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1.What are enzymes?
2.How do enzymes work?

3.How are enzyme activities regulated?



Reactants & Products

What is energy? Physicists vs Biochemists

Two basic types of energy

The Laws of thermodynamics
- First, Energy is neither created nor destroyed
- Second, Disorder tends to increase (Not all energy can be used)
- enthalpy (H) and free energy (G): H=G + TS
- AG = Gproduct = Greatants

» NG tells us the equilibrium point of the reaction lies but tells us nothing about the rate of a reaction.

» No catalyst makes a reaction occur that cannot otherwise occur!



What are enzymes?

Enzymes are biological catalysts produced by living cells. Most

enzymes are proteins, and a few are catalytic RNAs called

ribozymes (Zfg) .

How to verify that an enzyme is a protein?



What are enzymes?

Most Enzymes Are Proteins (KZEIEBREHR)

< In 1926, James B. Sumner first crystallized urease (Jx&8) from jack bean seeds (7]

Z#F) , showing that urease has a protein nature.

<+ In the 1930s, John H. Northrop crystallized several digestive enzymes (iE{tES) |

such as pepsin (BER(S) , trypsin (BBEEHES) , and chymotrypsin (EEEELERLES) |
further supporting that enzymes are proteins.

The Nobel Prize in Chemistry 1946 was divided, one half
awarded to James Batcheller Sumner "for his discovery that
enzymes can be crystallized", the other half jointly to John

Howard Northrop and Wendell Meredith Stanley "for their

Photo from the Nobel Foundation Photo from the Nobel Foundation *ho

James Baicheller  John Howard Wendell Meredith preparation of enzymes and virus proteins in a pure form"

Sumner Northrop Stanley
i ; Prize share: 1/4 fize share:



What are enzymes?

Some enzymes are RNA: ribozymes / #%f8

< In 1982, Thomas Cech (iJJ#f) discovered that precursor rRNA from
Tetrahymena (P4iEH) had self-splicing catalytic activity (BEEHEEEIE) .

< Catalytic RNA molecules are called ribozymes (#%#8) : RNA with catalytic

activity (BBRIECENE

Photo: Yale University. From the
Nobel Foundation archive archive.

Sidney Altman Thomas R. Cech

Prize share: 1/2 Prize share: 1/2

KXIRNA) .

The Nobel Prize in Chemistry 1989 was awarded jointly to
Sidney Altman and Thomas R. Cech "for their discovery of

catalytic properties of RNA"



What are enzymes?

Characteristics of Enzyme Catalysis

< High efficiency (&%)
< Specificity (Z—1% )

’0

% Regulability (R[EZ4E )

‘0

% Easy denaturation (BTt / Z%KiE)

< Cofactor requirement (HEEHHEIEF )

®

% Mild working conditions (YEFASE&;EH)

Enzymes are efficient, specific, regulatable biological catalysts that usually work

under mild conditions but depend strongly on proper structure and cofactors.




What are enzymes?
High catalytic efficiency (S3#l¥)

Enzymes greatly accelerate biochemical reactions by lowering

activation energy

Urea+ H,0 CO, + 2NH;

Urease(fixEi) accelerates urea hydrolysis by about 1014-10%% times compared

with the uncatalyzed reaction.




What are enzymes?
Specificity (£—1%)

Enzymes show high specificity for their substrates and reactions.

A/
0’0

\/
0’0

Absolute specificity (22X E—14 ) : one enzyme acts on one substrate.

Group specificity (ZFEHFIE—1% ) : one enzyme acts on a group of related

substrates.

Bond specificity (38 % —1% ) : one enzyme acts on a specific type of

chemical bond.

Stereospecificity (ALfAE—1% ) : one enzyme recognizes a specific

stereoisomer.

Urease (fXEB) acts specifically on urea (R=) .




What are enzymes?
Regulation of enzyme activity (BSiEEAITEEE)

Enzyme activity can be regulated according to cellular needs.

e

*

Allosteric regulation (Z&iFT)

Covalent modification (IE{}{Zfip) , such as phosphorylation (5#%E&{t)
Feedback inhibition (RR{&El)

Changes in enzyme synthesis or degradation (&§& Bk FERFAIELZEE)
Substrate or product concentration (JE¥IEkF=YIiRE)

\/
0’0

e

*

\/
0’0

e

*

This allows metabolism to respond to changes in energy status (BEEIRZE)
and nutrient availability (SF{#5) .




What are enzymes?
Easy inactivation / denaturation (35%iE / Z3EE)

Most enzymes are proteins, so their activity depends on a specific three-
dimensional structure.

They can lose activity under conditions such as:

<+High temperature (Si&

< Extreme pH ({kikpH)

<+ Heavy metal ions (E2EEF)

< Organic solvents (B#liER)

<+ Strong acids or bases (FRESEYIHMR)



What are enzymes?

Requirement for cofactors (FEE4HENEF)

Many enzymes require non-protein components (IEEEHRLk7) for activity.

These are called Cofactors (%

Types include:

<+ Metal ions (ZEEEF)

iJZYJES

<)

, such as Mg?*, Zn?*, Fe?*/Fe3*

<+ Coenzymes (}#if§) , often derived from vitamins (#43)

«Prosthetic groups (
Definitions:

“Apoenzyme (Bi%HES)

&)

, tightly bound cofactors

: protein part alone, inactive

<*Holoenzyme (£f8) : apoenzyme + cofactor, active



What are enzymes?

