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UNIT-T
* 10115 Marks Question

Q1 Explain glycolysis , its pathway,
energetics & eignificance.
=3 ANSWER|: [GLYCOLYSIS |

- Glycolysis is the first step of glucose metabolism -

. Tt is The enzymatic breakdown of one glucose (6C)
into two pyruvate C3C) molecudes.

- Tt occurs im the cytoplasm of allcells.

+ Tt is an anagerobic pathwoy Cdoes not require oxygen),
but its products are further processed under Qerobic
or anaerobic conditions .

Also called the [Embden- Meyerhof-Parnas (EMP)pathioay .

Definition | : Glycolysis is The enzymadic breakdown

of glucose imto pyruvate, producing energy in the form
of ATP and NADH. Tt occurs in +the cytoplasm and
is The first step of celluar respiration.

Glycolysis Parhway Steps|:

Glycosis consists of 10 steps, divided into 2 phases
. Preparatory Phase (Energy Investment Phase)

. Pay- off Phase (Energy Generation Phase)
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.| Glycolysis

¢|Preparatory Phase

- 1Step1 : Phosphorylation lof) [glucosey

Hexokinaue or glucekinase
Glucose s 14 G\ucose—G-Dhosphaﬁe

M99'+
ATP ADP
Enzyme - e xokinases [in most tissues)
or 1Glucskinase, [ip \wver & B-cells).

Co-factor : Mg2*
Reaction : ATP donaftes phosphate — ADP formed .

Purpose : Traps glucose inside the cell, makes it more

reactive.

- [Step 2 : Tsomerization

hosphohexose
= i > Fructose-6-

isomerase . phosPhoJ?

*  @Glucose - 6- phosphate

Eﬁzgme . rPhosphohexageriisomerase
Changes aldose Cglucose) To ketose ( fructose) .

Makes the molecule symmetrical for later splitting .

- [Step3 +1 [second ‘Phosphoryjation
otructokin
P hosphofr “tokinase . Eructose 1,6-

- Fructose -6- Phosphale
| ﬁé‘*\. Bisphosphaie.
ATP ADP

* Enzyme : ?Phcspho‘ﬁFrucTolgt‘inase;
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" Reaction : Uses 1 ATP— ADP
- Key reguladory Step : Rate- limiting , highly reguwated by
energy staius C(ATP/ AMP).
+ Adds second phosphare-

Step4: Cleavage Aldo!ase
| . Dihydroxyacetone
Fructose 1,6- bisphosphate ——» phosphate.

L, Glyceraldehye 3-
phosphafe.
* Enzyme : rAldolase

* Breaks the 6c sugar info two 3¢ sugars.

phosphate CDHAP];

_ Phosphotriose
Dihydroxyacetone phosphate ¢ — Glyceraldehyde

H
[ovAP] 3~ phosphade.
Enzyme : Phosphotriose;

Only Glyceraldehyde - 8- phosphate (G3P) confinues
in glycolysis, so pDihydroxyacetone phosphate (DHAP)
is converted o (G3P) Glyceraldehyde- 3-phosphade .

At the end of +this phase, two molecules of G3ap
are formed from one glucose .
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Pay- off Phase (steps 6-10).

Each reaction now happens fwice.
Conce per G3P: Glyceraldehye]

- [Step6'y Oxidation 7 and '/ Phosphorylaiion
NADHTHT ont

-

Glyceraldehyde- 8- Phosphate 1,3-

G\ycerajdehyde/ Bisphospho-
#- phesphate -glycerare
dehydrogenase.
Enzyme Glyceraldhyde -132 phosphateridehydrogendse’”
+ Adds inorganic phosphate Cno ATP Used) .
* Produces 2 NADH per glucose.

* It is renersible reaction.

- Step ¥ : Substratez/level phosphorvylation .

P nog!
" 1-3- Bisphosphoglyceraie « WP e

ﬂinasex} 3-Phosphoglycerate

™M 2+
poP 9T K
- Enzyme: iPhosphoglycerate kinase

* Transfers high-energy phosphate 1o ADP— ATP
* Produces 2RATP perglucose.

« Tt is reversible reaction.
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- [3tep 8’ : [Ts0merization

_Phos lycerate
. 3 phosphoglycerate (n0sPhoglyce
mutase

 Enzyme : [Phosphoglycerate mutase’
+ Moves phosphare from 3rd o 2nd carbon.
* Reaction is reversible.

> 9-phosphoglyceraie

-IStep 9 : Dehydration

" 2- phosphoglycerates EfoigJe » Phosphoeno |-
Mg2+ w

-pyruvare. (PEP)

H20
- Enzyme: 1Enolase

Removes water C(dehydration) , creates high- energy
enol phosphede .

Step1ol: Substrate= jevel - Phosphorylation

Pyruvate Kinase
- (PEP) Phosphoenc|- pyruvat® —— Pyruvale [enol]

92‘!‘

ADP  pTp
-« Epzyme :IPyruvaiekinase

* Transfers phosphate fromm PEP to ADP ——ATP.
+ Produces 2 ATP per glucose:

At the end  Pyruvate (encl) is converted to
Pyruvate (kefo) Spontaneously.

