombination sites) & == Il g
T ATHA ATHTAT: 20-50 I I & 31 B

ESRILEES %I Recombination Sites 7T Attachment Sites (att sites) gl STl %’I

) T Recombination HTSEH & SITE:

o attP (phage DNA) — S =Tohs T AT5<
o attB (bacterial DNA) — JF et S+ &7 9152

ST T I ATEeH TF 979 AT 8, T recombinase TATEH Svg TgATHHT TTHATST FTdT gl

(10 H&T II97 (Steps of Site-Specific Recombination)

(] Step 1: Recognition (48491)



« Recombinase enzyme DNA ¥ specific recognition sites T Tg=TdT 2|
I HT=H palindromic sequence IT short consensus sequences 2T 2

[ Step 2: Synapsis (VTZ<H &1 [s1)

« 37 DNA S a7 T& &I DNA % & 91T 39 d15¢H 92 J= &
e Recombinase 7 HAT5¢H &1 Teh T ATH synaptic complex TATAT 2|

[ Step 3: Cleavage (DNA #aT)

« Recombinase DNA #T IIFI ¥<H & specific points ¥ FTedT 2|
e I Fad Fil AT Tyrosine recombinase IT Serine recombinase ¥ active site ¥ ZIdT 2|

'] Step 4: Strand Exchange (¥ & J&AT-a&AT)

o 3T DNA % THE! F AGA-a&d (strand exchange) ZraT 2
« THY DNA # 3T 80 70 69794 § g 97 &

') Step 5: Ligation (DNA STTET)

« Recombinase DNA & & {h & STE =aT ¢ (ligate)!
o 3T ¥ AT DNA AT AT ¢ Sred SO T8 63T a&e o0l gl gl

"] Recombinase THTSHT & THTT

EENLY & IIGL ERi
Tyrosine Tyrosine T STANT Fxeh DNA Tl FHTeAT 3T
Recombinase Cre, A Integrase, FLP 3
Serine Recombinase }(I}Si;esolvase, Hin, Serine residue ETXT DNA T 1T

"] Site-Specific Recombination & &< (Types)

THTT IECELI SETELT



THTT IECELI SETELT

1. Integration DNA T U Z&2T ga¢ DNA #  Bacteriophage A FT DNA & Iao
@) TEATE St # ST
2. Excision (&) Elgﬁﬁ & 9% DNA %2 1 Phage DNA T JaR AT & T gIAT

3. Inversion (SKI€  DNA FT #IS ZHeT ATAT [T9T  Salmonella # flagella ST+ T faemm
STET) JIA AT 8 FIAAT

11 @ntegration Example — Bacteriophage A

Tg a9 TG SIT8LW ¢ site-specific recombination T
EIER K

A ST 3T DNA (virus T DNA) ST # TaeT F2aT 2l

Phage DNA ¥ attP site, 3f¥ S I13AT H attB site ZT 2|

A Integrase (recombinase enzyme) S IHI HT2ad &l TZATAAT 5l
DNA FeH UH-gHL 8 [ AT & —

attL 3T attR junction sites TAT 2|

5. TH T %ol DNA & ST & S| § TERNIE () 87 91T &

= [ | 7g TTRAT “Lysogeny” FgaTdT gl

bl

[] Z@XCision Example — Phage DNA &7 dTgY BEXD

STa IRt aaerdl 8 (S SR & 79 gidT g), AT dal et DNA SO & et strar

2l
g I3 Excisionase enzyme 31¥ Integrase &1 73 ¥ grdTl gl

13 @nversion Example — Salmonella flagellar gene
inversion

« Salmonella typhimurium ¥ Hin recombinase DNA ¥ U# &g &l Id< <dT gl



« =99 flagellar protein (H1 — H2) FT 3caTad I S(TAT 2|
o TRUTHEEET SFRTAT 9T surface antigenicity & HehaT & — EE immune system

o 79 feherar

1 Site-Specific Recombination T Sifas =T (Biological
Importance)

w [EERU
1. DNA Integration  Virus (S/¥ A phage) 3799 DNA T host genome # SITE T&daT g
2. Gene Regulation  DNA inversion gTT SO ¥ stf¥reaf~s RafBPa gt g
3. Genetic Engineering Cre-LoxP IT FLP-FRT system gT2T targeted DNA modification
4. Antigenic Variation Bacteria & immune escape g DNA inversion

5. Evolution TT DNA SIS I A0 (A faear agmr

] Molecular Tools Derived from Site-Specific
Recombination

ST AT
Cre-LoxP system freft SHe 7 T dis =9 | g2 37 SIEAT (gene knockout/knockin)
FLP-FRT system Yeast # genetic manipulation

Integrase systems (¢C31) Transgenic DNA &I genome # I &9 & ST

SEEESUE
Cre recombinase LoxP sites & &= DNA T excise IT invert F¥ THaT gl
(] I TS transgenic mice AT H Tgd ITANT 2|

10 FfeAt o< R0 (Errors and Consequences)

e 3 recombination AT HTZE I¥ BT SITT AT mutation IT chromosomal rearrangement
NERRS



o FA-FAT T viral integration T T T cancer HT ITTT FT TFdT g (S — HPV DNA
T host genome & =)

| Homologous vs Site-Specific Recombination AT

fErerar Homologous Recombination Site-Specific Recombination
DNA HHTHAT T gl gf Tel, A specific sites
HET UATSH RecA /RADS1 Recombinase (Cre, Integrase)
LCAET] EREAEIED g d gt (highly controlled)
qeT FrF DNA repair, crossing-over  Integration, inversion, excision
NG X genome § Fgl AT Faer [ (specific) ATz 91X

« Site-Specific Recombination DNA ¥ T39I TTHT 9% B ATt A RA=T T aeis
EIER ]

« THH recombinase enzymes DNA Fl TgHTAHT, FEHT AT ATEHT A% S(IF GLAAT F9Td
2l

o I ITHAT virus integration, gene regulation, ¥ genetic engineering ¥ o7 st
AT 2l

o MEfHH qHATER T4 Cre-LoxP 3T FLP-FRT =T frgid u¥ smema g, et s
Sher ufe e siie arareaetst § & ST 21

[ 4. Tllegitimate Recombination (fAafAT qeaISI)

TET =T
19 A Illegitimate Recombination (IRATAT qrEAISIT) T TEUS & (deeply) ¥ o3 B &
IS T o THAT 2

7] Tllegitimate Recombination F3T g2



Illegitimate Recombination (TRTRYT =T sraer mﬂ?) g ehaT g s DNA F &1 AT
7 58 UF-gaY % A1 9T et g9¥ar (homology) 7T fATars qHEAIS AT (site) F =
ST & AT ASA-I3T FL gl

= | 3 SRl H:
ST DNA % e A& (random) &9 & ¥ foAT FoReT G/ 1@ % U9 § S ST &, ar
39 Illegitimate Recombination FgT STdT 2|

) q=T faRivare (Key Features)
T [EERUI
DNA FHTAT AAAH? Tl

TS FIEIM A58 (random)
TErHaT (Accuracy)  Fgd &9 (error-prone)

qeq gy Mutation, Gene duplication, Chromosomal rearrangement
UWTSH QTR DNA Ligase, Endonuclease, Topoisomerase 3 f2

[10] Illegitimate Recombination T TfXNTYT (Scientific
Definition)

7 T A & SEH < DNA SIgewdit & i aga &9 a1 g off =T wgt g,
T 7g WTT: DNA §¥Fq AT ITdahi (replication) T et 3 FHTE0r graT 2

"] Nllegitimate Recombination F grdt g2

. ST DNA # 22 (double-strand break) g7 SITdT &

1
2. S DNA replication fork 3= SITAT g IT &€ S(TAT 2|

3. 519 DNA #THI GHTEH 2 FAi 1 Tord e & 372 39 2

4. S virus AT transposon DNA ¥ |§Iv§$ &7 q genome H S[E ST %’I



] Tllegitimate Recombination T T TRl

gfifeurfa EEELUI
Double-strand break % STE AT STIE Non-homologous end joining F ZIT Terd f{¥ SERL
Viral DNA =T 3Te7d Integration HPV, HBV DNA #T host genome & [T
Transposon insertion Mobile DNA element T random ¥Tq 9T =T
Chromosomal rearrangement Translocation, Deletion, Inversion 3Te

] Illegitimate Recombination & waT (Mechanism)

Ilegitimate recombination Tt farere srsre 9% A1 721 BT
Tg H=ad: DNA ¥ geo 3% T9d =+ (misrepair) ¥ il &l

Step-by-Step BIET

1. DNA Damage / Break (DNA ¥ %)

— ToeT T2OT ¥ DNA #iT &2 < STAT & (S 3 radiation, chemical mutagen)l
2. Exonuclease Activity (DNA f&i &t T%1%)

— 22 TRl & F gfAaaeEsy ge 9 2|
3. DNA End Joining (rera R %1 SiE)

— TERT TOITAT (ST DNA ligase) DNA % era f8< 1 Sirg 34T 2

— Fif%h T&T homologous sequence gl gIaT, SITE '*‘TI?{%?: 2T gl

4. Insertion or Rearrangement
— IROMHEEEY 97 DNA T Tod T 9 € 1 &l
— THH gene disruption, duplication 3T translocation gT TdT |

7] Illegitimate Recombination % Y@ 3IaTgVI

IETE e
1. Viral Integration R3] DNA viruses (HPV, HBY) host genome T ey oft emm w NS
ST %"I THY cancer gene activate ér HhdT %I



LU IEEEL]

2. Transposon Transposons (jumping genes) foT et TaTeaT & foFeft oft 12
Movement genome H [ T 2|

3. Chromosomal T FAT-3TT FH 2T A" ) NS ST — translocation (S
Rearrangement Burkitt lymphoma)l

4. Gene Amplification 3T A & o1 S[ETT & ITHT F% copies T TFAT &l

01 Ilegitimate Recombination % T (Consequences)

o [EERU]
1. Mutation (FI29I) Td DNA S[E | S{I9 & SIwH J&e S(1aT g
2. Gene Inactivation et el STe o &= & DNA = @ ag [A{eaa g1 St g
3. Chromosomal DNA TFHET & TAd S | deletion, inversion, IT translocation
Rearrangement 2T T 2
4. Cancer Formation Viral integration IT oncogene activation & &Y BT TahdT 2|

5. Evolutionary Variation  FHI-F+T Ig TohaT 75 AT ATa€ar |l Ioae Fedl gl

"] Illegitimate Recombination 31¥ T T (Diseases Associated)

T CEIECIERI
Burkitt’s Lymphoma Chromosomal translocation (c-myc gene)
HPV-mediated Cervical Cancer HPV DNA T ATg(=&® &9 & host genome # J=AT
Hepatocellular Carcinoma HBV DNA #T liver genome ¥ integration
SCID (T A8« ®) DNA HHd #¥ Te7d IiH3T T gene disruption

7] Ilegitimate Recombination ¥ ST @ TATSH

THTEH Frd
DNA Ligase DNA F &2 &1 SEdT & (9 g1 ST H THT 7 27)
Endonuclease / Exonuclease DNA & TaaT a7 {8l Y 96T FLdl %’
DNA Polymerase Missing nucleotides FT AY THAT §




TATEH T
Topoisomerase DNA % @914 (supercoiling) FT 3T FZAT &

| Homologous vs Illegitimate Recombination T<TdT

e Homologous Recombination Illegitimate Recombination
DNA FHTAT At . .
homologous sequences ST&<T
SIEERENSIE & 8 q ) H@-
TEHAT (Accuracy) Jgd qelHh ATg = A e
TeT ST DNA repair, meiosis # crossing- DNA re.arrangements, viral
over integration
qeq el R RecA, RAD51, BRCA1/2 Ligase, Endonuclease
TRy Genetic diversity, stable repair ~ Mutation, translocation, cancer

7] Tllegitimate Recombination FT SiTa% #g<a (Biological
Importance)

T CUR
- FHT-FT T ST FIS a7 2 ST G (evolution) - T SITE & FET, T 3T
F FrTET O FTHTETH SFETHTAT ZIe 2|

- Genetic engineering H F¥HT-FHsfT THHT ITART

transgene insertion F foro R strar %"I - DNA T T AT @Tﬂ- %'

« Illegitimate Recombination 3 DNA TaEIISA g ST faAT fohefT HT=aT AT specific site

& 2rar 2l

o I 9TT: DNA HTHT ¥ T fei, viral integration, IT transposon movement 3 0T

AR
o T T AFET mutations 3 FHL ST AHEATU FT F:XaT g, e AT FedT-++ft 7

T fRfarear ik fawm & a2t 9T 2
e T TTEASH TFTT genome instability T SH@ 10T T HTAT STAT 2|




Unit 3

"] Post-Transcriptional Modifications 9T 8?2

ST DNA & RNA 94T g, 39 Y37 T Transcription (Yfaer@) Fzd 21
Transcription % &T& ST RNA 94T g, 2 Primary Transcript (3T hnRNA / pre-mRNA)

FEATAT 2l
AT T2 RNA #HVer T § 781 a3edT — Tgel THE FUT Fs Y % 92ra (modifications)

0 ST € i 7rg 9R9F RNA (mature mRNA) S 41

Tral GeTTedl T Post-Transcriptional Modifications FgT SITdT 2|

"] =T T & Post-Transcriptional Modifications
HEd: S TRTE F FTe g &

1. 5’ Capping (5 YTSH FfUwT)
2. Polyadenylation (Poly-A Tail STTEHT)

3. RNA Splicing (FHATZET)

THF AATAT T (99T RNA (S tRNA, rRNA) & Base Modification 3T RNA Editing st Z&t
ST 2

10 3’ Capping (5 I1=7 FfAwm)

o I IHFAT RNA F 5 (BT TTSH) ¥ T2 2t 2|

o Transcription §[¥ I & TSl o a1, T RNA il FaTg THT 20-30 FFA1er2e 2t
g, @ Guanosine Triphosphate (GTP) ] IeaT (inverted) ST g — fST% 7-Methyl

Guanosine Cap (m’G cap) F2d 8l

« ITZ mRNA FT nuclease enzymes ST Ze- & F=TAT g



« ITE mRNA T TZAEH (ribosome) FTXT T2 H HES HLAT g (translation & ZIT)|
« T2 mRNA T stability (Rer<ar) s=m@r 2

2(1 Polyadenylation (Poly-A Tail STTET)

o TE WIHAT RNA F 3’ (3ff ITSH) ¥ 9 g 2

o  TIH TZT AAUAAA ATHF UF TFAT TFHH (signal sequence) TgATHT SITAT &

o THH FY FFAdeTze 912 RNA FTeT STaT 2 (cleavage)|

. T enzyme Poly-A Polymerase 33T 100-250 Adenine (A) r*iﬁrvlq [ETES ST dl %’I

wE:

« T2 mRNA FT degradation (&) ¥ F=TaT 2
o 7€ mRNA F S4TI9 & ATSEIATSH | EUIE # HaE HaT &l
« 7T translation T Y w9TfAT FAT 8 (efficiency FZTAT 2)I

30 RNA Splicing (F=1T= ™)

« Eukaryotic genes H coding 3f non-coding ZIH1 THA I &
o Exons (TFAT): ST T FIS FLd &
o Introns (32T7): ST Y& FIE Al F¥d

Splicing F ZI¥TH:

« Introns T 1A &
+ Exons Wﬁ%%‘l’ﬁﬁ%

g IiaT spliceosome ATHEF RNA-Protein complex gTT Fit ST 21

R

o AT ITARMT (coding) AT T ST ATAT B Fora= Tt T a1+



o T Gl ST ¥ A-3TT THIE o mRNA 7 T § — TH Alternative Splicing Fgd
(99 UF ST F F5 T 6 T a7 Tohd )|

[ T Post-Transcriptional Modifications

a) RNA Editing

o T RNA G § A28 d & TEI=E Tadd gid & (S Cytidine — Uridine)!
o THY mRNA FT 1€ I ThdT &, SEE T T T a9 gaT 2|

b) Base Modification (tRNA 3T rRNA #)

o tRNA 3T rRNA # RERR! EEpIC) g<4 methylation AT pseudouridylation S qREaT &

T 2

o THEY ITHT AT RRUw FIAT B 377 T oAt aEdt 2

(0 T # (Summary Table)

GRIEES
5" Capping
Poly-A Tail
Splicing

RNA Editing

Base
Modification

2 1E)
5 g
3 g
HET €191

X RNA &

tRNA,
rRNA

uSTsH / wiwaT
Guanylyl Transferase, Methyl
Transferase

Poly-A Polymerase
Spliceosome

Deaminase enzymes

Methylase 3T

w1

AT, translation ¥

Herdr
fRorar, T

Introns g<TAT, Exons
SIER

Coding STaetdT

GEAATHF BT

Post-Transcriptional Modifications RNA &7 I&, f#¥ 3fiT translation F o7 T 99T 2
T I HTe= 7 21, a7 RNA STTRIT T2, STeal T g1 S{TURT ¥ gt Ted 981 o I



) RNA Editing 97 §?

RNA Editing (MUY IITET) T THT TEE-TTHTHST THAT (post-transcriptional
modification) ¥ STFH mRNA, tRNA, AT rRNA F fHIA1ETES SIHA (sequence) H TRadT
(changes) [EQUEIG] %;, §i’§|ﬁ'7‘5521'r|' % 1% 1T translation ¥ ‘f{%ﬁ'l

I DNA & ST RNA TEHTea gl AT, IHET SATHH (sequence) TIETET & T8 99T Aal w@dT
ST DNA H 971

7g TTRTET 99 qRad (base modification), *I[FAATEIEE SITE (insertion) T 2T (deletion)
F ® T H g Tl gl

"1[] RNA Editing T sTaeThar F1 9=l 82

RNA Editing FT q&T 3297 &

1. Wi fafaear (Protein Diversity) TETAT — T g S{IF & 5 YL 6 TIEA a9 Thd g
2. Functional Adjustment — Ff-FdT TIRTET & 597 TET fr9rT Fa=i (tissues) & T

T FLaT gl
3. Correction Mechanism — F STal § DNA I H T gIdT g, AT TSI § 39
FATHE RNA H F54T 1T 2

] RNA Editing F Y&

RNA Editing % 3T T&T Y& A ST 5.

1 $ubstitution Editing (39 fad= ufefdm)

THH RNA F [t UF [fFaaierse oF & g0 96 § qHEEsS 9 § @91 S1av gl

H&T I THIX & Substitution Editing:

TH FReR IR T



THT IR L) IS

c>U Cytidine (C) - Uridine .
. y © Cytidine Deaminase APOB SfiT T mRNA (7757 #)
Editing (V)
_ . Adenosine (A) - Inosine Adenosine Deaminase Glutamate receptor mRNA (Hf&deh
A - | Editing .
1) (ADAR) )

1. C - U Editing (Cytidine Deamination)

« g TRTET Cytidine Deaminase enzyme ZTIT &l SITAT Bl
« Cytidine (C) #T Uridine (U) ® aget fa=m STaT 21
o THF HaH YIHZ IITELT ApoB gene 2
o ApoB-100 (ffrax §) — fa=r ufeféT amer v
o ApoB-48 (31T ) — Ui ¥ wreur T A= a9 14T g i Fier A
FAAT

Tt RNA TIRTET % 10T Ua gF S | &7 3o e a9d gl

2. A - I Editing (Adenosine Deamination)

« 7g URTET ADAR (Adenosine Deaminase Acting on RNA) USITEH ZTT %[ ST Bl
« Adenosine (A) FT Inosine (I) ¥ s foT SIT4AT 21
« Translation % FXT9 W= TEH Inosine FT Guanosine (G) T q¥g T=aT &

o I URTET R (neurons) H§ Igd 3 2|
o THH AT A9 (ion channel) 3T FUeaH T RE®H FT activity T ST 21
o TZ AT HFAT, HIE T AT & T[T BT B

2 @nsertion / Deletion Editing (v‘«'{ﬁw‘*l’ﬁ?l‘i%’ STrEAT AT gaIT)



T YT T URTET § RNA F aq#a § $5 Faarerssy 9IS a7 g 31 2|
Tg AHATT IT ATZTHI+gAT (mitochondria) 3T TIEISTIST (protozoa) SIH S{iaT § AT ATAT 2l

Fa15¥: Trypanosoma (3141 912157137)

o THF ATEEEIeAd RNA H FF ST U /AAAIERed SIS S1d 2|
« g F4 Guide RNA (gRNA) Fif ¥ag ¥ 2T 8l
« gRNA, mRNA & complementary ZTaT g 3T T &1 AR H¥aT gl

Mechanism:

1. gRNA mRNA & S[EdT gl

2. STgT mismatch EIAT &, a8l U SfFadTerEe ST2 SITd & AT 210 ST &
3. =9 functional mRNAEFI'cIT%’I

Tg TIRTET Zat a=1 gr dad ! § % mRNA FT I2T sequence DNA ¥ ST T 21 S(TAT 2|

| RNA Editing & Y@ Enzymes
L IE) LRI ST
Cytidine Deaminase C-> Uuafgds ApoB mRNA

ADAR (Adenosine Deaminase Acting on RNA) A - | aftade  Glutamate receptor RNA

gRNA Complex (Guide RNA) U STreAT/ 82T Trypanosoma mitochondria

| RNA Editing % JT9% Agd

1. Wi fafaear (Protein Diversity) — T g1 S{IF & 2 YT o T o Thd 2l
2. HAF-TATA=AT (Tissue Specificity) — T Sl § TRTET gt 8, T | A5l

3. AT\ (Regulation) — TTRTET & gene expression FT =3 3 ST warar EL

4. T 7gd (Evolutionary Significance) — RNA ufefér & Shat o Sfeerar s

FqHAT F&aT 2l
5. TN ¥ g¥+4 (Disease Relation) —



o Ieq URTET A neurological disorders,
o cancer, 3T

o metabolic diseases g1 T 3

() |TXET qrfersTt (Summary Table)

THTL EIRCEE] IR eIk L]
e . - Cytidine
C - U Editing  Cytidine - Uridine ApoB mRNA . HT-3TT T &
Deaminase

. ) . Glutamate receptor )
A - | Editing Adenosine - Inosine RNA ADAR LT BFAT

Insertion / U reifgmqluss STeAT a7 Functional mRNA
. Trypanosoma mRNA gRNA Complex
Deletion garAr

RNA Editing T#F 3T Agea ol TAT & ST DNA & H8 ST =7 T 98 g1 &, orae
mRNA FT FIE 3T TET it THA AT T8 A1 2
g ST AR (gene expression) FT STTEF THAT IATHT g T M fAfaerar T fawrha

AqHAT § TN <t 8l

mRNA #T Nuclear Export (arf3fi= =)

() 9F=¥ (Introduction)

Eukaryotic (THRAT{ER) FITARTSA | S 7 ratheas (DNA F RNA 5+4T) =faFae

(nucleus) ¥ &< AT g,
STafeh WQFI' (translation) T T &1 AT g e (cytoplasm) ) @‘cﬁ %I



zTafory = # a7 mRNA F7 qTEErTed 9% Tg=mT 91T 8,
STl I8 WA (ribosome) & [T TIEIT TN FAT 2

T T TRAT T g & [
“Nuclear Export of mRNA”

(AT mMRNA T AT T AIZECATSH =hl AT [HAidl)

1] mRNA Export it TaeIshal F41 gidt g2

o T § 99T mRNA translation g! < GahaTl
o FHIA ATZEATSH | HIS[@ TS gf mRNA FT 98 T &l

o TATT mRNA FT FFAa¥ AT (nuclear membrane) & I[EIRAT 4T gl

) mRNA % Nuclear Export T IIT (Steps of mRNA
Export)

1 @nRNA &7 T’f T '@?IT (Processing Completion)
mRNA % export ¥ Tgel IHHT maturation (TRAF FHT) T GHAT ATAYTF 5.

o 5" Cap T Tl gl
o Splicing TIT &F =T 21 (Introns &< &f, Exons [ &)
« 3’ Poly-A tail [ T[T &l

FIA “Mature mRNA” FT & (AT & FTEL AT i ATATT (HAAT g
ST AT 7T RNA a9 % 3q< g U o T ST 2

2 @nRNP (Messenger Ribonucleoprotein Complex) FT fA#Tor

e Mature mRNA 3T qg1 HsherdTl



e TT e RNA-binding proteins ¥ AT T mRNP complex FATAT %I
o T TTE mRNA FT GL&AT 377 fQeT-[M<ee (guidance) T3 F2d 5

3 @Export Factors =T S[EAT

« mMRNPH Export Receptors (Transport Proteins) T{E’ﬁr %;, S

o NXF1 (Nuclear Export Factor 1)
o NXT1 (Nuclear Transport Factor 1)

o T T fAAFT mRNA FT Nuclear Pore Complex (NPC) T o ST %I

4 @Juclear Pore Complex (NPC) & HTEaH & ITGTHA

. rgﬂ?rvlq T f2reeft ® 21T Nuclear Pore Complexes (NPCs) 21d 2l
o T I A9 BT & o8 RNA 3% S &1 [Haa see-ar gt gl
« mRNP, Export Factors T ¥&g ¥ NPC  ATIH | AT2eredATsH § fAeet STaT 21

50 ¢Cytoplasm & qga%r 9¥ mRNA &7 & @ﬂT

e Cytoplasm " 9 F a1 Export Factors mRNA T T '@ ST %;I
o T mRNA ATFTF TIEFT T qh < translation (T AATT) 3 forg q=m< g1 STar

El

" Nuclear Export § Quality Control System

o FITOHT T FEATHT AT 8 % Faer gl i< TRIF mRNA & T8 [
o If< mRNA ¥ &I ST (ST intron €T Tg AT 2T, cap 7 & 2T 311<) 2T,

AT TH RNA T (a9 § gl Ueh o137 STAT g 3T 972 7 degrade (Rrerfeq) 7% =ar
ST 2

Tg TOITSAT ST STf9rerf<h T L&A (accuracy) TATT TEAT )



