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5000 BC=lite expectancy -~ 2020 (EU):
WOIIENS=55 years Women: 83.7 years
VICTAS=55 years . " Men: 78:6/yeats

The fat lady or the seated lady in a Neolithic settlement on the island of
Saliagos around 5,000 BC (Cycladic Art)

Large fat stores gave a survival advantage in the past, but today reduce
life expectancy



Impact of obesity on life expectancy
years lost, average 2020-2050
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Source: OECD (2022), The Heavy Burden of Obesity.
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i WHO (2016): 1.9 bil adults (39%): excess body weight

NHANES (2018): 42.4% (age-adjusted) of adults are
obese

In the U.S. population, 35% of adults are obese and

another 35% are overweight, as defined in

30 terms of body mass index (BMI)
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Global Prevalence of Obesity (BMI 230)

Age range
W.Samoa (urban) | [ N 25-69
Kuwait 18+
East Germany ] 25-64
USA 20-74
Saudi Arabia s 15+
W. Germany s 25-69
Czech Republic [ ?igi
England -- 1574
Canada W Women R g
Netherlands = Men | 20-69
Australia | 1564
Brazil D o5 64
Japan | 20+
China | 20-45

80 70 60 50 40 30 20 10 O 10 20 30 40 50 60 70 80
% population
* Most recent available data. £




Unreported World: Obesity in
Paradise review - fighting fat on
Samoa

Havingrejectedlocal food in favour of processed western junk,
nine out of 10 people on Samoa are overweight. Sophie Morgan
uncoversa quiet epidemic







1916

1954 2004 Coca-Cola

Burger King

g !f ,4" - ‘ ’:‘:';- W
2.8 oz 4.3 oz 233 / ;\

202 calories 310 calories

2004

1955 fi .

McDonald’s 2004 s
6.5 fluid oz 16 fluid oz
79 calories 194 calories
1950s

Movie popcorn

2.4 oz

210 calories 610 calories

1900 2004

Hershey’s

ﬂ i Mlll( CHOCOLATE : ) 2 :
A W RS 3 cups 21 cups (buttered)

7 oz 174 calories 1,700 calories
297 calories 1,000 calories

Source: National Geographic ~



Portion sizes have been growing. S0 have we. The average restaurant meal today is more than four times larger =) ®

than in the 1950s.And adults are, on average, 26 pounds heavier. f wee want to eat healthy, there are things we can

do.‘wourscwcsnndourcommumt)‘Ordcrthcsma\?crmmlson the menu, split a meal with a friend, or, eat half U A R I N D R l N K
and take the rest home.We can also ask the managers at our favorite restaurants to offer smaller meals.
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ENERGY ENERGY
INTAKE CONSUMPTION

BASAL METABOLISM
70%

Obesity is a complex, chronic disease representing a
chronic energy disturbance. In other words, obesity is
the result of taking in more calories in the diet than are
expended by the body’s fuel-consuming activities



1. WHAT ARE THE CAUSES OF OBESITY?

PR

Cultbwwb

:



2. HOW IS OBESITY DEFINED?

e
=

Overweight and obesity are defined as abnormal or excessive fat

accumulatlon that presents a risk to health.
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Normal fat percentage in adults
Women: 25-30%

Men: 15-20%
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3. HOW IS BODY MASS MEASURED?

weight in kg
height in m?

