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WORLD OF BIOMOLECULES
And
INTER-RELATIONSHIPS
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ANY GUESSES FOR TODAYS TOPIC ?
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Metabolnm ol
T

. Interconnection of

pathways

. Metabolic profile of

organs

. Food intake, starvation

and obesity

. Fuel choice during

exercise

. Ethanol alters energy

metabolism

. Hormonal regulation of

metabolism
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Integrated Metabolism

OR

Intermediary Metabolism
OR

Interrelationship Between

Various Metabolic Pathways
OR
Interdependence Of Metabolic
Pathways

What Is an Essence of
Normal, Health, Growth and Reproduction
of Human Body?

www.FirstRanker.com
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Normal Metabolism of Biomolecules

Metabolism and Types

www.FirstRanker.com
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* Metabolism is the term used to describe

— The interconversion of chemical compounds in the
body

— The pathways taken by individual molecules,

— Their interrelationships, and the mechanisms that
regulate the flow of metabolites through the

pathways

* |t falls mainly in 3 categories: catabolism,
anabolism and amphibolic pathways

Enargy-rich
comphex molecules
o [aoPam], ™
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Important Factors Of Metabolism

—Metabolites
—Hormones
—Enzymes
—Cofactors
—Coenzymes
—Water
—Oxygen

* Various metabolic reactions, pathways and
processes of important biomolecules of human
body viz:

— Carbohydrates
— Lipids
—Proteins

— Nucleic acids
—Hemoglobin

* Taking place in different cells and cellular
compartments of specific tissues and organs.

www.FirstRanker.com
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Metabolic Pathways are
Compartmentalized Within Cells

Glucose
Y f :
ATP Q
| NADH.
Glycolysis ¥ v

Acetyl-CoA
Citric acid

in the cytosot—| ¢— ATP
2 NADH <+—4 cycle and
2 ATP ~—j oxidative
* phosphoryla-
tion in the
2 ATP +x_1 ' mitochondria
( )

k / NADH iy

G
Figure 17.17 Compartmentalization of H.0 -

glycolysis, the citricacid cycle, and
oxidative phosphorylation.

Significance To Study
Individual Metabolic Pathways
Of Various Biomolecules

www.FirstRanker.com
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* Metabolism of each chief
biomolecule was studied
individually and separately.

* For convenience and clear
understandings of metabolic
reactions associated to it.

Major Metabolic Pathways

m 1. Glycolysis

m 2. Gluconeogenesis

m 3. Glycogen Metabolism

m 4. Fatty Acid Metabolism

m 5. Citric Acid Cycle

m 6. Oxidative Phosphorylation

m /. Amino Acid Metabolism

m Only the liver can carry out all of the reaction
the major pathways.
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NORMAL METABOLISM

1. After a meal glucose levels rise, insulin is produced

1. Insulin suppresses glucagon secretion

3. Insulin stimulates glycogen synthase 1 form

4. Insulin stimulates acetyl-CoA carboxylase

5. Fat synthesis accelerated

6. Insulin stimulates glucose uptake into muscle, adipose
7. Glucose falls, glucagon secretion restored

B. cAMP activates glycogen phosphorylase, lipase

9. Liver switches to gluconeogenic mode

Features of
Normal Metabolic Pathways
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Well Planned

Compartmentalized

Well Organized/ More Systematic
Require Specific Conditions
Synergistic/Simultaneous
Flexible/Adapt/Change for good survival
Induced as per condition

Regular in its operation
Regulated/Controlled/Balanced

10. Good cooperation and coordination

00X N HEWDNH

Hormones Regulate Metabolism

www.FirstRanker.com
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* Hormones are key regulators of
Enzymes

* Regulatory Enzymes are stimulated or
inhibited by specific hormones

* Enzymes are regulated by:
* Allosteric Regulation
* Covalent Modifications

Metabolism Is Regulated By

* Availability of Substrates Regulate
Metabolism :

—Ratio of Insulin/Glucagon
—Ratio of ATP and AMP
—NADH/NAD

—Citrate levels

—Fructose 2,6 Bisphosphate levels

www.FirstRanker.com
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* Low and high levels of ATP stimulate and
inhibit regulatory enzymes of Glycolysis and
TCA.

* Increased levels of Acetyl-CoA and Citrate
stimulates enzyme Acetyl CoA Carboxylase
of De Novo biosynthesis of Fatty acid.

* Increased Fructose 1,6 Bisphosphatase is
— Allosteric stimulator of PFK of Glycolysis

— Allosteric inhibitor of Frul,6Bis Phosphatase
of Gluconeogenesis.

What is an Integrated Metabolism?

www.FirstRanker.com
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* Metabolic pathways are Closely
Interrelated/Integrated
[/Interdependent

—Not totally dependent nor totally
independent

OR

—But partial dependence and partial
independence

Stages Of Integrated Metabolism

www.FirstRanker.com
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Energy Production in Metabolism
(Summary of Oxidation of Foodstuffs in
Three Stages)

Primary metabolism
(Digestion)

Carbohydrates — Glucose ~

Lipids — Fatty acids

Proteins — Amino acids

Oxidation ofthese coenzymes liherate protons and
electrons which are finally trans 1:“%
electron-transport chain (respirajov chain).