] =T 926 (Major Components of mRNA Export)

<& (Component) T4 (Function)

mRNP (Messenger Ribonucleoprotein) mRNA &1 f#% a=T4T 3fiT export & forw 1% ##zaT

NXF1 / NXT1 Export receptors — mRNA #T Nuclear Pore T & STd &
Nuclear Pore Complex (NPC) AT ST ATZEIATSH & = 7T

RNA-binding Proteins MRNA Ft T29T7 ¥ LT § 7838 Fd &

ATP / GTP Energy Transport & T =T JaT9 e &

) mRNA Export FT S{Ta# Hg<a (Biological Significance)

1. Gene Expression T fR=r:
o TE TT FHIAT g T3 FIF-8T mRNA translation & o1 IqeTser 2RI

2. Protein Synthesis FT FITE:

o Cwoplasmﬁﬁﬁ%mﬁmRNAﬁﬁﬁ?Wm%
3. Quality Control:
o Had gl aLh & processed mRNA 2T ITg¥ ST AT 2|

4. farehiT Hgd (Evolutionary Importance):
o Nuclear-cytoplasmic far9TSI¥ # gene regulation 3Tfar® ‘Tﬁ'% gl

] 9T¢r (Summary Table)

JT IEERUI e e /| Ik
1 mRNA processing FT 79T 2T Cap, Tail, Splicing
2 mRNP complex T fa#Tor RNA-binding proteins

3 Export factors T AT NXF1, NXT1



5T g & T /| 9eF

4 Nuclear pore ¥ sTZAT NPC

5  Cytoplasm ¥ feefier Translation JT¥s7

mRNA FT Nuclear Export THRAT e HITAFRT H TF SAcdd Aged ol TH4T 8,
ST 7 FATHT FIAT 8 o6 Fao dgl 3 q9d mRNA g7 L9  ITgT TR T AT
¥ form s 7 s

Tg II%3T Gene Expression Regulation T U [HaTF =0 g,
STT RITURT T FTALAHAT Sl A & T AT 0 T9T7 TEdT Bl

mRNA Stability (mRNA Ft Rezar)

() 9F=¥ (Introduction)

mRNA Stability FT 317 § —
mRNA 3T et 3% T& S (stable) TEAT 8 37T translation & 1T 3uerser TgaT g,

THH T % 9 degrade () ST
AL TR H,

mRNA &t I2ar 98 T Fdt g o et Sste & fohaeit 9 # s a9 s fhaet <X a&
TN

1) mRNA Stability &7 #g<q

1. Gene expression T IGRELM (Regulation of Gene Expression)

— ¥ mRNA &« 87T T translation FT THAT § — ATEF T a7
— 9T mRNA STeal degrade BT — FH TTET =T



2. W SEEOr i 7T FE T w1
— ITIERT SAAAT STAITFATAT 6 ATHTE mRNA FT 3H FT F=T AT =TT Tl 2|
3. T o Ten & R
— ST FRqaT & FE FAATRAT (SH F6, A0 [AhTT) I gl Tl gl

) mRNA Stability T THTAT HLA qTel &I FID

1@'Cap3ﬁ€mﬁ

« mRNA ¥ 5' ¥ 9% 7-Methyl Guanosine Cap (m’G Cap) S[ET gTdT gl
« g Cap mRNA FT 5’ exonuclease enzymes ZT<T %E%f q FATAT B

e S IE Cap geTs STl g (decapping), mRNA TEIT ¥ degrade BT STAT g

BRI F
5'Capﬁ'3"3lﬁ?lﬁ= rfere fRerear
5' Cap 32T = mRNA &7 farereq &

2(1 3’ Poly-A Tail it a1

« Polyadenylation % 2T mRNA % 3’ EI¥ 9% Poly-A Tail (100250 Adenine) STTST STl

gl
« 7 Tail nMRNA FT exonucleases & ST=TAT & 3f¥ Rowar sgrT 21

o 5T T Tail #iv-¢¥ FIET et AT & (deadenylation), T mRNA STT#9T T ge 1A
2l

() Tail TSra«t A&t GRTT — mRNA 3T STfereF o g

3 @JTR (Untranslated Regions) % Sequence Motifs

o mRNA ¥ 5' 3T 3' <l 9% Untranslated Regions (UTRs) élﬁ %I
o 2T UTRs ® T39I signal sequences 2T & ST mRNA T stability &1 953 w2d 2l



SITEL:

« AU-rich elements (AREs) — ¥ STR¥aT 9214 gl
(ST cytokine 37T growth factor mnRNA ¥)
« Stabilizing sequences — 7 mRNA T S[T&F THT TF (£4¥ T@d 2|

4 @NA-Binding Proteins (RBPs)

o T UM mRNA ¥ UTRs & &< 39T 39 &l T@Td AT FeTd &l

SICiE FA
HuR mRNA T stabilize F¥aT &
AUF1 mRNA #T degrade T g

TTP (Tristetraprolin) AU-rich mRNA & qIgdT &

() 2 SITET IO | At afefRatat (S a9Ta, §H, i) & ATET w1 F4d 2

5( MicroRNAs (miRNAs) 3fT siRNAs

o ¥ B regulatory RNA 3 g (~22 nt F&TS %)l

e TmRNAF complementary sequence o T{L?s%r %‘I
o S[E % AT A translation FT T § AT mRNA FT degrade F¥ I 2|

TH TTHAT FT RNA Interference (RNAi) Fgd gl

[ T8 %8 miRNA 3T siRNA gene expression & post-transcriptional level 9% THa 3T F3d gl

6 @ranslation Activity

« ST mRNA HfT 9 & translation H 91T & g (ribosome & 2 BT &), 7 AT Baw
e 2l



o ST ST mRNA translation Fgi #¥ €8, & STeal degrade BT ST g

Translation machinery mRNA FT nucleases & TaTdT gl

7(_Cellular Conditions (FITAFrr TR Fafaat)

e Stress, AT, ATTHAT, HHAT Te mRNA Ft FRAZaT Fl THTHAT FT TR B
e ST heat shock IT oxidative stress F I %& mRNAs T FRawdT g STt g qTieh
FITITRT S faa <8 ol

" mRNA Degradation (mRNA FT fa=a) & A1

mRNA Ze« & T q&T A1 gId & [

1 @)eadenylation-dependent decay

o Poly-A tail T-¢f1¥ Gt et 7T 21

o Tail g FIET g9 9 mRNA 9T g1 4T )

. e 3T FraT A 2
o 5'— 3’ degradation (decapping % IT% exonuclease TTEAT 8)
o 3'— 5’ degradation (exosome complex TT=dT )

2 @)ecapping Pathway

e TE 5 Cap gaT & STt g (Depl, Dep2 enzymes ETT)|
o THF AR 5 — 3' 39T H mRNA degrade graT g (Xrnl enzyme FTT)I

3 @ndonucleolytic Cleavage



o  F® mRNAs F F1 & FHTeT J1aT 5 (endonuclease enzymes ZTT)|

o THTaw g TFs exonucleases H degrade T ST &
o g TUHT miRNA-mediated cleavage ® WT T@T STAT Bl

) mRNA Stability FT S{Ta #g<a (Biological Significance)

L] [EERUI

Gene expression T fRFAr MRNA &7 sttamarer a Fear g & St gt 3¢ o= aferr g
Protein synthesis &1 fRTa« ffa% mRNA - srfars 1 Scures
ERIERUIE RIRIER ) Stress #fi¥ hormonal signals & mRNA stability a& H#dT §

T | ST Abnormal mRNA stability > F#<, 519, metabolic disorders

] 9T¢r (Summary Table)

FTH ERIC] ERUIAES
5’ Cap mRNA #FT exonuclease & T=TdT & Cap g2+ 9% degradation
Poly-A Tail feoar agTaT 8 Tail s+ I¥ stfeaear
AU-rich Elements  srRRear agra & Cytokine mRNA
RNA-binding Proteins fRaar a1 srfferear st HuR, AUF1
miRNA Binding Translation &T 4T a7 degrade F¥aT g RNA interference
Translation Activity ~ Stability szdt & Polysome-associated mRNA

| Y (Conclusion)



mRNA Stability FTTrT o S rfr=af<p 9= (Gene Expression Regulation) FT T%

A ST 2
Tg TT Fedl & T mRNA FRa=T a% TF translation F o7 Iuerser T2 37 foha it ®/TT & T
AT

e mRNA o § — stfges T aam
7 mRNA JfR & — &7 AT faegar 9L a77m

TH THTY, mRNA fRar st & fame, == 3fiT stq&@a (adaptation) # STedd@ Fgcaqor
C\GEARE AT

Catalytic RNA (3% RNA)

() 9F=¥ (Introduction)

ATH T 9T gH S92 (o STTah sIfseharsti (biochemical reactions) # enzyme F €9 H TET
F7F T 3)

AT 1980 & Z9T% § AATIHT 7 9747 76 T RNA ] T T Tt AtStmamsi 7 Soa
(catalyze) F¥ T 2

TUH RNA 317 [Sivg enzymatic activity Tl g, 35 gl SITaT § [ Catalytic RNA 7T Ribozyme
(TEAATEA)|

| Catalytic RNA T @isT (Discovery)

Catalytic RNA #T @IST 1980 F T | T THE ISATIHI o il

1. Thomas Cech (T9Y ¥9) — Tetrahymena thermophila TTHH TSI % rRNA H self-
splicing RNA 913TI
2. Sidney Altman (et sifead®) — RNase P USITZH & RNA ¥eF &l catalytic IT4TI

T I H TH @I 6 o7 1989 § et TLERTX (Nobel Prize in Chemistry) 5T



(101 Catalytic RNA &7 FXaT §?
Catalytic RNA (Ribozyme) TH RNA 3] g ST TrETAT STTTHRATSAT T owf (Catalyze) F3d
ST

e RNA T FTeAT (cleavage)

o RNA ¥ SITEHT (ligation)

« Splicing (Introns feTerT)

« Peptide bond AT (Translation ¥ ZTT)

T T AH T I T USITSH H3d 6, AT %@ RNA T2 A1 I8 T 99d g

7] Catalytic RNA it 7@ fa9wqrv (Key Features)

IEE TSI IEERUI
HTIAT (Structure) THFA-TT RNA (single-stranded RNA) ST STfee 3D =T a4TaT 8
14 (Function) RNA T AT, ST, T %L RNA T process FAT

T = (Active Site) RNA T =g {241 ST stfSrforam 71 catalyze #+¥aT 3
T AT T AT Mg?* ST e &= R &2 g o srfaforam & agras g1 8

TA-gaTera (Self-catalytic) F= RNA 399 & sequence T¥ T3 #7 T & (self-splicing)

"] Catalytic RNA % Ys1< (Types of Ribozymes)

Catalytic RNA &< T&TT  BId 8, [STve 36 T o AT 9T Fiel 73T 8 [



1 @}roup I Introns

« I RNA self-splicing T & — ITHT 3T99 T 37a% & introns T foAT FReft rdT it wag
et T 2

« Guanosine nucleotide T8 SHAT Fil J[&ATT FLaT &l

o @IS Tetrahymena thermophila (TTAT = GT)

[ ®TF: RNA Splicing (Introns 2T, Exons STTEHT)

2 @}roup II Introns
o I oY self-splicing RNA g =TT+ Lariat (%&T S€T) H=T 99T 2

o ¥ THRAEH H pre-mRNA splicing F THTT &
o HTET TAT g T3 spliceosome machinery &7 &9 351 & g EL

3( RNase P RNA

« T T# ribonucleoprotein complex & (RNA + Protein)!
« %I RNA 25T tRNA precursors Tl FTed T F1d F¥dT g (catalytic 2raT 8)!
e @I Sidney Altman gT<T|

] FTT: tRNA F maturation H HE=3|

4 @-Iammerhead Ribozyme
o TE RNA 39T motif T@dT g STT RNA T cleave (FT) FdT g
o dgd e ribozymes BId g
o FF ATALHI 3T viroids H ITT AT 2|

[ FTF: RNA replication 3T gene regulation H

5 @-Iairpin Ribozyme



o Tg RNA T cut 3T ligate (S[TS) IAT FT TdT 2l
« TEA: plant virus satellites § ITIT STAT 2|

6@eptidyl Transferase Ribozyme

« 7g ribosome FT TF Z¥T § — fATHT rRNAL
« 7T translation % I peptide bond formation FT catalyze FT 2|
o Tg RNA IgTHA catalytic I T TF 9r¥eT® 3212207 2

() Ig FaTaT g T ribosome TaF TF ribozyme g

"] Catalytic RNA & &Td (Functions of Ribozymes)

FH [EERUS
RNA Splicing Introns Z2TH¥ Exons T STEAT
RNA Cleavage RNA T FTeAT (St hammerhead ribozyme #¥dT )
RNA Ligation RNA Z&ET & STTeAT

Peptide Bond Formation Tr==Ta I 51T {31 73T %14 (rRNA catalyzes peptide bond)

RNA Processing tRNA &I mature F%AT (RNase P gTT)

"] Catalytic RNA #T Hgca (Significance)

1. RNA World Hypothesis T 98T

— 7g g *ear g o IT= Stta9 § RNA g1 genetic material 3f% catalyst @1 4TI
2. Enzyme Evolution FT THsT

— g FATdT g T protein enzymes & T8«f RNA-based enzymes |




3. Biotechnology 3T Gene Therapy # ST
— Ribozymes FT targeted RNA cleavage % oI Y27 fRaT ST @ehaT 8 (ATI<T RNA &0

Fled H)|
4. Ribosome #FT catalytic ST FT THTT
— Ribosome FT RNA f2&6T & peptide bond FATAT &, T T3 IHFT protein 9T

] IITLOT 974 (Summary Table)

TR F ITEIT qrerhdt
Group I Intron Self-splicing Tetrahymena rRNA Thomas Cech
Group Il Intron Self-splicing Mitochondrial RNA —
RNase P RNA tRNA maturation Bacterial RNase P Sidney Altman
Hammerhead Ribozyme RNA cleavage Viroids —
Hairpin Ribozyme RNA ligation/cleavage Plant virus satellites —

Peptidyl Transferase Ribozyme Peptide bond formation Ribosome (rRNA) —

Catalytic RNA (Ribozyme) 7g THTT ¢ T3 RNA Fa< genetic material Hﬁ, If°F enzyme Fit
LG catalytic S{HEHT St 71T =T B

a9 g o= a1 foear g o Strae &t gp&end § RNA §F 999 9gd self-replicating ¢
catalytic 9] IT —

5% Fgd & ) RNA World Hypothesis|

1 “Every cell carries in its ribosomes the living proof that RNA can act as an enzyme.”

RNA Splicing (3TXuAT AT T)

) 9= (Introduction)



ST DNA & pre-mRNA (IT hnRNA) 94T &,
qT IEH T T & SATHA (sequences) BId 5.

1. Exons (THHI™) — ST TIEM Fl FHIE FLA & (coding regions)
2. Introns (32(7T) — ST N T HIS -T@' LA (non-coding regions)

RNA Splicing a8 SferaT g fored —

Introns (YTEHRIF W) T ATt feaT ST €,

3T Exons (AZAYU! STRT) &1 199 § S([ [T ST 2,
i T TfRuF mRNA (mature mRNA) 9 9, ST translation ¥ forw 3= @I

101 Fgr gt & (Location)

« RNA Splicing #a Eukaryotic cells (ESTIo HITAHTSH) T SIAT 21
o 7 ITAT EFAH (nucleus) F 3IX AT 8, transcription & T dTg|

") Splicing St TFLTFHAT FIT 82

« DNA ¥ HIS[g introns TIEIF FIe T&T Fd|
o ITQ T FTT T FATY, AT translation F T AT (non-functional) TIEIT a STUAT|

« 2T RNA ¥ introns 22T T8l coding sequence FHTIT SITAT |

| RNA Splicing Ft AT (Mechanism of Splicing)

RNA splicing F 3T T9@ TF 3.
1 $pliceosomal Splicing (F=TTH IS EIT)
2(0_$elf-Splicing (Faa:-T=TZ{RT)



1 @pliceosomal Splicing

g ATAHT eukaryotic genes & ZAT Bl
A T a1 RNA-Protein Complex 9T 2raT & S8 #gd € [ Spliceosome (TATEHISIIH))

Spliceosome 7T §7?

o T TH fF9T molecular complex & STT RNA T 9g4THH< introns fH&hTeraT 2
. T T N RNA 7 FE S8 20 8
e T ZIE RNA FZATT ¢ (| snRNA (small nuclear RNA)
T I F 91 ey 9T %’ snRNPs (small nuclear ribonucleoproteins)|

=T snRNPs:
Ul, U2, U4, U5, U6

Splicing # 539 (Steps of Splicing)
(Step 1) Recognition (Tg=TA)

« Ul snRNP mRNA # 5’ splice site (GU sequence) Fl Tg=aTdT 2|
« U2 snRNP branch point (A nucleotide) & S[=dT gl

(Step 2) Complex Formation
o U4, US5, U6 snRNPs S[sh¥ TUsh complete spliceosome AT §|

(Step 3) Cleavage and Lariat Formation (FTeAT 3T HaT a+1)

« mRNA FT AT exon ¥ intron & = FHT F&F & FATAT &
« Intronic region &T 5’ T branch point A & [ STAT g, /E# U AU (lariat loop)
TEAAT T g

(Step 4) Exon Joining (STT=+T)

e U exon UgH exonﬁﬂgﬁlﬂl §|
« Intronic lariat FT spliceosome =TT <AT g ST a1& # degrade ¥ T SITAT 81



TR T continuous coding mRNA sequence 3T gIAT g

2 $elf-Splicing RNA

F RNA T7 & 979 introns T T § —
T 3T spliceosome AT TTEH T AETIAT 61

TAH &7 TR AT

e Group I Introns
e Group II Introns

Group I Introns

« Guanosine nucleotide T TETIAT H TATSHT Fd 2|
e Tetrahymena thermophila & @ISt T (Thomas Cech )1

Group II Introns

e “Lariat” HaHT a1 T3 TATSH 2Id 8l

o ¥ ATAT g T3 spliceosome Twai & fAwfaa gaml

] Alternative Splicing (3HcTsH TATSIET)

T8 RNA Splicing #T U e wHaT g STET U & pre-mRNA ¥ fAf3rs T1X & mRNA a7
T gl

2

J Fﬁﬁexonsﬁ%ﬁﬁ.@ﬁgﬁmﬂﬁﬂﬁ?ﬁiﬂexonsﬁmﬁﬂmﬂ?ﬁﬁ%l
o TOY UF I ST T g THTT o T a7 TR 3

SRTEI:

« ¥ & Tropomyosin gene — JTRT-3TET SHaFi § AAT-NT FF o T a41dT 2|
« Immunoglobulin genes ¥ ff alternative splicing 3T/ gl



R

e Protein diversity (FafereraT) szmar 2
o T gt F ST T siEa T a9 9T 996 2

"1 Splicing % FH Teha (Splicing Signals)
T intron % IAT (921 9 fI9T consensus sequences Zdt g [

o IGHA (Sequence) st

5’ splice site GU Splicing #T sr&ama
Branch point A (Adenine) Lariat =TT
3’ splice site AG Splicing TaTE

THTT introns FT FHT-FHT “GU-AG introns” 9Y FgT 1T 21

0] Splicing &1 Stfas Hg<d (Biological Importance)

g IEEEUI
Gene Expression Control @« mature mRNA g translation % forT q=me grarT 2|

Protein Diversity Alternative splicing & 3 THTY % T ad 21
Mutation Effects T FCATS (R & S AT TS TR (S Terefifa) 21 7 2

Evolutionary Advantage Exon shuffling & 97 W& o+ =@ g 81

() TS aTferst (Summary Table)



= [EERU qF
1(_ 5’ s 3’ splice site T@=T U1, U2 snRNPs

2(1_ Spliceosome =1 famfor  U1-U6 snRNPs

3(_ Lariat EZ=T @ Branch-point A
4(0_ Exons =T ST RNA ligase activity
5(__ Introns =T g&T Degradation

RNA Splicing T cq Wﬁ;ﬂf Post-Transcriptional Modification %,

ST T8 ﬁﬁ'ﬁ’\ﬂ?r AT g T Fae coding sequence (exons) 3 mRNA # a+ T2

g 7 A gene expression FH HIAHT FLAT g,

FfoF alternative splicing  TTeaH & T faterear e fasm (evolution) & ff W‘{Uf

sfiyarT vt 21

1 “Splicing is the molecular editor that turns raw RNA into a meaningful genetic message.”

Nuclear Splicing (FIfFa TATE )

) =7 (Introduction)

ST eukaryotic cells (@T% FITAFRTE) § DNA T pre-mRNA (& hnRNA ft Fgd €) F=ar

g,
dT 39H Exons (coding sequences) 3 Introns (non-coding sequences) 11 IﬁTﬁ’ g 2l

() Nuclear splicing g TiaT g SreH:

Pre-mRNA ¥ Introns (FTI9IH SATHA) TSTT 1A &

T Exons (TE RIS 9T =109 § s fow S
qTfh mature mRNA 3, ST {99 & I8 MTaa< translation % 1T cytoplasm # ST




(] gl gidT g (Location)

ST ATH FaTdT 8 —

Nuclear Splicing R{%PTH' ¥ AT '@?ﬁ' %,

transcription # A ATE, ATHT mRNA F F9 % 9 IT 3HF A5

TH Co-transcriptional modification 9T FgT ST TdT § FA(1h TZ transcription F ATT-ATT ¥
EEEIE

() [] ToATEIEAT T 3297 (Purpose)

« Pre-mRNA ¥ HIS[Z introns & F&HT
« Exons & 9% 7 § ST

e U functional, continuous coding mRNA sequence S TAT

g AT Far g T translation % T Fael Tat T af ad|

") Nuclear Splicing ! S3[@ Tt (Main System)

AT TATS T Spliceosome TTHF STfeel HIAAT & HTEAH & Il g
T2 RNA 3T T 41 & e 997 grar 2l

[] Spliceosome (TATSHISIH)

« g T# molecular machine g ST pre-mRNA 9% FT3 T gl
o T I FIe RNA ATET (snRNA) 3T 2 TIEHT o e 947 grar 2
e T ZIE RNA FZATT § [ snRNA (small nuclear RNA)
FT TEA F 91 e a9 %’ snRNPs (small nuclear ribonucleoproteins)!




HeT snRNPs:
Ul, U2, U4, U5, U6

T g4T nucleus ¥ o T2 €, TAIT =7 THHAT F1 nuclear splicing F2T SITAT 8l

") Nuclear Splicing T IRIT (Steps of Nuclear Splicing)

Tg AT {ET F00 H§ Tl g [

1 @plice site 9419 (Recognition of splice sites)

« Ul snRNP 5’ splice site (GU sequence) &l Tg=TdT &
« U2 snRNP branch point (A nucleotide) FT T2=TdT 2|

20 Complex ST (Formation of Spliceosome)

« U4, U5 3T U6 snRNP =4 5l
o T complex ITFT spliceosome TIATT ZIAT &, STT pre-mRNA = intron T ¥ 7T &l

3 @leavage 3T Lariat 94T (Cutting and Lariat formation)
« Intron &T 5’ FIT Fc ATAT & 31T branch point A § S[EHT TF ATTE (Ha&T) THLAAT aATdT

2l
e THH exon | ST exon 2 T gl ST Bl

4 @xons T S{eAT < Introns T g (Joining of exons and removal of intron)

« Exon 1 3T Exon 2 T9H # [ STd & (ligation)|
e WYUZ intron FT Z2THT nucleus H degrade F¥ AT SITAT 21



S FAT g mRNA “Mature mRNA” FZATAT &,
ST T nucleus & cytoplasm H export [ERIEEIE] %’I

"1 Splicing Signal Sequences (FATSIERT Haha THH)
g intron EREUAES RE) ey AqHH (consensus sequences) @%r %’ U

o A FH
5’ splice site GU TATS (R AT gL&aTd
Branch point A (Adenine) &fvue a=TaT €

3’ splice site AG TCATSTONT T &7

THTIT nuclear introns & “GU-AG introns” st FgT S(TaT g

(] Alternative Nuclear Splicing (3&{cq® T-ATZET)

FHAT-FfY TF T pre-mRNA T3 T T splice FTHT
A9 T % mRNA F49T TFdT 2

TH FgT ATaT g [ Alternative Splicing
e

o THH UF FT ST FF T F T o9 Thd 2
o 7g TidA fafaear (protein diversity) TETdT 2

SITEL:

e Tropomyosin gene — H‘i’ﬂ'&?ﬁ, q5hd, AT AIEAH § STT-3T &Y o T aTam %I



(1 Nuclear Splicing & &<
EEARY IEERUI
Spliceosomal Splicing Spliceosome T AT (= eukaryotic )

Self-Splicing (Autocatalytic) RNA = splicing a1 g (Group | 3T Group Il introns)

1 Nuclear Splicing FT Hg<d (Importance of Nuclear
Splicing)
L] [EERUI
Gene Expression FT %= @< mature mRNA translation & AT o1dT §
Protein Diversity Alternative splicing & 377 TT&9 994 &
RNA reT AT T splicing ATt RNA nucleus & aTg< T&l faaera

Evolutionary Advantage Exon shuffling & 77 Sfe fasfara grar @

0] IT< Nuclear Splicing ¥ Tt g7 S[TT a¥

. Wmﬂ%{& splicing ¥ STETATT T a+1d El
o THH FE AATNF T ST &1 T 3, T

o B-Thalassemia
o Spinal Muscular Atrophy
o Cystic Fibrosis

] 9T¢r (Summary Table)

T faEr e



= [EERU] qTH
1ESpIice siteg=r U1, U2 snRNP
2(0_ Spliceosome fA@for U1-U6 snRNP
3@ Lariat 4T Branch point A
4E Exons =T [=AT RNA ligase

5(__ Introns ge=T Lariat degradation

Nuclear Splicing T 37cdq W post-transcriptional modification &,
ST pre-mRNA ¥ introns g2TH¥ 39 mature mRNA H ST gl

RE] T& T3 nucleus ¥ spliceosome T 2T 81
=He T T2l TEE A8l o+ gehdT

] “Nuclear splicing ensures that only the meaningful genetic message leaves the nucleus.”