Mild reaction conditions ({EFH&{45%0)

Enzymes usually function under mild physiological conditions:
<*Normal temperature (FEiBk{iE
<*Near-neutral pH (FEHRERIpH)
<+ Aqueous environment (IKIFIR)

<*Normal pressure (E/E)

This is different from many industrial chemical catalysts, which may require

high temperature, high pressure, or strong acid/base conditions.




What are enzymes?
Naming of Enzymes A. Common names (3fRap=)

1. Substrate name ([E¥12R)
< Urease (JFfif) — acts on urea (FRx)
< Amylase (GE#2E8) — acts on starch (iEH)
< Protease (FBHEB) — acts on proteins (ER[R)

2. Reaction type (RRI{£fR)
< Dehydrogenase (BRSES)
< Oxidase (F{LHES)
< Transaminase / Aminotransferase (& f5 / SEEIZES)
<+ Decarboxylase (Bi¥&f5)
<+ Kinase (iEB)

3. Source of the enzyme (EBAISEIR)
< Pepsin (BERLE)
< Papain (KAREHLEE)



What are enzymes?

B. Systematic nomenclature (BEfiZEFHipRi%)

The Enzyme Commission, EC (E83ZERE) classifies enzymes according to the

type of reaction they catalyze. Enzymes are divided into seven major classes.

1. Oxidoreductases (F{EIREFSE) : Catalyze oxidation—reduction reactions

AH, + B — A + BH,

AHZ + 02 < % A + Hzoz

Examples: Succinate dehydrogenase (IRIHESBREES) ; Lactate dehydrogenase (ZLE&
BR=EE) ; Cytochrome oxidase (HEEZEEILES)




What are enzymes?

B. Systematic nomenclature (EfFE#ipRi%)

2. Transferases ({&#ZEE3E) : Catalyze transfer of functional groups (&

4

A-X + B > A + B-X

Examples:

< Aminotransferase / transaminase (FEIEIZHE / £ E8)
< Kinase (GHfi8)
< Methyltransferase (FRE}EIZES)

Ae#2)



What are enzymes?

B. Systematic nomenclature (BEfFHRE%AHRZE)

3. Hydrolases (7KfBE83) : Catalyze bond cleavage using water (7KfE/IL)

A-B+ HLO <<—— A-H + B-OH

Examples:
< Protease (FBHI(S)
+ Lipase (REHGES)
< Amylase (iEfEE)
% Urease ([x{8)




What are enzymes?

B. Systematic nomenclature (EfERFAHRX)

4. Lyases (ESHBZE) : Catalyze non-hydrolytic, non-oxidative bond cleavage or

addition (FE7KfE. IFEMSTURIZRERIORL)

AB — A+B

Examples:
<+ Decarboxylase (Bit¥&E)
< Aldolase (E245ES)
< Fumarase (ZESPZ=EESES)



What are enzymes?

B. Systematic nomenclature (EfERFAHRX)

5. Isomerases (Ff3i83E) : Catalyze intramolecular rearrangements ($5FRE

A
A <
N

Examples:

< Phosphoglucose isomerase (BESEIRTERIIES)
< Triose phosphate isomerase (IERERITES)

<+ Racemase (iHi

hiEEE )

A'

HE)



What are enzymes?

B. Systematic nomenclature (EfERFAHRX)

6. Ligases (ZEIEEBZE) : Catalyze joining of two molecules, usually coupled to ATP or
another NTP (EBHE{EBLATPEIEMNTPIKAR) .

A+B+ATP —— A-B + ADP + Pi
A+B+ATP —— A-B + AMP + PPi

Examples:
< DNA ligase (DNAEEFS)
<+ Aminoacyl-tRNA synthetase (zZ=jt-tRNASPBkES)
< Glutamine synthetase (SR EtI&S PLES)




What are enzymes?
B. Systematic nomenclature (BEfiZEFHipRi%)

7. Translocases (E{:uEBE / F{UBFXE) : Catalyze movement of ions or molecules
across membranes or their separation within membranes ({E(tBFain FIEREIZE(E

R E) . The IUBMB EC 7 subclasses include translocation of hydrons, inorganic

cations, inorganic anions, amino acids/peptides, carbohydrates, and other compounds..

A [side1] < A [side2]

Examples:
< Na*/K*-ATPase ({W§fATPES)
< Ca?*-ATPase (#53R)
< ABC transporters (ABCEE5IEEH)
< H*-transporting ATP synthase / ATPase (H*'{5i=ZATPSES / ATPES)




What are enzymes?

EC Numbering System (https://iubmb.gmul.ac.uk/enzyme/)

< First digit: Main class, Indicates the broad type of reaction catalyzed.

< Second digit: Subclass, Specifies the type of bond acted on or functional
group transferred.

< Third digit: Sub-subclass, Gives more detailed reaction features, such as
the coenzyme or acceptor involved.

<+ Fourth digit: Serial number, Identifies the specific enzyme within that

sub-subclass.



What are enzymes?