Mass Index (BMI) = calculated as
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Digestive and Cardiovascular
pulmonary gall biladder
disease diabetes mellitus
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30 35

Body mass index (ka/m?=<2



4. HOW WEIGHT STATUS IS CLASSIFIED BASED ON WHO?

WHO CLASSIFICATION OF WEIGHT STATUS
WEIGHT STATUS BODY MASS INDEX (BMI), kg/m?>

Underweight <18.5 -
Normal range 18.5-24.9 el
Overweight 25.0-29.9
Obese 230
Obese class | 30.0-34.9
Obese class I 35.0-39.9
Obese class Il 240

4




Type 2 diabetes (OR 7.37),

hypertension (OR 6.38),

Obesity increases the dyslipidemia (OR 1.88), asthma
likelihood of type 2 diabetes, (OR 2.72), arthritis (OR 4.41)
heart attack, stroke, and and poor health status (OR
cancers of the colon, breast, 4.19) for a BMI of 40 or more

prostate, and endometrium

1derweight Overweight

5295
BOdy Mass Index (BMI) lacobini et al, Metabolism 2019;92:51-60

> 30




Diabetes: A global emergency

Estimated number of people with diabetes worldwide

5 44.3 million

and per region in 2015 and 2040 (20-79 years) B Wo l’ld
T 005 415 million
Caribbean 040 642 million

ae 60,5 million ”i.

Europe

2 59,8 million (
a2 711 million .

Middle East and§
Nonh Afnca

153.2

272.1 miltich

South East\ ‘

Asia

/8.5 millio:
'- 0140.2 mm:on

South and ric
Central America Africh .
115 29.6 milli »1514.2 million

B st o 240 34.2 million

204048.8 million

Western Pacific
million

2 214.8 million



Prevalence of Diabetes Worldwide

Percent of Adults Living with Type 2 Diabetes

0% 10% 20% 30%

Pakistan 1 ¢ 30.8%
Kuwait 2 * 24.9%
Eg{ypt fe 20.9%
Qatar 10 19.5%

Malaysia 12 ¢ 19%
Saudi Arabia 14 = 18.7%
Mexico 17 0 16.9%

Turkex26 e ——
Bangladesh 27 - ne— 4,
Sl Lanka 48 ¢ e— 3%
South Africa 3 » ecG—— 10,8
lraq 54 = e— () /%
United States 55 & nemmememe——— |7
Indonesia 56 » me— (6%
China 57 » nec——(.6%
Sr)aln 60 © m——( 3%
Thailand 63 = — .
India 64 © e— 6%
Iran 71 © — O
Portugal 74 « ne— |’
Brazil 78 o ne— 8 8,
Nepal 83 » n— /%
North Korea 86 « neecece— 5 6%
_Canada 96 ¢ mee—7 7%
Ph|||pk)mes 107 + n— 71
South Korea 113 © memm—m— 6,8%
Japan 116 © mem—— 6,6
Australia 127 « memm— 64
o [taly 129 o ne— 4
United Kingdom 132 ¢ memmmmmm 6, 3%
New Zealand 135  mmmmm—m 6,7’
Vietnam 139 + mmmm—6,1%
Russia 153 * memmm— 5,6 %
Argentina 162 « e 5,4
rance 165 1 mmm——m"5,3%
Ethiopia 169 o s 5%
Kenya 183 = mmmmm 47,
Nigeria 186 o mmmm 3,6%

Source: World of Statistics ;
O ¥ @stats_feed Q Created with PlotSet.com
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Body Mass Index (kg/m’)

Figure . Body Mass Index (BMI) and Risk of Developing Type 2 Diabetes
Mellitus (T2DM) in Male and Female Adults (based on data from Colditz GA et
al. Ann Intern Med. 1995 (47) and Chan JM et al. Diabetes Care 1994 (46)).
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Global cancer statistics : GLOBOCAN estimates of incidence and
ity worldwide for 36 cancers in 185 countries
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: ‘;Ranking of cancer
~ Premature mortality (0-69)

: i e Obesity increases the likelihood of
e 3rd - 4th (23)

. = “ cancers of the colon, breast, prostate,

[ Nodata [ ] Not applicable and endometrlum

Y \
The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever Data source: GHE 2020 k‘/ \:), WOI"d Health
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities, Map production: CSU N\ "4 organization
or concerning the delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate border lines World Health Organization g

for which there may not yet be full agreement. © WHO 2020. All rights reserved

CA: A Cancer Journal for Clinicians, First published: 04 February 2021,
DOI: (10.3322/caac.21660)




