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Degradation and Absorption of Exogenous Proteins

- Exogenous proteins (JMEEHRR) are digested in the
gastrointestinal tract (Bf#E) into amino acids and
small peptides (7\iX) , then absorbed and used by
tissues.

« Excess amino nitrogen is mainly converted into urea
and excreted in urine (FRiR) .



Intracellular proteins are degraded mainly by two systems

< Lysosomal degradation (iBES{4BERE)
<+ Ubiquitin—-proteasome system, UPS (iZZ-BEHEBSERESR)
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The UPS is ATP-dependent and is especially important for selective
degradation of short-lived, damaged, or misfolded proteins.
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Enzymes

1. Endopeptidases (BA§iEMILIES)

Endopeptidases, also called proteinases (FERS) , hydrolyze peptide bonds
inside the polypeptide chain (ZIA5EREPAYBAEE) . This converts large
proteins into shorter polypeptides and oligopeptides (ZFHRX) .

< Pepsin (BERES)

< Trypsin (BEEEES)

< Chymotrypsin (EEERES)
“ Elastase (32[£=ERES)



Enzymes

2. Exopeptidases (Bk&EIMIIES)

Exopeptidases remove amino acids from the free ends (jiFE>im) of peptides.

< Aminopeptidases (ZBAEB) act at the N-terminus (Nif / & EXRKiw) .
< Carboxypeptidases (¥£RAHEE) act at the C-terminus (Cig / ¥#8EKim) .
v Carboxypeptidase A (¥BBKEBA) prefers hydrophobic (7K %) or aromatic (
&%) residues.
v Carboxypeptidase B (F¥2BAESB) prefers basic residues, especially lysine (&

%) and arginine ({B&RR) .
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Common Metabolic Pathways of Amino Acids

Deamination

B R R—C—COOH + NH,
|

R—?H—COOH < 0

NH,, R—CH,—NH, + CO,

Decarboxylation
B EAEH



Common Metabolic Pathways of Amino Acids

/ Deamination (Biz=E{(EMR) \ / Decarboxylation (ﬂﬂ?ﬁgfﬁ-ﬁm

The amino group (&) is removed from an The carboxyl group (¥&) is removed as CO,
amino acid, forming an a-keto acid (o-Eiis) (Z&| %) , forming an amine (B%2%) .

and NH,* ($&§&7F) .

< Removes amino nitrogen (FESH) < Produces biologically active amines (E¥iE
% Provides carbon skeletons (F#&&2Z28) for T4Efg)

energy metabolism < Examples include histamine (Z8f%) , GABA
< Produces ammonia/ammonium that enters (y-2&2 T ) , dopamine (ZBEfR) , and

\che urea cycle (FREMEIR) / \serotonin (5-FEi%) /




Deamination (RZE(EF)

1. Oxidative Deamination (F{tIRF[AE(E

)

A. L-Amino Acid Oxidase (L-SEESTILES)

L-amino acid oxidase

. . (L-2EERE(LES)
L-amino acid + O, + H,0

. a-keto acid+ NH,*+ H,0,

Q. ;0
| T
H3N+'—"C|:H 0 =—C
|
CH, CH, 4+ NH/
| Glutamate |
|CH2 dehydrogenase CIHz
C C
7R /\
0 \O 0o \O

Glutamate a-Ketoglutarate

It is found in some animal tissues,
kidney, liver, and microorganisms, but
because its physiological activity is
limited, it is not the central pathway of

human amino acid catabolism.
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Deamination (RZE(EF)

1. Oxidative Deamination (F{tIRFE(ER)
B. Glutamate Dehydrogenase (GDH, &R RIS ES)

This is the key oxidative deamination enzyme in human amino acid metabolism.