EC Numbering System (https://iubmb.qgmul.ac.uk/enzyme/)

[ 1. Oxidoreductases ?,1]

[ 2. Transferases ]

[ 3. Hydrolases Z\Z’)]

Enzyme
Commission
Numbers

-

J

[ 7. Translocases]

[ 4. Lyases ]

( 5. Isomerases ]
[ 6. Ligases]




What are enzymes?
EC Numbering System (https://iubmb.gmul.ac.uk/enzyme/)

Example: Alcohol/ dehydrogenase has the designation EC 1.1.1.1

Main enzyme class:

s EC 1: It is an Oxidoreductase EC 3

Hydrolases {anzymes that use

< EC 1.1: It acts on the CH-OH group of electron water o break bonds)
Subclass
donors. EC 3.4

Hydrolases that act on

< EC 1.1.1: It specifically uses NAD+ or NADP+

as the electron acceptor. .

<+ EC 1.1.1.1: It is the first specific enzyme

cataloged in this exact group. o

An enzyme that removes the first
aming acid from a tripeptide




7 TYPES OF ENZYMES REACTION TYPE EXAMPLE ENZYME (EC) COMMON NAME STRUCTURE
(general form) / EXAMPLE REACTION (example)
a Oxidoreductases " 1Y . B Lactate dehydrogenase (EC 1.1.1.27) e
Catalyze oxidation- S (red) L-lactate + NAD* = Pyruvate + NADH + H" o
reduction reactions.
e Transferases P o .
Transfer functional + B ) —> @ + | B-X ) Hexokinase (EC 2.7.1.1) Kinases
groups between . Glucose + ATP — Glucose-6-phosphate + ADP
molecules.
0 Hydrolases :
Trypsin (EC 3.4.21.4
Catalyze hydrolysis @@ i = + @_@ ryr_) ( ) : Proteases
Sasiiions: Peptide bond + H,0 — Peptides
0 Lyases
Add or remove groups @-@ S @ = Fumarase (EC 4.2.1.2) Surthates
to form double bonds, Fumarate = Malate y
no hydrolysis or oxidation.
9 Isomerases Triose phosphate isomerase (EC 5.3.1.1)
Catalyze isomerization ¥ Dihydroxyacetone phosphate = Isomerases
within a molecule. Glyceraldehyde 3-phosphate
Ligases DNA ligase (EC 6.5.1.1)
Join two molecules using @ + * ‘ATP - @'@ + ADP +P; pNA + ATP — DNA (phosphodiester bond) Synthetases
the energy of ATP. ; + AMP + PP,
Na*
OUTSIDE
0 Translocases " Na*/K*-ATPase (EC 7.2.2.13)
Move ions or molecules QQ ‘QQQQO .
NLANR TN ATP-driven transport: Transporters
across membranes or TATRTATATATATAT 4 K& ortdhthécdil
separate compartments. QQQOQQ(’_‘)@

INSIDE

2 K* into the cell




What are enzymes?
Composition of Enzymes (ESA94HRE)
1. Molecular Organization of Enzymes (E8fJ9 FHEA )

<+ Monomeric enzymes (B{#E§) contain only one polypeptide chain. ie.
Lysozyme (;ZEE) & Some proteases (RLUEE/H)
< Oligomeric enzymes (EE28f8) consist of two or more subunits.

< Multienzyme complexes (ZEBESHF) are organized assemblies of

several different enzymes that catalyze consecutive reactions (JE£ExAZ) in a

metabolic pathway. ie. Pyruvate dehydrogenase complex, PDC (Z %=l
E51K) & Fatty acid synthase complex ([50p5% S b IES S )



What are enzymes?

Composition of Enzymes (EBAI4HRY)
2. Chemical Composition of Enzymes (ES8A3{LF2HRL)

< Simple enzymes (BRZEES) are composed only of protein.

< Conjugated enzymes (£55(B) contain a protein part and a non-protein

component (JFZ

v T
v T
v T

=7 %s )

A

he non-protein component is called a: Cofactor (4HEIEF)

he complete active enzyme is called a: Holoenzyme (£f§)

aH / Btk

he protein part alone is called an: Apoenzyme (E8E

[i5)



What are enzymes?

Composition of Enzymes (EBAI4HRY)
3. Apoenzyme, Cofactor, and Holoenzyme (E§5EH. HIIEFS2LES)

Holoenzyme (£f§) = Apoenzyme (E§5EH) + Cofactor (HHIEF)

<+ Apoenzyme determines substrate specificity and catalytic efficiency.
< Cofactor transfers electrons, atoms, or functional groups during the

reaction.



What are enzymes?
Composition of Enzymes (ESHY4ERE)

4. Types of Cofactors

<+ Metal ions (ZBE¥F) : Mg?*, Zn?*, Fe?*/Fe3*, Cu?*, Ca?*

<+ Coenzymes (4#lifi§) : NAD*, NADP*, CoA, ATP

< Prosthetic groups (&) : FAD, FMN, heme ([I4I%) , biotin
(£¥)F) | PLP (BRERNLIZER)

v Coenzymes are small organic molecules that bind loosely to enzymes.

v Prosthetic groups are tightly bound cofactors.




1.What are enzymes?
2.How do enzymes work?

3.How are enzyme activities regulated?



How do enzymes work?

Essential groups

Essential groups (£FEEMB]) are chemical groups required for enzyme
activity. If they are chemically modified or removed, enzyme activity is

lost or greatly reduced.



How do enzymes work?

Active Site of Enzymes

The active site (;EF!EHL) is the region of an enzyme where the

substrate binds and the reaction is catalyzed.

Recognizes and binds the substrate

( Binding site

Determines substrate specificity

Active site <

Break old bonds and form new bonds

\ Catalytic site

Determines catalytic efficiency



How do enzymes work?