And Pyruvate Cketo) i3 converted +o L-Lgcmje
as product in presence of  NADY —— NADH +H*
and enzyme Lactore dehydrogenase .
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- [Energetics fofGlycolysis

Step

ATP used

ATP formed

NADH

Formed

Glucose —» Glucose
-6- Phosphate
Enzyme : Hexokinase

=

Fructose - 8- phosphate
!

Fructose 1, 6- bisphosphate

Enzyme : Phogphofructo-
- kinase

Glyceraldehyde-3-
Phosphate

4
1,3- Bisphosphoglycerate

Enzyme : Glyceraldehyde
-3- phosphaite
dehydrogen.

+2

1,3- Bisphosphoglycerate
¥

3- Phosphoglycerate

Enzyme: Phosphogl ycerafe
Kinase.

T2

Phogphoenol pyruvate
3
Pyruvate
Enzyme: Pyruvate Kinase

+2

TOTAL :

+ 4

+ 2
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Net ATP direcHy : +4 -2 = +2 ATP
NADH : 2NADH x 3 ATP (oxidative phosphovylation)

= 6ATP.
Total ATP (aerobic) : 8ATP per glucose-

Significance of Glycolysis

Major pathway for ATp production in tissues like
RBCs (which lack mitochpndria).

Provides intermediates for biosynthefic parhways
Ceg. 3-Phosphoglycerate for serine syntnesis) .

Produces pyruvate , which can be converted 1o :

Acetyl- CoR —* enters TCA cycle
(aerobic)

Lactate ——» under anaerobic conditiong.

Important in muscle during exercise when oxygen
is limited.

Helps in roetabolis of dierary carbohydrates.
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Q2. Give o detail note on citric acid

Cycle.

CITRIC ACID CYCLE ( KREBS CYCLE [ TCA

=? ANSWER] CYCLE) .

The citric acid Cucle (CAC), also called the [kreb's cycle]
or ITricarboxylic! Acid [Cyclel (TeA Cycle), is o
central merabolic pathway That takes place in The
mitfochondriodl matrix'

Tt plays amajor rolein the oxidation of carbohydraiéed,
fars and proteins releasing energy in the form of ATP.:
NADH and FADH2.

“ltoeationy:  occurs in— mitochondziad madtrix
(in ol aembic organisms) .

Acetyl- CoA is the starting molecule .

Tt is formed by the oxidotive decarboxylatien of
pyruvate Cthe end product of glycolysis) by the pyruvate

dehydrogenase complex.

Overall Reaction of the Cycle :

Acetyl CoA + SNAD* + FAD + GDP+ Pi+ 2H20

l

200, + 3NADH + 3H* + FADH2 + GTP + Cof - SH
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Steps ' of  Cifric acid Cycle |

i. [Condensation':
Acetyl CoA (20 + Oxaloacetate (ac)

}
Citrate (6C)

Enzyme’': Citrate gsynthase

9. [Tsomerizadion':
Citrofe —— Isocitrale

Enzymer: Aconitage (vio intermediate cis-aconitate) .

3. [First /[ Oxidative Decarboxglojﬁoh :

+  TIsocitrade —» &~ ketoglurarate (5¢) + CO2

Enzyme : Tsocitrate dehydrogenase.
NAD* is reduced fo NADH

4. [Second’/Oxidcdiver ‘Decarboxylation:
o- ketoglutarate ——— Succinyl- Coh C4qc) + Coz
- [Enzymer of KetoglutaraTe dehydrogenase complex.

- NAD* is reduced to NADH .

5. [ substrate-Leve) i Phosphorylation :

. Succinyl- CoA —— Succinate

- Enzyme: succinyl- A synthetase:
GTP (or ATP) is formed.
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6. [ Oxidation:

«  Succinate —> Fumarate
Enzyme : Suainare dehydrogehase
FAD is reduced to FADH2.

7. [ Rydration”

Fumarate —> M™alare
Enzyme Fumarase

3. [ Final " Oxidaotiop™

Malate — Oxaloacetaie

+ 'Ep2yme: Malate dehydrogenase .
NAD* g reduced to NADH

Energetics

Energy Yield per Acetyl-CoA

Product Number ATP Equmem
3 NADH 3 g ATP

1 FADH2 1 2 ATP

i1 GTP 4 i ATP
Total - 12 ATP

Since 1 glucose —P 2 Acetyl- CoA —P 2 TUrNs of cycle,
total 24 ATP generated from TCA cycle per glucose.
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. IRegwation: of’ ITCA rcycler

The cycle is regulated ar 3 enzymes:
1. Citrate sgynthase

o. Tsocitrafe dehydregenase
3. o- kefoglutarare dehydrogenase.

These are regulaied by availability of substrates,

ATP/ ADP rafio, and feedback inhibiflon by NADH
and succinyl-CoA .

- ISignificance/l of TTCA [ Cycle :

1. Central  patbway/ : Final common pathway for
oxidatdion of carbohydrates . fais and proteins.

2. 'Epergy’ production: Major Source of NADH and
CADH2 for ATP generaiion via oxidagive

phosphory ladion .

%.  AmphiboliC natrure . Both catrabolic and anabolic
functions -

4. Tntermediafes usedin biosynthesis of -
. Amino acids
Glucose Cuia g\uconeogenesis)
Porphysins , PUrines and pyvimidines.

5. Maintaing oxaloacetate poolr for continued
cycling .
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- |Anaplerctic Reactions| [Refilling reactions]

. Reactions that helps to recharge the citric acid cycle.