GDH
Glutamate + NAD* or NADP* + H,O 1 » a-ketoglutarate+ NH,* + NADH or NADPH + H*
< Mainly in mitochondria ~ ~
: . e COO~ COO0~ COO"~
< Widely distributed in living | | |
CH . CH : CH
organisms i NAD(P)"  NAD(P)H i H;0 NH, 2
CH, N /‘ CH, \_/‘ CH,
< Uses either NAD* or NADP* | - > | < — > |
H—C—NH;" Glutamate C=NH," Glutamate C=0
< Reversible reaction | daligdrogenase | Gty draganzEs |
COO~ COO~ C00"
Q’Q 1 /T‘R Ai:l: i -
* A”OSterlcally reglJIated (21‘/])3 Glutamate a-Iminoglutarate a-Ketoglutarate
™)
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Deamination (BiZE(ER)
2. Transamination (3ZE{ER)

Transamination is the transfer of an amino groupfrom an amino acid to an
a-keto acid, forming a new amino acid and a new a-keto acid.

O @
1 R1
HOJW R HOJ\(
O NH,
Transaminase
+ S— — +
o 2l o

R? 2
HO)K( HOJ\W R
NH, O
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Deamination (BiZE(ER)
2. Transamination (3ZE{ER)

GO0t OHs s GO0 OH
CHNH, + C=0 GPT C=0 + CHNH,
CH),  COOH  (CH),  COOH
COOH COOH

Glu Pyr a —Kg Ala

Most amino acids can undergo transamination, but lysine (§i&#) , threonine (GRER) ,

proline (fE&EL) , and hydroxyproline (FfE=E) generally do not undergo typical
transamination.




Transdeamination ( S IRS{ER )

Combined deamination (BEX&iR&EE(EA) , also called transdeamination (%%
ZUREFAERA) , is the combination of: Transamination ((3ZFE{ER) and
Oxidative deamination of glutamate (B@REENEMIHIELER)

?OOH
R (CH,) , NH,+NADH+H*
(:}H—NH2 %:=o (NADPH+H")
COOH COOH

gl ?OOH L — A RERA S B
R (CH,) ,
6=0 CHNH, NAD* (NADP*)+H,0

I I
COOH COOH 15



Transdeamination ( S IRS{ER )

Fate of Amino Nitrogen (FESZHIKiEER)

< Reuse for amino acid synthesis (EFiHFSEESH)

Amino groups are transferred between carbon skeletons by transamination (3ZE/(ER) .

< Formation of glutamate and glutamine (Z£pkBREFIAZAEIR)
Glutamate is the amino-group collection center (FEC&EH)) ; glutamine is the major
nontoxic transport form of ammonia (FRFEL=EZHFI) .
< Formation and excretion of NH,* (JEpkFHHELEEF)
In the kidney, NH; binds H* to form NH,*, helping maintain acid-base balance (B&I#IE) .
< Conversion to urea (3THRE)

In mammals, ammonia is detoxified mainly in the liver through the urea cycle (FREEEH / B&
EREIA) and excreted by the kidney.
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Transdeamination ( (& RSIER )

Metabolic Fate of a-Keto Acids (a-FRE&EHI{CiEI553E)

After amino acids lose their amino groups, the remaining carbon skeletons are usually
converted into a-keto acids. These carbon skeletons can enter central metabolism.

< Be reaminated to form amino acids (EIEELAERSEER)

< Enter gluconeogenesis or lipid metabolism (1

NFE s EEARR )

<+ Be completely oxidized to CO, and H,O (#lI&&{tJ3 CO, 1 H,0)

degraded into acetyl-CoA or acetoacetate.

v" Glucogenic amino acids (£EZERE) can contribute to glucose synthesis because they are
degraded into pyruvate (AEEE) or TCA-cycle intermediates.
v Ketogenic amino acids (&£Bi=EE:) can contribute to ketone body synthesis because they are
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Decarboxylation (BRZEAER)

Decarboxylation is not the main pathway for energy metabolism of amino acids. Its
major importance is the formation of biogenic amines (Z£4Ji%) , many of which act
as neurotransmitters (fH£2i#8/H) , hormones ((&2%) , or local signaling molecules.

R Amino acid decarboxylases R
| (EEBRRAES) |

| PLP (FBEESNLIZES, vitamin Bg) ‘

NH, .