—> ,

Secondary Tertiary
(Intermediary |Metabolism
Metabolism (ETC)
- Acetyl CoA ATP
I
Energy
ATP CO,
NADH *H,0
FADH,
red to O2 via the 2

Stages of Metabolism

Stage 1
Digestion and
hydrolysis

Stage 2
Degradation and
some axidation to
smaller molecules

Stage 3
Oxidation to CO,,
H,O and energy
for ATP synthesis

E T - I TEI L] % :
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§

Stages of Metabolism

Polysaccharides Lipids
Cell membrane
i oty Giycerol Falty scids
e
Glucose :
: AP
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Evidences Of
Metabolic Interrelationships

Interrelationships
Of
Carbohydrates with Lipid Metabolism

www.FirstRanker.com
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OXIDATIVE PATHWAYS SYNTHETIC PATHWAYS

Glycolysis 4— — Othear carbohydrates
G (galaciose, fructosea)
L
U +—*Ghcoganesis
Hexpsemono- 4. G
phosphate shuni Q|
S ¥ LipoQenasis
E [Syrmihosis of 1at)
Liroret aced $— —* Non-essentsal
pathway . aming acds

Flg. §7.3 : Overview of giucose melaboksm,
(Note : For maonly of the patiways, glucose
parficipales as glucose G-phosphale).

Free Excess of Glucose
In Well Fed Condition
Is a Source For Lipogenesis

www.FirstRanker.com
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Acetyl-CoA Obtained from
Glucose Metabolism
Is Precursor for
Lipid Metabolism
(Fatty acids and Cholesterol)

* Pyruvate (3C Keto acid) an end product
of Glycolysis is oxidatively
decarboxylated to Acetyl-CoA

* Acetyl-CoA is then utilized via TCA
cycle

* Acetyl-CoA obtained from Glucose
when excess is diverted and used for
biosynthesis of Fatty acids and
Cholesterol.

www.FirstRanker.com
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Glyceraldehyde Of Glycolysis
Integrated as Glycerol
of
TAG and Glycerophospholipid

* Glyceraldehyde-3-phosphate an
intermediate of Glycolysis of Glucose,
is a source for Glycerol production.

* Glycerol obtained from Glucose is
utilized during Lipogenesis ,for
biosynthesis of Triacylglycerol and
Phospholipid biosynthesis.

www.FirstRanker.com
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* Thus when Carbohydrates
ingested in excess can be
transformed to TAG which is

e Stored as reserve source of
energy in Adiposecytes

Interrelationships
Of
TCA Cycle

www.FirstRanker.com
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TCA Cycle
Is an
Excellent Example
of
Integrated Metabolism

* TCA cycle intermediates are very
significant

* These intermediates are influxed
and effluxed as per the cellular
need and maintain biochemical
Homeostasis. (Anaplerotic
Reactions)

www.FirstRanker.com



:l » FirstRanker.com

A Firstranker's choice . )
www.FirstRanker.com www.FirstRanker.com

Efflux of TCA Intermediates

 Citrate — Denovo Biosynthesis of Fatty
acids.

* OAA is reversibly transaminated to
Aspartate.

* a Ketoglutarate reversibly transaminated
to Glutamate.

* Succinyl CoA is effluxed for Heme
biosynthesis and Ketolysis.

E;EI_UX Or <A ZrNnTermeoiATES

G lucose

acid

G'luco-
ncC?Jc Nesis
/
Heme l I
SYyYNTHESIS
e i.‘o()fs '\ s Caluta ma‘t%
C‘!‘F. l‘oP horgse - l o
T > -’_—':)
GABA Cjutas noIirne

B s cycle /s —
EXC&//eni_ examp/e

of ”i—earatﬁe;ﬁ%—éa—bz—ﬁ-—
7 _/ &

; n.
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Influx of TCA Cycle Intermediates

* aKetoglutarate is added by Glutamate by it’s
Glutamate Dehydrogenase activity.

* Succinyl -CoA is obtained from Propionyl-CoA
which is a source from B-oxidation of odd chain
fatty acid

e (Catabolism of Valine, Isoleucine & Methionine
(VIM) amino acids forms Succinyl-CoA.

* Fumarate is influxed through
Phenylalanine & Tyrosine
metabolism

* Fumarate also through Urea
cycle by Argininosuccinase
activity.

www.FirstRanker.com
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Points To Remember

* TCA intermediates are involved
for biosynthesis of:

. Glucose

Il. Amino acids

lll. Fatty acids And Cholesterol
V. Heme

alanine
glycine _ f

oysteine leucing
zeting  lysing
E— Pyruvic Acid phenylalanine

: ' fyrosine

isaleucine

leucine

~ tryptophan

A acetoacetyl Co

asparic acid
- asparagine

tyrosing : o
nhenylalanine | glutamic acid
aspattic acid glutamine
' histidine
“isoleucine el
‘methionine L
fAreoning

valine
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Phosphoenolpyruvate Alanine  Glycine Threonine
A A ¢ / Cysteine Serine Tryptophan
Y — Pyruvate
A l Isoleucine
Y
Glucose Acetyl CoA —¢ _"’ < Acetoacetate
Leucine
Lysine
¥ Phenylalanine
——> Oxaloacetate Citrate Tyrosing

Asparagine
Aspartate

Malate

T

Fumarate

L\

Tyrosine
Phenylalanine

Succinate Succinyl CoA =

\

Isocitrate

l

o-Ketoglutarate «=——— Glutamate

/

Tryptophan

Arginine Proline
Histidine Glutamine

.

b .