BEING OVERWEIGHT CAN CAUSE 13 TYPES OF CANCER

00. Larger circles indicate cancers
with more UK cases linked
to being overweight or obese

Oesophagus

Breast -

after menopause

Pa ncreas oo

LET'S BEAT CANCER SOONER
cruk.org

(O Number of linked cases are

...............................

currently being calculated
and will be available in 2018

...... O Meningioma

(a type of brain tumour)

P — O ........... Liver

1l S HEg R
............. ) Gallbladder
................ O Ovarian
O — ?:%egggf]i il e

w5 CANCER
¢ RESEARCH
Al UK



n

| 5. 1S BMI A PERFECT MEASURE FOR OBESITY?

NO IT ISN'T.... —
v' Cannot distinguish fat mass from Body Mass Index - ( Kg / m2 )
lean, muscle mass
v" Not suitable index for athletes dlowiss  BSLY BB WeHI  Bod  Aboed
v Not suitable indicator for people Underwelght ~ Normal  Overwelght Obeseflassl Obese class |~ Obese class I
>65 years old (1 fat mass) 2
v Not suitable indicator for very a i
tall people [
v Very high cut-offs for the Asian ‘ u
race 1 h
v' It cannot estimate fat distribution !
v' It cannot assess central obesity I
that may be present even in i) i
people with a normal BMI

Pischon et al. Metabolism 2019; 92: 61-70
Dalamaga et al. Metabolism 2019; 92: 121-135
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6. OTHER IMPORTANT SOMATOETRC INDICATORS OF OBESITY:
WAIST CIRCUMFERENCE (WC) & WAIST TO HIP RATIO (WHR)

v Better markers for assessing central
obesity

V" Especially for people with BMI: 25-
34.9 kg/m2, central obesity is defined
as:

WC: 3:>102cm, $: >88 cm
WHR: 3:>0.95, %:>0.80
V' Central obesity is associated with 1

cardiovascular risk and 7 risk of
cancer

ARLRRLIL )

V" Problem in estimating abdominal
subcutaneous versus visceral fat

V" Problems measuring WC or WHR due Pischon et al. Metabolism 2019; 92: 61-70
to flatulence especially after a meal Dalamaga et al. Metabolism 2019; 92: 121-135
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I REMEMBER: Intra-abdominal fat correlates with waist circumference

Women RO Men

>88 cm = Increased risk! >102 cm = Increased risk’

Asian =80 cm Asian =90 cm

TLean MEJ, et al. Lancet;1998:351:853-6



Intestines

Abdominal
muscles

Visceral fat

;éﬂSﬁI“:‘;ééuta neous fat

0..‘. 5‘
N rS
: B ef
‘ Cleveland
Clinic

©2021




Bioelectrical conductance analysis

Dual Energy X-ray Absorptiometry -
(DEXA)

Ultra Sound of upper abdomen
Computed tomography (CT)
Magnetic Resonance Imaging (MRI)

Measurement of adipose tissue mass
and volume (subcutaneous, visceral,
epicardial, etc.). Assessment of muscle
tissue

Costly and complex methods
Impractical methods
There are no specific cut-offs

¢ '(#’af:' ‘ .
Pischon et al. Metabolism 2019; 92: 61-70
Dalamaga et al. Metabolism 2019; 92: 121-135
Borga M et al. J Investig Med 2018;66:887



- * FHatty acids are released into
circulation

8. LET’S REMEMBER THE ADIPOSE TISSUE

Found predominantly in newborn
mamimnals

Around the viscera, thoracic
cavity, great vessels,
parasympathetic ganglia

Small Adipocytes with a central
nucleus, many mitochondria.