Amino acid Amine (B%)
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Biosynthesis of Amino Acids

<+ Amination: Direct Incorporation of Ammonia (FREU(ER: BiExmEL)

[NH3 / NH,* + a-keto acid = amino acid ]

A common example

(IIOO' ?OO‘
Glutamate
?H?- dehydrogenase (l:HZ
CH (ARERRSE) CH
| 2 + NH,* + NAD(PH + H* > | 2 + NAD(P)* + H,0
C=0 CH—NH,;"
| |
COO~ COO0~
a-ketoglutarate glutamate
(a-ERk—ER) (=)



Biosynthesis of Amino Acids

<+ Amination: Direct Incorporation

Source of Nitrogen (FRIFEKIR)

of Ammonia (FEME

H: HiExaE()

N5 + 8e- + 16ATP + 10H* —» 2NH4* + 16ADP + 16P; + H>

Biological nitrogen fixation

(EER)

Some prokaryotes convert atmospheric

. 8@ H + H +
; |E—|NI-Z| and |Z-1N|-Z|
H H

*N::N:+ 6e-
10 electrons 16 electrons total

N, into NH; through nitrogenase ([E& B

fg) , making nitrogen available for

biosynthesis.

: i 16 ATP
Ferredoxin Dinitrogenase Dinit
(oxidized) Reductase initrogenase N
(reduced) (oxidized) 2
Dinitrogenase Dini
Ferredoxin Reductase = Inlt:joger:jase N,
(reduced) (oxidized) 16 ® (reduced) 106
+16 ADP




Biosynthesis of Amino Acids
<+ Amination: Direct Incorporation of Ammonia (REACIER: BiExaE()

Biological nitrogen fixation (4}IEH)

/Free-living nitrogen-fixing organisms /S biotic ni it . \
. — ymbiotic nitrogen-fixing organisms
(FF=EmED) (FEEIREN)
These live independently in soil or water These live in association with host plants,
and fix nitrogen without a plant host. especially legumes (SRHEYD) .
Examples:
-Azotobacter (EZEEE) Exam.ples: L
Clostridium (&) o Rhizobium (#8f8&E) in root nodules
o Bradyrhizobium (124iRiSH)

k-Some cyanobacteria ((54iE) / \ /




Biosynthesis of Amino Acids
<+ Amination: Direct Incorporation of Ammonia (FREU(ER: BiExmEL)
Source of Nitrogen (&RIFER)
Nitrate Reduction in Plants ({83 ItHESELASEIRIER)

In plants, nitrogen can enter amino acid biosynthesis mainly in the reduced form NH,*. However, the

major inorganic nitrogen source absorbed by many plants from soil is nitrate (NO5™) .

Nitrate reductase, NR Nitrite reductase, NiR
(TEEEERES) (R EE) .
N 03_ > N 0 2_ > NH 4

m chloroplasts

NADH + H* NAD* + H,0 NADPH + H+ ©F Plastids  NADP+ + H,0

23



Biosynthesis of Amino Acids

<+ Amination: Direct Incorporation of Ammonia (FREU(ER: BiExmEL)
Source of Nitrogen (&RIFER)

Catabolic Production of Ammonia (%9

HMRBI=ER)
Ammonia/ammonium (NHs; / NH,*) can be produced during the degradation of nitrogen-

containing compounds, especially:

<» Amino acid deamination (REEIZRE/ER) .

< Amide hydrolysis (EtlZ7KEZ ) . Glutamine (BR&RELNZ ) and asparagine (RZEthZ ) canrelease NH,*
through glutaminase (AR LMEES ) and asparaginase (K& fiizfs ) .

< Nucleotide degradation (Z%E ER[ERE) . Purine (215 ) and pyrimidine (IEIE ) degradation can
release amino nitrogen.

% Urea hydrolysis by urease (Axf87/KEZFKZ ) . In plants and many microorganisms, urease (HkES )

hydrolyzes urea to release NH,/NH,™.