Isoleucine Valine
Methionine Threonine

Interrelationship Of
TCA with Urea Cycle

www.FirstRanker.com
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Integration between Urea cycle
and TriCarboxylic Acid (TCA) cycle

NH; + L4 4 (L 4

N L 3
Carbamoyl
phasphate

|

. b_ =z
ol
Ornithine Citrudline
+ ; 2 '.I ;
Urea cycle R o TEA_::,'::IE- T
I.“_.;Al'y;:J. e | |"1:-'_||'5|_T!'.':' Il
Ureg 4 | } | ¥. | |
i Malate W
1..- -"’__
Argining
w .- . Jl.
T STERRELATIONSHIP e rvecn "k
Arnvo (Irer Crecrrs e
T F
vs CvYcLE oz_
Urea
F umarate el B
A —> Uwrea cycle .
D Cop, Frem 'Z;?c,e
£5) OAA £ —> ASP - > (Iwrea cy<le
- T A Cyc/e .

@ Fumarate mﬁdﬂﬂlér.cém’ ()rea C_yd"-' e
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Citric Acid
Cycle

Interrelationships Of
Lipid With Carbohydrate
Metabolism
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Fat Burns Under Flame of
Carbohydrates

 Fat burns under the Flame of
Carbohydrates

* For complete oxidation of Fatty
acids

* Their needs presence of

sufficient amount of cellular
-Glucose-

www.FirstRanker.com
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Oxaloacetate Serves Flame for Complete
Oxidation Of Fatty acid

Carbohydrates Fats
e Triglycerides

E' Glycerol ﬁ%

u Glycolysis Fatty acid

g PPPPPPP AT H

Pyruvate — Acetcyl Co A
!F‘rruv:ﬂe Carboxylaze
Oxaloaceta te

TCA CYCLE

° In a well fed condition

* Major source for OAA is
Glucose

* By Pyruvate Carboxylase
activity

www.FirstRanker.com
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*Oxaloacetate is an
essential initiating
metabolite for TCA cycle

*Oxaloacetate (OAA)
serve as a flame for

oxidation of Acetyl
CoA via TCA cycle.
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* Cellular deprivation of Glucose
lowers OAA leads to incomplete
oxidation of Fatty acids.

* Accumulates Acetyl-CoA in
Mitochondrial matrix.

* Impermeable Acetyl-CoA is then
transformed to permeable ketone
bodies via ketogenesis.

B-oxidation of Fatty acid and it’s
Interrelationship

www.FirstRanker.com
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* Reduced coenzymes FADH2 &
NADH+H* generated during it’s
pathway are

* Integrated with ETC /oxidative

phosphorylation to generate
ATP.

* Acetyl-CoA formed as an end
product of B oxidation of
fatty acids

*|s integrated with TCA cycle
for it’s complete oxidation.
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* Acetyl-coA can be a source for
Ketone bodies production via
Ketogenesis.

* To small extent in normal
metabolic conditions and excess
in emergency conditions.

Remember
Fatty acids
cannot be converted
to Glucose In Human
Body
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* Acetyl-CoA obtained from Beta-
oxidation of fatty acids cannot be
reversibly converted to Pyruvate

* Since PDH complex is irreversible in
action.

* Thus there is no net conversion of
Fatty acids (Fat) to Glucose
(Carbohydrates).

* However Propionyl-CoA an end
product of B oxidation of odd chain
fatty acid

* Serve as a source for Glucose
production after conversion into
Succinyl-CoA (intermediate of TCA
cycle)

* Succinyl-CoA in turn can be a source

—for Heme synthesis.and Ketolysis.
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Interrelationship
Of
Carbohydrates
And

Protein Metabolism

* Intermediates of Glucose
metabolism can be a source of

* Carbon skeleton for biosynthesis of
non Essential amino acids.

“**Pyruvate to Alanine
**OAA to Aspartate
‘*»aKetoglutarate to Glutamate

www.FirstRanker.com
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Amino Acids And Its Interrelationships

Diet protein
o7 < N Nonprotein
Tissue protein . Amino acids > nitrogen derivatives
THANSAMINATIGH
Carbohydrate \
(glisose) / \ Ketone bodies
Amino nitrogen in Acatvl-CoA
glutamate yl-Co
7
DEAMINATION
¥
NH,

www.FirstRanker.com

g m™m 1l ™ ™ u

2C0,




:l > FwstRanker com

www.FirstRanker.com www.FirstRanker.com

Amino acids are interrelated
for
Purine and Pyrimidine
biosynthesis

—Gly, Asp, GIn for Purine Biosynthesis
—Asp and GIn for Pyrimidine Synthesis

www.FirstRanker.com
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Amino acids are Source
For Glucose In Human Body

* Glucogenic amino acids are source
for production of Glucose via
Gluconeogenesis.

* 100 gm of Proteins can produce
approx 60 gm of Glucose in human

body.

www.FirstRanker.com
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* Amino acid Glycine is
connected to Heme
biosynthesis.

* Glycerol released during
lipolysis of TAG is integrated

* With Gluconeogenesis to
produce Glucose.
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Conversion of Fats into Proteins &
Proteins into Fats

Leucine f Ir;hﬁnu '
Lysinw , Glutamine

Phenylalanine

Tl']ﬂ;ll.'.!:iphnn Ketone Clulamate m GJ'IIUEEQ'EH!:C
Tyrowing bodies \
_ ' = Ketaglutarate Isolaucine [‘{5;
# : Mathionine
Acetoncetyl-CoA |° Citrie ( Valine K’E?ﬂgen{f
" acld Suceinyl-CoA amino acids
‘ ) eyele i
Acelyl-CoA Suecinate
ﬂmlumﬂatﬂ Fumarate Imm |

m.u.ul"

During the fasting state, the carbon
\ skeletons of amino acids are used for:

Gluoosc

Pyruvatle

B

» energy production

G m + gluconeogenesis
Tvoenan [TE/RES| (NS « ketogenesis

HMP Shunt and It’s Interrelationships

www.FirstRanker.com
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Glucose-t @ RNA, ribonucleotides

NADY \ \ /
Rlbose
) NADPHH Aw / \
Y

Rlbulose o) Ribo-, deoxyribonucleotides

* Glucose is alternatively oxidized
through HMP shunt to generate:

— NADPH+H™* (reducing equivalents)

— Ribose-5- phosphate

www.FirstRanker.com
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* NADPH+H* are integrated to:
*Biosynthesis of Fatty acids
*Biosynthesis of Cholesterol
*Drug metabolism

Feduction of

met Hh to Hb
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* Ribose-5-phosphate
(pentose sugar) of HMP
shunt is integrated for

*Biosynthesis of Purine &
Pyrimidine Nucleotides.

Interrelationships of
Uronic acid pathway
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Glucuronic Acid Synthesis

Glucose-6-P
;lr:lz;i:ﬁhﬁu;:!i- UDF -glucoss UDP_QI:UEEEE
\ Fh'rwhﬁﬁ% ;
H.O UDP-glucoze
PP, 2 NAD"® dehydropenase
Glucose-1-F uTE 7 .
2 NMADH + 2H
UDF’—gluc;uranate
Glucuronides l
F’fﬂtE‘ﬂQ I'}"CE &g Glucuronate

Glycosaminoglycans /

L-Ascorbate

UDP- G IUCOasE
DEHYDROGEMNASE

UDFP-Slucose / 4\ — D P-Glocuronic aecick

=d TN 2MADH + 27

LDP-GLUCUROMNOSYL - I
UDP-Gleocuronic acid e Bilirubim rmonoglucurcarsicd=
cs —f— e
Bilirubir LD

LIDP -GS RO MNO S YL -
LIDP-Gluocuronic sacid A ErmsSE Bilirubhin digluocurcnida
-+ — - -
Eilirubhin monoglucuronicie LDF

* Glucuronic acid is involved
in Mucopolysaccharide
biosynthesis.

www.FirstRanker.com
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* Glucuronic acid of Uronic acid
pathway is integrated with Phase
Il conjugation reactions of
detoxification process.

—Glucuronic acid is involved in:
—Bilirubin metabolism
—Drug metabolism

Interrelationship Of ETC

* Reduced coenzyme NADH+H?*
generated in Glycolysis

* By action of Glyceraldehyde— 3 —
Phosphate Dehydrogenase

 Enter in ETC for its reoxidation
and ATP generation.
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Bnergy- -
containing ﬂEpleted
nutrients

Carbohydrates
Fats
Proteins

b

Precursor
molecules

Amino acids
Sugars

Fatty acids
Nitrogenous hases

Proteing
Polysaccharides
Lipids

Nucleic acids




:l > FwstRanker com

www.FirstRanker.com www.FirstRanker.com

ATP and Its Interrelationships

* ATP produced during oxidative
phosphorylation are connected to:

. Nerve impulse conduction
Il. Muscular activity

[ll. Active transport mechanism
V. Biosynthetic Reactions

V. Activation Reactions

Crossroads Of Metabolism

OR

Metabolites of Cross Roads

www.FirstRanker.com
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*** Four Important Metabolites in
human body who function as
crossroads of metabolism :

1.

i &2 W

Glucose-6-Phosphate
Pyruvate

Acetyl-CoA
Oxaloacetate (OAA)
Succinyl-CoA

The key junction points

m The key junction
points are:-

1- Glucose- 6-
phosphate,

2- Pyruvate and

3- Acety| CoA.
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Formation And Fates
Of
Pyruvate

Formation And Fates
Of
Acetyl CoA

F—ATE AND FORMATION Of A YRUN LT E

G tucos=
T ap— Griyco G Emic
\ ¥ / MINOACIDS
’T:yR UVATE —
/ J = ~
R ACETYL Co.Aa COcacadcerTars
CA~vAERCEC TomnonD) C Aerosic Corvpr)

—

—oremmerro
I_V Ao F-H"T'E OO AceTvi—C o

e S N,
Corrarcose
i o
FATIYAcros i e kET0o Garic
i et SO / A rrr~vo Acros

Aceryi—Coa
a— A
C HotesTeror

En~NnTER T7THA CTrc o= N ETomne
For /7s Boro/es

ComprPterTe COsrpars
b Acery, Crotine= -

unran ooy C'szmarw ARG om Grrovcose FA—m—ont
Fars Swvce Fiory Coremessx f= /RRE NV AERSIBLE 3
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Proteins

amino acids

www.Firsaner.com
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Formation And Fates Of Oxaloacetate
And

Formation And Fates Of Succinyl-CoA

ao

FormaTION A~ =
R — el /L_."' TE O_. aad O-"" LoAC EeTHATE =

G‘I.Ucose & pEP

P)fRu vare (3D
Co,

Oxaro Aces TArE’]C4 <D
]'F \gc dyf-(.ﬂ Cﬂ-‘f—)

. «< 7

F—ormATIoN Prne fmreE OF Succinyt— CoA
M N —— i A e

— y < 7 > : Md
e P Oscidardio 2Aqin Faflyacid

ILsoleu; Met
RopIoNyL-CoA

Va ,;'n <

=
Swceinyi~Cadlf

Ieme SYrTHES/S ; TAIO PHORRA SE=

JLEnmcTion /rv
< E7o0LYS/S-

www.FirstRanker.com
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Metabolites Forming
Non essential Amino acids
In Human Body