Formation of the active site

The active site is formed when the polypeptide chain folds into a

specific three-dimensional structure, bringing key amino acid residues
together. BSOS ST SIS E=4H5, EEREERAERELMEETFL.




How do enzymes work?

Formation of the active site

/

Cleft or pocket

el CImE

O Most active sites are located in a cleft

or pocket on the enzyme surface.

~

-

Specific microenvironment

~

-
/ Flexibility
X%

O Substrate binding often induces a small
conformational change that improves
catalysis.

G This is called induced fit (i 53#8)

/
~

1SEMIMR
Helps to:
Q Bind substrates (Z5&EY)
Q Exclude water when needed (HEBR7KHF)
k Q Stabilize transition states (FREITER) /

~

/ Weak interactions with substrate
5ieinEdsstHEERES

O Hydrogen bonds (S##)
Q lonic interactions (BFHEVER)
O Hydrophobic interactions (Ei/KtEE{EF)

%

k O van der Waals forces (SBfE%eH) /




How do enzymes work?

Zymogen and Zymogen Activation (ES[R5SESEEE)

-

Zymogen (fi8/f) , also called proenzyme (E§BI{F) , is an inactive
enzyme precursor that requires activation before it becomes
catalytically active.

~

-

o

)
~

Zymogen activation (E8[RigliE) is the conversion of a zymogen into

an active enNzyme. It usually occurs through limited proteolysis (BIRER7K#E) , which
removes specific peptide segments and forms or exposes the active site.

)




How do enzymes work?

Activation energy (iE{t&E

Activation energy is the energy required for reactants to reach the

transition state (IZEZ) . Molecules that reach this energy level are
called activated molecules (GEH493F) .

Ways to increase activated molecules:
<+ Add energy directly (EiEE(HEES)
Example: heating or irradiation.

< Lower the activation energy (FE{EKBEILEE)

Enzymes lower the energy barrier and increase reaction rate.




How do enzymes work?

Activation energy (GE{LEE)

(A) A
Energy  Transition-state
barrier  intermediate (unstable)

AG for the
reaction is not
affected by E,.

Free energy

o

Time course of reaction

energy required for

E, is the activation
_areaction to begin.




Enzymes Lower
Activation Energy (ff§#

How do enzymes work?

;

SiGfLEE)

(a) Without enzyme

. A4 ® @ @9

lactose glucose + galactose

| activation energy
without enzyme

| net energy released
- from splitting of
J lactose

(b) With enzyme
gf 1S :

lactose glucose + galactose

------------------------------------ } activation energy
with enzyme

} net energy released



How do enzymes work?
Enzymes Change Rate, Not Equilibrium (BBg{ZZiEZR, Ap3ZI24D)

With enzyme
< Increase reaction rate
<+ Lower activation energy o
-
< Do not change AG B Without enzyme
N o
<+ Do not change equilibrium constant
<+ Do not change reaction direction
Time

Enzymes accelerate reactions by lowering activation energy, not by changing

reaction direction or equilibrium.




How do enzymes work?
Intermediate Product Theory (HR[EF=¥ZEi5%)

Non-enzymatic reaction (JEESREL)
S — P
Enzymatic reaction (ES{R2REL)
E+S e~ [ e [P = E +P
The enzyme first binds substrate to form an ES complex. This stabilizes the

transition state (}3EFiES) and lowers the activation energy. The product is

then formed and released, while the enzyme is regenerated.



How do enzymes work?

Lock-and-Key Model (5i$B%ii)
A-Lock-and-Key Model

+ =

Enzyme

ES Complex

The lock and key model is a classical

biochemical theory proposed by Emil

Enzyme Substrate  Enzyme Subslrate
Molecule  Molecules Complex

Fischer in 1894 to explain enzyme
specificity.



How do enzymes work?
Induced-Fit Model (#5383 iR)

Enzyme changes shape Products
( Substrate slightly as substrate binds ‘

% {

Active site

Substrate entering Enzyme/substrate Enzyme/products Products leaving
active site of enzyme complex complex active site of enzyme

Substrate binding induces a conformational change (fa53£{t) in the enzyme

active site, making the enzyme and substrate fit more closely.



How do enzymes work?

Kinetics of Enzyme-Catalyzed Reactions (ES{ERRMEN/IZF)

Enzyme reaction rate, v (BB{ERPOZEE) , is expressed as:

v = A[P] / At
or
v = —A[S] / At

E) , from

In practice, enzyme activity is measured by the initial velocity, v, (¥]iE

the initial linear phase of the reaction curve.



How do enzymes work?
Enzyme Activity

Enzyme activity (E8i%/3, V) refers to the catalytic capacity of an
enzyme. It is usually expressed as the rate of an enzyme-catalyzed
reaction (EB{R/ROEE) under specified conditions.

< International Unit, IU (EfRE{iZ) , 11U is defined as the amount of
enzyme that converts 1 pumol of substrate per minute under specified
conditions.

< Turnover number (%5424, k_.) is the number of substrate molecules
converted into product by each enzyme molecule per unit time when

the enzyme is saturated with substrate.