Translation machinery (Ribosomes) 3T< Wobble hypothesis

Translation and Transport (FgaT= T& TRag")

" 9= (Introduction)

Translation (1<) 95 IER % S99 mRNA % genetic code Tl TEFT
T (protein) FTATAT SATAT 2

I el ° —

Translation = mRNA — Protein



Tg TTHAT BT €9 F cytoplasm (TTEATSH) H 2T 2,
T2l ribosomes translation machinery & &9 § &FTd H¥d gl

] Translation =it ITHTT TRATHT

Translation Tg TFAT & S mRNA # 37fR2rd codon sequence (%) &7

tRNA 3T T&T 1T &,
3T W% codon F ATHTY T specific amino acid STEHT
polypeptide chain (protein) T IR IR REDIRSIEL %I

(1] Translation =t &I AEIFATY (Requirements of
Translation)

. mRNA (messenger RNA) — &I & 37T & (template)

. tRNA (transfer RNA) — amino acids =Td1 %’

1
2
3. Amino acids — STEIH & building blocks
4.
5
6
7

Ribosomes — translation machinery

. Enzymes — aminoacyl-tRNA synthetases
. Energy (ATP & GTP) — (1 &l Sa97ehal
. Initiation, Elongation 3fX Termination factors

] Translation Machinery — Ribosomes (TS99 1)

") Ribosome FIT g2

Ribosome T sgd ST RNA-Protein Complex 8,
ST translation 3 ETH mRNA FT 9 amino acids SIS FT FT FHIAT 2l

ZH “Protein factory of the cell (FITST FF T HFFr)” gl STdT Bl



Ribosome (JTSATEIH) FHITAFT & FTX TTAT ST ATAT Teh G&H, TATHIE, 9T Rt a1aT (non-
membranous) FT g,
STT TS HEWT (Protein Synthesis / Translation) T FTF FdT |

A reai § —
Ribosome € 37 § ST mRNA FT T8 TEH F971AT g

gL Stifera sTf9reT ® ribosome ITT ST %’ — ?ﬂ% 9% Prokaryote (?J'Fi'al'ﬁh qﬁf-‘hﬂﬁ'l’) @ 7
Eukaryote (FEaRI HITAHT)|

Ribosome #T @17 (Discovery)

« 1955 ¥ George Emil Palade & Ta& Tgel TSATEIH &l @IS a0l AT
o T T7g F-FT Palade particles T F2T SITAT 21

Palade T I I ATHLTT FHAT o 1T Nobel Prize (1974) w1 =
7] Ribosome % ¥ &I ITET (Subunits)

FIFAHT THIT FieT STEE (Small Subunit) ST STET (Large Subunit) Fe 3THTT

Prokaryotes 30S 50S 70S

Eukaryotes 40S 60S 80S

“S” = Svedberg unit, ST FFATET 3¢ (sedimentation rate) FATAT 21

"] Ribosome % &T¥ (Functions)

mRNA FT TFgAT (Binding mRNA)

tRNA ¥ 9gAT (Reading codons via tRNA anticodons)
Amino acid STEAT (Forming peptide bonds)

Polypeptide FT AT weAT (Releasing the protein chain)

bl A



" Ribosome % Sites (€T)

Ribosome ¥ 972 ITEE & T sites FAT & [
Site A F
A-site Aminoacyl site 73T tRNA (amino acid &f2gd) aT g

P-site Peptidyl site  Peptide bond a=daT &

E-site Exit site AT tRNA feerar

"] Translation F 30T (Steps of Translation)

Translation T =T =01 & T 2T g [

1 Initiation (3TTT)

« mRNA T Start codon (AUG) Tg=TAT SITdT 8l
« Initiator tRNA (ST methionine S< 3TAT &) ribosome & P-site & S[EAT g
« Small 37T large ribosomal subunits S[EF initiation complex FAT 3

Initiation factors (IFs) 3 GTP TH 9¥9T H AT BId gl

2 Klongation (3f%)

e 7T aminoacyl-tRNA A-site ¥ TdT g
« Peptide bond 94T & (Peptidyl Transferase enzyme ZTT)

« Ribosome 3T F&4T g (Translocation)!
o IAT ITHAT A-TTX IS SATAT g ST d YT protein I T AT

Tg F0T FHAT (GTP) T¥ fd¥ Fear 21



3 Termination (SHTI)

« 4 ribosome T Stop codon (UAA, UAG, UGA) 9% Tg=dT &,

qT FIs tRNA g1 11Tl
« Release factors [T & 1< polypeptide chain FT ribosome & Hh Fd gl
« Ribosomal subunits 3T gT STT 2

1] Peptidyl Transferase Activity

o Tg rRNA FTT AT catalytic AT g (RNA enzyme it d%3)|

« I amino acids ¥ 19 peptide bond FATAT I
o I THIT g T rRNA T catalytic RNA (ribozyme) &

| Wobble Hypothesis (Fia<r fgia)

O af=T

Francis Crick (i f3%) 7 1966 & “Wobble Hypothesis” {1 =T,
SEe 77 F9=maT & 61 coding codons F foTT Faer ~45 tRNAs & 93TH #471 &

Wobble Hypothesis T 9¥dT9 Francis Crick 1966 ® f==T =M
T translation (TET TFWUT) F tRNA 3HX mRNA F codon-anticodon pairing #T fareroar =r

AT F forw s = om

HIA TeaT H —
“tRNA FT anticodon mRNA ¥ codon & =T g H NEL o9 § ATEN AT 1@ Foha T g7



Wobble Hypothesis FgaT g o —
mRNA % codon T THET STETT (3rd base) 3T tRNA F anticodon FT IgAT ST&T (1st base)

ST ZreT (flexible) pairing F¥ THAT 21

?TIT-PF, ugﬁ A AT “qaF” (strict pairing) FTd %;,
AT L a9 | AIST AA AT (wobble) 2T 21

B U AR KT E

AT AT codon g UUU 3T UUC
ZI91 Phenylalanine (Phe) F1 Fd 2|

tRNA T anticodon AAA ZT codons ¥ g HFAT &,
FAIh A o6 H “wobble” #iT AT &

") Wobble Base Pairing Rules

Anticodon FT 98T 99 Codon F &Y 99 & € 99T §

G Ccaru
U ATTG
| (Inosine) U, CarA

Inosine (I) T {399 a9 g ST tRNA % anticodon ¥ TTAT ST4T &,
T 7g A STERT-3TET codons & [ TFAT g

] Hg<d (Significance)

1. tRNA FT &A1 el § — FH tRNA & F% codons TZ ST T 2|
2. Translation I SﬁTWT*ﬁ"@?ﬁ'%’I
3. Mutation T TS FF AT § — THL a7 & T § AH AT 37T A5l dgdTl



TeT 10T g T genetic code “degenerate but not ambiguous” FgaATAT gl

] Transport of mRNA and Protein

1. mRNA Transport:
o Transcription nucleus ® graT gl
o Mature mRNA nuclear pores & @—4,—{ cytoplasm H ST %’I
o @@l Tg ribosome T S[EFT translation FAT &
2. Protein Transport:
o TTE TIE cytoplasm | FTH FTAT § — TSI a7 T2 2|
o ATE T secretory & — ribosome ER (endoplasmic reticulum) 9% SEEIG g
ST TR H Golgi apparatus FT AT transport FAT 2l

"] |TXST qTfersT (Summary Table)

I EIER TG TeF
Initiation Start codon T2=TH, complex fAHTIT mRNA, tRNA, IFs
Elongation Peptide bond fRaToT Ribosome, GTP
Termination Stop codon T protein fi=fs Release factors
Wobble Hypothesis tRNA anticodon & &= tamd= Inosine, pairing flexibility
Ribosome Translation machinery 70S / 80S complex

Translation 3g Fgca ol THHIT g fSrEe gT°7 DNA # forfy sraforss g=em siaa: e F € #
h gl gl

TH T IThAT T H=7a9 Ribosome F3dT &,
STafh Wobble Hypothesis 72 Ta=1TdT & o H1T8a S%=am & tRNAs % Y1 319 codons T

TEATT T gl

] “Ribosomes read the message, tRNAs bring the tools, and the cell builds life’s machinery —
the proteins.”




Tg TIE GHUT (Protein Synthesis) FT TaE TZAT 37T HaE g ol 940 &l

Translation Initiation
Translation T &I FX00 § gl 2

1. Initiation (3T3)
2. Elongation (9T 92T/ amino acids STTET)
3. Termination (FHTI9 / Stop codon 9T TH)

) 9= (Introduction)

« Initiation ¥ F¥0T g fSEH ribosome, mRNA 3T initiator tRNA fHTF< translation
complex T g

« IE start codon (AUG) U< TSI FUT ¢F FIAT gl

« Prokaryotes 3% Eukaryotes ¥ initiation mechanism 3@ T-3TaT 2T g

] Prokaryotic Initiation (70S Ribosome)

1 @omponents Required (STaI Hh)

qeF IEERUI
mRNA T2 RNA ST T & foro sirfer sear 8
Initiator tRNA (fMet-tRNANMMet) wifHe HT3=T= & 2 tRNA, start codon & J=aT &
Ribosome subunits 30S (small) &< 50S (large)

Initiation Factors (IF1, IF2, IF3)  Ribosome assembly 3T accuracy & form

GTP it % For



2 (1 $teps of Initiation (ITT)
Step 1: Small subunit binding

« 30S subunit mMRNA F Shine-Dalgarno sequence ¥ =T 2|
e IF3 30S & free T+ ¥ HaE F¥AT g, ISR premature binding 7 T

Step 2: Initiator tRNA binding

o fMet-tRNA*Met start codon (AUG) ¥ base-pairing FdT gl
o IF2-GTP =H YTHAT &I FEATHT HAT gl

Step 3: Large subunit joining

e 508 subunit 30S-mRNA-tRNA complex & =T &
« IF1, IF2, IF3 release I g
« GTP hydrolysis ST Y& FdT 2|

Step 4: Formation of 70S initiation complex

« Ribosome TITY &, initiator tRNA P-site & 2|
o Translation g% 29 & foIT G

" Key Points (HgcaqUl 9Td)

e Start codon AUG — Formyl Methionine (fMet) in Prokaryotes
« Small subunit Tg«f mRNA ¥ J=4T 2|

« Initiation factors (IF1, IF2, IF3) =<1 g

e  GTP hydrolysis 1T T2 FZaT gl

1 Eukaryotic Initiation (80S Ribosome)
Eukaryotic initiation TET 3TfaF Sfeet 2l
1 @Zomponents Required

TTH EERUI



qF [EERU]
mRNA 5’ cap structure 3fi¥ poly-A tail aTaT
Initiator tRNA (Met-tRNAi*Met) Met attached tRNA, start codon ¥ S[=aT &
Ribosome subunits 40S (small), 60S (large)

elFs (eukaryotic initiation factors) elF1, elF1A, elF2, elF3, elF4 complex, elF5

GTP Fert & form

2 @teps of Initiation
Step 1: Formation of 43S pre-initiation complex

o 408 subunit eIF1, eIF1A, eIF3 & |T =T 2|
o« eIF2-GTP + Met-tRNAi*Met complex 40S & J=dT &l

Step 2: mRNA binding (Cap recognition)

e ¢cIF4 complex (eIF4E, eIF4G, eIF4A) mRNA F 5° cap &I 9g=T94T 2|
« mRNA ¥ 43S complex & STT=AT § — 48S complex F=AT 2|

Step 3: Scanning for start codon

« Ribosome mRNA 9% 5°—3’ scan F<dT gl
e AUG (start codon) foeI= TT base-pairing Met-tRNAi"Met & 2T 2|

Step 4: Formation of 80S initiation complex

60S subunit =T &
o cIFs release BT 2

« GTP hydrolysis STt Y& AT gl
« Ribosome TIT ¥ translation elongation % form)

| Differences: Prokaryotes vs Eukaryotes



Feature Prokaryotes Eukaryotes
Ribosome 70S (30S + 508S) 80S (40S + 608S)
Start Codon AUG (fMet) AUG (Met)

mRNA recognition Shine-Dalgarno sequence 5’ cap structure

Initiation factors IF1, IF2, IF3 elFs (multiple)
Scanning BEdl gf, 5’>3’ scanning
Energy source GTP GTP

] Flowchart: Translation Initiation (Step-wise)

Small subunit binds mRNA
Initiator tRNA binds start codon
Large subunit joins

Initiation factors release

GTP hydrolysis provides energy
Ribosome ready — elongation starts

AN

() Agea Ut aTa (Key Points)

o Initiation determines accuracy of translation!

o Start codon AUG T TET tRNA & SIIZAT ST=<T g

« Energy (GTP) ¥ initiation factors 3Ta¢TF B

« Prokaryotes 3¥ Eukaryotes § mechanisms 3T g1

Initiation translation T TgaT 3 qa& AF = =T 21
72 giAfad g

1. Ribosome mRNA T% gl AT 9T assemble |
2. Correct initiator tRNA start codon & g1
3. Translation ¥IET reading frame ¥ % 2T



Initiation % ToHT #IE ot TET 5T a9 TFaTl T protein synthesis T “ignition key” FT TTE &I

Translation Elongation

Elongation 3g =¥ g f5r9H ribosome mRNA codons FT 98 amino acids T STTEdT § 3T
polypeptide chain 1T %I

) 9= (Introduction)

« Initiation % TT& ribosome TATT BAT gl

e Elongation # tRNA anticodon 3T mRNA codon T %% base-pairing, peptide bond
formation, 3f¥ polypeptide chain T ST '@T-IT AT B

« Prokaryotes (70S ribosome) 3% Eukaryotes (80S ribosome) ¥ basic mechanism @3 TS
A Bl

"] Elongation & T&T <& (Components Required)

qeF IEERUI
Ribosome 70S (prokaryote) / 80S (eukaryote)
mRNA Codons & ATT template

Aminoacyl-tRNAs (aa-tRNAs) Specific amino acids & ST+ Tt tRNA

Elongation Factors EF-Tu, EF-G (prokaryote), eEF1, eEF2 (eukaryote)
GTP ESlEREL
Initiator tRNA P-site # T2l | =T g

] Ribosome H Functional Sites



Ribosome H T+ T sites BT &

Site A w
A-site Aminoacyl site Incoming aa-tRNA 37T 2
P-site Peptidyl site  Polypeptide chain 3T tRNA T T%2 T@dT g

E-site Exit site Tt tRNA ribosome & aTg¥ fAsherar g

"] Elongation % 90T (Step-wise Mechanism)

Step 1: Aminoacyl-tRNA binding to A-site

« Ribosome FT A-site GTAT AT 2|

e EF-Tu (GTP bound) aa-tRNA &I A-site § ATaT gl

« mRNA codon 3T tRNA anticodon base-pairing §TXT match graT gl

o Hgl tRNA 39 9% GTP hydrolysis 1T & 3% EF-Tu release &7 SITaT gl

Step 2: Peptide Bond Formation

e Peptidyl transferase (rRNA T catalytic site) P-site & FﬁTﬁ polypeptide chain FT A-site
FTeT amino acid & STTEAT 8l
« Peptide bond F7AT g 3T polypeptide chain I A-site FTT tRNA I TZdT 2l

Step 3: Translocation (Ribosome Movement)

« Ribosome mRNA 9 TF codon 3 JZAT gl

« Polypeptide chain 3T P-site , 3fI¥ @TT tRNA E-site # (T SITdT Bl
e EF-G (GTP bound) translocation & H&& F<ar %I

o E-site ¥ tRNA aTg¥ fAsherdr 2

TH WHAT | ribosome A — P — E sites & F{Ha &7 & tRNA 3T polypeptide chain FT HaTiera
FLAT

Step 4: Cycle Repeats

« Next aminoacyl-tRNA A-site § TdT gl
« Peptide bond FHAT g



« Ribosome codon T T step 3T TETAT 2
. Zl'a’qﬁ?mstop codon fH& T FoTehl %’I

] Elongation Factors (Prokaryotes)

Factor Function
EF-Tu aa-tRNA#T A-site # SITaT & ¥ proofreading F¥dT

EF-G Ribosome translocation (codon advance) F¥dT &

Eukaryotes H:

e eEF1 — aa-tRNA binding
e ¢eEF2 — translocation

1. Elongation stepwise process & — T codon ¥ {1 a7 main events 2T &:
o tRNA binding (A-site)
o Peptide bond formation 3% translocation
2. Energy Requirement:
o &Y tRNA binding % T 1 GTP
o Translocation & o7 1 GTP
3. Accuracy:
o Correct tRNA anticodon-codon pairing ensures correct amino acid incorporation.
4. Polypeptide Synthesis:

o Ribosome polypeptide chain FT N-terminus ¥ C-terminus T STI2dT gl

" Elongation T 9TX<T

Step Description
1  aa-tRNA A-site & bind graT g

2 Peptide bond P-site tRNA - A-site tRNA



Step Description
3 Ribosome translocates; polypeptide chain P-site &
4 E-site tRNA exits

5 Next aa-tRNA binds = cycle repeats

Elongation translation FT &€ T 907 g SMEH ribosome codons FT TEFT sequentially
amino acids STTEAT g
Tg TTHAT energy-intensive, highly accurate X cyclic 2T 21

"1 “Elongation is the assembly line of protein synthesis — codon by codon, amino acid by amino
acid, the protein grows.”

Translation Termination

Termination g 9% g [ST9H ribosome stop codon T Teadl & < polypeptide chain
ribosome ¥ release gt &

" o= (Introduction)

e Translation § ST ribosome mRNA &7 stop codon (UAA, UAG, UGA) 9gdr %’, v
elongation ¥ gl

« Stop codon F foTT #TE tRNA 21 graTl
« 9 9HT Release Factors (RFs) polypeptide FT ribosome ¥ fHaTerd 2l

YA real H —
Termination = “Protein assembly line FT 3{d, 3T newly synthesized protein FT free FLATI”

] Termination % {&J ¥<& (Components Required)



qTH [EERU]
Ribosome 70S (prokaryote) / 80S (eukaryote)
mRNA Sre# stop codon 2t
Release Factors (RF) Proteins ST stop codon &I Tg=THd &
GTP Energy & form

Polypeptide chain ST P-site tRNA & J[=T &

[] Termination T Mechanism (Mechanism of Termination)

Step 1: Stop codon recognition

« Ribosome mRNA 9% A-site # UAA, UAG IT UGA T&dT gl

« Stop codon F foTT #TE tRNA 21 graTl
« Release Factor (RF) A-site ¥ bind gIdT 2|
o Prokaryotes: RF1, RF2 (UAA/UAG, UAA/UGA)
o Eukaryotes: eRF1
Step 2: Polypeptide chain release

« RF ribosome ¥ peptidyl transferase site T activate FZaT gl
« Polypeptide chain tRNA P-site & cleave < release gidT gl

Step 3: Ribosome disassembly

« GTP hydrolysis #T #a& ¥ ribosome subunits (30S/50S 3T 40S/60S) T T Td &
« mRNA 3T empty tRNA ribosome & fAaerd gl

TH TTHAT F &1 ribosome reuse & 1T free T 1T B

] Termination Steps (Summary Table)

Step Description



Step Description

1  Ribosome A-site 9% stop codon TZdT &

2 Release Factor (RF) A-site & bind F¥aT &

3 Peptidyl transferase polypeptide #T cleave F¥aT &
4 Polypeptide chain ribosome ¥ release gt g

5  Ribosome subunits, mRNA 3T tRNA disassemble rd &

"] Release Factors (RF) &7 faa<or

Organism RF Stop codon specificity
Prokaryote RF1 UAA, UAG
Prokaryote RF2 UAA, UGA

Eukaryote eRF1 @#T stop codons (UAA, UAG, UGA)

« RF3 (prokaryote) 3T eRF3 (eukaryote) GTP-dependent factors g ST RF T ribosome
¥ release FXA H AR 4 gl

[ Hgaqul 914 (Key Points)
Stop codon #F foIT #T$ tRNA 21 graTl

Termination release factors (RF) 12T Il Bl

GTP hydrolysis Ribosome disassembly ¥ #&& T 8l

Polypeptide chain release & aT& ribosome T: translation # o7 free BT 1T &
g TTHAT protein synthesis FT accuracy ¥ efficiency TATET FAT 2

A

] Termination 3T TS (In Short)



e Translation complete — Stop codon — RF bind — Polypeptide release — Ribosome
disassembly

e T T ensures FLAT & T newly synthesized protein H@' TR T FIAHT | ST

gl

Termination &f ag FXT g ST translation FT exact point I THAT g AT termination
ribosome mRNA ¥ 37T TgdT 3T polypeptide chain sTeT g

Co- and Post-Translational Modifications (9g-3qaT< i< ATATRIIIT HLATE)

TSI T translation 219 F 918 AT 9 functional (FTH¢H=) &7 # 781 graTl
TS &I folding, chemical modification 3fIX targeting T STALTFHAT BT Bl

1 1. Co-translational Modifications (F2-3aT3 HATY)

Definition:

« S protein translation % I &I modify ZTaT gl
« I mostly N-terminal modifications 3i< signal sequences processing ¥ ZdT |

T YA

1. N-terminal Methionine removal (Formyl Met removal in Prokaryotes)
o Prokaryotes: fMet remove gTdT g translation [% I &l
o Eukaryotes: Met & remove TaT ST 5T 21
2. N-terminal Acetylation
o Eukaryotic proteins § N-terminal acetyl group attach T gl
o Protein stability ¥ localization § H&& FaT gl
3. Signal Peptide cleavage
o Secretory proteins ¥ membrane proteins H N-terminal signal peptide
translation 3 T ER ¥ target F¥d 98 cleave graT g
4. Folding by Chaperones
o Ribosome ¥ ST AT & I 9T, molecular chaperones polypeptide ENRCEAl
folding ¥ AET Fd &I

Summary:



o Co-translational modifications — translation & <14
e Mostly N-terminal modifications, folding, targeting

"1 2. Post-translational Modifications (SIATaIILd HLTIE)

Definition:

+ S protein translation IXT 17 & AT chemically modify ZraT &1
« g protein FT function, localization, stability, activity & IIWT’T ‘ﬁ[ﬁ?h'r AT 21

HeF 1Ll
Modification Function / Example

Ser, Thr, Tyr residues 9% phosphate STTgT; signal transduction i<

Phosphorylation .
enzyme regulation

. Asn (N-linked), Ser/Thr (O-linked) sugar addition; membrane proteins
Glycosylation

#IT secretory proteins  for
Methylation Lys, Arg residues; histone modification, gene regulation
Acetylation Lys residues; transcription regulation

Lipidation (Myristoylation,
P . (My v Membrane anchoring % form
Prenylation)

Ubiquitination Lys residues 9% ubiquitin attach; protein degradation ¥ form

Pro-peptide cleavage; insulin 3= inactive precursor #T active form &

Proteolytic cleavage
convert FIAT

Cysteine residues; protein stability sfi¥ tertiary/quaternary structure &
HIR

Disulfide bond formation

(1 Differences: Co- vs Post-translational Modifications



Feature Co-translational
Timing  Translation % ¥

Signal peptide cleavage, N-terminal
Examples .
acetylation

Function Folding, targeting, N-terminal modification

Location Mostly ribosome/ER

] Importance of Protein Modifications

Post-translational

Translation & T2

Phosphorylation, Glycosylation, Ubiquitination

Function regulation, stability, localization,
activation

Cytoplasm, ER, Golgi, nucleus

1. Protein FT functional 3 active =TT

2. Stability 3 degradation control FT|

3. Cellular signaling pathways 7T regulate F¥AT|

4. Proteins & correct cellular compartment ) target shTATI
YA 9Teal H —

Co-translational — "translation 3 T protein TATT FLAT"

Post-translational — "translation = aT protein T 2T functional FATAT"

Mitochondrial Genetic Code (RATEE®ifrgaet T FIE)

" 9=T (Introduction)

« Mitochondria # 3797 DNA (mtDNA) % {17 translation machinery 2raT g1
« T mitochondrial proteins (mostly oxidative phosphorylation & enzymes) sI9T< & forw

RNA 3fi¥ ribosomes &T STTRT FHAT g

« Mitochondrial genetic code nuclear code ¥ 3T g
« 7E code codons 3fX amino acids % f1= mapping FT define FXAT 2l

Nuclear code universal g, @ mitochondria ¥ F& codons 3@ T meaning I |



1 Mitochondrial Codon Differences

1. Stop Codon Reassignment

Codon Nuclear Code Mitochondrial Code

UGA Stop Trp (Tryptophan)
AGA Arg Stop (Human mitochondria)
AGG Arg Stop (Human mitochondria)

UGA, ST nuclear genome ¥ stop codon &, mitochondria & Tryptophan code FaT gl

2. Start Codon Reassignment

« Nuclear genome § AUG = Start (Methionine)
e Mitochondria ¥ additional start codons: AUU, AUA — Methionine ¥ oI initiate F¥
Thd 2l

3. Codon Reassignments (Humans, Vertebrates)

Codon Nuclear Amino Acid Mitochondrial Amino Acid

AUA lle (Isoleucine) Met (Methionine)
UGA Stop Trp (Tryptophan)
AGA Arg Stop
AGG Arg Stop

REER) ST (yeast, invertebrates) # codon reassignment 3T T g1 a1 gl

] Special Features of Mitochondrial Code



1. Reduced set of tRNAs
o Mitochondria ® tRNA #T H&3T nuclear genome ¥ FH gl 2l
o Wobble base pairing FT TEIHTA SATET 2T 2l
2. Compact genome
o Overlapping genes 3T shortened intergenic regions|
3. Polyadenylation
o Stop codons T post-transcriptionally complete TFaT SIT &ahaT 21
4. Deviation from universal code
o Evolutionary adaptation % FTZT codon usage nuclear genome ¥ 3T |