Phosphoenolpyruvate

/N

Phenylalanine Tyrosine Tryptophan

l

Tyrosine

Ribose 5-phosphate
l

Histidi

www.FirstRanker.com
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Pyruvate

an

Alanine Valine Leucine

oc-KetchIuta rate

/Glutszate

Glutamine Prolme Arginine

www.FirstRanker.com
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3-Phosphoglycerate

v

Serine

SN

Glycine Cysteine

Oxaloacetate

|

Aspartate

NN

Asparagine Methionine Threonine Lysine

l
Isoleucine

www.FirstRanker.com
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Metabolic Profile

And
Interrelationship Among Organs

Important Metabolic Organs
And Their
Interrelationships

www.FirstRanker.com
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Metabolic Profile of Organs

Transportsions to

Caciatas Thstlin Pancreas maintain membrane

and glucagon in
response to changes

7 )JA potential;integrates
< 2% inputsfrom body

< and surroundings;
sends signals to Lymphatic
other organs. system

in blood glucose
concentration.

Processes fats,
carbohydrates,
proteins from diet;
synthesizes and
distributes lipids,
ketone bodies, and
glucose for other

Carries lipids
from intestine to liver.

tissues; converts Adipose
excess nitrogen \ ti )
to urea - \'ll SEue Synthesizes,
| stores, and
Portal vein | : mobilizes
= i ' triacyl-
- lycerols.
Carries nutrients aly
from intestine to liver.
Small intestine
Absorbs nutrients . Uses ATP todo
from the diet, moves & ﬂ \ mechanical work.
them into blood or < /
lymphatic system. \5 :
1y
J\ i Skeletal muscle

* Biochemical Factory of Human body

* Metabolically very active in all states
(well fed and fasting)

* Most Cooperative and Coordinated
organ/Understands responsibility and

does its work (Dutiful/Pious Organ)

www.FirstRanker.com
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Liver: nutrient distribution center

The liver responds to high blood glucose levels
by increasing the phosphorylation of glucose by
glucokinase, which has a high K for glucose.

Because of an abundance of GLUT-2
glucose transporters, glucose uptake
by the hepatocyte is not rate limiting.

Fatty acid «

Chylomicron

remnants BLOCD
VLOL «€=(=Tracylglycerol Liver
in the absorptive
VLDL (to ndipose lissue) state

Liver is a Glucostatic Organ
Regulates Blood Glucose
in all conditions

www.FirstRanker.com
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Fasting

*Glucocorticoids
Intestine {i tAdrenaline ™~ __ Adipose
i o tissue
(&)
‘-.“ Drietary TFFEA
fat
X o8
tDietary *Iucagt}n
glucose x \
tinsulin | Pancreas
i b
\
Slucose I|l
Glycolysis 7
D tampe
G~ w
tATORC 1| ppih e |Lipogenesis +PKA +mTORC +AMPK
DGAT e
TG FA-—
ATG |
v
PPARa

P-oxidation W4— FGF21

HKetogenesis

w
Ketone
bodias
|
"‘“x
—» E
Liwver

— AcCos— —

Gluconaogaenasis
|
w
Glucose

nergy <4

Peripheral

tissues

The well-fed state:

Pancreas
Stimulated by an /

[ A,
s

i)

. o y

— Insulin — to brain, adipose, muscle
PO T i

Insulin stimulates glucose consumption and

increase in blood storage in muscle and liver.
glucose level. , Glucose
- N, / ! "
— Insulin —
TR Ny
: Glucose
Glucose > Glucose
l ATP
Liver
Pynr‘ate co,
ATP Brai
Amino Amino acids et { raim
acids CoA COy
a-Keto acids
Fats . l
Protein  Urea
gynthesis
Intestine
Adipose
TAg tissue
Fatty acids
[smphatic 75— Wuscls R
svstem www.FirstRanker.com .
co, or triacyglycerol.
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Pancreas 1 n
- (o cells) Glycoge
_,f - }
[
Glucagon 3
cag Glucose Liver

L}

a .

Portal vein
Gut

Lymphatics

Red blood cells

Alanine

Lactate Adipose tissue

— Pyruvate

Muscle tissue

Liwver gplvocogen

E'E—'EWWW.FirstRanker.com
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Liver
proteins
Mucleotides,
hormones, @1 -l FPlasma Tissue
porphyrins pProteins proteins

Aaninog acids 5 ar

e e i bloocd
Aaminn
& ) * ﬁ.
) C:] | NHg @ rea Aacids in
Gilyvocogen g GGG aE t el muscle

in muscle
L Pyruvate - — Alanine -
erlueanessngrenesis @ amd citric acid @

cvcle intermediates

t Fatty
acids

':r!i B :
R L H’ =
: f @ {—_:iz HEG
COrg oxidative

phosphorviation

—In a well fed condition Liver stores
excess free Glucose as Glycogen
(Glycogenesis)

—In emergency condition In Liver
Glycogen is degraded via
Glycogenolysis and biosynthesizes
Glucose via Gluconeogenesis.

www.FirstRanker.com
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*Liver biosynthesizes
endogenous Lipids and
mobilizes out it as VLDL
for extra hepatic use.

eiver Centre of Ammonia
Detoxification

Muscles

* In a normal metabolic state
muscle uses Glucose and Fatty
acids as main sources of energy.

* In a well fed state muscles has
large stores of Glycogen (3/4t)
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* |n contracting muscles during severe
exercise in anaerobic condition
Glycolysis ends as Lactate.