Expression of thermogenin (UCP-
1) for non-shivering
thermogenesis

Fatty acids are oxidized directly
in the mitochondria to produce
heat. It is not used to store energy

e ——
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White Aﬁ‘e Tissues Store and Supply Fatty
ACLAS: o™

SST / \ v adipose tissue -

ipose N PN (BAT) = adipose

f‘zs under |f ¢ a0 tissue specialized for
ound deep [ thermogenesis

ls, and in |W

inal cavity

- - _'-'- ~ -
-, -

——

Seale.
d Company

- its adipocytes are
smaller, polygonal

<, urtesy
Nelson & Cox, Lehninger Principles of Biochemistry, 8e,® 2021 W. H. Freeman

srrf,:_s"f.:"‘:; . ;
it s‘édip ocytes are cells fllled with =
—— h I cell multiple smaller lipid
irge, spherical cells Tl
filled with a single S
Howl-d let contain more
ipid drople : .

- mitochondria,
containing , . h
triglycerides (TAGs) contain TTICHetSs
——T ctarel e supply of capillaries

and innervation



BROWN adipocyte




Distribution of brown adipose
tissue

At birth, human infants have
brown fat distributed as shown
here, to protect the major blood
vessels and the internal organs.
This brown fat recedes over
time, so that an adult has no
major reserves of brown
adipose tissue

.

Figure 23-1
.ehninger Principles of Biochemistry, Fifth Edition
92008 W.H.Freeman and Company



Uncoﬁ%‘ﬁotein 1 in*brown adipocytesiis
esponsible for Thermogenesis _—

plmg protem | (UCP1) protem produced by BAT that
- . itochc a to be dissipated as heat

out shivering) in a process is known as thermogenesis

ceeps organs warm in low temperature environments

Adrenergic
neuron *

Bi-adrenergic
receptor

-
o ey
Ila -I ll -
—

Substrate
(glucose, free

X fatty acids)

\,’ Free fatty acids
\____,/ Fedorenko et al, Cell 2012;151:400-413



~ Another adipocyte categorysa
1495 dipocytes, or. Brite (browii'in white)

°
1Y) (]

. = adipc O N3 an be converteag bYCOld
ure or by ,B adrenergic stimulation into cells very similar to
¥ dlpocytes

=

1\ e ‘multiple lipid droplets
! _-e.r1cher in mitochondria than white adipocytes
= - produce UCP1

My TS preadipocyte

Differentiation I

Vvhite adipocyte Beige adipocyte

Transdifferentiation?

 —

High Tat dietFfobesity B agonists
T hermonmneutrality Exercise
Colid tempaeraitiures



Brown and Beige Adipose Tissues Are
Thermogenic

Brown Adipocyte White Adipocyte Brite (or Beige) Adipocyte

@EIED Mitochondria . Nucleus O Lipid droplet

UCP1 Expression Positive Negative Positive

Mitochondrial

Density High Low Medium

LD Morphology Multi-locular Uni-locular Multi-locular

Primary Thermogenesis | Energy storage |Thermogenesis?
Function Endocrine Endocrine Endocrine?

https:/ /www.umassmed.edu/ guertinlab/research/adipocytes/




Principle

Maintaining an optimal body mass is an important
priority in the adult mammal. Body mass is a function
of dietary intake, physical activity, and the choice of
metabolic fuel, all of which are subject to hormonal
regulation. Hormonal signals between the brain, the
adipose tissue, and the gastrointestinal tract help to set
activity and feeding behavior.



9. WHAT IS THE FATE OF EXCESS DIETARY CALORIES???

’,‘ “to heat productlon
- (thermogenesis) by uncoupled
mitochondria

In mammals, hormonal and
neuronal signals act to keep fuel
intake and energy expenditure in
balance




AJIT ose Tissue Has Important Endocritie
Functions . =

5 an “adiposity
:'eed back” model
ests that eating
ta IS inhibited and
=energy expenditure is
_.,E’C;ﬁereased whenever body
= Wweight exceeds a certain
“set point” value

and Company

nistry, 8e,© 2021 W. H. Freeman

5
S
3
&
by

S

ciples

x, Lehninger Prin

Nelson & Co

Energy, heat




10. Adipose Tissue Produces Adipokines

Adipose tissue is an

-

IMportant endocrine organ

LLargest endocrine organ in
obese people.