. [Pyruvate ———>> [Oxaloacetafe’ [ By pyruvadte
carbox g\ose] .

Asparafe ———  [Oxcloacerate’

Gluramatre’ ——> (o= Keroglutrarate:-

- “The cifric add cycle is essential for Life -

It nof only produces energy-rich molecules buf also
provides precursors for biosynthefic processes.

Tts tight regulation ensures energy balance and
merabolic  flexibility in cells:
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Q.3. Explain HMP Shunt or Penfose Phosphate
pathwoy (PPR).

@ : |HMP Shunt or Pentose Phosphate Pathway

» [Hexose’ Monophiosphater ([Shunt ¥ (HMP shunt) -

+ also called as pentose’ Phosphade Parhway CPPP)
or Phosphogluconate-

+ The HMP Shunt isan alternative pathway for breakdown
of glucose-6-phosphate -

+ Unlike qglyomlysis, it does not produce ATP, but instead

plays important roles in :

Producing NADPH for biosynthesis and antioxidant

defense.
+ Producing Ribose- 5- phosphate for the synthesis of

DNA , RNA and nuclectides.
+ Providing Intermedictres for glycolysis.

Occurs in the cyoplasm of cells

- Highly active in: - liver
- Adipose tissue
- RBCs
+ Adrenad cortex
. Lactating mammary gland .
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Hexose Monophosphate Shunt

HO— (E-—H
H"?—OH
HO—(|:~ H
H—C-o0OH
H—C
(':H20-®

Glucose-6- phosphate

(@]

NADP+ ~ Glucose 6-phosphate
Mg2+ dehydrogenase

NADPH +H *

6-phosphogluconolactone
H20

Gluconolactone
hydrolase

6+ 'Phosphogluconater
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" 6- Phosphogluconate’

+
NADP Phosphogluconaie

T Ta— dehgdrogenqse

CO»s

v

?HQOH

C=0

|
H—C-DH

cmo—@

EXyIWosesEphosphate Ribose-5-phosphate’
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[Xylwose- ‘Ribose- 57
5=phosphate’ phosphate’

"Xylwose-5 phosphate’

TPP [ Trangketolase

,CHQOH CHa0H H—ciz-.:o
= e H—C—OH
HO-C—H Ho-C—H \
‘ | CH20
H—C-qH H‘(|Z—0H |
H "(|3-0H H-c—oH ' Glyceraldehyde”
‘ ' 3-phosphate”
CHQO-@ H'IC—OH
Fructose-6+ C H20_®
phosphade _
Sedoheptulose’
/3= phosphate’
Transketolase l
Transaldolase
H—?:Q . .
H-C-oH l l
|
CH20<®> H- (|?=0 CH20H
{Grlyceraldehyde’ H - (IZ-OH C\f =0
3-phosphate’ H—C-OH HO-C\?—H
‘ H -C—OH
Reversal CH20 ‘C
O'F g‘UCO‘BSiS Erg-‘-hrOSe ) H'—‘ oH
4 - Phosphate CHZO"@ |
‘Fructose- 6 [Fructose-’g: jphosphate
sphosphate?

www.depthofbiology.com
Explore website for more



Page 21 of 53

DEPTH OF BIOLOGY - Level up your studies with DOB
For more updates join DEPTH OF BIOLOGY APPLICATION

{HMP

‘shunti ¢ P(jfhwa,gf

:

The pathway has two phases :

s

Oxidative Phase- irrexersible -

9. Non-oxidaiive Phase- reversible-

21.

‘Oxidative! (Phage? (Trreversible)
Main function : Produce NADPH and Ribulose- 5- phosphate
Step | Reoction Enzyme Products
i. | Glucose - 6- phosphate Glucose- €-phosphate 1 NADPH
L dehydrogenase
6 - phosphogluconohactone @G6rPD)
2. | 6- phosphogluconolactone Lactonase -
|
8- phosphogluconate
3. | 6- phosphogluconaie 6- phosphogluconate| 1NADPH

{
Ribulose- 5-phosphate
= €02

dehydrogenase

« Totad NADPH produced = 2 per glucose- 6-phosphate -

Ribwose - 5-phosphate enters the non-oxidafive phase.
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22,
2. [Noh-oxidative’/Phasel CReversible)
Main function : convert 5- carbon sugars 1o 3- &
6-carbon sugars or form Ribose- 5-phosphate for
nucleotide synthesis.
For nuclectide synthesis
- Ribwose- 5- phosphate —> Ribose- 5- phosphate
- Enzyme: [Isomerase
For glycolysis or sugar rearrangement
Reaction Enzyme oufcome
Ribulose- 5-Phosphate Epimerase | Jsomer
' conversion
Xylulose - 5- Phosphate
Ribose - 5- phosphate + Xg\LL\Ose-S— Transkefolase] Carbon
i
phosphate —> Glyceraldehyde-3 Shuffling
phosphate + Sedoheptulose- =8
5 5edohep’r\u<nse-=f-phosphoie + Transaldolase Eniers |
Glyceraldehyde - 3-phosphaie glycolysis .
Fructose - 6- Phosphate + Erythrose-
4- Phosphalke
Erg‘rhrose-L:-PhosphoJQ +AYlWlote -5 | Transketolase| More _
phosphatie —> Fructose-6-Phosphate glycolysis
+ Glyceraldehyde-3- Phosphate intermeddafes.
lef
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23.