* Later Lactate is metabolized by
converting it into Glucose after carried
through blood in Liver via
Gluconeogenesis (Cori cycle).

*In resting Muscle fatty
acids are the major source
of energy

* This use spare Glucose to
be used by Brain and
Erythrocytes.

www.FirstRanker.com
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Metabolic cooperation between
the skeletal muscle and liver.

MNian=scle: AT produoaocaed o
glyvcolysis for rapid contractions.

T.actate ——— r — Clvocoocern

T

The CoriCycle

L
B loaocd B loadd
lactate eslucosea
Toactba e = rp-»; — - o v e

0T

Hiiwer: ATEF aasaed i syvthoaesis
o orlluacosa (luacorneooraeraas s )
duar-ing recowWaer .

Metabolic Profile of Muscles

Bursts of
heavy activity

IMus.cIe glycoge“,l
Light activity \ Laate
or rest
Fatty acids,
ketone bodies,
blood glucose

~ {Phosphocreatine |

( Bursts of
heavy activity

Creatine
ADP + P; ATP

Muscle contraction

www.FirstRanker.com 136
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Adipose Tissue
* TAG can be abundantly and
unlimitedly stored in adipocytes

* TAG serve as a reserve store of
energy during well fed condition.

* TAG is the major fuel for this
tissue.

Glucose VLDL
(from the liver) (from the liver)
Glucose Fatty acids
Glycerol Fatty
3-phosphate acyl CoA

-

Triacylglycerols

Hormone-
sensitive
KSE
Glycerol Fatty
acids
Glycerol Fatty acid—albumin

(tO the Iive rth.FirstRanker.C(‘Trr;'n'[::'rr'I-jle":’"""‘zeS
(to the liver)
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Metabolic Profile of Adipose Tissue

* Needs Glucose for biosynthesis of TAG

 Glucose level determines to release
Fatty acids into blood

* Hormone sensitive Lipase is activated
when Insulin/Glucagon ratio is low

Brain

* Glucose is the main fuel of Brain
(120 gm/day)

* Fatty acids cannot be utilized by
brain as they are bound to Albumin
and cannot cross blood brain
barrier.

www.FirstRanker.com
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Metabolic Profile of Brain

60-70 % of bodies utilization of Glucose is
by Brain.

In starvation -> Ketone bodies can
replace Glucose

Metabolic Information Highways

~Regulation of whole body metabolism by interorgan neuronal newtork~
Science 2006, EHJ 2012

) =) Cell Metab 2006
> e :
NN~ ¥ Leptin resistance
¥ Adaptive thermogenesis | ZasiApadr et (¥ Overfeeding)

Cell Metab 2012 _}

White
adipose
tissue

Islets of
Langerhans

Science 2008 Brown adipose tissue
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Brain is a major
Glucose consumer

Starvation

B-hydroxybutyrate

MNormal diet

y C0Os
Glucose
Fatty acids do not serve as a fuel!
ADFP + P; ATP
Consumes about 120
glucose daily.

by Na'K* ATPase
Erythrocytes

* Erythrocytes uses obligatorily Glucose as
a source of energy for its activity.

* Erythrocytes cannot use Fatty acids and
Ketone bodies as source of energy.

e |t lacks Mitochondria hence the

[ ] [ ]
Glycolysis-ends-inLactate-
www.FirstRanker.com
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Metabolic Profile of Kidney

= Filtration of Blood- Plasma Ultra Filtrate

= Reabsorption ,Secretion of Substances

®" From Plasma Ultra filtrate -> Water, Glucose important
absorbable metabolites reabsorbed as per the threshold

values.

" Production of Urine -> Secretion of waste products

" |mportant role in water, electrolyte ,acid base balance.

= During Starvation -> Important site of Gluconeogenesis

(1/2 of blood Glucose

I

RED BLOOD f
CELLS Glucose _
C

)

#» Ketone bodies

e Glucose

145

‘H‘ CO;+ H: 00—

BRAIN

Tﬂa:ylg!y:umls

Fat'hj a::u:ls

TISSUE Glucns&

Gi-_.n:erc-l
ADIPOSE | L

Triacylglycerols Glycogen

— Glycerol—¢

L b
.-:: > Glucose —

K

Pyruvate 4+——— Amino acids+~

-

!

Proteins |

g’ 11
LIVER| |

.

www.FirstRane s

Glycogen

[ e J Alalillna
+—CO0; + H0 {: - ‘_/ Glmmim L mem —+ CO; + H:0—»
Awffn n:lds Glum“ 5
| MUSCLE \ g H
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METABOLIC L NTERRELATLONSHIP AmMoNG MpJoR ~TiSSUES @
s IN A \WELL FED QJTATE

Ad pose tissue

Aming A_%et_gl-cme-f’s vate

s
gin qjyc'.’eﬂ
MuscLE
CIFIC
# MertagoLic ContReL |]s ORGAN S'PE:
ur Suzvmamic MAKEUE O gl Trsuues o
4 EREN IVEN o
4 32?‘““ flinsenh B0 EFC opoRT OF Vamious SuBSTANCES e /Y] €EMBRANES.