How do enzymes work?
Kinetics of Enzyme-Catalyzed Reactions (EB{RRMEN/IZF)

[S]>>[E]

vt When substrate is in excess, the
reaction rate is proportional to

enzyme concentration

" [E]



How do enzymes work?
Kinetics of Enzyme-Catalyzed Reactions (EB{RRzMNEN/IZF)

When pH, temperature, and enzyme concentration are constant, the reaction rate v

increases with substrate concentration [S].

INITIAL

RATE OF 4
REACTION . .
< At low substrate concentration: v increases
Y A U almost linearly with [S].
Any addition of substrate at this point . . .
will net increase the reaction velocity o At high substrate concentration: the
Vimax enzyme becomes saturated, and v
At low substrate concentration, +h
o7 e approaches V...
>

Km SUBSTRATE CONCENTRATION



How do enzymes work?

Kinetics of Enzyme-Catalyzed Reactions (ES{ERRMEN/IZF)

Michaelis-Menten equation

‘\/'rr1za)(|:fi;:|

0.30-

V =

Reaction rate

0.00
< Vo (¥EE) : initial reaction velocity

% [S] (IE¥DMRE) : substrate concentration

0.35-

0.25-
0.20-
0.15-

K +[S] e

0.05+

0 1000 2000 3000 4000
Substrate concentration

¢ Vimax (IRARROEE) : maximum velocity when enzyme is saturated with substrate

+ K., CREEEZY) : substrate concentration at which v, =

1/2 Vmax



How do enzymes work?
Kinetics of Enzyme-Catalyzed Reactions (EB{RRzMNEN/IZF)

Michaelis-Menten equation

Model: E+S=ES—E+P

< Initial velocity is measured (GUEHHIEE)

Product concentration is very low, so the reverse reaction can be ignored.
< Substrate is in excess ([B¥hI=)

[S] » [E], so substrate consumption during measurement is negligible.
< ES reaches steady state (ESIZZFEE)

The rate of ES formation equals the rate of ES breakdown.

< pH, temperature, and enzyme concentration are constant (pH. 2E. ESREIEE)



How do enzymes work?
Kinetics of Enzyme-Catalyzed Reactions (EB{RRzMNEN/IZF)

Limitation of Michaelis—Menten equation

The Michaelis-Menten equation describes the quantitative
relationship between initial velocity and substrate concentration
for simple single-substrate enzyme reactions.

: : : : )
/Many enzyme reactions do not follow simple Michaelis-

Menten kinetics, such as allosteric enzymes (Z£f4f§) and many

multi-substrate enzymes.
- J




How do enzymes work?
Kinetics of Enzyme-Catalyzed Reactions (EB{RRzMNEN/IZF)
Meaning of K

K., is the substrate concentration at which the reaction
velocity equals half of V..

/Under Michaelis—Menten conditions, K, reflects the apparent A
affinity between enzyme and substrate (E§5SEIIRIFRMENS) .

<+ Low K,: high apparent affinity (FRWFEHIF)
<+ High K,: low apparent affinity (FRIFEFIIK)

\_ /




How do enzymes work?
Kinetics of Enzyme-Catalyzed Reactions (EB{RRzMNEN/IZF)

Reaction order (&E@&%ﬁl) describes how strongly the reaction rate
depends on the concentration of a reactant.

When [S] > Km  Zero-order reaction (ZHRL)
Zero
— Vo = Vinax

When [S] = Km

Mixed
(Fractional)

Mixed-order kinetics (R&SHRERMN)

v i When [S] « Km  First-order reaction (—#&fRi)
First
V
Y max
Vy = S
[s] —> 07 K



How do enzymes work?

Determination of K and V__,

1. Direct Michaelis—Menten plot (GKEGHI%%)

Based on the relationship between initial
velocity v and substrate concentration
[S], both V, .., and K., can be estimated,

but this method is not very accurate.

Reaction rate

0.354

0.30+

0.251 ,

0.20+

0.15+

0.10+

0.05+

0.00

0 1000 2000 3000 4000

Substrate concentration



How do enzymes work?

Determination of K_and V.

Lineweaver-Burk plot 1A
VvV

1l _ Knt[S]_ Kn 1 1 ]
V' VaaxlS]  Vinax [S] Vi 1 N K

—_— — 7 Vmax

Km 'Y
y=ax +b \ ,/"5’\ :

//// Vmax > 1

«y=1/v e 0 [S]

<+ x = 1/[S]
< Slope = Km / Vmax
< y-intercept = 1 / Vmax

<+ x-intercept = -1/ Km



How do enzymes work?

Determination of K_and V.

Lineweaver—Burk plot

[S] (mol L) v (hmol L' min)
8.33 x 10° 13.8
1.00 x 10 16.0
1.25x10° 19.0
1.67 x 10° 23.6
2.00 x 10 26.7

Vmax = 80 Km=4.0 X 10



How do enzymes work?

Determination of K_and V.

The Lineweaver-Burk plot is easy to understand, but it can
magnify errors at low substrate concentrations.

Better modern methods include:

<+ Eadie—-Hofstee plot
<+ Hanes-Woolf plot

<» Nonlinear regression

a/v

2
<
¢

[)

A

V/Km

v/a

Eadie-Hofstee plot

|
? >

0 a

Hanes-Woolf plot



1.What are enzymes?

3.How are enzyme activities regulated?



How are enzyme activities regulated?

Effect of pH on enzyme activity

Each enzyme has an optimum pH, at which its catalytic
activity is maximal.