+ These products (Fructose -6- phospho:teg’ Glyceraldehyde -3 -
phosphate) re-enter glycolysis.

Significance [of HMP Shunt

1. Production of NADPH
* The HMP Shunt is a major source of NADPH.
*  NADPH is essential for:

+ Fotty acd synthesis

* Cholesterol synthesis

Steroid hormone synthesis
Detoxifiadion in liver (via cytochrome PUS0 system)

Protecting red blood cells from oxidative stress
(by mainfaining reduced glutathione) .

2. Formatien of Ribose - 5- phosphadte |
Used in the synthesis of :

« DNA and RNA
. Nuclectides \ike ATP, NAD , FAD, and Cof.

Important for rgpidly dividing celle Cbone Mmarrow,

skin, cancer cells) .
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24,

3. Interconversion of Sugors

Converts- 5- carbonsugars into glycolysis:
inTermediates like:

* Fructose - 6- phosphate

Glyceraldehyde- 3- phosphate

Helps maintain balance befween carbohydroie metabolism
ond nucleotide needs -

4. Active in Tissues with High NADPH Demand

Liver (for fat and cholesterol)
SUnthesis

Adipose tissue C(for fatty acids)
Adrenal glands Cfor steroid hormones)

Red blood cells (for antiexidant protection)

5. Role in disegse - G6PD Deﬁciency

TIf the enzyme G6pPD is deficient :
NRADPH is not produced property

RBCs are damaged by oxidative gtress.
Leads to hemolgtic anemia -
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25.

Q4. Explain Diabetes Mellitus .
=) |ANSWER] : -[Diabetes Mellitus.

Diubefes mellitus is a chronic metabolic disorder
characterized by hypergilycemia (increased blood glucose

level) due to defective insulin secretion, insulin action,
or both.

. Ttis associated with disturbances inthe metabolism OF
carbohydrates, fafs and protfeins.

TYPES |OF DIABETES

TRype 1 diabefes mellitus (Tnsulin- dependent or IDDM) :

Caused by autoimmune destruction of pancreatic B-cells-
Results in complete deficiency of insulin.

common in children ond adolescents.

Requires lifelong insulin therapy .

2. TType 2 Diabetes Mellitus (Non-insulin dependent or NIDDM)

Caused by insulin resistance and relafive insulin deficiency.

Assodiated with obesity, sedentary lifestyle, and genefic factors.
More common in adults.

Treated with orod hypoglycemic agents, dier , exercise
and somefimes Insulin-
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26.

3. Gestational ' Diabetes Mellitus
Occurs  duzing pregnancy .

Due 1o hormonal imbalance affecting insulin
action.

May lead to fetal complications and future risk
of type 2 diabefes in mother.

Glucose
Pancreas ri%%%rn
= 0
Inswlin
Heojztmdu/
Pancreas Irzsctf;’; '
> —NB®
= .
TYPE-1 No insulin
CELL
Pancreas

CBLL
Fail to regpond to insulin
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27.

‘Mechanism [of! [Typei

Type 1 Diabefes Mellitus (T1DM)
TInsulin - Dependent Diabetes Mellitus CIDDM)

Autoimmune destructien of B-cells in Islets of
Langerhans Cpancreas)

This leads to absolute insuwlin deficiency.

The immune system produces autoantibodies (like
anti- GAD) that odtack PB-cells.

NOo insulin means :

+ Gluceose cannot enter cells.

* ‘The liver continues gluconeogenesis and glycogenolysis
unchecked

* Result : Hyperglycemia Chigh blood sugar).

- 1 Blood glucose —v Glycosuria —> Polyuria, Polydipsia -

Lack of insulin — Lipolysis —s free fatty acids

4

Ketone body formadion

b

Ketbacidosis-

Proteolysis occurs —> Muscle wasting and weight loss.

- | [Mechanismi‘of’ Type 2!

Type 2 Diabefes Mellitus (T2DM) -Non-TInsulin Dependerd
Diaberes Mellitus  CNIDDM).

| + TInsulin resistance in target tissues (like muscle, liver, fat).
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28.

B-cells initially secrete more insulin to compensate
—  Hyperinsulinemia -
Over time , B-cell dysfunction oceurs —» Relative

insulin  deficiency.

Cells fail to respond o insulin —p Glucose uptake
decreases —> Hypergly cemia.

Liver 1 glucose production —s Worsens hyperglycemia. -
Adipose fissue shows incregsed lipolysis, bur no
ketoacidosis (as some insulin is present) .

Hyperglycemia  with hormal or high insulin in eqr

stages . K

Long- term: B-cell failure, May require insulin thergpy .

Biochemical ‘Changes' in Diabetes' Mellitis]:

1. Carbohydrate Metabolism :
Decreased glucose uptake by cells due to insulin
deficiency.
Tncreased glucovecgenesis and glycogenolysis in liver.
2. Lipid Plefabslism:

Tncreased lipolysis in adipose tissue —» releases
free fatty acids CFRAS).
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FFAs

are converted to ketone bodies inliver —o
causes

ketosis and ketoacidosis (mainly in Typed).
Tncreased plasma cholesterol and triglycerides.