L4



Biosynthesis of Amino Acids

<» Amination: Direct Incorporation of Ammonia (RE{CIER:

Sources of a-Keto Acids (o-ERBZHISEE)

BizaE(t)

Carbohydrate metabolism

(FEfis)

“ Pyruvate, Pyr
% Oxaloacetate, OAA

<+ a-Ketoglutarate, a-KG

Glyoxylate cycle
(CEEERABIN)

<+ Glyoxylate can be converted
to glycine (HZER)
< Important in plants and

microorganisms

Lipid metabolism

(EES i)

< Glycerol (HiH) via carbohydrate
metabolism

< Odd-chain fatty acids can form
succinyl-CoA (IRIAEHHERA)

< In plants and microorganisms,
acetyl-CoA can enter the glyoxylate

cycle
25
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Protein Biosynthesis / Translation

=

Translation (&%) is mRNA-directed protein synthesis on ribosomes.

During translation, the ribosome reads the mRNA in the 5' — 3’ direction. According
to the codon sequence (BBi3FF51) of mMRNA, specific amino acids are added one by
one to the growing polypeptide chain (IETEREIHISZBAEE) .

i ET Mucleus 5 Growing amino
‘&\ m DS . acid chain (@
\ tRMNA fr >
leaving L) i "' Amino Acid
Transcription 5 b oE
tRNA

8
&, Transport to 20 -
;\ cytoplasm » \ - k. .
\1_ o gV codon . e
L - :

RNA

Ribosome

 mRNA Y N
' ) lranslati 27




Protein Biosynthesis / Translation

< Location of Translation (BRiE&4BII%ER) in the cytosol

In prokaryotes (JF#Z4EH)

In the cytoplasm on 70S ribosomes. As prokaryotes have no nucleus, transcription

and translation can be coupled

In eukaryotes (E#Z44D)

<+ Proteins for the cytosol, nucleus, mitochondria, and peroxisomes are usually
synthesized on free ribosomes.

< Secreted proteins (92E&H) , membrane proteins (f&&H) , and lysosomal
proteins ((AEE{AEH) are usually synthesized on RER-bound ribosomes (*HE

RIS ETZHER)

28



Protein Biosynthesis / Translation

<+ Main Components Required for Translation

<» mRNA provides the codon sequence (ZIEFF5) .

< Ribosome provides the platform for decoding and peptide-bond formation (BX&ERZRL) .

< tRNA carries specific amino acids and recognizes codons through anticodons (&Z/3<) .

< Amino acids (&) are building blocks of the polypeptide chain.

<> Aminoacyl-tRNA synthetases (ZEi-tRNASAES) attach each amino acid to its correct
tRNA.

< Translation factors (F&E ) include Initiation factors (FEI5E+) , elongation factors (
JEI<EF) , and release factors (BEREF) .

<+ Energy: ATP is used for tRNA charging; GTP is used during initiation, elongation, and
termination.

29



Protein Biosynthesis / Translation
+ Codon (ZF#EF)

Codon: a triplet of nucleotides on mRNA that encodes one amino acid or a stop
signal. Zi3FEmRNA_ LRI —MREERa 2R I HESH =" MEEHLE B,

< Genetic code (E(EZR)

The correspondence between mRNA codons and amino acids or stop signals
during protein synthesis. nMRNAZSFSREEEE IHES Z BRI RARN,

30



Nobel Prize in Physiology
or Medicine 1968

Photo from the Nobel Foundation
archive.

Robert W. Holley

Prize share: 1/3

Photo: Harold Hone. Nobel
Foundation archive

Har Gobind Khorana

Prize share: 1/3

Photo from the Nobel Foundation
archive.