A Pepsin Salivary Pancreatic . N .
amylase lipase < Pepsin (BEHLES) : optimum pH
: /\ about 1.5-2.0
=
S | ! . = . :
= ! | < Trypsin (JEERES) : optimum pH
D I |
EQE | | about 8.0
1) | ' .
5 i Optimum Ontimun <+ Cholinesterase (BBif}EEES) : near
Optimum pH of pH of o .
pH of X salivary \ /' pancreatio neutral to slightly alkaline pH
pepsin amylase lipase
4 4 4

pH



How are enzyme activities regulated?
Why pH affects enzyme activity

pH affects enzyme activity mainly by changing the ionization

state (AFEIRZE / BEIAZS) and structure of the enzyme and
substrate.

< Extreme pH can denature proteins ({fkigpHuI{EERGIZIE)
Strong acid or alkali may disrupt enzyme structure and cause loss of activity.
< pH changes the ionization state of the substrate (IZEEYIRIF=IAT)
This affects substrate binding to the active site.
< pH changes the ionization state of active-site groups (IIEHERLEBIRIFEIAT)
Catalytic amino acid residues must often be in a specific protonation state to function.
< pH can affect cofactors (SzNukHHEIEF)
Some cofactors or metal ions bind differently at different pH values.




How are enzyme activities regulated?

Effect of temperature on enzyme activity

Each enzyme has an optimum temperature (5i&E&RE) , where activity is highest.

Temperature affects enzyme activity in two opposite ways:
A. Before the optimum temperature (XZI&EEER)
Increasing temperature raises molecular kinetic energy (%3FzgE) , increasing the
number of activated molecules (;&{t%F) and increasing reaction rate.
B. Above the optimum temperature (EBidFHEEER)

High temperature disrupts enzyme structure, causing denaturation (3Z£[¥) and
loss of activity.



How are enzyme activities regulated?

Temperature coefficient Q10 (EEZEE)

Q10 is the ratio of reaction rates when the temperature is
increased by 10°C within a certain temperature range.

Vri10

10 =
Q v,

Q10 is often around 2



How are enzyme activities regulated?
Effect of activators on enzyme activity (EGEFINIESEIEAISZIN)

Activators are substances that increase enzyme activity.

1.Inorganic ions (FTHEF) : Mg?*, K*, Ca?*, Cl-, Fe?*/Fe3*
2.0rganic molecules (B#l%9F) : GSH, cysteine, vitamin C, EDTA

3.Biological macromolecules (E¥IKX4%+) : calmodulin, regulatory proteins

% Stabilize enzyme structure (F2EEBZEH)
< Help substrate binding ({EHEMES
« Restore essential groups (IRENEEHR])
< Remove inhibitory ions (#ZBRIDE)



How are enzyme activities regulated?

Effect of Inhibitors on Enzyme Activity

Inhibition occurs when an inhibitor binds to an enzyme and
reduces its catalytic activity, usually without changing the
total amount of enzyme protein.

Irreversible inhibition

(AR rTEDH)
Inhibitor 1.Competitive inhibition (FESHIEHPH)
Rf%i;ﬁf:;ﬂbﬂ;;)'"h'b't'on 2.Noncompetitive inhibition (JEES M)

3.Uncompetitive inhibition (REFEHDE])



How are enzyme activities regulated?
Effect of Inhibitors on Enzyme Activity

Irreversible inhibition (Ao ¥HiEl))
Irreversible inhibitors (ARI%HPFIFI) bind covalently or very tightly to essential

groups (WFEEMH]) of enzymes and permanently inactivate them.

< Organophosphorus compounds (BlitS4)
Modify Ser-OH in acetylcholinesterase (ZEtIEIRESES) .
< Heavy metals and organic mercurials/arsenicals (E£ENRBK. BIlH)
Bind Cys-SH groups (¥ImESTRE) .
< Cyanide, sulfide, CO (5{t{1. . —RILiIR)
Bind metal ions in enzymes and block respiration.
% Penicillin (8%)
Inhibits bacterial transpeptidase (HE}&EAES) , blocking cell wall synthesis.




How are enzyme activities regulated?
Effect of Inhibitors on Enzyme Activity

Reversible inhibition (T]¥%H#l)

In reversible inhibition, the inhibitor binds to the enzyme
noncovalently and reversibly. The inhibition can usually be
removed by dialysis or dilution (iEtFEkiEE).

1.Competitive inhibition (FEFIHHPE])
2.Noncompetitive inhibition (FESES4HDE)
3.Uncompetitive inhibition (RTEFIEHDE])




1. Competitive inhibition (EFEHPE)

Competitive inhibition occurs when an inhibitor resembles
the substrate and competes with the substrate for the

enzyme active site.

< The inhibitor is often structurally similar to the substrate. #{i§IE5 K1

201

<+ The inhibitor competes with substrate for the active site. I} SEYIRS

ESRYEIERD,

<+ Inhibition depends on the ratio [I1/[S]. #l#l5555

 Increasing substrate concentration can overcome inhibition. &R

aliRSSEkiHFRE FIEHDH.

IR

- [11/1S].

i}




1. Competitive inhibition (EFEHPE)

Active site
Substrate Kl K3

of enzyme Q . :

@ ‘ Inhibitor f * 5 K2 ES P + E
@a |

© \ " Ko || K.

