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. Sourcesof ROS inthecell

» Oxidases:
e- + 02
v' Most oxidases produce H202 (peroxidase) Superoxide also

v Oxidases are confined to sites equipped with protective enzymes

» Oxygenases:

 Mono oxygenases (hydroxylases),they incorporate one Oxygen atom into the substrate while the

other oxygen atom becomes reduced to water.
* Dioxygenases in the synthesis of prostaglandins, thromboxanes, leukotrienes, they

incorporate complete molecular oxygen O2 into the substrate.
 Coenzyme Qin Respiratory chain
e Respiratory Burst ( during phagocytosis) 02 -, OH e , NO, HOCI|, H202
* lonizing Radiation OHe By X-Ray or UV, etc...



1 Cytochrome P450 Mono-oxygenase

* Mixed function oxygenase
e Super family of structurally related enzymes

R-H + O, + NADPH +H+ > R-OH + H,0 + NADP+

Cytochrome P450 is found in 2 systems:

Mitochondrial system:
Used for Synthesis by hydroxylation of steroids, cholesterol , bile acids, active form of Vit. D

Microsomal system

Detoxification of foreign compounds

Activation or inactivation of Drugs

Solublization to facilitate excretion in urine or feces



NADPH  NADP*, H* J Cytochrome P450
Mono-oxygenase

FAD
RH O, ROH,H,0 |Accidentalrelease
of free radical
FMN intermediates may

OCCur
YOO OOOOC

i

Cytochrome Cytochrome
P450 reductase P450

XH2: electron donor
S: substrate

The substrate and

O,+ S + XH, s H,O+ SOH + X !\lADPHis oxidized, 02
is reduced to water.




- Generation of O,— by the NADH NAD*
respiratory chain

» Ubiquinone is also considered a source for ROS

Accidental non-

. . 02+ CoQHe CoQ
specific interaction / i
Major source of free '
radicals Cytochrome

Binuclear center
prevents release of
free O, radicals.

Cytochrome




pathogen to a phagocytic

/
cell

L el ——““;\
3 Destruction of
BACTERIUM the microorganism

/ / Oz H202 can
NADPE : also be

reduced to

| n Attachment of the ‘
T

Rapid consumption of
02 that accom;Lanies
superoxide formation

Phagocytosis is Ingestion of water by

the oxygen- g;',g g'ig';g' 150 recontor / catalase or
dependent NADP+* ¥  glutathione
pathway of ' peroxidase

microbial killing
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. The respiratory burst in phagocytes

* Respiratoryburst is the rapid consumption of O2 that accompanies superoxide
formation.

* Phagocytosis is the oxygen-dependent pathway of microbial killing by
phagocytes.

» The microbe must attach at specific phagocytic receptors (IgG receptors) on the cell
surface and then be internalized or endocytosed into the inside forming phagosome,
the latter fuses with the lysosomes giving phagolysosome. Now molecular oxygen O2
will be reduced to superoxide, oxidizing NADPH into NADP+ by the activity of NADPH
oxidase enzyme. Superoxide can be, spontaneously or by superoxide dismutase
enzyme, converted into H202, both can act on the microbe. H202 Can be further
converted into hydroxyl radical, oxidizing Fe+2 to Fe+3, or into hypochlorite by the
activity of myeloperoxidase enzyme (heme-containing emzyme).



Nitric oxide

J NO andReactive Nitrogen Oxygen Species
(RNOS) Sla

e Nitric Oxide isthe father molecule of RNOS.

* |t isan endogenous gaseous signaling molecule that can diffuse

read”y/passiuelg, exerting its effect locally
* Essential for life and toxic e
* |t actsasa Neurotransmitter, and a vasodilator agaregan
* |t reduces | Platelet aggregation

e At high concentration combines with O,e- or O, to form

>

F nctlov
RNOS e
* RNOS are involved in neurodegenerative diseases (like .‘% ¥

Parkinson’s, Alzheimer's) and inflammatory diseases s

Mediates tumoricidal and
bactericidal actions
of macrophages




-1 NO Synthesis

» Itis done by the enzyme NO Synthase, which
has three isoforms: N, NADRT  NaDP* NH,
. nNQOS, foundin neural cells C-NH;* C=0
_ : NH — L_ NH
II. eNOS, roundinendothelial cells eH, NO Synthase [
v' Both are constitutive, meaning that they are always C'IH éH
expressed and synthesized without the need for a stimuli G G
. . . CHz CH2
1. INOS, whichis mduuble, meaning its synthesis can be HC:NH;,* H(;?NH:,‘
activated by stimulants like infection in Ca+2 independent - COO° 0, CoC”
manner L-Arginine L-Citrulline
Coenzymes are MN, FAD, heme
. . L. . and tetrahydrobiopterin
» Induction of transcription in many cells
NO

of immune system=> T NO = RNOS — :
I . ) Nitric oxide
to kill invading bacteria



. Action of NO on vascular endothelium

Synthesis by endothelia cells —_ smooth muscle
NO

GTP _@  cGMP

_______ s GMP
Guanylyl cyclase l
 NO diffuses into the smooth ﬂ _
muscle activating guanylyl Protem Kinase G
cyclase producing cGMP
from GTP, cGMP activates l

protein kinase G, which in
turn phosphorylates Ca+2
channels ,inhibiting their
entry into smooth myocytes

inducing relaxation. \l/ \l/C32+ entry into smooth
muscle cells and causes muscle relaxation and
lowers blood pressure

Phosphorylation of Ca2+ channels




1 NO role during bacterial infections

NADPH Oz Induced by
NADPH oxidase @ bacteria products
NADP* 03 @ iINOS

Activated cells like
® NG

macropnages

iypochlorolsacid | P .
ypochlorous aci s Cl' o ONi)O

mye;operoxidase OHe Bacier

Invagination of neutrophil’s
cytoplasmic membrane

NO is synthesized by
INOS, which diffuses
through phagolysosomal
membrane reacting with
superoxide to produce
RNOS (ONOO-) which
furthermore aids in
bacterial killing.