#»
© DIFFERENT PosslBrLleFSFaR TR

In Human Body
There Prevails
Chemical Unity In Diversity

www.FirstRanker.com
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Unity in Diversity '
in India

A
{c) Courtesy: Uikipedia

¥~ Download from

Lower stability ) B Higher stability
Ka - Ma - 7 >Ga

Atoms (Elements)

Needed for Life to Survive
|

- €C - carbon :
- H - hydrogen P L

-~ N - nitrogen "':“ % > A8
- O - oxygen e
= P - phosphorus

-8 - SLI|fL|l' DNA Proteins Amino acids Lipids/Hydrocarbons

Energy and human life

Life is built from these elements.
-

¢ ‘ N Chemical waste
: N ' - Carbon dioxide

Chemical energy Water

- Carbohydrates \
- Fats ATP Hea t

- Others - body's "energy currency"

Heat

metabolism

Lawel d: Lawel 3: Lawid 2 Lawel 1t Primary metaboelism
The enll SBopramolecular  Macromolecules  Monomerk: unlits
romplexes

Amino acid metabaolism:
Intermediary all 20 am]no acids

metabolism

Purine metabolism

Chronascans : "‘I
Ty : 4 Pyrimidine metabolism

Redox
protection

Fatty acid metabolism:
anker.com beta oxidation, lipid synthesis

RS e S Ll L e e s S e
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Metabolism Summary

Carbohydrates

Proteins
amino acids

J

Nigﬂ'ﬂ;&" Glycogen Glucose-6-Phosphate
00

glu:nse,ﬁ'u:tuse,
galactose

(giycogenesis

Jgiycodgenclysis

: gluconeo- colvsis
tissue genesis aly

protein , .
Lactic acid Pyruvic :id

acetyl Co A

Citric
Acid
Cycle

2H" ADP ADP ADP

=

urea -

__Electrnn Transport chain

Www.Firsthr#(er.com
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Metabolic Interrelationships

e Each chemical reaction in the body is
purposeful
e All reactions are interdependent

e Fill two essential needs
» Produce energy

» Support growth and maintenance of healthy
tissue

e Controlling agents are cell enzymes,
coenzymes, and special hormones

* Intermediates/End Products of one metabolic
pathway may be connected to another
metabolic pathway of same or another.

* An end product of one metabolic
pathway of Carbohydrate is connected to

another metabolic pathway of
Carbohydrate.

* Intermediate of Carbohydrate metabolic
pathway is interrelated to a metabolic
pathway of Lipid or Nucleic acid.

www.FirstRanker.com
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Integration of Fuel Metabolism

— — Purine — Uric acids
Glycogen ~< monophosphate
Pyrimidine
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Why Metabolic Pathways are
Integrated?

OR

What Is the Significance Of
Integrated Metabolism
To Human Body?

Integrated Metabolism Occurs To

1. To Interconvert biochemical metabolites as
per the cellular need

To meet the bodies fuel demand

3. To regulate levels of intermediary
metabolites and maintain their equilibrium

4. To coordinate with various cells, tissues
and organs for existence

5. Toimpart normal biochemical

—environment angd maintain healith
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A well coordinated and
regulated integrated
metabolism of human

body

° Protects from metabolic
catastrophes.

Significance Of
Knowledge Of Integrated Metabolism
To Doctors
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* Prerequisite to Become A Good
Doctor Is to:

—Acquire Profound Knowledge of
Integrated Metabolism

—With Good Understanding
Biochemical Concepts And its
Interrelationships

Doctors Responsibility
Health Professionalist

* To Heal and Relieve Pain of Patients
* To Understand Sign Symptoms

* Correlate with Biochemical basis

* Depict Biochemical Alteration

* Confirm diagnosis

* Control, treat biochemical alterations of a
disordered patients

www.FirstRanker.com
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e Study of integrated metabolism with their
interrelationships in a normal healthy conditions
helps a doctor :

—To better understand various deranged
metabolic conditions and related complexities

—Rule out right biochemical underlying cause of
metabolic disorders and pathogenesis

—Try correct an altered metabolism in treatment

Take Home Messages

www.FirstRanker.com
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Interrelationship Of Human
Biochemical System

BIOCHEMICAL PATHWAYS &

PROCESSES

A good Doctor is one
Who has An

Understanding Knowledge of
Intermediary Metabolism

www.FirstRanker.com
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Questions

* Long Essays.

* Q.1.Describe the common metabolic pathway.
OR

* Why TCA cycle is called as common metabolic
pathway? Explain with reactions.

* Q.2.Explain “Fat burns under the flame of
Carbohydrates”.

www.FirstRanker.com
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* Which metabolic pathway
is an excellent example of
integrated metabolism?
Justify it.

* Q.3.How Carbohydrate, Lipid & Protein
metabolic pathways are integrated &
interrelated with each other. Explain
with the help of flow diagram.

* Q.4.Explain the three stages in the
intermediary metabolism of
Carbohydrate, Lipid & Protein.

www.FirstRanker.com
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5 nflux & Efflux of TCA
intermediates.

"|ntegration of TCA with
Urea cycle.

"Formation and Fates of
» Pyruvate
» Acetyl-CoA
»Succinyl-CoA
»Oxaloacetate
» o-Ketoglutarate
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* Q.5.Describe the role of
following organs during
wellfed condition.

—Liver

—Brain

—Muscles
—Adipose tissues

THANK YOU
Dr Anissa Atif Mirza

Biochemistry Department
AIIMS Rishikesh

www.FirstRanker.com
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Important Tips For

@ .