Marshall W.
Nirenberg

Prize share: 1/3

From 1961 to 1966, Nirenberg, Khorana,
Holley and others helped decipher the
genetic code, establishing the
correspondence between the 64 codons
and amino acids or stop signals. They
received the 1968 Nobel Prize in
Physiology or Medicine.
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Protein Biosynthesis / Translation

Second base in codon

First base in codon

U C A G
UuuU UCU UAU UGU U
Phe Tyr }Cys
uucC - ucc ” UAC - UGC C
er
UUA UCA UAA - UGA STOP A
Leu STOP
UuUG - UCG - UAG - UGG Trp G
CUU CCU - CAU " CGU ~ U
is
CcucC CCC CAC - CGC C
Leu Pro Arg
CUA CCA CAA ol CGA A
n
CUG - CCG - CAG - CGG - G
AUU - ACU AAU - AGU - U
Asn Ser
AUC |lle ACC AAC - AGC - C
Thr
AUA - ACA AAA - AGA - A
Lys Arg
AUG Met (start)| ACG - AAG - AGG - G
GUU GCU - GAU GGU U
Asp
GUC GCC GAC GGC C
Val Ala Gly
GUA GCA GAA - GGA A
Glu
GUG- GCG - GAG - GGG - G

UOpO2 Ul 3seq }se

Codon Table (E{EZRBFE)

/0:0 61 sense codons (X ZiEF) \
encode amino acids.
< 3 stop codons (£21FZF53F)

terminate translation: UAA, UAG,
K UGA /

/AUG usually serves as the start codon\

and encodes:

< Methionine, Met in eukaryotes
< N-formylmethionine, fMet (N-
FABtEREE:) in bacteria and

organelles j

o
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Protein Biosynthesis / Translation

Key Properties of the Genetic Code

i » W b=

Triplet (Z=BX{#) : three bases form one codon.

read 5'—3

', and the protein is synthesized N—C.

Degenerate (fgFF%) : most amino acids have multiple codons.

Specific (E—{%) : each codon specifies only one amino acid or stop signal.

Non-overlapping and comma-less (A&&. Z#r=) : codons are read

continuously.

Nearly universal (@HR%) : most organisms use the same code, with minor

exceptions.

Wobble (;

EEME) : the third codon base often pairs flexibly with tRNA

anticodons.
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Protein Biosynthesis / Translation

Degeneracy of the Genetic Code (iE(EZMBAITEFFIE)

Most amino acids are encoded by more than one codon. This property is called degeneracy.

Only two amino acids have a single codon:
% Methionine, Met (FRfEZFBE) : AUG
< Tryptophan, Trp (BF&ES) : UGG

Examples of synonymous codons ([&]NZ1EF) :
<+ Glu (B&E8) : GAA, GAG
<+ Asp (RZ&E) : GAU, GAC
<+ Leu (&) : UUA, UUG, CUU, CUC, CUA, CUG
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Protein Biosynthesis / Translation

Degeneracy of the Genetic Code (iE(EZMBAITEFFIE)

Synonymous codons (EINX%Zf5+) encode the same amino acid, but they are not always used

equally. Different organisms, tissues, or genes may prefer different synonymous codons. This is
called codon usage bias (B {FERIRE) .

Codon usage bias is related to:
< Evolutionary history (#HtF5E)
< Genome GC content (EFEGCEE)
< tRNA abundance (tRNA=EE)
< Translational efficiency and accuracy (ENEESERML)
< Gene expression level (EEFRIAKF)
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Protein Biosynthesis / Translation

Wobble of Codons (Zi3FRUZTNIE / T(BIE)

The specificity of codon recognition is mainly determined by the first two bases of the codon.
The third base often allows more flexible pairing with the first base of the tRNA anticodon (fz
BIRFE—OFE) . This flexibility is called wobble.

4 N

Valine (4imfR) is encoded by four codons: GUU, GUC, GUA, GUG. These codons
share the first two bases, GU, and differ only at the third base U, C, A, or G

But not always...
Leucine (F&{£) : UUA, UUG, CUU, CUC, CUA, CUG

\_ /
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Protein Biosynthesis / Translation
<+ Ribosome, the Site of Protein Synthesis

Ribosomes are composed mainly of rRNA and ribosomal proteins; rRNA forms the structural

and catalytic core of the ribosome.