] Significance

1. Mitochondrial genetic code #T 3N TZ=TT mitochondrial translation F nuclear
translation & 3T FIA § HEE FLdT g

2. 7g code mitochondrial disease mutations 3¢ tRNA mutations T T0=T § Tga l;LUT 2l

3. Evolutionary studies # mitochondrial codon differences phylogenetic markers & &9 &

TEIHT Bl gl

« Mitochondrial code nuclear code ¥ slightly 3T gl
« Stop codons, start codons 3T %< amino acid codons reassigned 2l
« Mitochondrial translation machinery TH# specialize g

Transport of Proteins and Molecular Chaperones (& &7 qR@gT S ([
SITT)

T | T 7 AT ribosome T BTAT §, STohel STTEIFRTLT T IO target S8 (ST nucleus,
mitochondria, ER, Golgi, lysosome, plasma membrane IT extracellular space) T ST function
FA 2l

EGERTIY protein transport mechanisms 3T molecular chaperones #Y sF9THRAT 3 d %’I

1 1. Protein Transport (ST FT TRAGA)

Definition:



« Protein Transport = Ribosome T sI9= aTel polypeptides FT H‘@' cellular compartment

H g

I (Types of Protein Transport)

1. Co-translational transport (Translation *F )
o Secretory proteins 3% membrane proteins ER # translation % Z1%T7 &7 targeted

R 2

o Signal sequence polypeptide FT ER membrane & TgaTH+ H Ha& FaT gl
2. Post-translational transport (Translation * q12)

o Cytosol H & proteins T mitochondria, nucleus, peroxisome IT chloroplast &

ITE H FSAT AT 2

HeT Target Compartments 3T Mechanism

Target Organelle

Nucleus

Mitochondria

ER

Golgi / Lysosome /
Secretory vesicles

Peroxisome

Signal / Mechanism

Nuclear localization
signal (NLS)

Detail

Importins protein #T nucleus & & JITd &

Mitochondrial targeting TOM (outer membrane) 3= TIM (inner membrane)

sequence

Signal peptide (N-
terminal)

Signal sequence +
vesicular transport

Peroxisomal targeting
signal (PTS)

complex & ETT import

SRP (Signal recognition particle) ribosome #T ER
membrane ¥ SIT=4T §; Co-translational translocation

COPI/COPII coated vesicles =T transport

PEX proteins g1 import

"1 2. Molecular Chaperones (37 ST9<I)

Definition:



« Molecular Chaperones = Proteins ST 3= proteins T H@' folding H 73T Fd & 3f¥
aggregation Td gl
o IZ transport 3T folding TAT H§ AZATT &

H&T T (Major Types)

1. Hsp70 (Heat shock protein 70)
o Ribosome & newly synthesized polypeptide T bind FZaT gl

o Folding ¥ organelle import § A&g FdT &
2. Hsp60 (Chaperonins)

o Cytosol 3T mitochondria ® protein folding TATET F¥aT

o Barrel-like structure ¥ protein FT encapsulate F%F Tt folding FLAT Bl
3. Hsp90

o Signal transduction proteins 31¥ steroid receptors FT stabilize FLAT Bl
4. Small Hsps

o Stress conditions (heat, oxidative stress) # aggregation Trshd gl

Chaperones #T Transport # Role

1. Proteins FT unfolded state ® SHTT T&T ATl organelle membrane ¥ USRS |
2. Membrane translocation # ZI<T protein T misfolding 3< aggregation ¥ FHTATI
3. Imported proteins FT final native conformation ® fold FZATI

Example: Mitochondrial proteins

« Cytosolic Hsp70 protein — mitochondria import & <17 unfolded protein T stabilize
AT 2l
 Matrix Hsp60 — protein T correctly fold F¥aT 2|

] Mechanism of Protein Transport (Simplified)
A. Co-translational ER transport

1. Ribosome translation $[& T |

2. N-terminal signal peptide s=dT 2|

3. SRP bind F¥AT § — ribosome-polypeptide-SRP complex ER membrane 9% ST SRP
receptor ¥ bind FAT gl



4. Protein translocon (Sec61) ¥ ER lumen H enter F¥dT %I
5. Signal peptide cleaved gTaT g 3T protein folding ER lumen ¥ g 21

B. Post-translational mitochondrial transport

Protein unfolded state # cytosol ¥ ¥gaT gl

N-terminal mitochondrial targeting signal f3@Ts 34T )
TOM/TIM complexes ETZT matrix ¥ transport|

Signal peptide cleaved 3fi¥ Hsp60 ST folding complete!

L=

] Importance of Protein Transport & Chaperones

Proteins &7 H‘@' location & =TT — functional activity!

Misfolding 3T aggregation T T

Stress conditions # protein stability maintain F<TI

Mitochondria, ER, nucleus, Golgi ST& organelles #¥ proper function FATEd AT
Protein trafficking defects — %% diseases (neurodegenerative diseases, cystic fibrosis,

M e

mitochondrial disorders)|

« Protein transport = Ribosome ¥ protein FT target compartment ¥ safely Tg=TTI
e Molecular chaperones = Folding 3 transport 3 &I protein FT protect 3T stabilize
AT

o @I THAFT cellular protein homeostasis AT Fd 3

Unit 4

Cell Disruption Techniques (FfarT z=3 Ft THF)

Definition:

o Cell disruption = TTH=T ook g7 foheft STrfara a7 ga LT (cell) FT EAT/AFT
TIEHL ITH 3T fﬁﬁ:’ contents (@'& proteins, nucleic acids, organelles) AT 18T
T StTaT B

o = cell lysis 57 Fgd 21



"] Cell Disruption % 3297 (Objectives)

1. Intracellular components T extract FATI
o Proteins, enzymes, DNA, RNA, metabolites

2. Subcellular organelles (mitochondria, nuclei, chloroplasts) T R FATI
3. Biochemical 3% molecular biology experiments % foIT sample preparation|

"] Cell Disruption Techniques F &< (Types of Cell
Disruption)

A. Mechanical Methods (Fif3% faferm)
1. Homogenization (FIHISATSSIT)

o Cells T blender, mortar-pestle, Potter-Elvehjem homogenizer & grind T
ST 2
o Mostly soft tissues 3T mammalian cells # o)
2. Ultrasonication (ISZTAIA <MT)
o High-frequency sound waves — cavitation — cells rupturel
o Advantage: Efficient for bacteria 3% yeast|
o Disadvantage: Heat generation — proteins degrade 8T Td 2|
3. French Press (359 99)
o Cells #T high pressure ® compress — sudden release — cell rupturel
o Mostly bacterial 3T yeast cells & ferTl
4. Bead Milling / Bead Beater (i fafeim)
o Cells + small beads — vigorous shaking — mechanical collision — rupturel

o Bacteria, fungi, 3T plant cells # effectivel
5. Grinding in Liquid Nitrogen
o Plant tissues (hard cell wall) — liquid nitrogen # freeze — tissue brittle — grind
HTAT ATHTAN

B. Chemical Methods (TI'GTJﬁ?F ﬁ'@'ﬁ)

1. Detergents (Th#<<)



o Triton X-100, SDS — cell membrane dissolve F¥d gl
o Mostly membrane proteins extraction H ST
2. Osmotic Shock (3TEATEH HATHT)
o Cells hypotonic solution ® STEAT — water influx — cells swell 3T rupturel
o Mostly gram-negative bacteria 3T red blood cells|

3. Enzymatic Digestion (GATSHIEH TE)

o Lysozyme, cellulase, pectinase — cell wall degrade F¥d 2|
o Especially bacteria 3% plant cells % ferm

C. Physical / Non-Mechanical Methods

1. Freeze-Thaw Method (his7-Y)
o Cells FT ice # freeze — thaw — ice crystals — membrane rupturel
o Gentle method; enzyme activity preservel
2. Microwave / Electric Field
o High-energy microwaves — membrane rupturel
o Electropermeabilization / electroporation — temporary pores create — molecules
exitl

] Selection of Cell Disruption Method

Factors to consider:

1. Type of cell:
o Bacteria, yeast, plant — tough cell wall — mechanical + enzymatic methods
o Animal cells — soft membrane — chemical or gentle mechanical methods

2. Target molecule:

o Proteins — avoid heat denaturation — gentle methods

o Nucleic acids — avoid nucleases — buffer + cold conditions
3. Yield and activity:

o Method #T choice max yield + biological activity retain F<AT AT

] Comparison of Common Methods

Method Pros Cons Suitable for



Method Pros Cons Suitable for

Homogenization Simple, cheap Not for tough cells Soft tissues

Ultrasonication Efficient, fast Heat generation Bacteria, yeast

French Press High efficiency Expensive Bacteria

Bead Milling High efficiency Wear & tear, heating Fungi, yeast, bacteria

Detergents Gentle, membrane proteins Can denature proteins Animal cells, membrane proteins
Freeze-Thaw Gentle Low yield Lab-scale, enzyme preservation
Enzymatic Gentle, specific Expensive, slow Bacteria, plants

] Precautions During Cell Disruption

Temperature control (ice or cold buffer) — protein denaturation I+ & oI
Protease inhibitors — proteolysis T/ & o)

Gentle handling — enzyme activity =T 3 form)

Buffer selection — pH 3 ionic strength maintain F¥AT

bl

) Summary (AT90)

e Cell disruption = “FTfHT GIAAT AT1F intracellular components extract T ST 31"

e Techniques: Mechanical, Chemical, Physical
e Choice factors: Cell type, target molecule, yield, activity
e Purpose: Biochemical studies, enzyme assays, protein purification, organelle isolation

e Plant cells ¥ o7 liquid nitrogen + grinding 3 enzymatic digestion combination Ta#
effective Bl

« Bacteria 3T yeast — ultrasonication IT bead milling|

e Mammalian cells — chemical detergents 3T freeze-thaw!



Cell Disruption Techniques (Mechanical vs Non-Mechanical)

Definition:

e Cell disruption = FTTIHT T AT AT HTAT TSHT AZL IS[< proteins, nucleic acids,
organelles 3TTf< FT a8 AshTaAT|

o U TN T AT H AT &
1. Mechanical Methods (I3 fafa=r)
2. Non-Mechanical Methods (f-aif3 fafe=t)

Mechanical Methods of Cell Disruption (Fi3F FIfSeT ge= T f&afem)

o =¥ fafd # physically force T cells rupture F-FT ST £
« Mostly tough cells (bacteria, yeast, fungi, plant cells) 3 foIT effectivel

Definition:

« Mechanical methods & physically force IT shear stress FT STANT % cells FT rupture
[ERISIEIE

« g method tough cells (S bacteria, yeast, fungi, plant cells) # forg dgd effective El

« TAH cell wall/membrane FT TIST STTAT & AT intracellular contents (proteins, nucleic
acids, organelles) fAaet T

[l 999 Mechanical Methods
1(0_ Homogenization (FTHISATESL)

e Principle: Grinding 3T shearing force ST cells rupturel
Equipment: Mortar-pestle, Potter-Elvehjem homogenizer, blender
Suitable for: Soft tissues, mammalian cells

Pros: Simple, inexpensive

Cons: Not effective for tough cell walls



2 @Jltrasonication (SIRA'I'Fﬁﬁ?F eN< / Sonication)

e Principle: High-frequency sound waves — cavitation — microbubbles implode — cell

rupturel

o Suitable for: Bacteria, yeast, small volume lab samples

e Pros: Fast, efficient, scalable for small volumes

o Cons: Heat generation — protein denaturation; not suitable for large volumes without
cooling

3(0 French Press Gh= 39)

« Principle: Cells T high pressure & compress fFaT SITAT & — sudden release — cell
rupture

e Suitable for: Bacteria, yeast

o Pros: High efficiency, reproducible

e Cons: Expensive equipment; lab-scale mostly

4 Bead Milling / Bead Beater (i€ fafer / iz fiex)

e Principle: Cells + small beads — vigorous shaking IT stirring — mechanical collision —
rupture

o Suitable for: Bacteria, yeast, fungi, plant cells

e Pros: High efficiency, scalable

e Cons: Heat generation, wear & tear of beads

5( Grinding in Liquid Nitrogen (33 STgaie § =)

« Principle: Tissue FT liquid nitrogen # freeze — tissue brittle — grind with mortar-pestle
— cell rupture

o Suitable for: Plant cells, hard tissues

e Pros: Gentle, preserves protein/enzyme activity

o Cons: Labor-intensive, limited scale

| Mechanical Methods % Advantages T Disadvantages



Feature Advantages Disadvantages
Efficiency High yield, effective for tough cells Can damage sensitive proteins due to heat/shear
Scale Lab-scale to industrial Some methods expensive or labor-intensive
Protein activity Can preserve if cooled properly  Heat/abrasion can denature proteins

Equipment Simple to specialized Cost varies from low to high

] Key Points

Mechanical methods physical force 9% ST&THT gl

. Soft cells (animal cells) — Homogenization, Freeze-Thaw

3. Tough cells (bacteria, yeast, plant cells) — Ultrasonication, French Press, Bead
Milling, Liquid Nitrogen Grinding

4. Protein denaturation T % 1T cold conditions ¥ protease inhibitors FT 3T

FLAT AT

N —

(] Summary:
e Mechanical methods are fast, high-yield techniques for cell disruption.

e Proper method selection depends on cell type, target molecule, and sensitivity of
proteins.

THE T

Method Principle Suitable Cells Pros Cons
L. o ) Soft tissues, ) Not effective for
Homogenization Grinding / shearing force . Simple, cheap
animal cells tough cell walls
. Bacteria, Heat generation,
Ultrasonication High-frequency sound waves Fast, efficient g )
yeast protein denaturation

- cavitation > membrane



Method Principle Suitable Cells Pros Cons

rupture
. . Expensive,
High pressure - sudden Bacteria, . o o
French Press High efficiency specialized
release - cells burst yeast )
equipment
. Cells + small beads > . .
Bead Milling / Bead . . Bacteria, Effective,
vigorous shaking = collision . Heat, wear & tear
Beater fungi, yeast  scalable
-> rupture
S N Gentle, . )
Grinding in Liquid  Freeze - brittle tissue > Plant cells, Labor-intensive, lab-
. . . preserves
Nitrogen grind hard tissues . scale
proteins
Summary:

« Mechanical methods = force or shear stress ¥ cells T T
e Advantage: Efficient, high yield
« Disadvantage: Heat 3 shear damage ¥ protein/activity &l TEHaTT

'] 2. Non-Mechanical Methods (f=-Ti=3% ﬁfénﬁ)

« =9 fafd # chemical, enzymatic IT physical changes FT ITIT F% cells rupture T
ST B
« Mostly soft cells 3% membrane proteins # foIT suitablel

faegt! 19 27 Non-Mechanical Methods of Cell Disruption (FX-Ti{3% FITHT T it
fafarat) 1 wers & B & wwera 2

Non-Mechanical Methods of Cell Disruption (f=-ait== fafem)

Definition:



« Non-mechanical methods & TfrsT & physical force FT TSI chemical, enzymatic,
osmotic IT physical changes ¥ rupture T SITaT )1

« 7E soft cells 3T sensitive proteins F 1T SATAT suitable |

o THET YT 3297 g cell contents FT gentle LI T extract FLATI

[l 999 Non-Mechanical Methods
1 Chemical Methods (Trama @ fafaa)

Detergents / Surfactants (7%%2<)

Principle: Lipid bilayer dissolve — cell membrane rupture
Common chemicals: Triton X-100, SDS, NP-40

Suitable for: Animal cells, membrane proteins extraction
Pros: Gentle, preserves organelles

« Cons: Harsh detergents protein denature ¥ ¥ahd &

Osmotic Shock (eH112% #2%T1)

« Principle: Cells FT hypotonic solution # STAAT — water influx — cells swell — rupture
e Suitable for: Red blood cells, gram-negative bacteria

e Pros: Gentle, simple, inexpensive

o Cons: Not effective for cells with thick cell walls

2 (0 Enzymatic Methods (GSTSH SeTiRa)

« Principle: Enzymes cell wall &I degrade ¥ rupture F¥ <d &

Common enzymes: Lysozyme (bacteria), Cellulase / Pectinase (plant cells)
Suitable for: Bacteria, fungi, plant cells

Pros: Gentle, specific

Cons: Slow, expensive

3 @’hysical Non-Mechanical Methods



Freeze-Thaw Method (%1597 1312)

« Principle: Cells T repeatedly freeze — thaw F¥AT — ice crystals — membrane rupture
e Suitable for: Lab-scale, enzyme preservation

e Pros: Gentle, preserves protein/enzyme activity

e Cons: Low yield, time-consuming

Electroporation / Electric Field (337219197 / 35T &7)

o Principle: High voltage electric pulses — transient pores in membrane — intracellular
molecules exit

e Suitable for: Bacteria, mammalian cells

e Pros: Can introduce molecules into cells

e Cons: Requires specialized equipment

) Non-Mechanical Methods F Advantages 3i¥
Disadvantages

Feature Advantages Disadvantages
Protein . .

o Gentle, preserves enzymes Yield lower than mechanical methods
activity
Cell type Soft cells, membrane proteins Not effective for tough cell walls

Simple, inexpensive (osmotic shock,

Simplicity Enzymatic methods expensive & slow
detergents)

) L ) Electroporation requires specialized
Equipment Minimal required

setup

] Key Points

Non-mechanical methods force < fA¥¥ AgT €|

Soft cells (animal, RBCs) 3T sensitive proteins % {7 ideal|

Often combined with mechanical methods for higher yield|

Temperature control 3fX protease inhibitors FT ITTRT protein/activity T=TH * forg
SIEERET

L=



"/ Summary:

Non-mechanical methods = chemical, enzymatic, osmotic IT freeze-thaw methods
Advantage: Gentle, preserves protein function

Disadvantage: FHT-FT yield F, slow

TG T

Method Principle Suitable Cells Pros Cons
L . . Gentle,
Detergents / Lipid bilayer dissolve -  Animal cells, Can denature
reserves
Surfactants membrane rupture membrane proteins P proteins if harsh
organelles

Hypotonic solution - Red blood cells, .
Not for cells with

Osmotic Shock water influx = cell swell gram-negative Gentle, cheap i
) thick walls
- burst bacteria
Enzymes (lysozyme,
Enzymatic Digestion cellulase) degrade cell Bacteria, plant cells Gentle, specific Slow, expensive
wall
. Gentle, . .
Ice crystals formation - Lab-scale, enzyme Low vyield, time-
Freeze-Thaw . preserves .
membrane rupture preservation . consuming
activity
. . . . . . Requires
Electroporation/  High voltage > transient Bacteria, mammalian Can introduce lized
specialize
Electric Field pores - molecule exit  cells molecules P .
equipment
Summary:

e Non-mechanical methods = chemical, enzymatic, osmotic, freeze-thaw T electric field
T ITANT

o Advantage: Gentle, preserves protein function

o Disadvantage: Sometimes low yield, slow



1 Comparison: Mechanical vs Non-Mechanical

Feature Mechanical Non-Mechanical
Principle Physical force / shear / pressure Chemical, enzymatic, osmotic, freeze-thaw
Suitable for Tough cells (bacteria, yeast, plant) Soft cells (animal), sensitive proteins
Efficiency High Moderate to low
Effect on . . .

. Risk of denaturation Gentle, preserves activity

proteins

. Blender, French press, Ultrasonicator, Detergents, enzymes, hypotonic solutions,
Equipment .

Bead beater electric pulse

e Mechanical Methods — High yield, tough cells, risk of protein damage
e Non-Mechanical Methods — Gentle, preserves activity, suitable for soft cells
e Choice depends on cell type, target molecule, yield, and protein stability

FThsrRer (Centrifugation) T 872

ATHATHLIT T TANTITAT THATE g SR T (mixture) FT a9l § THATRL (spin FTF) S
FOTT [ I7eh AT, ARR-THIT (shape), T (density) 3T AA/FAT HT AHaAT (buoyancy) F
ATYTT I AT AT ST 2

ST ToReT =@ T aga aoit & S[ATAT STTAT &, A7 AT R0 J1g< ol AT (=) =l 1 &, 3T goh
FUT HOUT T AT T AT &
THT THEId T2 FITAFTY, Ao, TE, DNA, I AT TR T T ST &l




* SAThIHOT AT 9o @gia (Principle)

TRU T AT ATHAT I (centrifugal force) FTAT &

ATHEIT T o< AT T T (rpm) x FT HT FSAHTT (mass)

o AT FIT — Foal A1 95 ATd & — Tete (pellet) TATT &
o ZTh F — FIL ALA | T ATd § — A< (supernatant)

Centrifuge #sfi9 & & w1 r

Rotor (JeX) — sample tubes FT THT FT TATAT &
Motor — S[HTH AT (&1
Refrigeration system — AT7 &l ([AI=d Far g

Control panel — rpm, T, ATTHATT HE FIA F 00T
Tubes — THAT &I 7@ & o

AR

## Centrifugation ¥ w=1< (Types) — fa&qa =are

1. Differential Centrifugation (ra<#® Tahai=Hor)

Tg TIH A THATE gl TAHH sample FT FH: TEA rpm T THTAT AT 5
X AT AT-3TAT T AT gId ST 2

IER I

Sample FT FH A 7T BT & — TG AT FT A= 37 SATT (S nucleus)
Supernatant T 75 [ | o

rpm FETT — TS ARTHH Uol q9T10

bl o



THHT ST

o HITIMHT fractionation

e nucleus, mitochondria, lysosome, ribosome 33T haAT

2. Density Gradient Centrifugation (SFa-gTeT TTehsi=hor)

WW@@WE@&WW%WW%W@(@ sucrose gradient) gt
gl

EGERAREN LS

2A. Rate-Zonal Centrifugation

« Separation size 3fIT shape T¥ &t

o T HUT IUL ILAT H FFA &

o ATIN FUT A ATA &

o IR T T gradient TTT el ¥ TR (FATH =ca HTHT ZIAT 8)

SUANT;

o TTILH T A
e RNA, ribosomes T JIFHIT
e UTEM complexes FERT FHTAT

2B. Isopycnic Centrifugation (Equilibrium Centrifugation)

« Separation T I ATLTILA
o LA AT TF A H FAAT T2dT & ST T a2 gradient H FIH TUAL TAA ATAT I
EIE]

o T2l AT fR 1 SATAT @ — equilibrium




SUANT;

« DNA separation (fr9rs¥ Meselson-Stahl experiment)
o TS DNA purify FTAT
o forITTE fractionation

3. Ultracentrifugation (3rfa-dtar sraehaisraom)

FTEd O A (40,000-100,000 rpm TF) & Foaer oo Sar g1
T1e¥ % o AT oTq (Titanium 3T Carbon fiber) ITFNT ET Bl

SUINT:

e JTIIH particles T ANT4

o TamEm, gagfHed, T complexes
e DNA, RNA sedimentation

o HEHAH FOT AT g

4. Analytical Centrifugation

TE U 9T qae o & e sample T 99 FTd T9T real-time optical systems ¥ I
sedimentation rate §THT STT<T &1

SERILF
e« &M % molecular weight T fArgrior

e Dbinding interactions T eTIT
e polymer size T T



5. Preparative Centrifugation

Tg TE1 ATAT | sample T 3TeRT F¥ o0 ITART 2T 2
T I59T — I
CREREE R

m Rpm 3ix RCF ¥ @<

« RPM (rotations per minute) — T¢= <l ool 97 &l &
« RCF (Relative Centrifugal Force) — TH~ T% & o a7 (g H)

RCF 79 T T (radius) T A7 2T €, TAT a7 RCF FT TIRT 7T 2

Centrifuge ¥ &7 eI &K

1. Fixed-angle rotor — & [EEALIREY E\Fﬁ '@T‘ﬁ %

o UOE Aedl AAT g
« differential centrifugation % forT st

2. Swinging-bucket rotor — =[& Rus Fxa T wieft @t gy ot &

« Density gradient centrifugation F foIT Iugwh

3. Vertical rotor — gradient separation % feQ

« ultracentrifugation ¥ ITTR

LRGIKICEHE R

o E[ET HI AT (balance) FY

o THA TGl H FE HL
o rpm AT & T2 T A1



o ol THIT & S[F ITAN HY
o IRSILET centrifuge § ATIHTT 4°C T& (T T T &)

ATHATHLUT U AT Hged [0 SAq-LTETI A Tehed 1 g SIT 0T Tl IeTeh A, SR AT AR

TART o ATLTT T AT HLAT gl THHRT STTRT HITATFRTU, AT, T, DNA, FTIEH 3T 77
STTare 07T T ST e TAT ST AT Fde § FRAT STaAT 2

#1. Basic Principle (&7 Rrgia)

ATHATHTIT (Centrifugation) T PR Ig % & 5o efy frsyor (mixture) T qgd G
THTAT SATAT &, AT S I ATha T 9 (centrifugal force) FRTAT &, e RN R AU 574777
(mass), STHTT (Size) AT T (density) F AT IT AAT-T X (sedimentation rate) ¥ 11
|

o VT 3R STEF T AT T — AT F FTY/AT HT AT ITd & — Pellet THTT &
o T 3T FH T qTA F — JHUL qLA | T ITd & — Supernatant

ITHT separation FT STEMT &
v TFHTE (Mass)

v ST (Size/Shape)

v F°d (Density)

v TTeaH i RafETTEE (Viscosity)
v 3T &9 a1eT RCF (Relative Centrifugal Force)

* 2. Components of a Centrifuge (¥ & T&T 9eH)

HETFIST F5 Hgea ol TGedl & e 4T gIaT 8, 3 g AT 79 (sample) T AT, T T
STHATAT TE1h | AT T Fed § (a1 A7 2