Products / St:lbstrate and y
O @ gy El Ki=Ki2 / Kil=[E][1] / [E]]
i Vmax|S] (1]
e v - — Kmtr
Km(1+[I}/Ki)+[S] Ki



1. Competitive inhibition (FEFEHPE])

K, . K,
E + Sz = ES P+ E
2
+
I [ |
l Vmax = Vmax
K, [,
' K. = K, (1 ]
EI m= Kn(1+-)

+V,,ax Unchanged
<+ Apparent K,,, increases
<»Inhibition can be overcome by increasing [S]



1. Competitive inhibition (SEFHEHIF)




2. Noncompetitive inhibition (FESZF{EHPH)

Noncompetitive inhibition occurs when an inhibitor binds to a
site other than the active site, usually called an allosteric site (

THEEkM) .

< The inhibitor binds outside the active site.

< The inhibitor can bind both E and ES.

< The strength of inhibition mainly depends on [I] (#I&IFIRE) .
<+ Increasing substrate concentration cannot eliminate

inhibition.



2. Noncompetitive inhibition (FESZF{EHPH)

E + S< “ES P+ E
+ +

1 1

EI +Ss ~ESI

The inhibitor binds outside the active
site and reduces catalytic efficiency by

changing enzyme conformation.

Binding of

Active site
9 ‘ inhibitor
distorts the
Q / enzyme

Inhibitor —
site l
Substrate
\
Q @ and inhibitor

can bind
simultaneously

In the absence

of inhibitor, @

products are O ‘\

formed

The presence of

the inhibitor e

slows the rate A O
of product O

formation



2. Noncompetitive inhibition (FESZF{EHPH)

For pure noncompetitive inhibition:

/ V
1 — Vinax [S] V;nax = maa;
K, + [S] 1+ E

<+ V..« decreases
<+ K., unchanged

<+ The inhibitor reduces the amount of catalytically active enzyme,
so the maximum reaction rate decreases.
<+ But because substrate binding affinity is not changed in pure

noncompetitive inhibition, Km remains unchanged.



2. Noncompetitive inhibition (JEZZFEHDH)

g vbmmmww mm H ﬁfl ...m 9% x;ﬂ A oﬁﬁmt x| uﬁm
e 3 R i ‘ e
4 lﬁﬂ m m ﬂ“. 'j \",, f AN : - Pt 7 08 wg a8l o)




3. Uncompetitive Inhibition (RZEFHEMEER)

Uncompetitive inhibition occurs when the inhibitor binds only
to the enzyme-substrate complex, ES, not to free enzyme.

<+ Inhibitor binds only to ES complex
< Forms inactive ESI complex

<+ Cannot be overcome by increasing [S]



3. Uncompetitive Inhibition (RZEFHEMEER)

Kinetic effects
Vmax|[S]

V =
Km+[S | (1+[1]/Ki)

E+ S —— ES
+

E + P

ES| Ki
<+ V, ., decreases LVmax}

<+ K., decreases

<+ V...« and K decrease by the same factor



3. Uncompetitive Inhibition (RESFIEHPFIER)




Reversible inhibition (T]i#3P#l)

Type Equation Vmax Km
Viax|S
No inhibitor = max|3] Vmax Km
K., + [S]
. Vimax [S]
Competitive inhibition [1] Unchanged Increased
Km(l + E) + [S]
. Vimax [S]
Noncompetitive inhibition v= [1] Decreased Unchanged
(1+ ) (K + [S])
. Vimax [S]
Uncompetitive inhibition V= [1] Decreased Decreased
Km + (1 + 5 [S]

K;




Competitive |0 Non-competitive | 4@ Uncompetitive
__________________________________________________________ Vinax
/ /i
K‘,? K, (ST, mM KKk, Bl | R K 5], mM

Vhax Unchanged
K., increased

Vhax decreased
K., unchanged

Both V.« & K,,, decreased

Intersect

atY axis 1

1/K,,

1/[S]

Intersect "
at X axis_.

\ *
17K

1/[S]

)
o
1

Two parallel |-
lines

1/K,, 1/[S]




How are enzyme activities regulated?
Regulation of Enzyme Activity

1. Allosteric Enzymes (ZA3ES)

Allosteric enzymes have both an active site and regulatory site(s).

<+ Usually composed of multiple subunits (ZIFE)
< Regulated by allosteric effectors (ZIIRHD)
<+ Show sigmoidal kinetics (SH.E171ZFHIZE)

<+ Often key enzymes in metabolic pathways ({Xi#h&=ERaYCHEES)




How are enzyme activities regulated?

Regulation of Enzyme Activity

Vo (uM/min)

1. Allosteric Enzymes (ZA3ES)

ATCase (KZmELERFAELES / aspartate transcarbamoylase) is a classic allosteric enzyme.

Vmax
Normal
tivit
(if) g’h},’) <—CTP + ATP
LA Y/ A “~cTP

| |
10T 20 T 30
=12mM Kj5= 23 mM

[Aspartate] (mm)

<+ The S-shaped curve indicates cooperative
substrate binding.

<+ Binding of CTP changes enzyme
conformation(f35R), decreases affinity for
substrate, and slows the reaction.

< Binding of ATP changes enzyme
conformation, increases affinity for substrate,

and accelerates the reaction.



How are enzyme activities regulated?

Regulation of Enzyme Activity

2. Isoenzymes / Isozymes ([EIES)

Isoenzymes catalyze the same reaction but differ in molecular structure, tissue

distribution, or regulation.
3. Inducible Enzymes (iESi#)

Inducible enzymes are synthesized in larger amounts when an inducer is present.