"Proteiny (IMetabolismy

Increased proteolysis —> muscle wasting.
Amino acids are used for gluconeogenesis, worsening

hyperglycemia -

Negative nitrogen balance and poor wound healing.

rSymptoms:{ Clinical FoaitLires]

- IPolyuria: = Excess drination

* [Polydipsiai: Excess thirst

- IPslyphagia © Excess hunger

. PWeight 1oss (in Type)

. [fafigue , blurred vision, infections

. Ketone breaty C(in diabefic keloaddosis) .

- (Diagmnosis :
According to WHO and ADA

Fasting blood glucose > 126 mgidL

Postprandial blood glucose > 200 mg/dt
HbAic = 6.57

Urine fest for glucose and kefones .
Oral Glucose Tolerance Test (OGTT).
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- [Complications

Acute :
Diabetic keroacidosis CType 1)

Hyperosmolar coma (Type 2)
Chronic :

Microvascular : Refinopathy, nephroparhy, neuropathy
Macrovascwlar : Atherosclerosis, heart disease, stroke .

Others : Diabetic Toot, infections, delayed wound healing.

_Trearment iand 'iManagement :

Type 1

Tnsulin therapy is essential .
Dier and lifestyle reguladion.
Monitoring of blood glucose:

Type 2
Weight reduction, physical activity.
Oral hypoglycemic drugs (eg. Metformin , Swfonyluread.

TInsulin it needed .

"‘Preventionyand Lifestyle Management :
Healthy dief, reguiar exercise.
Avoid obesity
Regular health check-ups
. Siress management .
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3.

Diabetes mellitus is a growing global health
concern.  Early diagnosis, lifestyle changes and

medical care can prevent complications
and improve qualty of life.

proper

Understanding the biochemical basis helps in betfter
diggnosis and freament planning.

Q.S. Explain ETC & Oxidarive phosphotyladion
=D [ANSWER]:

. The Electron Transport Chain CETe) and Oxidafive
Phosphorlyadion  togefher form the fina stage of
cellwlar respirafion .

They occur inthe inner mitochondzial membrane and
are responsible for producing the moximum ATP fsom
the energy source stored in NApH and FADH2.

4. (Electron’ Transport/iChain’ CETC)

Locationy : Inner membrane of mitochondria-
MainsReler: Transfers electrons frorn NADH and FADH2
fo oxygen @z).

+ This transfer releases energy, whichis Used T pump
protob  (H+) across the membrane.
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NAD* FpHy Cyts (2re3* KHZO
X KC\HS (2Fe*) 502

B

Overview of Elecfron Transport Chain

i »
[ A- Supbstrate ; Fp- Flavoprotein; Cyts - Cytochrome

Quter
membrane

ATP
Suynthase

TInfermembrang
Space
Inner ETC a
membrane ssembly

Structure of mitochondrion depicting electron transport
chain CETE) (Fo, Fi- Protein subunits) .

- [ETC [Complexes :
There are 5 complexes in Electron Transport Chain CETC)
as given below in the table:
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Complex Name Function
i NADH + Transfers e- from NADH to
dehgdrogenase ubiquinone (@) , pumps H*.
I Succinate - Transfers e~ from FADH3 1O
dehydrogenase G Cno H+ pumping).
o Cytochrome - Transfer e- from @ to
becy complex cytochrome Cy pumps H*,
NAYA Cytochrome © * Transfers e- to 02 forming
oxidase water (H20), pumps H*
=l ATP synthase |- synthesizes ATP UsiNg the
(used in proton gradient .
phosphorylation)
* 'Mobile'l Electron’ 'Carriers; :
* Ubiquinone (Co® - transfers electrons from Complex I/IL to TL .
. Ccytochrame ¢ - carries electrons from Complex WL +o T -
- [End) [Result ''of ETC/:
oxygen is the final electron accepfor —» forms Ho0.
Proton  gradient is created across the membrane Chigh in
intermembrane space, low in mokrix) .
www.depthofbiology.com
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2 . |LOxidative’IPhasphorylationy

Mechanism':

ADP + Pi —— ATP synthesis.

* [Energy! Yield':
Molecule ATP Produced
1 NADH 2.5 to 3 ATP
1 FADH2 4.5 1o 2 ATP

- lUncouplers of’ [0xidativer (Phasphorylations

34,

Definition : The process of ATP formadion using the
energy of profon gradient created by the ETC 1s
called oxidative phosphorylation .

Due to the profon gradient, protons Flow back into The
mitochondrial matrix via ATP synthase Ccomplex ).

" This flow of H* provides energy for

* Substances like DNP (2,4- dinitrophenol) disconnect ETC
from ATP synthesis — energy released as heaf.

- [Significance’ :

Produces ~ 34 ATP ouf of total 38 ATP per glucose molecules .

Essenﬁo.l for energ\J pmducﬁon in aerobic OTgon‘lSlTXS'-
Maintains cell survivad and function.
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ETC Transfers electrons from NADH/ FAPH2 to O2
through a series of complexes.

This builds a profon gradient.

Oxidative phosphoryladion uses this gradient to
synhthesize ATP.

Occurs in mitochondria , requires oxygen.and forms
water+ energy.

Q.6. Explain Gluconeogenesis .

=) [ANSWER]: [GLUCONEOGENESIS]

* Gluconeogenesis is the merabolic process by which

glucose is synthesized from mon- carbohydrate sources.

It is essential during fasting, starvation or infense
exercise when blood glucose levels Tall.

Occurs mainly in the liver and kidney corfex.