4/4/2022 183

Three Gifts For Human Beings

On Which Health And Success Depend Upon

How Best they are Utilized
For Significant/Good Long Term Outcome

*Body- Sense
*Time
*Energy

www.FirstRanker.com
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Factors For Quality Of Health
Normal State Of Biomolecules and Metabolism

* Intentions and Actions=

* Nutrition (Food Cycle)

Behavior (Sleep Cycle)

* Environment (Companionship)

Health Factors Ill Health Factors

Positive Behavior- Sensibly
,thoughtful ,rightful care of body
by Controlled ,Regulated with
obedient implementation's of Do’s
of Health and Avoid Don’ts of
Health

Balanced Diet- Simple and Natural
Appropriate Quality and Quantity
of all essential nutrients

Proper Sleep- Time 7-8 Hrs
(Early To Bed and Early To Rise)

Environment- Natural Unpolluted
Companionship with —
Good ,Positive, Helpers

Negative Behavior- Carefree
,Uncontrolled, dysregulated
activities with disobedience rigid
non implementations of Do’s and
high implementations of Don’ts

Imbalanced Diet with more
processed and refined with poor
qguality and improper quantity of
nutrients

Improper Sleep with low time in
night and more time in day

Environment —
Polluted with physical, chemical
and biological pollutants

WWW.FirstRaggrmpanlons Wlth =

Bad,Negative,Distractors
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Biomolecules And Their Processes Responsible For Health
Similar Features Implemented In Practical Human Life will

impart Success

. Focused and Specific
. Implement rules and regulations/orders of

metabolism (Obedient)

3. Interdependence -Communicate and
Cooperate

4. Disciplined and Dutiful-Responsible/Sensible

5. No two works at a time- For maintaining full
Concentration

6. Complete one priority work and start Next
priority -

7. Not much multitasking/Very few multitasking as per

need

8. Do Not get overloaded at one time

9. Understand situation and work accordingly (Adapt as
per condition)

10.
11.
12.
13.
14.

15.

,Reutilizes ,No wastage)

Sparing actions, Distribute (Charity, Share and Care)
Work with good pace in regularity

Proof Read -No Chance of Mistakes/Less errors
Defined and Refined- Limitations

Homeostasize to be in limit and do not cross limits
Productive/Significant-Non Futile (Economical

www.FirstRanker.com
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Tips To Ensure Good ,Healthy Life

Live Life

— Thoughtfully,Righteously,Carefuly,Actively,Alertly
Eat Balanced

— Proportionate Quantity and Appropriate Quality
Drink and Breathe

— Unpolluted Water and Air

Cultivate Cheerfulness

— Love,Share,Care,

— Thankfulness,Politeness,Selflessness

= Avoid Synthetic, Chemical Interactions
= Chemical, Inhibitions leads to Disorders

4/4/2022 189

Live a Thoughtful, Rightful and Lawful
Life

Life is Journey of Realization

Life is path to bring changes by corrections and
improvements

Use Sense, Time and Energy for good significant
long-term outcome

Adopt Do’s of Health and Success

Nuit/Sacrifice donts witl 1 :
prevention of lll-healtl aid Fdilures
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Let All of Us Realize and Clearly Differentiate

* Do’s and Don'ts of every human action
* Obedience and Disobedience

* Respect and Disrespect

* Truth and False

* Mistakes and Corrections

* Success and Failure

* Good and Bad

* Wrong and Right

* Healthy and Unhealthy
* Hygienic and Unhygienic

* Significant and Insignificant
* Helpful and Harmful

* Friend and Enemy

* Well wisher and Bad Wisher
* Patience and Impatience

* Gratitude and Thankless

* Blessings and Cursing's

www.FirstRanker.com
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Factors For Success

* Blessings
Selflessness/No Selfishness

Taking care equally for oneself and
others

Obedience for truth and significant acts
Responsible and Dutiful
Being Truth and Transparent

oUW

Not making people wait /Lying

Not Cheating for our own benefits
Keeping and Fulfilling Promises
Sharing of all good you have

© 0 N

Caring for one who needs

10. Spreading/Not Hiding significant
[true Knowledge

11. Not Distracting persons who are on
righteous path
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13. Lifting people who needs
14. Guiding for Right acts
15. Stopping from wrong acts

16. Not Hurting any soul with
disrespect and disobedience

17. Obeying and implementing true
words

18. Using best Sense, Energy and
Time for best long term outcome

“ 8 Rs To Implement

Realize
Recapitulate
Reasoning
Reassess
Respond

Rehearse

N O o B oW N

Regular and Routine

8 4/4/2022 Rej uve navt@stRanker-com 196
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9 Ps Implement 9 Cs Implement

Prayers Concentrate
Priorities Communicate
Plan - Protocol Cooperate
Practice Commitment
Proof Read Control
Perseverance Coordinate
Positivity Compensate
Patience Companionship
Perfectionist Cope up & Change

‘?“’}"‘71 hY Jires :%7@

Best For Human Health
Thoughtfulness and Righteousness
Eating And Living Style
Natural-Planned ,Organized ,Regular , Disciplined

Simple , Humble, Care and Share
Yes for Good Stead Fast No For Bad

) \

EAT MUHE

DRI MORE

FHIJIT

1
.- . w
@N.FlrstRanker.com @

PR Sm—p
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Implement
Thoughtfulness and Righteousness

* Everywhere and Anywhere
* Every work and Any work
* Every time and Anytime

Tips Of Good Success

*Good Hard work
*Good Intentions

www.FirstRanker.com
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Live An Evidenced Based Life

* Acquire Knowledge- Search/Ask
(Do’s and Don’ts of priority actions)

e Assess/Understand Truth

* Accept

* Apply/Implement -Truth/Dos

* Appraise/Evaluate its significance
* Spread Truth and Significance

THANKS

www.FirstRanker.com