What is the relationship between NADPH and reactive oxygen

What are the differences between NADPH and NADH in terms What is the impact of oxidative stress on red blood cells?

of their roles in the cell? @ 1— PR @ 2 @ 2)

A. It leads fo increased production of hemoglobin,
A.NADPH is used for energy production, while NADH is for A.NADPH promotes the formation of reactive oxygen improving oxygen transport.
biosynthesis. species_

B. It promotes the regeneration of antioxidants, protecting

B. NADPH is primarily used in the Krebs cycle, while NADH o . ) red blood cells.
. fhezedm: transport chain. y B. NADPH has no relationship with reactive oxygen species.

C. It enhances the flexibility of red blood cells, allowing

C. NADPH s for biosynthesis; NADH is for energy C.NADPH s converted to NADH in the presence of ROS. better circulation.
production.

D. It causes protein denaturation and hemolysis in red

D. NADPH is found in the mitochondria, while NADH is in D. NADPH reduces reactive oxygen species, preventing blood cells.
the cytosol. damage.




What are the main products generated by the oxidative phase

of the PPP? Q \,-\\

A. Ribose-5-phosphate and CO2
B. ATP and NADH
C. NADH and CO2

D. NADPH and CO2

What role does NADPH play in maintaining glutathione in red

blood cells? Q 5

A.NADPH is involved in the synthesis of hemoglobin in red
blood cells

B. NADPH helps in the formation of reactive oxygen
species (ROS)

C. NADPH reduces oxidized glutathione (G-S-S-G) to GSH

D. NADPH is used to synthesize ATP in red blood cells

!

A 30-year-old man of Mediterranean descent presents with sudden
fatigue, pallor, and dark urine after consuming fava beans during a
family gathering. He reports a history of similar episodes triggered by

& 7

What is the most likely cause of his symptoms?

certain medications.

A. Thalassemia

B. Sickle Cell Anemia

C. G6PD Deficiency

D. Iron Deficiency Anemia

What is the significance of the ratio of NADP+/NADPH in

hepatocytes?
Q3B

A. It reflects the energy status of the hepatocyte.
B. It influences the synthesis of ATP in the mitochondria.
C. It indicates the level of oxidative stress in the cell.

D. It supports biosynthesis and detoxification processes.

A 30-year-old woman presents with fatigue and jaundice. Blood tests
reveal hemolytic anemia and elevated levels of oxidative stress
markers. She has a history of consuming fava beans and is concerned

about her health. 6

What is the primary metabolic pathway affected in this
patient?

A. Glycolysis is unaffected
B. Beta-oxidation is not involved
C. Krebs cycle remains intact

D. Pentose phosphate pathway is impaired

Which tissues primarily utilize NADPH for fatty acid

biosynthesis? & q

A. Brain tissue
B. Muscle tissue
C. Kidney tissue

D. Liver, adipose tissue, lactating mammary glands




How does G6PD deficiency provide resistance to malaria?

Q11

A. It increases oxidative stress, impairing malaria survival.

B. It leads to increased levels of hemoglobin, which is toxic
to malaria.

C. It enhances the immune response against malaria
parasites.

D. It increases the production of red blood cells, reducing
parasite load.

A 30-year-old woman is undergoing treatment for a chronic
inflammatory disease. Her physician notes that her red blood cells
are struggling to maintain reduced glutathione levels, which could
lead to oxidative stress. The doctor discusses the role of NADPH in
protecting against reactive oxygen species.

How does NADPH contribute to maintaining red blood cell
health?

A. It directly reduces hydrogen peroxide into water.

B. It converts NADH to NAD+ for energy production.

C. It helps keep glutathione in its reduced form.

D. It increases the production of superoxide radicals.

What is the importance of the respiratory burst in phagocytic

CRVA

A. It helps in the attachment of pathogens to phagocytic
cells.

B. It reduces inflammation during the immune response.

C. It promotes the production of antibodies against
pathogens.

D. It generates reactive oxygen species to kill pathogens.

How does nitric oxide synthase contribute to the production of

nitric oxide?

A. Nitric oxide synthase converts L-arginine to nitric oxide
using coenzymes.

B. Nitric oxide synthase breaks down nitric oxide into
reactive nitrogen species.

C. Nitric oxide synthase converts L-citrulline to nitric oxide
using oxygen.

D. Nitric oxide synthase synthesizes nitric oxide from
glucose and regulates blood sugar levels.

as an antioxidant?

reducing agent.

How does the structure of glutathione contribute to its function

A. Glutathione's structure allows it to bind to metal ions,
enhancing its antioxidant capacity.

B. The tripeptide structure of glutathione prevents it from
being oxidized easily, making it a stable antioxidant.

C. Glutathione's amino acid composition allows it to form
stable complexes with free radicals, neutralizing them.

D. The thiol group in cysteine allows glutathione to act asa

QY
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For any feedback, scan the code or click on it.

Corrections from previous versions:

Versions

Slide # and Place of Error

Before Correction

After Correction

VO -> V1

V1->V2
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