[ Definition’ :
+ Gluconeogenesis is the formatrion of New glucose mMoleculey
from mnon-carbohydrade precursors like :

» Lactare

. Amino acids Cespecially alanine)

+ Glycerol

- Propionate
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Site off Gluconeogenesis’ :

Liver (major site)
Kidney cortex Cminor site, during prolonged fasting) .
Occurs in mitochondria and cytosol of liver cells .

,Pathu)ays lof? Gluconeogenesis' :

Gluconeogenesis is not just reverse glycolysis because
3 steps of glycolysis are irreversible.

So, alternative enzymes are used ot these steps::

i. Pyruvate to Phosphoenolpyruvate ceep) :
Step1d :
Pyruvate —> Oxaloacefcde
(Enzyme: Pyruvade carboxylase, requires biotind .
Step 2 : Oxaloacerate

N
Phosphoenol pyruvate (PEP) |
(Enzyme : Phosphoenclpyruvate (PEP) carboxyKinase) -

2. 'Fructose- 1, 6 - bisphosphate 1o Fructuse- 6- phosphate.
(Enzyme : Fruciose- 1,6 - bisphosphatase) .

3. Glucose -~6: phosphate 10 Glucose
CEnzyme: Glucose- 6-phosphatase).

Occurs in endoplasmic reficulum of liver and kidney
Cnot present in muscle) .

LR
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2.

Pi Glucose ATP
Glucose -6~ exok\nqse
hosphate \ucok\nase
: Glucose-6- 9
HaD Phosphaie
Pi Fructose-6- ATP
IFRUGTSSE pligsphale PhosphoFrucm XKinase
1,6+ bis-
phosphots o Fructose 1,6- My,
. bisphosphate
Glyceraldehyde «———  Dihyd roxyacefone
3- phOSphaie phosphaote

NAD* j NHDHJ«H*j
NAD
H+H*
PR i 3—Bisphosphog\\/ceraf€ G\\:‘ceml 3-phosp
I HDPﬁ
TP
3-Phosphoglycerate A
I Gly cerol

hate

2- Phosphoglycerafe

I

Phosphoenolpyruvate .

l

(4o neat page)
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— Phosphoenol pyruvate
AOP '
Coz phasphoenol - > pyruvode KINAseé
ATP

GDP ‘-3 p\, ruv 0.1' e

38.

. e J
GTP Pyruvate ¢—7T—’ Lactate
Qxolocicerare NADH NAD*
r +Ht
cyTosoL
M+ o s @
NA:+ MDH ! ‘
Pyruvate — @
< ATP, CO, ‘
+ g Pyruvaie \
N carboxglase |
/ . '
g CRR + A MITOCHONDRION !
/ R
[ \ADH+H*  Oxaloacerate «— (@ |
\ NAD*
A\ '\ Malade @3 ]
Y . dehydrogenase |
S} Malate CMDHH ° o Keroglufarade |

!
Suacingl-COA/ /

, Fumargd® - y
\ ! Propionale
i ® .

« [Qveral’Lonversion :

2 Pyruvare — Glucose
Occurs in mitochondria and cytosol of liver and kidney cells.

www.depthofbiology.com
Explore website for more



Page 39 of 53
DEPTH OF BIOLOGY - Level up your studies with DOB

For more updates join DEPTH OF BIOLOGY APPLICATION

29.
Pathuway

Step 1 Pyruvafe —— Oxaloacetaie (OAR)
Enzyme @ [Pyruvaie carbexylase

Locotion : Mitochondiia

cofactor @ BiOTD

Energy used : 1ATP .

OAR is formed in mitochondrio and trangported Qs
malate to cyiosol.

Step 2 :  Oxaloacetale ——* Phosphoenolpyruvaie CPEP)

Enzyme : IPER’ carboxykinase’ CPEPCK)
Locafien : Cytosel

Energy used : 1 GTP
Step3 1o ¥

PEP is converted back through glycolysis in Yeverse,
using the same enzymneg  until it reaches :

Fructose’- 4,6- bisphosphcde’

step 8 ( Bypasses irreversible Phosphofructose kinage-1 step
of glycolysis) :

Fructose -1, 6 - bisphosphate — Fructose - 6 -phosphate

Enzyme : [Fructose- 1,6+ bisphasp hale’-

Tmportant requlafory Step.
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4o0.

- Step 9 :  Fructose-6- phosphate «+ Glucose- 6-phosphate
Enzume : [Phosphoglicese fisomeraser. (reversible)

Step 10 @ Final Step, unique 10 liver| kidney.

Glucose - 6- phosphafe —— Glucose

Enzyme : (Glucose -6~ phosphate
Location : Endoplasmic retficudum
Abgent in muscle and brain  hence they can't release

free glucose -

+ Net Reaqctions:
2 pyruvate + 4 ATP +2 GTP + 2 NADH + &H20

{

Glucose + 4 PDP + oGDP + 6pi + 2NAD" + aH*

- [Significance’ 'of 'IGluconeogenesis/

Gluconeogenesis plays G vital r?\ein

maintaining glucose homeosTasis, espe.
fasting , starvaiion, oOf prolonged exercise . |
through the following

cially duzing

Tis important can be explained

po'l nts -

4. Maintains Blood Glucose levels

During fasting or starvation, glycogen sfores are

deplered within 12-18 hours.
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* Gluconeogenesis  becomes the only source of’
glucose , especially for gucose -dependent tissues.