1. Rotor (JeX)

e HETH ST FT ga7 (heart) HTHT STTAT 2|
Tot ag TEeaT § e =6 @9Ts ATl § oY ST 39 i | g7t 8




T &Y fAquara:

o AT AN T (TetafATw, ereefRaw, FwE wrEeaw)
o 3g M & LA | qEH
o FUI % FIA HF | AT AT AL AT I Iqo FLAT 2

T F T

(a) Fixed-Angle Rotor

o LA 25-40° F FHIT I AT el 5
o FUT Foal AA-FohATE I¥ STHT T &
« Differential centrifugation ¥ T Ty

(b) Swinging-Bucket Rotor

o S[TENT H =[F A1 et L@l &
o IHA THA "I (horizontal) BT SITAT &

« Density gradient centrifugation F forT el
o JTeUZ Y uxal #r oved T Fa

(c) Vertical Rotor

. T A el ol e B

o SAfq-af fFow ® STt

o Seal equilibrium F9AT 8

« Isopycnic centrifugation ¥ STIRT

2. Motor (HTeX)
Fraw T A1 AR TAT FAT § A S e A &
faroroaTd:

« variable speed motor (A= rpm T 9« THT B)

o f3AT F99 F smooth rotation
e high-torque design



CITEDP

e rpm (rotations per minute) 3TN HIAT

o U oI FaT TET
o FFEF qTT T F= o7 thermal protection

3. Control Panel (F1<T §9T)

Tg HETHIST T Aieash (brain) &1
=8 F7 R T Smar &2
e RPM /RCF (g-force)
e YHY (time)
o TIYHTA (temperature)

e Acceleration / deceleration rate
o Ffe "l (door error, imbalance error #TTx)

o

- ‘ o e .
efree sgrel I9e sreffah HErgst # 9T gl

4. Refrigeration System (XPRSTLQ AT FHieiwT fRreew)

St T (DNA, T, TATSH, RITAHRTT) THT & T Haaaeie gid g
39 rpm F I HIET ST T THT TaT F4d 2l

TEfog Hiehr fRreew #1 #wr:

o TTIHTT & 4°C AT He 7T T /T 9 T4 @7
« sample degradation TrHT

o TUATSHIEE TIATATY FT FF FTAT

e virus, cells, organelles £ =T ELTF%?T @qr

T compressor STETT IT thermoelectric (Peltier) STETRT g1 T g



5. Centrifuge Tubes (TS =)

T THAT 7@ * o0 {39 e i =4 gl 2l
faQuara:

o TTE-T ATHAT:
o Polypropylene (Fa# ATHT)
o Polycarbonate
o Glass (F9 ITTM)

e leak-proof
e high-speed compatible

o SET-IAET &FHAT: 0.2 mL & 50 mL U 100 mL T

TG HhdT.

o AT & HA (balance) T@AT AELTF §
o Tl AT FT FAT rpm T AT Fa1

6. Lid and Locking System (FF < S([ehT [€E2H)

AT T qaH Tged 01 W
EGEIR \EEDE

o TFuq % < AT 32 ° F9T

o TAME ¥ faFhle/ged & AT

e accident 1< T rotor I THA H AES

o TFF a3l a5 Hefi =T Aal gl (safety interlock)




7. Safety Systems (HFET HehR{A9H)

o
EIRIE

% WIS qeeAT o oI & frees & 99 g1 6—

0 arfaeT:

Imbalance detection — &I ST T balance 7 g AT Heliw T dg 2T ATAT &
Overheating protection — W TTTHTT T IL d<

Overspeed control — rpm T 7 YT S H%DF T

Emergency brake — 3TqTdhTT H T &7 AT %’

Shock-absorber base — 97 T&dT &

8. Chamber (39%)

TET F AT AL T AT-FATHa swrg)

Tre< Tl FIIET JLAT
AT B9 9T flying debris T THAT
9T 3fIT T FH FHLAT

3 (cooling) T ATTHTT ST FATT TE@HT

9. Drive Shaft / Spindle (ST STTYH<)

HTe 3T Trex & A= fofel
HIe & JUIF Sl AeX qF SHT § qgadl gl

* gferg &< (Exam-Ready Summary)

Component e 14



Component e 14

Rotor THA FT TS & AT, separation F9F FATT
Motor TreT AT AT AT o1fF 47
Control Panel rpm, THE, ATIHETH R AT

Refrigeration System ¥ & 38T T@HT; THT & TATAT

Tubes THAT T@A AT HieAT

Lid/Lock System AT AT FTAT

Safety Systems imbalance, overheating, overspeed 1T

Chamber TeT F AT TT T HAT

= Centrifugation % Types (Differential/Velocity 3i< Density Gradient) FT g AfoheT T,
THEAT-SUw faega et fEraeor faam o &

* Types of Centrifugation (I F TFIX)

qerd: Y THE THR E:

1. Differential / Velocity Centrifugation GEaw/ ELl 3Tcl%l3_sﬂ'°h_{'UT)
2. Density Gradient Centrifugation (SFeI-&Tol TTH&I%HTIT)

* 1. Differential / Velocity Centrifugation (Sa<H/aT sTaaaishom)

Tg AIE FAATET 3T T ATeH ITANT AT T ATAT THE B
THH TN T ITh AR, TAATT 3T sedimentation velocity  STLTT I TR AT SATAT B




v T&&Ta (Principle)

ST TsAoT 7 FHHT: FTEAT g5 rpm T THTAT SITAT &, TT AT FH0T Tgof 37T gooh 07 18 § A1
Foa 2
g FTT I a1l pellet 3T supernatant ¥ TAT-3TT FH0T TTH B 5l

v AT (Steps)

1. Sample T FH T 9¥ o —
T AT FOT (S nucleus) A= AT pellet TATT 2
2. U F supernatant 75 S[F | of oA 74T
3. rpm FETE ST & —
AT gooh AT a2 T (mitochondria, lysosomes) HT= 31T 21
4. % T 5 e A T
— BT AT UF AT AR & pellet =T 21

v e ST U< separation giaT 82

o STHTY (size)
o THHIT (mass)

e density
o sedimentation velocity

v STAIT (Applications)

e Cell fractionation
e Nucleus, mitochondria, lysosomes 3T HiTAT
« Ribosomes 3fI¥ 37 subcellular components YTH FTAT



* 2. Density Gradient Centrifugation (S\<a@-aTt TThatHoT)

Wﬂifﬁﬁ%ﬁ;sampleqﬁ'qﬁﬁﬁ'@qq H T@T STt %ﬁmﬁﬁﬁﬁmaﬁqﬁ(@lﬁ sucrose,

CsCl) T gt 2l
T gradient § 1= T ST FAT 2 3T TIA T, ATRTL AT (A o ATLTT T 3T 21 2

- (Fae Fgea):
A. Rate-Zonal Centrifugation

B. Isopycnic (Equilibrium) Centrifugation

* A. Rate-Zonal Centrifugation (2-s<e TTaheishem)

v gia:

T T I AT (size) 3T shape F AT T AT FRIT FTAT B
TAA-ETA FOT1 T Feae (diffusion) & TehdT Bl

faQuara:

« separation §EAd: sedimentation rate T STETI T

o Zoh AT TIEFT FULEA &

o T S T e A T E

o  THT MIET gHET SF9TF g (overtime pellet T &)

SUANT;

o ATHLH (viruses) FT TAHLOT
e Ribosomes / mRNA complexes
e Protein subunits



* B. Isopycnic (Equilibrium) Centrifugation (F37-sca sTTeha <)

v g

FOT gradient H T8 TF I & 9 dF 9 I GHIT I (isopycnic point) AT TIT TF 7 I
ST

Fe! I g1 AT § — equilibrium F9aT gl

Tg T 78 density-based separation g

faroroaTd:

o T T ATHRTL/ATHTL-THTT HIAA qG! T@aT

o separation HT X 9T AET

o T pellet ARl aTd

o TaH & (highly pure) separation Y& F¥AT

ST

o DNA separation (Meselson-Stahl experiment)
e Plasmid DNA isolation
e Lipoprotein fractionation

o dgd IS FOT HT ultra-purification

* greeit (Quick Comparison Table)
THTT Principle JTETT IIANT

Differential / Velocity 3TeRT-3TeRT rpm T¥ heavy/light FT 31T 21 € Size, mass  Cell organelles

Rate-Zonal gradient # size/shape & 1A T Size + shape Viruses, ribosomes

Isopycnic (Equilibrium) %07 377+ density point T ¥Fd & Density DNA, lipoproteins



* Difference between g-value (RCF) and RPM

1. RPM (Rotations Per Minute)

o T FATaT & % Tex u e # Fohaeit 9 goar gl

e TE FAA I (speed) ATIAT 2

o IAZ THA I A ATAT ATEATAF qA Al AqTaATI

o BLUHS # TF & RPM U -3 o 9T qhal &, FA11% Le¥ HT radius T

LRI
v RPM g qx AT w<ar 82
o FHAA HIET T TAN HT A T

* 2. g-value / RCF (Relative Centrifugal Force)

o TE FqTaT ¢ T T 9% TohaAT aTeata® AThE T S 9 =T 2
o g-value = T5AT & & (1 g = 9.8 m/s?) & Toha= AT a % I
o TE AHA H T (radius) 3T RPM AT 9% A6 w21 2

v Ig sAfde fsgaa /1 § it

o TLYANTH A9TF a1 1 S-S AT fam s ahar 2|
o AT FT FRET AT 7efiT 9T F9T RCF = 9619 90|

* 3. 99 (Relationship between RPM & RCF)

RCF (g) = 1.118 x 105 x r x (RPM)?
S8l r = e & radius (cm ¥)

[l 29T HdA:

« RPM T — g-value TSt & I (square relation)



o radius TET ENT — g-value 5T T

* 4. &I 3 qTIerHT

IEEREL RPM g-value (RCF)
PRUGIE] Rotations per minute Relative Centrifugal Force
T TreX fohael oSt & F0 @7 § T T O a7 areaqias® ao
frefwar EEERIGH T + Tew iy eI
wef-fafars? gt (2% weft ux 1er) T2l (2T 9ehie % 71T)
ASATIF T | FIT AT Agea o ? FF stfers, F(T o wérh o g
AT HTeT TE&T ST 8 T T IOET FEAT TEAT &

* 5. JMGT AT § (A<

o RPM =g &l TAA HiT T
o g-value = THA I A AT ATEA(AH FA=ATA/TITT

* 1. Preparative Centrifugation (q=m<r / TIFOT ATHATHLI F STANT)

Preparative centrifugation T {&J 329 et Frsror & S ATt | Fr Av a'al'-?ﬂ'l'{[?rﬂ" T AT
(isolate) 3AY S[Z (purify) FLAT 2
THHT TR E'EFQIT preparation IT purification ED ﬁl‘Q’ T STaT %’I

v A. Cell Fractionation (FTThTT ST T T HLAT)

e Nucleus
e Mitochondria



e Lysosomes
e Chloroplasts
e Ribosomes

FT 3T T & oI differential centrifugation T T ITTNT|

v B. Biomolecule Purification (S&-37T931 &t S[f5)

DNA, plasmid DNA
RNA

Proteins

Enzyme complexes

! high-purity & YTH %4 % foIT preparative density-gradient centrifugation ST T 21

v C. Virus Isolation (ITIIH T TAHI)

o  TILH particles T TRTHT FITAFRTSN & ST FLAT
o YE-JA TAT equilibrium centrifugation ZIAT ITAT

¢ D. Large-scale Separation
e Blood components (RBC, WBC, platelets, plasma) T TIHI0T

« Industrial biotechnology ¥ cells / biomass recovery
« Vaccine production ¥ viral particles collect FZAT

¢ E. Lipoproteins Separation

HDL, LDL, VLDL T density-gradient centrifugation ¥ 3TeIT FATI

¢ F. Organellar and Membrane Isolation



¢ Cell membrane, nuclear membrane
e Endoplasmic reticulum / microsomes
e (Golgi bodies fractionation

* 2. Analytical Centrifugation (& oTeH® STTehaIH<0T & ITTIT)

Analytical centrifugation FT IZ9T UM o WITAH ST TATATH O T TAAT (analysis) FAT
2T g, 7 T3 Ivg ST LTl

Head: 3g-ITH9 (high precision) &TTer FTAT § ITANT BT Bl

v A. Molecular Weight Determination (TU[HTX faren T)

Proteins, nucleic acids 3T & molecular weight T TV TR sedimentation coefficient F
AqTeaw 7 AT S1aT 2

¢/ B. Sedimentation Coefficient (S-value) HTIAT

fefY =T T sedimentation velocity T ATIT —
U 3 Slhl, drdcq, xedHId WWW%|

¢/ C. Protein—Protein Interaction Studies

e Complex formation
e Oligomerization
e Association—dissociation kinetics

FT 3TEAT real-time optical detection |

¢’ D. Shape and Conformation Analysis



H‘T‘%FPFT #Y shape / conformation & a&aTa (folding-unfolding) FT fergrerom

¢ E. Nucleic Acid Analysis

« DNA ¥ RNA #T purity
o 3{T-3AIT density forms (supercoiled, linear, circular)

o Heterogeneity =T S£qqT

v F. Polymer 3i< Nanoparticle Characterization
o Particle size distribution

e Aggregation properties
« Stability 3fi¥ sedimentation behavior

¢ G. Thermodynamics 37X Binding Studies

e Binding constants
e Stoichiometry
o Stability of complexes

T studies @TEFT 918N TS biophysics TTRTLTATA § T JTAT 2

* gferg areuft (Exam-Ready Table)

TH LT & ITART
Preparative T AT ﬁqw/ Cell organelles, DNA/RNA, proteins, viruses, blood
Centrifugation gl-i?g components
Analytical ATTAF-TETa = I FT Molecular weight, sedimentation coefficient,

Centrifugation IEEER interactions, shape, nanoparticles



* Chromatography (FHERITH) FT 82

FIHETHT T ST (analytical) 3T TFHIOT (separation) T &, Forerd fHr=ror
(mixture) 3 FOTT T &7 phases—

1. Stationary Phase (o< sraeum)
2. Mobile Phase (rfasfier sraream)
% |TT ITehT A=A affinity (STHFYT) F LT T FAT AT 1T 2

* Basic Principle (3= frgia)

=T & B st

o TR F®T (stationary phase) & T 3¢ f=rasd &
e T FAFAT (mobile phase) H FFa«T =il & 377 T &
T IAT o AAT h AT T T gl AT B

v ST affinity — €Y TG — e T AT B
v & affinity — T A — SRT HFHe ST 8

* Chromatography ¥ 7= ¥%1< (Major Types of Chromatography)

Chromatography T &% ST&T 9T El'fﬁ}_tf T STaT 2

1. Adsorption Chromatography (Tsaiwie HiacrTh)

o Stationary phase: Solid
e Mobile phase: Liquid / Gas



« Separation adsorption/affinity I¥ 3T&Ta
Jalglll: Column chromatography, TLC

2. Partition Chromatography (a1fée sraumhr)

« Stationary phase: Liquid (solid 9% coat T3 gem)
e Mobile phase: Liquid
« Separation solubility TT &T liquids H partition T STETHA

Jalglul: Paper chromatography

3. Ion-Exchange Chromatography (399 U&= HrAZRITh)

o Stationary phase: charged resin (cation/anion exchangers)
« Separation: charge (I9TI/3EITIA) F AT T

JalgUl: Protein purification, water softening

4. Gel Filtration / Size Exclusion Chromatography

o Stationary phase: porous beads
e Separation: size (3THIY)
v 92 molecule — T8 fHsherd &
v BT molecule — TTH & T9T ¥ a7 F et &

EERIUE
o UIEM, %Idigl%%@ﬁ, polymers



5. Affinity Chromatography (fafergar sremfia #iErmdt)

o Stationary phase # ligand ZraT &

 Ligand fr9ra =7  target molecule FT bind FaT &
3ETEI:

o TEETEI-UENT

o TUSTEA-HeHe

e His-tag proteins purification

qae IF-T21F (highly specific) T

6. Gas Chromatography (GC)

e Mobile phase: Carrier gas (He, N2)
o Stationary phase: Liquid/polymer on column

« Volatile compounds F forw I T

7. High Performance Liquid Chromatography (HPLC)

e High-pressure pumps
o High-resolution

 Pharmacy, food, water testing & Ta¥ Tfersh ITART

e Normal phase
 Reverse phase (Fa¥ 3TH)

e Jon exchange
e Size exclusion



* Column Chromatography (F{@® #ATATHY)

Column chromatography Teh W‘Iﬂf adsorption—based separation TF1% g, SEH =17 =7
U column F 3ET AL gU stationary phase o ST ST 2 & mobile phase (solvent) &= T

FFAT 3T affinity (ARYUT) 3 STLTT I ST BT 1T 2

* 1. Principle (Rrgi)
Column chromatography adsorption TF differential affinity & fogia T< w1 FdT ¢
ST star@raT 7 stationary phase (ST silica, alumina) & ST T STferF gramT & — o &Y

IGERE G
o [OIFTeRT STRYUT 4 FIAT § — F TR ATgY (Hwed 2l

TH YT mixture % components TAT-3TT S FHTHL column H SA-3TET qHT I el g

* 2. Components (& 1)

¢ (i) Column (¥¥)

o A/ TATREH i Al =T
1= 29E end (narrow) BTdT g @T flow smooth g

v (ii) Stationary Phase (Fo¥I¥ staream)

. Fl_el'a' YTHT:

o Silica gel (SiO2)

o Alumina (Al2Os)
o HTHTAA: polar nature FT Il &
« powder IT gel form &

v (iii) Mobile Phase (Tarefier sraream)



e JUITh organic solvents:
Hexane

Ethyl acetate
Chloroform
Methanol

 Non-polar § polar TF gradients FT ITATT

o O O O

v (iv) Sample

o TR O st FAT B
« Solution form # column ¥ T STAT STAT &

v (v) Fraction Collector / Beaker

e Column o TgFHT TAFAT ATl AST-IAT fractions collect T T &

* 3. Procedure (33T - stepwise)

Step 1: Column Packing
« Column ¥ stationary phase (silica/alumina) FT dry pack 3T slurry pack method & =T
STAT 2l
« Column ¥ &% air bubble T ¥g, uniform packing 3T g
Step 2: Equilibration

« Mobile phase column ¥ ST SATAT &
e AT column flow stable BT ST

Step 3: Sample Loading

« Sample FT column  top T ATALTHT & STAT ITAT &
e U T solvent TTAFT TH stationery phase H adsorb g+ a7 SITaT B

Step 4: Elution (ATs/fH%TH)

« Mobile phase FRTATE column oIl §



« Mixture % components ST polarity TF affinity % STHT AT-T ATZL THaherd SITd

Step 5: Fractions Collection

o AT-FAT HHT IT FTgT el AT fractions AT-ITT test tubes H collect T ST
Step 6: Analysis

o Fractions T TLC, spectrophotometry IT 3= farfar & sri=ra g
o Y dIg pure components ITd gﬁ%r %’

* 4. Types of Column Chromatography (¥%1%)

v (1) Adsorption Column Chromatography

o TIH A THT
o Silica/ alumina stationary phase
e Separation polarity/adsorption 9

¢ (2) Partition Column Chromatography

« Stationary phase liquid ZTdT & ST U& 319 9% coat Tl &
« Separation solubility I¥ JT&TRA

¢ (3) Ion Exchange Column Chromatography

« Stationary phase # charged resin

« Separation charge ¥ 3T€TT TT
e Proteins, amino acids purification

v (4) Gel Filtration / Size Exclusion Column
Chromatography

o Stationary phase: porous beads
« Separation size T¥ STLTA



« T molecules TgT MEHAd &

v (5) Affinity Column Chromatography

« Stationary phase ¥ specific ligand
« Target molecule T4 &7 & bind F¥AT g
o HTGH specific #T powerful technique

* 5. Applications (3791)

¢’ Organic/Plant compounds £N) purification

Alkaloids
Pigments
Essential oils
Natural products

¢ Proteins 3 enzymes purification
(Fr 9= affinity, ion exchange 1Y size-exclusion columns ¥)

¢ Pharmaceutical analysis

e Drugs T isolation
e Impurities AT

v’ Biochemical separations

Sugars
Peptides
Lipids
Polymers

¢/ Industrial applications

e Dye purification
e Chemical refining
e Food industry (flavor compounds purification)



= TLC (Thin Layer Chromatography) FT §<i%, T, TIETI"% ¥ — Tﬂ'&ﬂ-m EEELS
BRI

* Thin Layer Chromatography (TLC)

TLC T adsorption chromatography &% g fSTEH T2TAT T UF It 9Xd (thin layer) 7T
el EU stationary phase T S9! polarity T affinity ¥ ITETT 9T AT AT 1T B

* 1. Principle (Rgi)

TLC adsorption T differential affinity F g 7T w1 FEA %’I

« Stationary phase: silica gel / alumina T Tt 92q
« Mobile phase: solvent 3T solvent f&r=ror

ST solvent Z9Y FAEAT &, AT FI9T 3 molecule stationary phase &

o ST SmeRdr st — T =T @
o T sTadur F - ST T FTATE

TH AT FAT-3TT molecules AT SHTE T % AT @ — spots T 2l

* 2. Components (&7 {T)

v (i) TLC Plate

o I, TTECE AT TR ofie
e T silica gel / alumina T 0.1-0.25 mm HTET 94T

v (ii) Stationary Phase



o Silica gel (polar)
e Alumina (polar)
g7%1 polarity separation FT STETT FTAT 51
v (iii) Mobile Phase (Solvent System)

o Hexane, Ethyl acetate, Chloroform, Methanol 1 fa
o IFT solvent mixtures (hexane:ethyl acetate) STIRT BId &

¢’ (iv) Chamber (Developing Jar)

« TE# TLC plate T@&T solvent T FUT FAZTAT ATAT §
o Lid 3mae@e g Tl solvent vapour escape 7 &

v (v) Sample

o STeTT ger fsror
« Capillary tube & spot AT STAT &

* 3. Procedure (%)

Step 1 — Plate Preparation

« TLC plate 9% baseline (pencil &) &i=d g
« Capillary tube & sample FT BTl spot F T H FITAT ATAT §

Step 2 — Chamber Preparation

« Chamber # mobile phase solvent TTAT STAT &
« Filter paper @ TAT STAT § AT chamber saturated g1 SITT

Step 3 — Development

o Plate T ¢fi¥ & chamber ¥ T=T w@d §
« Solvent FUT #T AT capillary action ¥ F&AT g

o Compounds 9T affinity FTHTL A-FAT distance Th ST 8

Step 4 — Drying



« Solvent front T TgA UT plate gL MHTART T@Td 5
Step 5 — Visualization

« Colorless compounds T UV light, iodine chamber, 3T specific spray ¥ visualize T
ST &

Step 6 — Rf Value Calculation

Rf=
[

\frac {\text{Distance traveled by solute} } {\text{Distance traveled by solvent} }

]

* 4, Interpretation (wRorm &1 fagwor)

« & polarity T compound — F9T TF ATd & — High Rf
o AT polarity T compound — = T&d & — Low Rf

Rf 777 0-1 % &= graT &

* 5. Types of TLC

e Normal Phase TLC — silica/alumina (polar)
e Reverse Phase TLC — non-polar stationary phase

 Preparative TLC — 3= T9T9 94X purification & for@
e HPTLC (High Performance TLC) — 33 resolution, quantitative analysis

* 6. Applications (3791)

¢ 1. Purity Test (J&dT ST1=)

Drug, chemical, extract & impurity Iﬁiﬁ’ ERUGEL



¢’ 2. Reaction Monitoring

Chemical reaction TXT g% AT Tl |

¢’ 3. Natural Product Analysis

Plant pigments, essential oils, alkaloids ST TH&HI0TI
v’ 4. Drug Identification

Pharmaceutical analysis & identity check & Tl
v 5. Amino Acids / Sugars Separation
9T visualization reagents T STANT HTF|

v’ 6. Forensic Applications

« Ink, poison, dyes, drugs T fagrror
« Crime investigation § ITIRT

v 7. Food Industry

e Preservatives
e Coloring agents

e Lipids T detection

* 7. Advantages (F19%)

e OV (rapid)
e HEIT (low cost)

e T sample FT ATTLTFHAT
« % samples TF AT analyze FT TFd &
e 3THTH visualization



* 8. Disadvantages (xf¥aT)

e ¥ separation efficiency
e quantitative analysis Ffoa

o solvent IAAT Aol

* Paper Chromatography (49< sra<uTHr)

Paper chromatography T& partition chromatography technique g I FITS (filter paper) T
ST stationary phase & ¥ H 3T 3TI<H solvent FT ITTRT mobile phase & 7 § graT gl

g technique {=Td: small molecules S amino acids, sugars, pigments % TAFHII AT T

& forT ST Bt Bl

* 1. Principle (Rrgi)

 UUT chromatography T principle partition T 3T&THRA 2l
o Stationary phase: Water molecules adsorbed on cellulose fibers of paper
e Mobile phase: Solvent (liquid)

ST solvent 9T FT AT FEAT g, AT THT F molecules 3T solubility 3< partition coefficient
& AT I AT-3TT G T FAd 2

o 3T water-soluble compounds — cellulose ® adsorb grH< &Y 9d &
« FH water-soluble / more solvent-soluble compounds — STeat 39T ST &

* 2. Components (&7 {T)

(i) Stationary Phase

o Filter paper / Whatman paper
e Polar cellulose fibers



(ii) Mobile Phase (Solvent)

o Water, ethanol, acetone, hexane, mixtures
e Choice depends on polarity of compounds

(iii) Sample

e Dissolved in small volume of solvent
e Spotting with capillary tube

(iv) Developing Chamber

e Jar/beaker with solvent at bottom
e Lid necessary for vapor saturation

(v) Visualization Methods

e UV light
e Jodine vapors

« Ninhydrin (amino acids #F )
e Specific dyes

* 3. Procedure (ST stepwise)
Step 1: Spotting

e Paper U baseline pencil ¥ &=
« Sample T small spot & &7 H apply F¥

Step 2: Developing

« Paper & jar # vertically T, baseline solvent H 7 %Q%
« Solvent FUT #T AT capillary action ¥ F&AT g