Ribosome
Light subunit

\

Small subunit

i

Large subunit
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Protein Biosynthesis / Translation

<+ Ribosome, the Site of Protein Synthesis

4 N

<» Small subunit (/JWEE) : recognizes mRNA codons and tRNA anticodons (
IR RE R ZRET)

< Large subunit (KIEE) : catalyzes peptide-bond formation ({E(VEKEEFZEL)

\ )

The ribosome contains three tRNA-binding sites:
< A site (AR / &ABRIS) : incoming aminoacyl-tRNA
<P site (Pfii== / BKBHL=) : growing peptidyl-tRNA
<+ E site (E{fu= / HHOfiis=) : exiting deacylated tRNA
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Protein Biosynthesis / Translation

<+ tRNA, The Adaptor for Amino Acid Transfer

tRNA links mRNA codons with amino acids during translation.

< Carries amino acids (EEZEBE) : Amino acids attach to the 3" CCA end.

<» Recognizes codons (IRalEE8F) : The anticodon (&Zf8F) pairs with the
mRNA codon.

<+ Delivers amino acids to the ribosome (IGZEEHENZHEM) : tRNA brings

amino acids to the correct position during translation.

<+ Ensures specificity through aminoacyl-tRNA synthetase (iBZZ&Et-tRNAS
PXEBRIEE—I%) : Each aminoacyl-tRNA synthetase attaches the correct amino
acid to the correct tRNA.
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Protein Biosynthesis / Translation

<» Aminoacyl-tRNA Formation (Z&%-tRNARIAZRE)

Amino acid + tRNA + ATP —> aminoacyl-tRNA + AMP + PPi

This reaction is catalyzed by:

Aminoacyl-tRNA synthetase
(EEt-tRNAS ES)

3[!
OH 6/ \
R " NH3
H é COO" //\/> 7 0 i i
IR Adenine 4
| + L 0— lla-o—P—o—P o= |
NH;* @ o
OH OH OH OH
Amino acid tRNA ATP aminoacyl-tRNA AMP PPi
(FER) (tRNA) (ATP) (EEE-tRNA) (AMP) (PPi)

The product, aminoacyl-tRNA (& &t-tRNA) , carries an activated amino acid for protein synthesis.
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Protein Biosynthesis / Translation

< Main Enzymes and Factors in Translation (EZEESEMiHEIEF)

Enzymes / catalytic activities

< Aminoacyl-tRNA synthetase (ZEt-tRNASKES)
< Peptidyl transferase activity (RABEFEEEEE)

Translation factors

< Initiation factors, IFs / elFs (#2%RFEF) , help assemble the initiation complex.

< Elongation factors, EFs / eEFs (ZEL<EF) , deliver aminoacyl-tRNA and promote translocation.

< Release factors, RFs / eRFs (BEIEF) , recognize stop codons and release the completed
polypeptide.

Energy and ions

< ATP for amino acid activation
< GTP for initiation, elongation, translocation, and termination
< K*and Mg?* (K*fIMg?*) for ribosome function a1




Process of Translation

1. Initiation (2#8)
2. Elongation (ZEiK)
3. Termination and recycling (4&1E5#&%5E{b1

Gif)

42



Process of Translation

Step 1. Initiation (EiFkSHR)
Initiation assembles the ribosome, mMRNA, and initiator tRNA at the start codon (FIRZFEF) .

Small ribosomal subunit binds the mRNA and locates the start codon

U

Initiator tRNA binds the start codon.
fMet-tRNAMet (EREEFRFREEL-TCIRtRNA) in bacteria & Met-tRNAMet(ERFRE EE-F2IRtRNA) in eukaryotes

U

Large ribosomal subunit joins to form the complete initiation complex

/

-

\
> P site (PfiLs=) contains the initiator tRNA.
After initiation: > Asite (A=) is empty and ready for the next aminoacyl-tRNA.
> E site (EfSigR) is empty.
43 /




Process of Translation

Step 1. Initiation (&HiF#EiR)

Initiation complex

Bacterial translation initiation

Large ribosomal
e g

subunit
fMet

Small ribosomal
subunit

5 deriee 3 5
L / J L J

Shine-Dalgarno Start codon
sequence ' !
Initiation complex

Initiator tRNA

GGAGG

Eukaryotic translation initiation

Met

Complex of small
ribosomal subunit
and initiator tRNA
binds to 5’ cap.