2. Supplies’ Glucose to Essentiad  Organs

Organs like

Brain , Red Blood cells Crges) , Renal medulla,
Lens and cornea of eye, Testes rely exclusively
on glucose for emergy.

Gluconeogenesis  ensures o continuous supply of
glucose o These ftissues.

3. Prevents Hypoglycemia

By producing glucose when diefary infake is low,
it helps prevent dangerously low blood sugar levels,

especially befween meals or overnight -

4. Removes Metabolic' By-products

Lactare Cfrom anaerobic glycolysis in muscle) gnd

glgcerol (From faz breakdown) are converted into
glucose .

This helps detorify and recycle metabolic
intermediates Ccori cycle, glucose- alanine cycle).
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42.

5. | Supports  Metabolic' Needs During ' 'Stress orIliness.

During infections, frauma or burns, energy demand
increases.

Gluconeogenesis supports increased glucose demand

for immune cells and healing tissues.
8. Helps ' in Niirogen Waste Disposal

Converts alanine to glucose in the glucose- alanine
cycle, removing excess nitrogen from muscle.

3. In Diabetes Mellitus

In uncontrolled diabetes, gluconeogenesis is
abnormally increased, confibuding o hyperglycemia.

8. Critical ' in' fasting  Adaptatien

10 prolonged fasting or starvafion, body switches
to fax m™etabolism  bur brain S\l needs glucose.

Gluconeogenesis helps preserve brain function.

Gluconeogenesis is a life-sustaining process that
maintains energy ©Dalance , prevents hypoglycemia.
and recyces mnetabolic waste.

Tt is essenfiol for survival during periods of low
carbohydrate intake or increased energy demand.
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Q%  Glycogen Metabolism Pathway

@ ANSWER |: - [ENTRODUCTION]|

Glycogen is the storage form of glucose in animals -
Tt is a highly branched polysaccharide made of

glucose units linked by o- 1,4 and *-1.6 glycosidic
bonds.

Stored mainly in

. Liver - to maintain blood glucose

. Muscle - for energy during muscle achivity.

Glycogen metabolism includes :
Glycogenesis (synthesis of glycogen)
Glycogenolysis C breardown of glycogen) .

Glycogenesis’ : Synthesis ,v';of"lglycoger?l

Glycogenesis is the anabolic (blosynthenic) padhway by

3 for
which glucose Mmolecules are converted into g\gcogen

storage-

Tt is important for mMaintaining glucose homeostdis

and storing energy for \ayer use.

www.depthofbiology.com
Explore website for more



Page 44 of 53

DEPTH OF BIOLOGY - Level up your studies with DOB
For more updates join DEPTH OF BIOLOGY APPLICATION

?

4y

'Glucose’

ATP
Glucokinase
ADP

!Gucose Z6- phosphate’
Phosphoglucomutase
" Glucose =1 [phosphate”
Ll :j’ UDP-! glucose
PPi pyrophosphorylase
‘UDR-glucose?
(UoP<D)

Glycogen s initiator

UppP

=0k

i 2 3
i-0-O-O0
‘Glycogen Primer”
13CUPP <)) w—
infiator

13 UDP —————

Glucosyl 'C4.6)
transferase

1 1 10

§'0‘O-----
————— o(-1-6-Bond
11

.
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Elongation by
glucose synthase

(forming o 1,4-bonds)

Branching by
glucosyl 4-6 *ransferase
(- 1,6-bonds)

v

GLYCOGEN

- [ Steps'iof ! [ Glycogenesis: :

i. Glucose — Glucose-6- Phosphate

* Enzyme : IHexoKinase'/ Glucokinase’ Cliver)
Cmuscle).

- Energy used: 1 ATP

o. @Flucose - 6- Phosphate —p Glucoge- 1- Phosphade

Enzyme : [Phosphoglucomutase’

3. Glucose-1-phosphate + UTP —> UDP -glucose + PPi
Enzyme : [UDP’-Iglucose pyrophosphorylaser

4. UDP- glucose + Glycogen primer —s Extended glycogen
Enzyme : Glycogeny synthaser

Adds glucose in d-1,4 linkages.
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46.

B. Branching of glycogen (a-1,6 bonds)

- Enzyme : Branching’enzyme’.
* Increases solubility and availability of glycogen .

Energetics (0f! Glycogenesis

* For each glucose stored as glycogen :

1ATP (used during glucose phosphorylation).

1UTP (used o achvate glucose —b UDP- gIUCOSR).

So, storing 1 glucose molecule in glycogen requires ~
2 high- energy phosphate bonds.

GLYCOGENOLYSIS!

Glycogenolysis is the carabolic (breakdown) pathway by
which  glycogen is broken down into glucose- 1- phosphate
and free glucose-

"The process is activated duzing fasting, exercise or
stress when the body meeds additional glucose -

It helps in maintaining blood glucose levels and
providing energy ropidly during demand.
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+ | IGLYCOGENOLYSIS [PATHWAYY

G:' j,G*bOﬂd

|
£ Glycogen’

Pt Glycogen:
OO~ Phosphorylase

Glucose-1- Phosphate

/ o« 1)6'b0nd
O-O-O0-O0-0-0-0-00

" Limit dextrin

Debranching
enzyme Ciransferase activity) .