« Compounds -3 distances T T &

Step 3: Drying and Visualization

o Paper T solvent front T Tg= T¥ FTgY [HHTART T@TU
e Spots visualize F¥ F foTT appropriate method use F¥



Step 4: Rf Value Calculation

[
Rf = \frac {\text{Distance traveled by solute} } {\text{Distance traveled by solvent front} }

]

 Rfvalue ZHAT 01 F 1= BT &
« Compounds FT Tg=T 3T comparison ¥ TTNT T &

* 4. Types of Paper Chromatography

1. Ascending Chromatography
o Solvent 1= & FHT FT AT move FLAT &
o ¥ aH common method

2. Descending Chromatography
o Solvent top to bottom gravity assisted

o Large molecules ¥ o7 ST

3. Radial / Circular Chromatography
o Circular paper plate

o Solvent center & outward FeIdT &

* 5. Applications (3791)

¢ 1. Amino Acids Separation
« Ninhydrin reagent ¥ visualize
v/ 2. Sugars Separation
e Molisch reagent AT other stains use

¢’ 3. Plant Pigments

e Chlorophyll, carotenoids, anthocyanins

v’ 4. Drug Analysis



e Drug purity, identification
v 5. Food Industry

e Dyes, additives, preservatives
v’ 6. Forensic Science

e Ink, dye, poison identification

* 6. Advantages (F19%)

e Simple and cheap

e Small sample required

o Rapid analysis possible

« Multiple samples T HTT analyze F¥ T &

* 7. Disadvantages (%{¥aT)

o Limited separation efficiency
« Quantitative analysis F{oa
e Only suitable for small molecules

* 8. Exam Tips / Key Points

Feature Paper Chromatography
Stationary phase Water adsorbed on cellulose (polar)
Mobile phase  Solvent / solvent mixture
Principle Partition between stationary and mobile phase

Visualization UV light, iodine, ninhydrin



Feature Paper Chromatography

Applications Amino acids, sugars, pigments, drugs, inks

* Gel Filtration Chromatography (Size Exclusion Chromatography)

Gel filtration chromatography #T Size Exclusion Chromatography (SEC) T #gd | 7
technique molecule 3 SITRTT X ATHT (size / molecular weight) F ATLTT IT AT FLAT B

1. Principle (frgia)

e 3T Molecules FT size / STRTT AT stationary phase & pore (f8%) & waer w27 it

&THATI
e Mechanism:
1. Column ® porous beads (gel matrix) T T 21

2. ¢ molecules beads F pores § HHA &, THIIT I column F fRFere FT TH

AT 21T 2l
3. @2 molecules pores H T qGl FHT ITd — Soal elute I g
Key Point:

Molecule FT elution time inversely proportional & S¥ ATHIT & AT

o a3 molecules — STat ATEY fAFerd

« TI¢ molecules — 3T & ATg< Hadd &
Note: THH chemical interaction H@' '@?ﬁ', *ae physical size separation gl g

2. Components (=)

Component Role Examples / Notes

Column Gel matrix FT hold F¥AT Glass / Plastic column



Component Role Examples / Notes

Stationary Phase (Gel Beads / Molecules #T size ¥ 34T 9% _
Agarose, Sephadex, Polyacrylamide beads

Matrix) ST HTAT
Mobile Phase (Eluent Molecules FT column ¥ carr

( / y Phosphate buffer, Saline, Water
Buffer) AT
Sample Mixture fSr&r separate AT &  Proteins, Polysaccharides, Nucleic acids
Fraction Collector Eluted fractions collect AT Tubes, automated collector

Molecules #T presence detect UV absorbance at 280 nm (proteins),

Detector / Monitoring System o
refractive index

3. Working (FTasoreit)

Stepwise Process:

1. Column Preparation
o Column ¥ porous gel beads T carefully pack f3aT STaT 2

o  Gel ®T buffer & equilibrate 3T SITAT )
2. Sample Application

o Sample FT column  top T carefully load fIT SITaT 2

o Sample beads ¥ pores H T FLA ATAT 3T T FLA ATAT AAT-3TAT 2raT gl
3. Elution (Fraction Collection)

o Buffer / Mobile phase FT column # flow FLTAT SITAT Bl

o Large molecules — pores H YT AGI ¥ ITd — SToal elute

o Small molecules — pores H HEd & — ¥ ¢fi¥ elute

o Fraction collector # separate fractions collect fT ST 2
4. Detection / Analysis

o UV absorbance (proteins) IT refractive index 12T eluted fractions detect 3T SITar
gl

o Molecular weight estimation T possible gl




4. Applications (3731T)

1. Protein Purification

o Proteins FT molecular weight ATHT separate FT H
2. Polysaccharides / Carbohydrates Separation

o Polysaccharides T STeRT-3TT size % ATATT Y fractionate FLA H|
3. Molecular Weight Estimation

o Proteins 3T polysaccharides #T approximate molecular weight TaT ¥ Hl
4. Removal of Salt / Small Molecules

o Dialysis IT buffer exchange F foIT small molecules FT separate 33T ST THaT 2|
5. Virus Purification

o Viruses 3% viral particles T proteins ¥ 3T &< H|
6. Analytical & Preparative Purpose

o Lab scale: Molecular separation
o Industrial scale: Biopharmaceutical purification

5. Advantages (¥19<3)

« Gentle method (proteins/activity FZFerd L&t )

« No chemical interaction — protein structure damage gl 2raT
e Molecular weight estimation possible
o High reproducibility

6. Limitations / Disadvantages (Ff#3r)

« Resolution FH ZIAT & 3T molecules size dgd similar Ll
« Large volume sample & time-consuming
« Only size-based separation, chemical property Tl consider Tt

Summary Table

Parameter Gel Filtration Chromatography



Parameter Gel Filtration Chromatography
Principle Separation based on size; large molecules elute first
Stationary Phase Porous beads (Agarose, Sephadex, Polyacrylamide)
Mobile Phase  Buffer / Solvent

Separation Basis Molecular size / shape

Applications Protein purification, polysaccharide fractionation, molecular weight estimation
Advantages Gentle, no chemical interaction, reproducible
Limitations Resolution limited for similar-sized molecules

* Jon-Exchange Chromatography (IEC)

Ton-Exchange Chromatography T separation technique & ST molecule % charge (3T 9T)

% ATYTT I separation FLAT g1 TH cation-exchange 1< anion-exchange chromatography ®
FTeT ST T

1 Principle (Rrgia)

« Column ¥ charged resin (stationary phase) 9<1 gidT 1
« Molecules 37T+ charge % ST HTY resin ¥ electrostatic interaction F3d 2|
e Mechanism:
1. Oppositely charged molecules resin ¥ bind gTd £
= Cation exchange — positively charged molecules bind (resin negatively

charged)
= Anion exchange — negatively charged molecules bind (resin positively

charged)
2. Bound molecules #T buffer ¥ ionic strength T pH gradient EAHT

sequentially elute fIT STTAT 21

Key point: Molecules resin % T charge interaction ¥ strength ¥ TETT ST-TT TH

9% column ¥ Y e Bl



2 Components (F=F)

Component Role Examples / Notes
Column Resin T hold F%AT Glass / Plastic column

. . . DEAE-cellulose (anion), CM-cellulose
Stationary Phase (Resin) Charged molecules bind &¥AT

(cation)

Mobile Phase (Buffer Molecules carry FAT T elute
( / y Buffer with variable pH / salt gradient

Eluent) FHLAT

Proteins, Peptides, Amino acids,
Sample Mixture 5% separate AT 8 _ P

Nucleotides
Fraction Collector Eluted fractions collect FZAT Tubes / Automated collector
Detector / Monitoring B

Molecules detect ¥AT UV absorbance, Conductivity meter

System

3(0 Working (FTITT=AT)

Stepwise Process:

1. Column Preparation
o Resin (charged beads) column & pack f3T SITaT 2
o Column buffer ¥ equilibrate FFaT SITAT 81

2. Sample Loading
o Sample column ¥ top T carefully load 3T ST 2

o Oppositely charged molecules resin & bind T SITd 2|
3. Elution

o Buffer gradient (pH 3T salt) apply F%s molecules sequentially elute 2T 2|

o Weakly bound molecules T8, strongly bound molecules T # elute 3T 2|
4. Detection / Analysis

o Eluted fractions UV absorbance, conductivity, IT 3T suitable detector T monitor

Frr T 3



40 Applications (STT)

1. Protein Purification
o Proteins #T 37T charge % AT fractionate FLA H
2. Amino Acid / Peptide Separation
o Amino acids 3T small peptides FT T FA H
3. Enzyme Purification
o Active enzymes T impurities T 3RT FLA T
4. Nucleotide / DNA Separation
o Negatively charged nucleotides T separate FZ Hl
5. Removal of Impurities
o Industrial scale protein purification 3% pharmaceutical preparations H

Summary Table

Feature lon-Exchange Chromatography
Principle Separation based on charge (electrostatic interaction)
Stationary Phase Charged resin (DEAE, CM-cellulose)
Mobile Phase  Buffer with salt or pH gradient
Elution Sequential based on charge interaction strength
Applications Protein, peptide, amino acid purification, enzyme purification

Interaction Type Electrostatic / ionic

* Partition Chromatography (qTfée HIAERITH)

Partition Chromatography T# YT #iI chromatography g o+ Iﬁﬁlﬂﬂ?\q T separation SThT
solubility 3fi< partition coefficient ¥ SIT&ITT X @Tﬂ %I ¥ Liquid-Liquid Chromatography
o FgT SATaT Bl



1[0 Principle (Frgia / 7= fAgia)

o Separation F¥ TETHHNT FLON (Immiscible Phases) & molecules FT vibhajan Sﬂﬁl’
(Partition Coefficient, K) 9% 3T&Tea It gl
T phase Stationary Phase (fRI< sraeam) 2rd g, ST AT 9 liquid layer coated on

solid support 2T gl

e I phase Mobile Phase (Tiefier sta=T) a7 €, S molecules T carry FAT 21

Mechanism (FTI3Te)

1. Molecules ST solubility 3% partition coefficient (K = C_stationary / C_mobile) %
ATETT STAT-3TET T & move FLd 2l

2. Molecules ST stationary phase ® 3Tfe&lsh soluble 21 & — &Y =T 2|
3. Molecules ST mobile phase & 3Tf& soluble T § — STeal move F4d 2l

Key Point: I8 method chemical interaction H’@:, o Faet solubility 3fiT partition
coefficient T ST g

20 Components ()

Component Role (sgf#=T) Examples / Notes

. Molecules T =77 &<+ & form  Liquid coated on solid support (e.g., water on
Stationary Phase

liquid layer cellulose paper)
Mobile Phase (Eluent) Molecules #T carry FAT Organic solvents, buffers
Sample Mixture fST¥ separate AT®  Amino acids, sugars, dyes, vitamins

Support / Column /

Pape Stationary phase #T hold #ZAT Paper (TLC, Paper Chromatography), Column
r

Fraction Collector / Eluted molecules detect T UV light, lodine vapors, Ninhydrin, Fraction
Detector collect AT tubes



3 Working (FTEvurTe(t / FrATaTe)

Stepwise Process (IX0Tsg TiohaT)

1.

[

Preparation of Stationary Phase
o Column / Paper ¥ stationary phase #T coat fFaT SITAT 21
o Column / Paper &I mobile phase ¥ equilibrate 3T STaT 1

Sample Application (FHAT F(TET)
o Mixture T stationary phase 3 top T FTTAT SITdT &
Elution / Development (Elution / fas1H)
o Mobile phase (solvent) FT stationary phase ¥ flow FITAT STAT 2|
o Molecules 3T partition coefficient AL AT-HAA Tf & move Fd 2l
Separation (3T<ITH)
o Molecules ST stationary phase # 3721 soluble § — &Y move F¥d gl
o Molecules ST mobile phase & Tfer# soluble & — STeal move F¥d 2
Detection / Analysis (T8T FRTHT 3T fFEwm)

o Eluted molecules FT detect faT SITaT 21
o Rfvalue (Paper/TLC):

Rf = \frac{\text{Distance travelled by solute} } {\text{Distance travelled by solvent} }

]

Fraction collection (Column) & ZTXT molecules T STT-3TT collect AT ST TFhaT 21

4(0 Applications (ST1)

. Amino Acids Separation

o Biological samples & amino acids FT Tl FA & forT|
Sugars Separation

o Mono- ¥ disaccharides #T fractionate F% H|
Dye Separation

o Plant pigments 3T synthetic dyes T [T FLA H1
Purification of Small Molecules



o Vitamins, alkaloids, antibiotics ¥ purification T
5. Analytical and Preparative Uses
o Analytical — Identification and quantification
o Preparative — Isolation of pure compounds for further studies

5( Advantages (F192)

o HIA T ATETT method
e Mild technique — biological molecules (proteins, amino acids) ﬂ'(fa?f w|Ag
« Multiple components T T | separate THIT ST ThaT B

6 ( Limitations (F=T)

« Resolution FH I T & 3T molecules FT partition coefficient dgd qHTT ar
« Column 3T paper preparation time-consuming g1 T&HaT &
« Large-scale separation # slow

Summary Table (FTT0(T)

Parameter Partition Chromatography
Principle Separation based on solubility / partition coefficient
Stationary Phase Liquid coated on solid support (paper, silica, cellulose)
Mobile Phase Organic solvent, buffer
Basis of Separation Partition coefficient (K)
Applications Amino acids, sugars, dyes, vitamins separation

Detection UV, lodine vapors, Ninhydrin, fraction collection



* Affinity Chromatography (TfbfAdt siarmh)

Affinity Chromatography T# highly specific separation technique g, 5= biomolecules FT
IThT biological interaction (affinity) 3 ST IX 37T {3t STaT §| Tg technique 9T &9 &
proteins, enzymes, antibodies, 3T nucleic acids F purification ED ﬁ'l'l'{ EERIUI] %’I

1[0 Principle (Frgia / 7= fAgia)

« Separation biomolecule 3T ligand ¥ specific binding interaction T 3T&TRT BT 2l
« Ligand — Molecule ST target biomolecule 3 T high affinity binding F¥aT gl
e Mechanism:

1. Stationary phase (resin) 9% ligand immobilized gTdT &l

2. Sample ¥ target biomolecule ligand ¥ specific binding FT 2|

3. Non-specific molecules wash buffer ¥ elute 2 ST 21

4. Target biomolecule FT elution buffer (ST binding T disrupt FZaT g) FTT elute

| [ERISIEIE

Key Point: 7g technique extremely selective ZIdt g FT1Teh Fal target molecule BT ligand &
bind FAT Bl

2 Components (F=F)

Component Role (f&=T) Examples / Notes
Column Resin hold &AT Glass / Plastic column
Stationary Phase (Resin + Target biomolecule & Agarose beads / Sepharose + ligand (e.g.,
Ligand) specific binding antibody, substrate, lectin, metal ion)

Mobile Phase (Buffer /  Non-specific molecules

Phosphate buffer, saline, pH maintained
Wash buffer) remove AT

Sample Mixture f3r# purify FZ4TE  Proteins, enzymes, antibodies, nucleic acids

Elution Buffer High salt, pH change, competitive ligand

Target molecule release



Component Role (gf&=T) Examples / Notes

HTAT
Fraction Collector / Eluted molecules collect .
Tubes, UV absorbance, SDS-PAGE analysis
Detector T detect FLAT

3 Working (FTEvurTe(t / FrATaTe)

Stepwise Process (IX0Tsg TiohaT)

1. Column Preparation
o Resin beads # specific ligand immobilize F=FaT STTaT 81
o Column buffer ¥ equilibrate FFaT SITAT 81
2. Sample Loading (F¥AT STT)
o Sample column ¥ load 3T SITAT 21
o Target biomolecule ligand & bind F¥aT 2|
o Non-target molecules wash buffer & sgT faw ST €1
3. Washing (&)
o Non-specifically bound molecules FT remove 3T STTAT 21
4. Elution (R=re / af33a)
o Target biomolecule FT elution buffer T release T SITAT 2
o Elution buffer IT AT competitive ligand T pH/salt change use FT 2|
5. Detection / Collection (TAT TRTT SfiX €Ug FLAT)
o Eluted fractions collect e detect 3T STAT 21

o UV absorbance, SDS-PAGE 7T activity assay 3 BT target biomolecule FT purity
confirm ¥ STAT 21

4(0 Applications (ST1)

1. Protein Purification

o Specific enzymes 3T proteins FT =T contaminants ¥ T FHL H1
2. Antibody Purification

o Monoclonal 3T polyclonal antibodies purification H1



3. Enzyme Purification
o Substrate-specific enzymes purification H|
4. Nucleic Acid Purification
o DNA/RNA binding proteins o0 specific purification|
5. Biotechnology & Pharmaceutical Industry
o Therapeutic proteins, vaccines, hormones #T purification H|

5( Advantages (F19<)

« High specificity 3T selectivity
e High purity achieved in single step
e Gentle method — biomolecule structure/activity preserved

6 ( Limitations (F¥aT)

e High cost due to specific ligands
« Ligand preparation complex g7 T&aT g
« Elution condition biomolecule F foTT harsh T TdT ¥ (activity loss)

Summary Table (STT()

Parameter Affinity Chromatography
Principle Separation based on specific biological interaction (ligand-biomolecule)
Stationary Phase Resin immobilized with specific ligand
Mobile Phase = Wash buffer to remove non-specific molecules
Elution Target biomolecule released using competitive ligand, pH or salt change
Applications Protein, enzyme, antibody, nucleic acid purification

Advantages High specificity, single-step purification, preserves activity



Parameter Affinity Chromatography

Detection UV absorbance, SDS-PAGE, activity assay

* Adsorption Chromatography (Tsaiceid HHERITH)

Adsorption Chromatography T# TTZ #T chromatography g {59 substances T separation
T surface adsorption &HAT I LTI graT gl T2 method solid-liquid AT solid-gas
system H molecules F surface interaction 9% STETRT g

1[0 Principle (Frgia / 7= fAgia)

« Separation adsorption I ST EIAT &, ATHT molecules FT stationary phase Ft T8

9 adsorb g
e Molecules surface interaction (van der Waals forces, hydrogen bonding, dipole

interaction) 3 STETT Y stationary phase ¥ 3TT-3T binding strength 3 T adsorb
K

« Molecules ST strongly adsorb 2Id & — column H £fi¥ ==7d 2

« Molecules ST weakly adsorb 2Id & — STeal move F3d 2l

Key Point: I8 method chemical affinity H@z, gfe® physical adsorption T¥ ST&THT It 8l

2 Components (F=F)

Component Role (Jf&=T) Examples / Notes
Column / Support Stationary phase hold FZAT Glass / Plastic column, TLC plate, Paper
Stationary Phase Molecules adsorb FZAT Silica gel, Alumina, Activated charcoal

Mobile Phase (Eluent /

Molecules T carry FZAT Organic solvents, aqueous buffers
Solvent)



Component Role (f&=T) Examples / Notes

Dyes, pigments, drugs, small organic

Sample Mixture fSr& separate FZAT &

molecules
Fraction Collector / Eluted molecules collect 3T UV light, lodine vapors, Colorimetric
Detector detect FTAT assay

3 Working (FTEvurTe(t / FrATaTe)

Stepwise Process (IX0Tsg TiohaT)

1. Column / Plate Preparation
o Stationary phase (silica/alumina) FT column ¥ pack T STTaT 1
o Column T mobile phase T equilibrate 3T JTAT )

2. Sample Application (THAT 1)
o Mixture FT column/plate F top T¥ carefully load foFaT SITAT B
3. Elution / Development (Elution / ﬁW)
o Mobile phase (solvent) flow =T STTaT
o Molecules #T adsorption strength ¥ 3T 9% column H TET-3TT T A move
FA 2l
= Strongly adsorbed — Slowly
=  Weakly adsorbed — Quickly
4. Separation / Fraction Collection (3I<RTTSl / HIT)
o Molecules SET-IT zones H elute B 8l

o Fractions collect ¥ UV, color reaction, IT TLC spot ¥ analyze faT STaT 21

40 Applications (STT)

1. Separation of Dyes and Pigments
o Plant pigments, inks 3T synthetic dyes T separate FL H|
2. Purification of Drugs

o Small organic molecules 3fI¥ pharmaceutical compounds purification H1
3. Separation of Amino Acids / Sugars



o Certain amino acids 3T sugars T 3T FLA F1
4. Analytical and Preparative Purpose

o Analytical — Component identification

o Preparative — Pure compound collection
5. Environmental Analysis

o Pollutants 3% pesticides detection H|

5( Advantages (F192)

e Simple and widely used method
e Applicable to a variety of compounds

« Mild conditions — sensitive molecules T[T T &

6 ( Limitations (F¥aT)

 Resolution FH 2 THAT & 3T molecules FT adsorption strength THTT &1

o Large-scale separation slow g7 TdT g
e Sometimes requires multiple steps for complete purification

Summary Table (STT()

Parameter Adsorption Chromatography
Principle Separation based on physical adsorption on stationary phase
Stationary Phase Silica gel, Alumina, Activated charcoal
Mobile Phase Organic solvents, buffers
Basis of Separation Adsorption strength on stationary phase
Applications Dyes, pigments, drugs, amino acids, environmental analysis

Detection UV light, lodine, colorimetric assay



* Electrophoretic Techniques (o weH qTaheiah)

Electrophoresis T# analytical and preparative technique g, ST ST molecules (S
proteins, nucleic acids, amino acids, DNA, RNA) Y ITH charge, size 3T shape F AT I
FT FA & Torg T Srar 2)

1[0 Principle (Frgia / 7= fAgia)

« Electrophoresis # charged molecules F¥ electric field % S{@’Ta move T SITaT 2
« Molecules T Tfd (mobility) 37 charge-to-mass ratio T¢ ¥ FAT 2|

o Positive molecules — Cathode (negative electrode) #T A
o Negative molecules — Anode (positive electrode) #¥ AT

Key Point: Molecules FT migration rate 371 charge density 3i< molecular size 9% 9T
FLAT

[
\text{Electrophoretic mobility} (\mu) = \frac{v}{E}

]

e (v)=velocity of molecule
e (E)=applied electric field

20 Components (F)

Component Role (f&=T) Examples / Notes

Agarose gel, Polyacrylamide gel, Starch gel,

Support Medium Molecules FT separate FAT
Cellulose acetate

H maintain %47, conductivit
Buffer P y Tris-Glycine, TBE, TAE buffers
Tald AT



Component

Sample

Electrophoresis
Chamber

Power Supply

Staining / Detection

Marker / Ladder

Role (s7fAT)

Mixture ST¥ separate AT &

Electric field apply &A1

Electric field =19 &TAT

Molecules visualize FTAT

Size estimation ¥ forw

Examples / Notes

Proteins, DNA, RNA, amino acids

Horizontal or vertical gel tank

DC source, constant voltage/current

Ethidium bromide (DNA), Coomassie blue
(Proteins), Silver stain

DNA ladder, Protein marker

3 Working (FTEvurTe(t / FrATaTe)

Stepwise Process (IX0Tsg TiohaT)

1. Gel Preparation
o Agarose IT polyacrylamide gel T3 3T SITaT 2
o Gel #T buffer § set foFaT 7T 81
2. Sample Loading
o Sample FT gel F wells ¥ carefully load 3T STTaT 2

o Marker/ladder #T load fF3T SITaT 2|

3. Electric Field Application
o Gel tank ¥ electrodes connect F%sh DC voltage apply F-FaT SITaT B
o Molecules 3T+ charge 3fiX size % ATIT migrate T Bl

4. Migration / Separation

o &< molecules I3 migrate FId gl
o @2 molecules &Y migrate FT 2

Negatively charged molecules — Anode FT 3T

o

o Positively charged molecules — Cathode T 3T

5. Staining / Visualization
o Gel FT stain F¥h separated molecules T detect 3T SITAT 2
o DNA — Ethidium bromide, UV light

o Protein — Coomassie blue IT Silver stain

6. Analysis

o Band pattern & molecular size, purity 3% concentration estimate 3T SITaT 21



4@“ypes of Electrophoresis (Sﬁﬂiﬁ'@%&'aﬁ THY)

1. Agarose Gel Electrophoresis (AGE)
o Mainly DNA and RNA separation & oI
o Large molecules % foIT suitablel
2. Polyacrylamide Gel Electrophoresis (PAGE)
o Mainly Proteins separation & forT|
o High resolution separationl|
o SDS-PAGE: Proteins F size based separate F¥dT gl
3. Isoelectric Focusing (IEF)
o Proteins FT 37+ isoelectric point (pI) & 3T I separate F¥AT g
4. Capillary Electrophoresis (CE)
o High efficiency separation, very small sample required|
5. Two-dimensional Electrophoresis (2D-E)
o Proteins &7 pl 3T molecular weight FIAT o AT I separate Fh{dT %I

5( Applications (STI)

1. DNA /RNA Analysis
o Restriction digestion, PCR product verification, RFLP, Northern blot
2. Protein Analysis and Purification
o SDS-PAGE, Western blot, protein isoform detection
3. Clinical Diagnostics
o Hemoglobin variants, serum proteins, enzyme patterns
4. Research & Biotechnology
o Gene expression studies, protein profiling, recombinant protein purification
5. Forensic Science
o DNA fingerprinting, paternity testing

6 Advantages (F192)

High resolution separation

Can separate molecules based on size, charge, and pl
Requires small sample quantity

Widely applicable in research and diagnostics



7 @imitations (Eh‘ﬁ-l'ﬁ)

e Requires staining/detection step
o Large-scale preparative electrophoresis time-consuming
e Some biomolecules sensitive to electric field/heat