4. Catalytic Antibodies / Abzymes (b 1EIniE / IniAES)

Catalytic antibodies are antibodies with catalytic activity.



From Enzymes to Metabolism
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Glycolysis in the Cytoplasm

Energy
Investment J

Stage

glucose C

6
glucose 6-phosphate Cg-P

h 4

fructose 6-phosphate Cg-P

ATP
§C .

ATP

8

ADP

glyceraldehyde 3-phosphate P-C 5

2 NAD+

2 NADH

i 1

1,3-biphosphoglycerate P-C 3-P

Energy
Harvesting 4
Stage

Net Gain:

2 ATP

2 ADP

¥

2 ATP

3-phosphoglycerate P-C

f ‘Hzo-"

phosphoenolpyruvate P-C 3

2 ADP

4 <

2 ATP

Citric Acid Cycle Electron Transport Chain
in the

Mitochondria

Succinate C,

Oxaloacetate C,

Fumarate C,




General Concept of Metabolism

Metabolism (FifF{i8)) refers to the exchange of matter and energy
between a living organism and its environment.

At the cellular level, metabolism consists of all enzyme-catalyzed
chemical reactions that transform substrates into products through

metabolic intermediates ({{ifiHE]F=4).

Metabolism is not a random collection of reactions; it is an
enzyme-organized network that coordinates matter
transformation, energy conversion, and cellular regulation.



General Concept of Metabolism

In plants:

< Carbon assimilation (Bx[&4t): conversion of CO, into organic
compounds through photosynthesis.

< Nutrient assimilation (F3&[E{&): incorporation of inorganic ions
such as NO;~, NH,*, SO,27, and PO,3" into biomolecules.

< Respiratory metabolism (IFIf{Xig): oxidation of organic compounds
to generate ATP, reducing power, and biosynthetic precursors.

< Biosynthesis and storage (#1858 Bk SNjEE): production of
carbohydrates, lipids, proteins, nucleic acids, and specialized
metabolites.



General Concept of Metabolism

Anabolism and Catabolism

Anabolism (§Xi8; FEL{ER) uses energy and
reducing power to convert simple molecules into
complex cellular components, such as

carbohydrates, proteins, lipids, and nucleic acids.

» CO, fixation in the Calvin—-Benson cycle

> Nitrate reduction and ammonium
assimilation

> Starch and sucrose biosynthesis

> Fatty acid and amino acid biosynthesis

Catabolism (53##(Xill; RLIEA)

Catabolism breaks down complex molecules into
smaller compounds, releasing energy, reducing
equivalents, and precursor metabolites.

> Glycolysis

> Tricarboxylic acid cycle, TCA cycle

» Mitochondrial respiration

» Starch and lipid mobilization during seed

germination




General Concept of Metabolism
Energy Metabolism

Energy metabolism (BE=Z{Xi8) refers to the capture, conversion,
storage, and utilization of energy during metabolic processes.

In living cells, energy is mainly transferred In plants, major energy-converting systems
through: include:
<+ ATP/ADP cycling <+ Photosynthetic electron transport in chloroplasts
< Redox cofactors such as NADH, NADPH, and < Photophosphorylation (F¢&EER{t)

FADH, < Mitochondrial electron transport (ZgR{REE &)
< H* gradients across membranes < Oxidative phosphorylation (&{tsER (L)

< High-energy phosphorylated intermediates < Glycolysis and the TCA cycle (fEEZfiE S =LERIEIN)



Environmental Uptake /assimilation
matter _ Internal matter

Small biosynthesis
> Macromolecules

biomolecules

[Anabolism <

|
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|
r \Energy release 2’
\ degradation Environmental
Catabollsm< Internal matter " matter
release / excretion Small
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Research Approaches in Metabolism

Approach Experimental material What it tells us

In vivo (GERTHR) intact plants, organs, cells physiological function

extracts, organelles, purified
enzymes

In vitro (BATHZE) mechanism and kinetics

In situ (RELTER) tissues, cells, compartments spatial regulation

In planta {E¥ARABZRE) intact plant systems whole-plant relevance




Experimental Methods for Studying Plant Metabolism

1. Isotope tracing (FE{iZERER)
Radioisotopes such as 14C, 32P, and 35S, or stable isotopes such as 13C and *°N, are used to trace

metabolite movement, pathway direction, and nutrient assimilation.

2. Enzyme inhibitors and activators (ESHDHIFISEER)
Specific inhibitors or activators perturb enzyme activity, allowing researchers to infer the role of a
pathway or rate-limiting step.

3. Metabolomics and metabolic profiling (fCiSBZ 58S 2 Hr)
LC-MS, GC-MS, and NMR are used to quantify metabolites and identify pathway-level responses.

4. Subcellular and organ-level analysis (TSR EKFESHT)
Chloroplasts, mitochondria, peroxisomes, vacuoles, leaves, roots, and seeds can be analyzed separately

to reveal compartment-specific metabolism.

5. Metabolic flux analysis ({Xih@=91h)
Flux analysis estimates the rate of metabolite flow through pathways, often using isotope labeling and
computational models.

6. Genetic and molecular approaches (EEZE5 R FEYFHIE)
Mutants, transgenic lines, gene editing, transcriptomics, and proteomics are used to connect enzyme

genes with metabolic phenotypes.



The End
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