O—Q—D—Q—CQ-D-C)-C}CH}OO

0 Debranching enzyme
Glucose (o 1= 6 glucosidase activity) .

(free)
O-OCOCOOCOO-OOOOO00
Further action of
phosphorylase

[Glucose=1=phosphater
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48.

Phosphoglulomutase

v

Glycolysis «— Glucose- 6-phosphaite/

Glucose- 6- phosphatase
Cip liver)

v
GLucose!

Glycogenolysis»: Breakdown ofIGlycogen”

Steps of Glycogenolysis :

1. Glycogen —»  Glucose- 1- phosphate

Enzyme: Glycogen phosphorylase

Cleaves o- 1,4 bonds

2. Debranching of glycogen :

Enzyme : Debranching enzyme ¢ bifunctional)

Transferase activity- transfers 3 glucose units .

Glucosidase activity- removes branch poinT glucose
(x-1,6) .

Glucose - 1- phosphade —> Glucose- 6€-phosphaode

Enzyme : Phosphoglucomuiase
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4. Glucose-6- phosphate —p Free glucose Cin liver only)

Enzyme : Glucose- 6- phosphatase

Nor present in mustle Cmuscle uses glucose for
itself).

fEnergeticsiof I Glycogenolysis |:

» Glucose-1- phosphare is produced withoutr using ATP.

Saves energy compared to taking glucose from blood .
In muecle : Glycogen —»G-6-P (Glucose- 6 -Phosphaie)

directly enters glycolysis = energy-
efficent.

* | (Significance’lof ' /Glycogen Merabolism

1. Maintains blood glucose

Liver glycogen releases glucose between meals and
duzing -fasting.

2. Provides quick energy
Muscle glycogen gives glucose for rapid energy duzing
exercise-

3. Prevents hypoghjcemia
Especially important for brain and R8Cs which need constant
glucose:

4. Reversible and regulated
Glycogen can be synthesized or broken down rapidly
depending on body needs.

5. Buffer gystem.
Acts as a short ferm energy reserve .
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- [[Regwaxion ‘of’ (Glycogen .*mefrclbolism

Hormone Effect on Effect on
Glycogenesis Glycogenolysis
Insulin Stimuw ares Inhibits
Glucagon Inhibits Cliver) Stimuwlares Cliver)
Epinephaine| Tnhibits (muscle & Stimuwates Cmuscle
liver) and liver)

Clinical’ Significance’

Examples :

. Conclusion;:
Glycogen metabolism Is essentiod for maintaining glucose

homeostasis, supporting physical activity and profecting

against hypoglycemia.
« Tfs precise hormonal reguladion ensures a balance befween

energy storage and energy release based en the body's Need.

- [Glycogeni (Storage’ Diseages’ CGSDS) :
Caused by defecrs
- Von Gierke's Disease -

in enzymes.

* Contfrolled by eAMP signaling and phosphoryladion [
dephogphorylation of enzymes .

glucose-6- phosphataose deficiency.

* McArdle's disease -

muscle phosphorylase deficiency .
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Q.1 Define G-6PD deficiency
= [ANSWER

G-6PD’ deficiency’

G-6PD Deficiency (IGlucose /62 phasphate dehydrogenasey
deficiencyy is an inherited generic disorder where
The body has low levels of the enzyme G-6PD.

‘This enzyme protects red blood cells from damage
by reactive oxygen species.

Lack of it can cause the breakdown of red bloodcells

CHemolysis) , especially after infections or certain drugs
and .
i aes Shortened

G6PD Enzyme G6PD Deficient Lifespan

3 4 A e
N > T A
a.‘",érv‘..'a.t_..;(u{: SN

Erythroblast Erythrocyte Erythroblast
- GEPD NORPMIAL

Ergfhrbche

Tt is one of the most common enzyme deficiencies
worldwide-

Q.2 Define Glycogen storogé disorders -

=) |ANSWER |: | Glycogen storage disease 1 (GSD).

Defmition| - Glycogen storage diseases (GSDs) Are a group
of inherited metabolic disorders caused by
enzyme gefects in glycogen metrabolism
(synthesis of breakdown).
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* These defects lead to abnormal Storage and structure
of glycogen in fissues like liver and muscles.

As a result, patients may experience low blood
sugar Chypoglycemia) , enlarged liver, muscle

Weakness or cramps.

Q.3 Explain ETC inhibitors

=> ANSNEFq'. [ETCInhibitors

ETC inhibitors are chemical substances that block
the normal flow of electrons in the electron transport
chain CETC) located in mitochondria -

By blocking electron flow, they prevent ATP -
production ; reduce cellular energy and may cause
cell damage.

Example inc\udes\:

'Rotenone Cinhibits complex T)
ArrimycingAs Ginhibits complex TT)

cyanide and carbon’ monoxider Cinhibit  complex IST) .
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53.

Q-4 Exploin Uncouplers with example

=

ANSWER |:

UNCOUPLERS

Definition |:

Uncouplers are substances that disconnect

Cuncoupl®) oxidation (electron transport) from
phosphovylation CATP synthesis) in mitochondza.

08 heat -

" |Examplel:

- They allow protons +o leak across the mitocho
membrane withow producing ATP, So energy is released

ndri al

o4+ Dinitrophenoly CONPY , which carries protons

ocross the membrane , increasing head
production buwf decreasing ATP-
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