Summary Table (STT()

Parameter Electrophoretic Techniques
Principle Separation based on charge, size, and shape under electric field
Support Agarose, Polyacrylamide, Starch gel

Mobile Phase  Buffer solution
Separation Basis Electrophoretic mobility ((\mu = v/E))
Detection Staining (Ethidium bromide, Coomassie blue)

Applications DNA/RNA analysis, protein purification, clinical diagnostics, forensic studies

* Gel Electrophoresis (S ToaI®I<R9)

Gel Electrophoresis U# analytical technique %’ ST STITT biomolecules S DNA, RNA,
3T proteins T IHAF SAFHIT, 3MHTL 3T charge F AT T AT FLA o (o0 AT 1T 2

1 Theory (Frgia/ =)

e Principle:
Gel electrophoresis FT I fZid § T charged molecules T electric field § migrate
FLAT B



e Mechanism:
1. Molecules STT negative charge ¥&d g (ST DNA, RNA) — anode (positive

electrode) FT 3T migrate FLd Bl
2. Molecules ST positive charge T&@d & — cathode (negative electrode) T 3T
migrate Fd g1
3. Molecules FT migration size 3fIT charge ratio ¥ ¥ F¥T 2
» I molecules — gel matrix H TSI & =TT &

» T2 molecules — &< T B
o Electrophoretic mobility ((\mu)):

[
\mu = \frac{v}{E}

]

\]

SiEl,

e (v) = migration velocity
e (E) = applied electric field strength
o Gel as a molecular sieve:
o Agarose 3T polyacrylamide gels T# porous matrix T&T9 Fd &
o EIE molecules STETHT & pores F &I &
o &= molecules pores  HF STd & 31T ¥ migrate FId &
e Denaturing agents:
o Proteins % fTT SDS (Sodium Dodecyl Sulfate) TEIHT ZraT & AT shape 3T
charge uniform '@' ST, S separation el size T SATETRA Bl
o DNA 3fi¥ RNA STHAIT 9% negatively charged 2d 8, THICTT o straight
migration fE@Td gl

2@pplications (S9aT/ Applications)

1. DNA Analysis

e PCR products T verification

o Restriction fragment analysis (RFLP)

« Plasmid DNA T genomic DNA #¥ purity check
2. RNA Analysis

« Northern blotting % o7 RNA separation
o RNA integrity assessment



3. Protein Analysis

e SDS-PAGE (denatured proteins)
o Native PAGE (protein activity preserved)
o Western blotting (antibody detection)

4. Clinical Diagnostics

e Hemoglobin variants (HbA, HbS)
e Serum protein analysis (albumin, globulin patterns)

5. Research Applications
e Gene expression studies

e Recombinant protein purification
e Mutation detection

6. Forensic and Biotechnology Applications

o DNA fingerprinting
o Paternity testing
o Pathogen identification

3 @dvantages

e High resolution separation

e Small sample volume sufficient

e Quantitative and qualitative analysis possible

o Can separate molecules based on size and charge

4 @,imitations

e Time-consuming for large-scale separation
e Requires staining for visualization
e Proteins or nucleic acids sensitive to electric field or heat may degrade

Summary Table (FTT0(T)



Parameter Gel Electrophoresis
Principle Separation based on charge, size, and shape in an electric field
Support Medium  Agarose gel (DNA/RNA), Polyacrylamide gel (proteins)
Basis of Separation Molecular size and charge-to-mass ratio
Detection Staining (Ethidium bromide, Coomassie blue)

Applications DNA/RNA analysis, protein separation, diagnostics, research, forensics

* Spectroscopy Techniques (FIaZIEhdT Taheiah)

Spectroscopy U analytical technique & fST# molecules 3T atoms ¥ ZIT electromagnetic
radiation (TRTST/ SSTT) ST absorb, emit T scatter T T &HAT T T F 3T ATAT 21 72
technique chemical composition, structure 3fX concentration T T2 Fxd H ITANT 2

1(( Principle (frgia / = Bgia)

o T AT molecule F 919 2T energy levels 2Id 2
e STd molecules electromagnetic radiation (UV, visible, IR, etc.) F guh § A %’

o Molecules energy absorb Fd % — excitation to higher energy level
o Molecules energy emit FXJ g — fluorescence, phosphorescence
« Absorption/Emission T pattern molecule FT structure 3fT concentration 7% ¥
FLAT

Key Point: Spectroscopy molecules 3T atoms =T unique light interaction fingerprint = gl

2 Components (I=F)

Component Role (syf¥=T) Examples / Notes



Component

Radiation Source

Sample Holder / Cell

Monochromator /
Filter

Detector

Readout / Recorder

Role (sf#=T)

Electromagnetic radiation provide
AT

Sample T radiation pass FXAT

Specific wavelength select FZAT

Absorbance / emission detect HTAT

Data display &ZAT

Examples / Notes

UV lamp, Tungsten lamp, Laser, IR
source

Quartz cuvette, Glass cell

Prism, diffraction grating

Photodiode, Photomultiplier tube (PMT)

Digital display, Computer software

3 @“ypes of Spectroscopy Techniques (FIFITERTUT o THTT)

A. UV-Visible Spectroscopy (FZraraie-faforae TasFendr)

« Principle: Molecules # 1 — 7* 3% n — 7* transitions detect F¥aT gl

e Application:

o Nucleic acids, proteins, dyes, drugs #FT concentration measurement
o Purity analysis of compounds

B. Infrared (IR) Spectroscopy (35RT<E TUFIIEHIUT)

« Principle: Molecules & bond vibrations (stretching, bending) absorb infrared

radiationl|

e Application:

o Functional groups identification (OH, NH, C=0, etc.)
o Organic compound structure elucidation

C. Nuclear Magnetic Resonance (NMR) Spectroscopy GUEEIK] ﬂil?ﬁﬂ' AIATR)

e Principle: NMR active nuclei (*H, *C) magnetic field & resonance absorb F¥d 2|

e Application:

o Molecular structure determination
o Protein, nucleic acid, organic compound analysis

D. Fluorescence Spectroscopy (FII&HT Fﬁﬂ@?ﬁ'ﬂ)



o Principle: Molecules excitation — higher energy level — emission of light at longer
wavelengthl
e Application:
o Biomolecule detection (proteins, DNA probes)
o Cellular imaging

E. Atomic Absorption Spectroscopy (AAS) (ATHT FALTTIOT Fﬁi@?ﬁ'fﬁ)

« Principle: Atoms specific wavelength absorb F¥d & — concentration measure T STTaT
gl
e Application:
o Metal ions detection in water, blood, soil
o Environmental monitoring

F. Mass Spectroscopy (MS) (=8HT Fﬁﬂ@?ﬁ":ﬁ)

« Principle: Molecules ionize T g 3T mass-to-charge ratio (m/z) detect TdT 21
e Application:

o Molecular weight determination

o Structural elucidation

o Proteomics 3T metabolomics

40 Working (FTIIUTAT / TTHTT FTATATE)

1. Sample Preparation

o Solution, solid IT gas form # sample ready FATI
2. Radiation Interaction

o Electromagnetic radiation (UV, IR, visible) sample & pass T3 STaT 21
3. Detection

o Molecules ZTIT absorbed AT emitted radiation detect ¥ SITHT 81

4. Data Analysis
o Spectrum plot: Absorbance / Emission vs Wavelength

o Peaks 3T patterns ¥ molecule T TZATT T concentration estimate 3T ST 2

5( Applications (ST3T/ Applications)

1. Biochemistry & Molecular Biology



o Protein, nucleic acid, enzyme analysis
o DNA/RNA quantification
2. Pharmaceutical Industry

o Drug analysis 3fi¥ quality control
3. Environmental Science

o Water pollutants 3T heavy metals detection
4. Structural Chemistry

o Functional groups 3T molecular structure elucidation
5. Clinical Diagnostics

o Blood analysis, enzyme activity, hormone quantification
6. Food and Agriculture

o Nutrient analysis, pesticide residue detection

6 Advantages (F192)

e Non-destructive method

e High sensitivity

« Quantitative 3T qualitative 19T analysis possible
e Rapid and reproducible

7( Limitations (F¥=T)

e Expensive instruments

e Requires trained personnel

o Sample interference (impurities) affect accuracy

e Some techniques require special conditions (vacuum, inert atmosphere)

Summary Table (STTU(T)

Spectroscopy Type Principle Major Application
UV-Vis = ¥, n = 1t* transitions Concentration, purity analysis

IR Molecular vibrations Functional group identification



Spectroscopy Type Principle Major Application

NMR Nuclear spin resonance Molecular structure elucidation
Fluorescence Light emission after excitation Biomolecule detection, imaging
AAS Atomic absorption of specific wavelength Metal ion detection

MS Mass-to-charge ratio detection Molecular weight, structure

TERTST % AT (Light Absorption) FT 9o frgia —

STRTET T TG a8 ThAT § OEH Fl TaT (material) THTET T Ho1T 0 GG AqT g 3¢ 39
et o= =7 # aRafda #7 3a1 g— FEAT (heat), THTATE o1, AT ST ol 1|

1. TohTST 3T 82

TR UF FAe[@qeas i aGT (electromagnetic wave) g, SEH 3s1T 21T 2

TRTET ol &l "I (photon)" ATH Gl Holl Tehe T2 Fd gl

B RIS T oIl IHehT aETaed (wavelength) 9% [T T g

2. I TRTST T AFLTVT FLar g2

et T TaT § 9T (atoms) ST 3] (molecules) BT &, FH Sl (electrons) HIS[E
& 2

T TAFEIAT o ITH T 2T ST &< (energy levels) T &1

STar TohefT Tl T STt fohelT Serorele o Sofl Tq< o A< § A @It g,
AT T IH Bl T AGLATYT FHT AT g AT 3F 7ol Tq I AAT ST 5

THT AT I THILT ATATIT Fgd gl




3. STERTST STALTTOT hT q&T ST

FIEi ¥ ST = TAFSIT o FHoTl T4 o o1 HT 3%

I T olT A Al GTAT — THTLT ATATHT Tl g7 S TZT T T TLETdd JT THIA
T ST

4. AFLYT & T FIAT graT 82

ST TAFEE HUT IS ATAT § (excited state), IT T8 Feafa wamft 78t gl

T AT F18 TAFSIT ATIH JIH A TATH 92 Al AT gl T q8.

o ITTEL TOTESA HT THIA SIAT 2 (T FAT GG/ FIERITET T THAT ),

o AT ETAME TATHAT YL T 24T 8 (S photosynthesis)|

5. q&T T 1 #4971 fe@ar g?

ST 397 TaT LT Tgl AT, dal W1 9g Iarad FdT gl
TR

o T URIT BT WRTST GO T el g ST ATehT ThTer AT FeaT 2
o THT 9T g/ g4I faadT gl

6. STRTLT AT Figl-hgl gial &2 (Applications)

1. Photosynthesis (TSI TETIT)
GYE TERTET ST ¥ I TATATAE Hofl | T8 2l
2. Solar Cells (ST 9)
T T THRTLT AT FT TAFEIAT T Hh (AT SATAT § ST fasreft a=dt gl




3. Human Vision (3f®)
HTY AT s YA RIEiAT il AT FT Fohe [&HRT T AT 2

4. Spectroscopy (TIFETERIYT)
TaTe T TEATH I AT et | T ATl 2l

5. Heating (S5 9119
FTAT T AT TRTT AFLUT FE TH 2T 2l

7. THRTLT AFLATI FT 3T (Beer—Lambert Law)

TE TATAT & 1o THTLT T ST

o T2 Y HTAT (concentration)

o ST OY HATS (path length)
7 T FaT 2

LTI o FTgdT x I4q T HIETS

* Jablonski Diagram (St @)

Jablonski Diagram U Tftsher a1 g e 7g famaman sirar g & #re wiferager wohrer
AFMTYT LA & qTE Fohe ALG FHolT &q o S FraT gl
TE FATLHH, FIERAT, Aa-veutes fF awfe gt aiFarsit &1 v £ smeg § aa9=A7ar 2|

1. 39 o1& (Axes) FIT 9T 827

o FEATET (Vertical) st&T: 1T =¥ (Energy Levels)
o &7 (Horizontal) 37&T: STERT-3(ETT TTEATU (States) ST&

o Singlet States (So, S1, Sz ...)
o Triplet States (T, T2 ...)




2. Jablonski Diagram ¥ &7 Js1t €<

1) So — Ground State (=T 3T9<T)
HITCTFIS il T HH Foll TaET

2) Si, S: — Excited Singlet States (STSIT TaHer qeATy)

Tg 9 TAAT § ST THTLT SAFTUT BT B

3) T: — Triplet State (BR[0T srae)

Tg T Al AT ATAT TTEAT § — TAH BHICHIGT (HeherdT gl

3. 7= If#aTe (Processes shown in Jablonski Diagram)

A. Absorption (IFLTTSTT)

AT So | T S1/S, H JTAT 8

o TEA AN (10715 HFE)
o YRufe e am-Rufes ot T R &

B. Vibrational Relaxation (Faefier far=m)

ST T A F FAT TG4 H AT 9T (Heat 3 €T H)

C. Internal Conversion (IC — ST TITAL)

T BT spin-state F (&L JofT T AL ZIAT

e S2— Sy
« Radiative AET graT (No light emission)



D. Fluorescence (FATLEH)
S1 — So ATTH T TT THTI IcaSI

o T (~10°® HFE)

E. Intersystem Crossing (ISC — oas ‘Tl'ﬁ\_cl_ch)

Singlet & Triplet & ST

° Si—Th

F. Phosphorescence (HiehITH)

T — So dT9T

o T (~107° | 10 #FE TF)

gRaT 000 dEeTUREad W

Absorption So > S1/S2 TERTST T

Vibrational Relaxation S; = $:i(aTZ<) a7, FTAT

Internal Conversion S, > S, H‘T’rf-i‘%'qﬁ‘cr
Fluorescence S1 > So CEREIC
Intersystem Crossing S; > Ty o afads

Phosphorescence T > So CIG I ETE



Jablonski Diagram

TREL y
5 : U Absorption (Abs)
5 & — T
s, ISC {Ic
Energy R —— — O Internal conversion (IC)
Abs : el . T
3 e 5 5
1 o U Intersystem crossing (ISC)
$IC P
S S [ Vibrational relaxation (VR)
ﬁfff’ 1SC
&
o~ ??
S o 09\333 fgff%
=
-

UV-Visible Spectroscopy (2@ aae-ged TFRIEhIT)

Tg UF e[ uoTeHe qohe i g fored Tt Tarl g1 Ultraviolet (200400 nm) 3T Visible
Light (400-800 nm) = STFSTIST T &2+ FRAT STAT 21
TEH TaTY AT GCAAT, FHT Tl FT SAFE AT FAGIL, TIEAT ST L@AT ST ST 2l



UV-VISIBLE SPECTROSCOPY
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1. PRINCIPLES (fRrgia)

UV-Visible Spectroscopy FT fErgid =& aTd U< e g fh—

STE 5 9GS UV AT FIIHATT THIA HT ATATNT HLAT &, AT Sh AT (75 ol
&< (Ground State) ¥ I (1 «X (Excited State) § I ST g

TH YTHAT FT Electronic Transition FgT SITaT 2l

) TR ST o TR
UV-Vis § H&Id: 4 THT % TAFI T ST 3 AT &
1.0 — o*

e g TolT (High energy)

o Tk S AHT |
o ST AFATIT



2.n — ¢*

o HETH TS
o ATSTYH AT H (C-Cl, C-Br)

3.1 > w*

o HIH WEAT
o SIA-FIvE, TAHEF FUTSE

o FH HOUT — ATATAT T AFTTI

4.n —» w*

« TufeegrEe, fiem
o  HEH oIl

"] Beer—Lambert Law (Siaz-s1ta< f9a9)

UV—Vis Tragehrdy 2ot 7 97 smemia 2
A=¢gcl
agr_

« A= Absorbance (FLYT)

« &= Molar absorptivity (J T JFTIITIT &HAT)
« ¢ = Concentration (FT&dT)

« 1= Path length (F&< & AT, AT 1 cm)

= Absorbance TEAT ¥ SIITAT It § — THT A solutions #T concentration =TT ST 21



2. INSTRUMENTATION (S9sur/a=-fa=ame)

UV—Vis T RIS T T IR § Heehe a9ar 2|
= B AT T TS F THA:

] 1. Light Source (TTeT &1q)

CUNETES

1. Deuterium Lamp

UV & (200350 nm) & form
o Ry i REae g

2. Tungsten-Halogen Lamp

Visible &7 (350-800 nm) F forw

"] 2. Monochromator (HTFI#HHII)

o IE T THTY T "UF & TCTae (single wavelength)" & T&erdT &
« 29 Diffraction Grating T Prism ZTdT 8|

4 — fafarg o (wavelength) AT

1 3. Sample Holder (F[a<)

e I (visible),



. T (UV)
FiTh = UV &l AT T oaT gl

FAc &l path length THIAT: 1 cml

"] 4. Detector (fSa)

qEqd: &I T

¢ Photodiode
 Photomultiplier Tube (PMT) — sTeata Haaasfier

FT —
ST T AT &l TA=d fae § g

1 5. Readout/Computer System

« Absorbance vs. Wavelength &T IT% dT & — TSI Absorption Spectrum Fgd |
e Peak ¥ Amax TF FI 1T 2

] UV-Vis Spectrophotometer FT 9% 3@ (ASCII €9):

Light Source — Monochromator — Sample — Detector — Display

3. APPLICATIONS (S9¥TT)

UV—Visible spectroscopy fasTTH ST S=RT & &R g€ &7 § STAN g



1.

2.

3.

] 4.

] 5.

Quantitative Analysis (AT3TcHS FrgwoT)

TRt =Ter Y Figar wrae F forg
Beer—Lambert Law 3T&Tia
ETHT FHAATT TATH T strength STT=A § START FAT

Qualitative Analysis (S[oTTcH fagoom)

et AR o H=aT i ag=m
Amax ¥ functional groups T STTARTLT
ST

o wadfEw R — 260-300 nm

o HITQICE SAA FIE — AT A max

Reaction Kinetics (STafsaT &t fq 979T)

THT % AT absorbance AT &
THH reaction rate TAHRTEAT STTAT %’I

Purity Testing ([EdT TX1&10)

TATAT, TN TRTAT, THTAAT 0 purity ST SATAT 21

DNA/RNA Quantification

DNA — 260 nm 9% absorb F¥AT &
Pure DNA T ratio: A260/A280~ 1.8



o FTIIEHIAIST / microbiology H &fHe ITAMTI

1 6. Color Measurement

o =TS, YT, @I I, 99 IR § ST

] 7. Environmental Testing

T ¥ nitrate, phosphate, heavy metals etc. AT & form)

4. UV-Vis Spectrum 47 fR@ar 8?2

Absorbance

A
/\ Amax

|
|
| / \
| / \ __ Wavelength -

Amax (SFSST-H)
Fg T o 9% a=rel Tae Srfers Toh1er sTaentod T 2
Tg Tard it TgaT w7 “freiie” 7T S1ar g

UV-Visible Spectroscopy T# o, FEAT SAI¥ SAATeH AIEHHE TLHT §—
o TaT T HigdT AT

o TTHATHSF ATHHTL TTH FA
o HHEHA, ATATATSTRA, BIATELCHA AT TAATALAHEA (2007 F:2 o o




Atomic Absorption Spectroscopy (AAS)

AAS T WO Tt g (S STE T A€ % qh T (free atoms) FTT &g

T AT TRTL FHoTT hT TTLATII FTAT TAT 2|
Tg {EId: ATqel (metals) 3T Fw metalloids T FTEAT FATT FLA & 1T STANT BT Bl

Atomic absorption spectroscopy

3 2 flame ;
amplifier

lense ‘\‘ & ] lense |
(O el a
W i _f;.{f . I—
'uﬁ ' >'— — ‘ St e
hollow monochromator detagtor
cathode

fuel gas
oxidizing gas

nebulizer

=) recorder

sample solution

https:/fmothernatureseeker.blogspot.com/2023
f05/atomic-absorption-spectroscopy.himl

1. PRINCIPLES (ffrgiw)

AAS T 9o fagia:

ST TR T & gor 7eAT S o it TS Qe (characteristic wavelength) aTeT STaRTeT
Foreont 9% o= €,

AT A IT TETQEAT T AFLTAT FLd 2

SFLTTIOT ¥ TTAT I T ol AIRaAT & THTTATAT grat gl

T Ha T<h TLHTI[?



ERNIEN

o T TEAT F FAFEAF T o A TRATNT N &,
o zETT F AYTRA A (wavelength) T ST F2d 2

O] TereREi e Iforere
AAS ® 9% giforer grar &

Ground State (E1) — Excited State (E-)
U T T o T, Teh Tish A T AT

AT

e Sodium (Na) ~ 589 nm
e Copper (Cu) ~324.7 nm
e Lead (Pb) ~283.3 nm

AT AAS Ta-fafare (element-selective) Bl

) Beer—Lambert Law (AAS # TIRT g FTeT (73W)

A =¢gcl

\]

G'gr_

A = absorbance

€ = molar absorptivity
¢ = concentration

1 = optical path length

= absorbance « concentration

THT &1 & unknown samples T concentration TH&HTAT ST 2



2. INSTRUMENTATION (I=-fa=ame)

AAS FT ITHT 98 @ AW | 947 g &

] 1. Radiation Source (Hollow Cathode Lamp)

T2 AAS FT G99 HZca 01 9 2
Hollow Cathode Lamp (HCL)

o BT AA F oI SAE-3TT o7
o AFT F FATS W ALY ATq 2ot & ot gy Gt s 8

(S Cu — Copper lamp)
o IO AAS st AT (selective) 2

Tg AFT I qcd 0l [T A T THTI IO HaT gl

] 2. Atomizer (TITHTESR)

Sample FT {Th TCATIR § a3 FT FH1A|
T TRTY a3 &

(A) Flame Atomizer

e Air—Acetylene 3T Nitrous oxide—Acetylene flame
e TIHTT ~2300-3000°C
o  HTHTY ITEN & o7 STTH

(B) Graphite Furnace Atomizer (GFAAS)

o ToSTeT | T AT ST AT UhTEe =4
e QTIHTT 2500-3000+ °C



o FaaAefiear 100 AT stew
o Tgd FH U (uL) T ArFLTRAT
m 3 Tierde g F forw garaw

1 3. Monochromator

o T H (AEes a7l THT9T H T AT A Bl &
e Monochromator Fa<t fafors A =t FThL detector Th q@”?ﬂ-cn %’
e UTT: diffraction grating YT ZIAT g

1 4. Detector (PMT—Photomultiplier Tube)

o g% Hagaefia
o T — =T Foha | FEAAT
« absorbance HTIAT &

1 5. Readout/Computer System

o Absorbance FT *fSee ygeta
o T curve
. HT?HT#%‘ UTeT

] AAS FT 93 seli-a1@ (ASCIID):

Hollow Cathode Lamp — Atomizer — Monochromator — Detector — Readout



3. APPLICATIONS (S9¥TT)

AAS e FAguoTeds SRt il Fad Eaaei oAl § § UF g

] 1. 9THT 3T g Ta<or fagwor

Lead (Pb)
Cadmium (Cd)
Mercury (Hg)
Arsenic (As)
Chromium (Cr)

o o T, A=, e, ar g e

1 2. T =T (Food Safety)
o TAH AT 4Tq

o TTH, TSI, Tasil | trace metals
o TT AIESAT FT HFAT

ERA I ERTCIEE]

o THT LA H gTqe
e AT ¥ impurities

[ 4., &7 ST ST GTgHA

o T 4T & composition
o TSI # metal-content AT FHLAT



11 5. TR etfaeratsit

e Heavy metal poisoning
S — Pb, As, Hg

1 6. Fo AT Fagt odteror

o THEr ¥ Fe, M, Zn, Cu
o WIS T IALH AT

7. BIATEL (el FITIEl shaler

o TATSA H oTq AYTSAT (elemental impurities)

4. AAS it fa9are (Advantages)

Featers Haaaefier (ppb TIX TF)
Ireaq fafare

¥ HATAA

Irfares adtaar

Fg 9t (Limitations)

o BT TA o oI ST ¥ ATRY
o UF THY  FA UF B dJcd HIAT ST HHAT &



o non-metallic elements (C, N, O, S, etc.) H’@ T ST Hhel
o THAT GXA MT ATRY

Atomic Absorption Spectroscopy Ta &1, SATAF Haaasfer i Ta-AfUre awi+ g,
STT €T3 o trace-level T[T % forw =49 &7 & ITART ZAT B

T g 7 F-fawame =& =T, g3taw, Fiwdr ofiv asiHe aqEam™ § oedd qgeaqol
AT 2

Microscopy - Basic Principle (q& forgiw)

Microscopy a8 T ¢ STTH TAT GIc TEAT, HITAHTSAT, ST, Fahi AT G&d HLAAT3
FT 2T ik @ 6 (1T Microscope FT ITTRT AT SITAT 21

_ g f&&ia (Basic Principle):

Microscopy FT §&7 FEia a8 § T G&0 a=gall 1 37+ aredias SiHE & F3 AT JEH
(Magnification) TTE (Resolution) €9 # fe@TT S(TaT gl

Microscope &1 {&T it RZidl 9% FTH FHAT 2

1. Magnification (fareqmer / smae)

g TRt avq &7 g FT 987 FLh fa@r T &7ar 2l
T ATEATAE AR A qAqT § g et AT a2t faen

IITEI:

o 10x =% 10 AT TET
e 100x = 100 AT FT=T



I
TS T, FITAFTT, TFATAT et F1 wra-a= F a9 T/ g9

2. Resolution (fad= &#ar/ s &mwan)

Resolution g &HAT g oo 1T &1 agd a1 Tera T getl T AenT-31aT SiiY €% Tg=TaT ST
|

Microscope T Wﬁ?ﬂa—@ %—
o st S T 9wty 98, giow 9 o e IS gl

Resolution fSIa4T 3r=a1 — YA ITT Tq9)

Microscopy 3 &1 Rgidl &I w8 Y19 FLar g7

"] Optical Lenses (1= a7 &St «H)

STRTET T HISHT (refraction) T€q T T&T g ¥ Il Bid a4 &l

[ INlumination (Y17 STAET)

THA T TH1LT START T2 (contrast) TETAT SATAT &

] Numerical Aperture (NA)

S T TRTIT THA FHLA i &FHATI
NA fSraaT srfers — Resolution 34T ==

] Interaction of light or electrons

Microscopy T ST&TII 9¥ FHTH ¥ Tl 2.