™~ Small ribosomal subunit

Initiator tRNA
‘/

5 AUG
5’ cap Start codon
Met l
|({
5N AUG
Met
5 M

Large ribosomal
subunit ~

Complex scans to
find the start codon.

Initiator tRNA binds
to start codon.

Large ribosomal
subunit joins to form
initiation complex.

Initiation complex
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Process of Translation  Step 2. Elongation (EiFiEiK)

Aminoacyl-tRNA entry Peptide-bond formation Translocation

into the A site BRSERZ Y E2 11
(REE-tRNAEHAAGLER)

< Peptidyl-tRNA (EXE#-tRNA) moves
from the A site to the P site.

Requires elongation This reaction is catalyzed by < Empty tRNA moves from the P site to
factors (ZEEEF) and the peptidyl transferalse the E site.
GTP center (RAERSS#SEERIL) of the The empty tRNA exits from the E site.

R/ /
0’0 0’0

large ribosomal subunit. The A site becomes free for the next

aminoacyl-tRNA. e



Process of Translation
Step 3. Termination (BEhFEZZ1L)

< Elongation and translocation continue in a repeating cycle until the ribosome reaches a stop codon

< These codons do not recruit a tRNA molecule, but instead recruit a release factor that signals for

translation to stop
<+ The polypeptide is released and the ribosome disassembles back into its two independent subunits

Free polypeptide

/

Release factor




Post-Translational Events

After termination, the ribosome is recycled for another round of translation.

The newly synthesized polypeptide may undergo:
<+ Folding (375)
< Chaperone-assisted folding (3F{H(RiEENIFE)
< Proteolytic processing (FERKHEINI)
< Post-translational modification, PTM (BhEG(ElH)
< Protein targeting (BRIEE(L)
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From DNA to Protein: The Central Dogma of Biology

The Blueprint: DNA Structure & Replication

Adenine (A) - Thymine (T)

NH,
&
N (¢}
H
Quanine (G) - Cytosine (C)
Two strands are linked

by specific base pairs

DNA Copies Itself Through
Semiconservative Replication
Each new DNA molecule

contains one original strand and
one newly synthesized strand.

The Factory: From Gene to Protein

Step 1: Transcription (DNA = RNA) Step 2: Translation (RNA - Protein)
A segment of DNA is used as a template to create a A ribosome reads the mRNA’s code to assemble
complementary messenger RNA (mRNA) molecule. a chain of amino acids, forming a protein.

P . Cytoplasm

/ Nucleus

Ribosome

Cytoplasm
The Genetic Code
Isa Tﬂplet Every three bases on the
mRNA, called a codon,
specifies one particular Functional Protein
amino acid.

Codon
(Three bases)



Central dogma (FhCyEN)

The central dogma of molecular biology describes the flow of genetic information in biological

systems.
DNA RNA
Protein
Transcription _
> Translation
< Reverse
transcription

&
L -
[ ] ]
lllllllllllllllll
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Homework Assignments

Model 1: DNA is actively transcribed, producing much mRNA. Ribosomes translate rapidly, so many
proteins are synthesized. However, protein degradation is weak, so misfolded proteins accumulate.
Model 2: Transcription and translation are slower, so fewer proteins are synthesized. However, protein
degradation is efficient, so damaged proteins are removed quickly.

Task 1: Explain the roles of DNA, mRNA, tRNA, ribosomes, amino acids, and ATP/GTP in protein

synthesis.
Task 2: Which model is more successful for long-term cell survival: rapid protein synthesis or efficient

protein quality control? Explain why.
Task 3: Suggest one way to improve each model. Consider mRNA stability, ribosome activity,

ATP/GTP supply, molecular chaperones, or protein degradation systems.

Challenge: A codon changes from GAA to UAA. Explain how this affects protein synthesis.
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