1. Light Microscopy — S&TST 3T STFT
2. Electron Microscopy — SHaIAI HT STTM

TAFEIT AT A Tgd BT —>resoluti0na§?r'ébf EIBED

BAEIEE R EALE R IEE AL R e AR

] 1. Light Microscopy

o FT THIA AT F & HIEHT S I
e Magnification ~1000-2000x

] 2. Electron Microscopy

o T F ASTH TAFLIA A1 T ITTRT
o TFE(T FT wavelength Fgd BIeT — Nanometer level resolution
« SEM, TEM ZcaTia

] 3. Fluorescence Microscopy

o THA AT fluorescent dyes F TWEHT
o UV T ST 9T dye THHAT &

o HIAATU gre-Fiveree # @l g
1 4. Phase Contrast Microscopy
o T FITETSA w1 AT T ww e

« phase differences Tl THTI-Fiveree § T2dT &

T Microscopy T Ig9T TG BT TE3N Bl THILA/TAFEIT & QT ST HLATHL
STH T, T I AAT-3TT UgaT TR FiA T4 g




FACTORS AFFECTING IMAGE FORMATION AND MAGNIFICATION

(T TRATOT ST e 7 TATET FI AT FH10H)

Microscope H TIE, Hgl 3f¥ TET Gl a4 o o7 T Afeewhar 3T AT Fh A 2T 2|
Tve &l AT § 90

1 (0 Image Formation &Y YA L IT F1<H
20 Magnification Tt THTET FTA AT FICH

1. Factors Affecting Image Formation

CIERSRIMEIRENEC IR rC)

Image formation, SIATA 77 [Fd1 T7E T, FTA] T FTEAAF [2GT, T8 73 F1Lhi 9¢ A<
FLAT &

"] 1. Resolution (FA¥& &1HaT)

Resolution 7g LT Fear g o &1 a19 fRaa [&Sgell F SAA9T-379T @7 ST dehd T g AT Tail
39 resolution — AT TIE FfA|

Resolution T THTTET T T IT-FTF:

] (a) Numerical Aperture (NA)
S T TRTIT WA e il &7HAT

o NA & — resolution Iga<

] (b) Wavelength of Light (A)



A Tt T — resolution ITAT IZAT
ELAEEU R

« Blue light (450 nm) — sgd¥
e Red light (650 nm) — %H

'] 2. Contrast (FFa<aar)

T ST I (background) F = FHe FT 3T

« High contrast — H¥==T0 aT% faEh
« Low contrast — e &

Contrast T S&T & qLI;

« Staining (TTTS)

e Phase-contrast

e Dark-field illumination
e Fluorescence

1 3. INlumination (T STILAT)

BT ATAT 3 oo 7 wehter g Aafor & sreid gyl

TeF THTT — image wash out
hH JhT19T — dark/unclear image

[lumination FT TAITET FTT 1T ITHIT:

o Condenser
e Diaphragm
o Light source intensity



] 4. Optical Aberrations (1Y)

9 ® imperfection 9 & e favTg et 21
ST

Chromatic aberration
Spherical aberration
Astigmatism

Field curvature

High-quality achromatic / apochromatic lenses ¥ aberration FH|

] 5. Sample Preparation
FT-FT A &1 TrEET sample 9 AT FA 2

e Thickness of specimen (Tq=T ZIAT ATRT)

e Staining (contrast FETAT )
e Mounting medium
o Air bubbles (& @)

2. Factors Affecting Magnification (¥ &t THTET FLA T F1<H)

Magnification ag &HdT g e aeq =1 fa@re S| a8 =% =i | TATEd 2T &

1 1. Objective Lens Power (&3 AT F 311’%%—[)

Microscope T HaH a0 magnifying element|



Objective lens & HATHTT power:

4x (scanning)
10x (low power)
40x% (high power)

e 100x (oil immersion)

fSraeT high-power objective — IdT T&F magnification|

] 2. Eyepiece Lens (Ocular lens)
Eyepiece AT 9% 10x IT 15 magnification <dT gl

Total Magnification = Objective x Eyepiece

AT

40x% objective x 10x eyepiece = 400x Total magnification

] 3. Tube Length / Optical Path Length

3t 3 e Y T I AT AR
Igd H IT dgd EIRED E;& magnification FT THATIAT FLAT %’ &8 image distortion @ GEXII %I

] 4. Numerical Aperture (NA)

— NA % dT effective magnification I&dT &
— FH NA 9% magnification I2T9 & image T8 “a&” famdT g, AT “efere g1 Tt 2
TH empty magnification Fgd 2|

] 5. Illlumination and Condenser

Tl THTT magnification 3 I clarity 3i¥ detail T FATT TEAT Bl
High magnification 9% condenser FT up position H T@T STAT g1



1 6. Use of Oil Immersion

100x objective T¥ oil immersion FT ITART AT SATAT Bl

Oil T refractive index = ST BrAT & — YT fo@=ar Aaf —

« magnification TFAT &
o resolution 9T IZdT g
« image sharpness HEId1 g

Summary Table (Quick Revision)

Factor Image Formation Magnification
Numerical Aperture ¢ aga¥ v aEdr
Wavelength arici
Lens Quality v AT 4ric
lllumination vV FgT dg@T0 ¢ "Il
Contrast 4EIEFRED 2
Objective Lens 4 v 91
Eyepiece Lens ® v
Sample Preparation ¢ TaTfera %

Microscopy H gfa fAwior clarity, resolution, NA, Th1<T 3R sample preparation 93X fasix
AT %’; SfaIfeh magnification HeId: objective T eyepiece lens #¥ iR 3T NA 7T i ar

gl



= Compound Microscope 3T Phase-Contrast Microscope &
Principles (R/giq), Instrumentation (F7-f3=aT) 3T Applications (STTIT) FT
TEd TLA, TTY ST TLHAT-ITh TRat H Tgars & THATIT T47 2

1. COMPOUND MICROSCOPE

(T aZ | AT geaast)

* A. Principle (frsi)

Compound microscope T firgid & A< AGI— Objective lens 3f¥ Eyepiece lens— 3 TSI &
14 FT F3 77 277 I AETRA 2|

1= i

1. Objective lens TH FT ATEATAF, SACT T AATHT B I9TAT ¢ (intermediate image)|
2. EyepiecelensW@%ﬁ@Tﬂﬁ?WW@%éﬂT%,Gﬁ'aﬁSﬁ'(é'@%rzﬁ'ﬁr'@?ﬁ
2l

= Total Magnification = Objective magnification x Eyepiece magnification

* B. Instrumentation (F=-fa=am)

Compound microscope & &I HTT:

1. Light Source (TSI &)

e Mirror IT LED/Lamp
o THAT @A & oI TehTer WS FaT g

2. Condenser



o T &I AHA UL hiad HLAT g
« Resolution 3fI¥ contrast TETAT gl

3. Diaphragm / Iris
o TS T {TAT RART Far g

4. Stage

o FHAT W@ Hl ST
e Mechanical stage — TATSE & x-y direction § FTH T ﬂ'%%ﬂ

5. Objective Lenses
ATHA IT 4 AH—

4x (Scanning)

10x (Low power)
40% (High power)
100x (Oil immersion)

6. Eyepiece (Ocular)

e 10xIT 15x magnification
« intermediate image FT F=T FAT &

7. Coarse & Fine Focus Knob
o A FT ATE FLA % T wIFd USTecH
8. Body Tube / Optical Tube

« Objective 3T eyepiece & I Tal Eﬁ AT 7T 2

* C. Applications (3931)

Biology & Microbiology
o  THITITRTY, Hd (tissues)



o TFEITAT, TE

o TTEN T HLAAT
Medical Diagnostics

e Blood smear

e Urine analysis

o Parasite examination

Education
o THA/FHIAS TARTLATATY
Material Science

o TA TSTAT & FiT AFAH

e Basic structural examination

= Compound microscope AT 3T fa%qd cellular observations F frw ST 2l

2. PHASE CONTRAST MICROSCOPE
(ST FIvETEE ATSHITHT)

Phase-contrast microscope T 39T 1T &7 optical microscope g\

* A. Principle (frsi)

Phase contrast microscopy FT 4o fr&id 5—
aTeasfT, ST T (unstained) FTTAHTS | THTT % phase differences FT contrast differences &

EESEI

I T2



Stfar Ittty srfermierd: TTeaeT grdr 8|
Normal (bright-field) microscope # 3 gf&reft 3 faaT for==or et fawadt 2|

Phase contrast I THEAT &l A FLAT gl
g FE FTH FLAT 82
ST TeRTer FoRET TRt | Taer T 8, 1—

o T AT T A & o & — phase shift
o T W oW [T & — FH phase shift

T phase differences — 9 3t T fa@d 71 2l

Phase plate + Annular diaphragm =7 phase FZd1 @ bright—dark contrast # s&ed & —
THAT 5T T 21 AT fEETe 3ar gl

= Key Principle:
Phase differences — Amplitude differences — Visible contrast

* B. Instrumentation (Z=-fB3=T)

Phase contrast microscope # compound microscope & THT AT B 3,
SrfeRe a1 ferery srfafer components ST 26 ST aATd %’

1. Annular Diaphragm (Condenser Annulus)

o Condenser ¥ faerea Rr-3shT¥ #T diaphragm

« Hollow-cone of light a9TdT &
o THA 9T AAT pattern H THTI STAAT &

2. Phase Plate (in Objective lens)

« Objective lens F AT T qT¥geff wie



g direct 31T diffracted light & phase shift ItTe FLaT &
« Phase changes — contrast differences ¥ TRaTIT F¥aT g

* C. Applications (3931)

71 1. Live Cell Imaging (STaa FITRTSA &7 7e9a)

o FHITHTAT T AL/ FaAT TGT ST TafclT B

e Cell division (mitosis), movement, growth
] 2. Microbiology
o AFTAT, TSI, BT FiT foa=T Ty e wfa

1 3. Tissue Culture / Cell Culture

o STTarT FITORTSH F sqagTe T fAdrero
e Morphology changes

1 4. Medical diagnosis

e Sperm motility
e Blood cell morphology

1 S. Transparent Samples

e Thin sections
e Algae, protozoa, yeast

= Phase-contrast microscopy live, unstained, transparent samples & o7 FaTH & 8l

* SUMMARY: Compound vs Phase-Contrast

Parameter Compound Microscope Phase-Contrast Microscope



Parameter Compound Microscope Phase-Contrast Microscope
Principle  Light refraction + magnification  Phase shift - contrast

Visibility ~ Stained samples aga¥ fa@d Unstained & live samples clearly
Key parts Objective + Eyepiece + Condenser Annular diaphragm + Phase plate
Application General cell study, stained tissues Live cells, transparent samples

Contrast  &# ERUEIRET

ELECTRON MICROSCOPY

Electron Microscopy Teh 39d ﬁ&ﬁ?ﬁ SETIET %" S weRTer Y S g iﬁﬂ'ﬁ? N FT STTRT
T SITaT 2l

TAFLI T TS (wavelength) Tgd BTl BT &, THIT T THT9T FeA=efT & 1000 AT sfeF
resolution &1 FaT gl

1. PRINCIPLE (frgia)

Electron microscopy T &I ALK

Electron beam + Electromagnetic lenses — High-resolution image

o =7 7

1. SAFEIAT T wavelength THTT F T FH AT 5
A (electron) = 0.005 nm
A (visible light) = 400-700 nm

= el A — TgA 39 resolution — nanometer T T HX=ATY o faw@dT g
2. TAFEIAT &l electromagnetic lenses T FHaFa o smar 8
FF % @9 qgl, arodw
electromagnets TF2IH 19 &7 FHiad (focus) 3T T2T FLd 2



3. Sample 3T electrons FT interaction & i T 2:

o Transmission (SeI#IF FH | [T & — TEM)
o Scattering (SeT#IF A | ZHIT & — SEM)

2. TYPES OF ELECTRON MICROSCOPY

HeTd: a1 T

* 1. TEM (Transmission Electron Microscope)

o TAFSIT AHA A AL FIA &
e 3TATAF resolution (0.1-0.2 nm)
o Internal structure 3@+ % forQ

* 2. SEM (Scanning Electron Microscope)
o THRIT TN BT FAG FEHA FA

e 3D surface image
e Resolution (25 nm)

3. INSTRUMENTATION (I=-fa=m)

Electron microscope & SH@ AR A1+ 3T &:

* 1. Electron Source (Electron Gun)

o TAF A1 FT IqTET
o Types:
o Thermionic gun (Tungsten filament)
o Field emission gun (FEG) (high brightness)



* 2. Condenser Electromagnetic Lenses

TAFLI STH T TqAT 3T BIRT FLd &
Sampleﬂﬂﬁwﬁelectronqg?lﬁﬁ

* 3. Specimen Chamber

Sample FT vacuum H T&@T SATAT &
Vacuum THT Ilgc_q'{“f EERUED
o gal F FHT ﬁ_"@ﬁ_"ﬁ' EARTECERCI %
o Electron path §T% ¥gAT ATRT

* 4. Objective Lens (Electromagnet)

e AT 3l magnification FT THE 9
TEM ® Ha8 Fgcaol

* 5. Vacuum System

2T vacuum (1075 to 1077 torr) STFTH
Components: Rotary pump + Diffusion/Turbo pump

* 6. Detector System

TEM: Fluorescent screen, CCD camera
SEM:
o Secondary electron detector
o Backscattered electron detector
o X-ray detectors (EDX analysis)

* 7. Display / Computer System



o Digital image capture
e Magnification control
o Image processing

4. APPLICATIONS (S9IT)

o o

Electron microscopy T, 32T, f=rfehcaT i A9T-aare e &7 =T ITHIT 2

* 1. Biological Sciences

o Viruses, bacteria T ultrastructure
e Cell organelles: mitochondria, ER, ribosomes
e Proteins & macromolecules

* 2. Medical Diagnosis

e Viral diagnosis (e.g., poxvirus)
o Renal biopsies (TEM ultrastructure)
e Cancer research

* 3., Material Science

e Metals, alloys, composites
e Crystals, microstructure
e Defects, grain boundaries

* 4. Nanotechnology

Nanoparticles
Nanotubes

Quantum dots

Surface topology (SEM)



* 5. Semiconductor Industry

e Microchips
o Circuit patterns
o Failure analysis

* 6. Forensic Science

e Gunshot residue
e Paint chips
o Fiber identification

* 7. Environmental Science

e Dust particles
e Pollutants
e Soil ultrastructure

5. ADVANTAGES (%133)

FcgferF 37 resolution (0.1-2 nm)

e 3D images (SEM)

o Internal and surface both visualization possible
o Chemical analysis (EDX) §9e

6. LIMITATIONS (¥=d)

o g WM



e Vacuum 3MaTh

« Biological samples T [T TaTET ATRT (fixation, dehydration)
« Sample ST AT ¥g THaT

« Radiation damage 2T FdT &

Electron microscopy Ta AT FeHGT TH1F g ST TAFSIT S 1T electromagnetic
lenses T ITTIT FHLeh AT I resolution TT sample FT 3w (TEM) 37 T‘I‘d@' (SEM)
=T feETdt 2l

Tg g T, ferfercaT, 3= ST especially nanotechnology & 37T Hgeaqol TRTETT gt

2l

TEM (Transmission Electron Microscope)

TEM U S9q TFE T AT ¢ ForaH SAFElT 17 YA F S-TT gIHL ST AqH G&H
HTIAT (ultrastructure) ﬁ-ﬁ?ﬁ?{ﬂ? g F4TaT 8l

TEM ¥ resolution 79T 0.1-0.2 nm ZIT &, ST w17 Fewaeff & T 1000 AT Iga< 2|

1. PRINCIPLE (Rrgia)

TEM #T fogid SAFeiAt & T4 & O (transmission) 3 37F scattering T¥ SM&TRA g
e fagia:

IF-Tol1 TAFSAT [ sample TT HHT SATAT

T TolFeid sample & e RSAS ST % (unscattered)!
T, TolFeiq sample & TLATISAT & THUHT faeT sma %’ (scattered)!

T T TRT o TAFSIAT F contrast TAT 8

bl o

ST sample ¥AT (dense) — 372 scattering — dark areas
o STl sample FF ¥AT (light) — FH scattering — bright areas



= 2 g sample FT FTEAT, ultrastructural details fT@Ts AT 21

2. INSTRUMENTATION (3=-fa=ame)

TEM & §&T 9 /19 70 &

* 1. Electron Gun (SA¥I &1q)

SF-Fo1 TAFSIAT T IcATET FHaT gl
Types:
« Tungsten filament (JHTIIAF)
o LaBs filament
e Field Emission Gun (FEG) — high brightness

Voltage: 60-300 kV

* 2. Condenser Lens (Electromagnetic)

o TAFEIT FAH AT TAAT HLAT &
« Sample TT WET AT ¥ electrons HIHE FAT &

* 3. Specimen Holder & Stage

o Sample TF TgT Iq! Thed & &7 H @1 S1AT & (50-100 nm)
o Stage T tilt, rotate 3i¥ move FFaT ST FHaT &



* 4. Objective Lens (Electromagnet)

o TEM &7 HaH Aga 01 FIH (T o&

e Primary magnified image S9TAT &
« Resolution &iRa Fxar g

* 5. Objective Aperture

« Unwanted scattered electrons FT TrdT &
« Contrast IETAT &

* 6. Intermediate and Projector Lenses

« Image T 3T AT magnify Fd &
o Total magnification: 10,000x q 1,000,000

* 7. Imaging System

e Fluorescent screen
e CCD/CMOS camera
o Digital imaging panel

* 8. Vacuum System

TEM ¥ high vacuum (105-1077 torr) STa97F raT g aTrH:

o T BT & THLE AL
e Electron beam HT&IT 3fi¥ ffo¥ v

« Contamination 7 gl



3. WORKING (FTEworreft)

TEM =T T 93 FH H:

1. Electron generation:

Electron gun — IF oIl Tl (q ¥ TAT gl

2. Beam focusing:

Condenser lenses — &TH i T TT HIHT FLd gl
3. Transmission through sample:

TAFET sample & A 5.

e Unscattered electrons — bright area
e Scattered electrons — dark area

4. Image formation:

Objective lens — primary magnified image FTAT |
Projector lenses — SITAH i FT T=T Fd B

5. Detection:

Fluorescent screen / Camera — image @t 3w R wdt 2l

4. SAMPLE PREPARATION (F<AT 331<Y)

TEM #T Ha€ gcaqul ¥ STiee Treha

THAT TET Taq«T (50100 nm) 3T G@T T AT



gt

* 1. Fixation

e Glutaraldehyde
e Osmium tetroxide

T AR ForT T A TR

* 2. Dehydration

Alcohol/acetone — TTHT T geT & ol

* 3. Embedding

Sample T resin (epoxy) H embed 3T STAT 2

* 4, Ultrathin Sectioning

Ultramicrotome & 50—100 nm HIETs & HFTH FHIE AT &
* 5. Staining

Heavy metals ¥ stain:

o Uranium acetate
e Lead citrate

= Contrast IEAT g F11 electron scattering TET &l

5. APPLICATIONS (39rT)

TEM biological, medical 3T material research FT &I ITHII gl

* 1. Cell Biology



Cell organelles (mitochondria, chloroplast, ribosomes, ER)
Membrane studies

Virus morphology

DNA-protein complexes

* 2. Medical Diagnosis

e Viral infections
e Kidney biopsies (GBM changes)
e Cancer ultrastructure

* 3. Microbiology

e Bacteria, viruses, fungi # detailed structure
o Phage studies

* 4, Material Science

Crystal defects
Grain boundaries
Nanoparticles
Metals and alloys

* 5. Nanotechnology

Carbon nanotubes
Nanowires

Quantum dots
Atomic-level imaging

* 6. Semiconductor Industry

e Microchip analysis



o Failure analysis
e Thin film characterization

6. ADVANTAGES (%13<)

e Highest resolution (0.1-0.2 nm)

o  Ultra-thin internal structure fe@Te T g
e Atomic-level details
o Chemical analysis (EDX) §9e

7. LIMITATIONS (Hiwrd)

S ELR AL

o AT ST TRl 78 FHRAT

e ST sample-preparation

« Radiation damage g1 F5aT g
e Vacuum AHaTH

TEM T AT HIShHIERAT Tohel % ¢ (T8 Solaaid] Hl T % -1 HSThe IHe! Ted

T (ultrastructural) AT TCIAT 7 Ig-TEAt e = Sy o St gl
g modern biology, medicine, materials science 3f¥ nanotechnology H HgeaquT S{THET H+Ta

2l

SEM (Scanning Electron Microscope)

SEM U Tl iq HTZHITAHTT g ST sample FT Tdg (surface) FT high-resolution 3D image #
T 21
g TEM i A¥E internal structure F&l aTodh Hagl G<AAT ST topography & forT IT=RfT g1

Resolution: 2—5 nm, Magnification: 10x — 500,000x



1. PRINCIPLE (fRrgiq)

SEM #T q& [rgia:
1. Electron beam scanning:

« High-energy electron beam sample Ft Fqg T¥ scan FAT Bl
« Beam 1< FI< points T sequentially STTAT g

2. Electron-sample interaction:

o Surface ¥ TAFLIA AT g AT ATHT signals IHT B 3.

o Secondary electrons (SE): Tdg F topography f&@Ta g (bright-dark contrast)
o Backscattered electrons (BSE): Elemental contrast (atomic number difference)

feara g

o Characteristic X-rays: EDX (Elemental composition)
3. Signal detection:

o Detectors surface & 3T AT electrons/X-rays T detect FLh image AT Bl

qeq forgia: Surface topography + electron interaction — high-resolution 3D image

2. INSTRUMENTATION (F=7-fa=1m)

SEM % H{&T A

* 1. Electron Gun (3991 &1d)

« High-energy electron beam 3T« AT g (Voltage: 5-30 kV)

o Types:
o Tungsten filament (thermionic)



*

*

*

o Field emission gun (FEG) — high brightness

2. Condenser Lens (Electromagnetic)

Electron beam T focus F¥dT &
Beam diameter FETFY fine scanning spot IATAT &

3. Scanning Coils (Deflecting Coils)

Beam T raster scan pattern ) sample TT o ST %’
Beam & x 3I¥ y direction § move FITd &

4. Specimen Stage

Sample T tilt, rotate 3T translate AT ST TFaAT B
High vacuum chamber & T@T STdT &

5. Objective Lens (Electromagnet)

Beam T sample 9% focus F¥dT &
Resolution 3{I¥ magnification I =d Far g

6. Detectors

Secondary electron detector (SE): surface detail
Backscattered electron detector (BSE): atomic number contrast
X-ray detector (EDX): elemental analysis

7. Display / Computer System



Signal #T digital image ¥ F&oraT &
Image capture 3% analysis

* 8. Vacuum System

High vacuum (105—10"7 torr) — electrons ¥ scatter BI & LwdT &

3. WORKING (FTaor=it)

Sk w =

Electron gun — Electron beam 3¢+ #¥dT g

Condenser lens — Beam T narrow focus F¥dT §

Scanning coils — Beam T raster pattern # sample 9% scan F¥dT &

Electrons interact with surface — Secondary electrons, BSE, X-rays e {oId gld &
Detectors signal detect F¥d & — 3D surface image T9dT &

Display/Computer — High-resolution image f@Tdt g

4. SAMPLE PREPARATION (ST d31<Y)

SEM ¥ sample preparation TEM & Wﬁ A
HEY steps:

1.

Fixation (optional, biological samples)
Glutaraldehyde, Osmium tetroxide
Dehydration (biological samples)

Alcohol series (30% — 100%)

. Drying

Critical point drying — Surface collapse THaT g

Coating



e Conductive coating: Gold (Au), Platinum (Pt), Carbon
o d@TfF electrons accumulate 7 &F (charge build-up)

5. Mounting
« Sample stub T fRTHTAT ITAT §

Note: Non-conductive samples coating 3 T charge artifact ItTs FT Thd &

5. APPLICATIONS (39rT)

* 1. Biology / Medicine
e Cell surface morphology

e Bacteria, viruses
o Tissue structure

% 2. Material Science

e Metals, alloys, composites
e Microstructure, fractures
e Nanoparticles, nanotubes

* 3. Nanotechnology

e Nanowires, quantum dots
e Surface morphology analysis

* 4. Semiconductor Industry

e Microchip defects
o Circuit patterns

* 5. Environmental Science

e Dust particles, aerosols
e Soil microstructure

* 6. Forensic Science



o Paint, fiber, gunshot residue analysis

6. ADVANTAGES (%13%)

3D surface imaging

High resolution (2-5 nm)

Elemental analysis (EDX) possible

Less demanding sample thickness compared to TEM

7. LIMITATIONS (&i=T0)

« Biological samples S{ITad Tl ¥g T
« High vacuum 3fi¥ coating ST&
e Expensive

« Internal structure Tl fa@TdT

SEM U STTRaTTEAT Toheieh & ST Soae |l o 9dg ¥ interaction T STLTHA Bl
Tg sample ¥ surface morphology 3fiX topography FT high-resolution 3D image ¥ fa@TdT &
#T modern biology, material science, nanotechnology 3fi¥ forensic science ® Ilgc_q"lﬂf El