It produces adipokines
(peptide hormones) >500

Adipocytes adipokines
/ \ \ Adipokines may act locally or
T Cytokines | | Chemokins sysjcemlcally (endocrine
action)
Adipokines Adipokines carry information
(e.g., adiponectin, leptin, visfatin, about the adequacy of the

resistin)

energy reserves (I'AGs)
stored in adipose tissue to
other tissues and to the brain
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RIS s Increased High
Heart Activation Blood
Rate of Immune Pressure
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eptors in the
yalarr c s to curtail appetite.

i 1 6'7AA residues) 16-kd
""‘ 0 mencoded by the OB (obese)

'._.f
N | ) |
1.

e

5 _.,,gene in rats or LEP in humans

"

~- Its production and release
increases with number and size of
adipocytes

9

Regulating the Regulate Appetite
Menstrual Cycle | Decreasesl ; Control of Metabolism
5 5 * Glucose-Stimulate dE H tasi
- Leptin in the blood of women is 2- ucos timated and Energy Homeostasi

3X higher than that of men



Obesity Caused by Defective
Leptin Production

*» Mice with two defective copies of the
OB (obese) gene (ob/ob) show the
behavior and physiology of animale
In a constant state of starvation.
They exhibit unrestrained appetite
are unable to stay warm, grow
abnormally large, and do not
reproduce.

*» Leptin injections into ob/ob mice
cause the mice to:

— eat less
— lose weight

— Increase locomotor activity and
thermogenesis

L)



[Eeptinvacts through the Leptin
Receptor s

Ceptor = receptor (a) Ventromedial Paraventricular
30 hv the DR nucleus nucleus
jetic) gene that permits | o
1aling by leptin o N Il e
xpressed primarily in R
neurons of the arcuate

I

-—

" Neuronal signal B Sm Leptin
e i theti ! '
?5;1__:: = n e I eus O.I: the \r/]fusryc/)r:pa etic | (via blood)
~—  hypothalamus -

e Posterior Anterior

—- db/db mice are obese pituitary situitary
and diabetic

Adipose
tissue

Nelson & Cox, Lehninger Principles of Biochemistry, 8e, © 2021 W. H. Freeman and Company



| ):.—-, S

pa 1ds to leptin
 norepinephrine
Jn als to adipocytes

-
» o on

- — =
T

= 'is signal finally

— klnase A, which
-~ triggers fatty acid
mobilization and their
uncoupled oxidation
In mitochondria,
generating heat

rougheptin, the hypothalamus Regulates:
V' Expenditure & 2)sEeod intake™ ™

P

Adipose

‘ tissue

Norepinephrine

Bs-Adrenergic =i,

receptor Z A Adenylyl cyclase
Heat = 3
G protein

ATP cAMP

B oxidation Ht .
Adipocyte  \ \\ \'1/,/, ,
? Proteln kinase A *—

Uncoupling // TRREE N

b protein (UCP1)
Fatty acids
D Nucleus
)
{ Q R\\Z\Z\ 2\ %2\ Y
-— increased
Glyesig expression
of UCP1
Perilipin

Nelson & Cox, Lehninger Principles of Biochemistry, 8e, © 2021 W. H. Freeman and Company

TAG adipose lipases
Lipid droplet




FeptintStimulates the Productionyof

ANBrexigenicyReptidesHomiones

‘types of neurons in the

2 nucleus contro <

‘and metabolism:
rexigenic (appetite-
Stimulating) neurons stimulate
= eating by producing and

< =

—_ -

= releasing neuropeptide Y

—  (\PY)

- ——anorexigenic (appetite-
suppressing) neurons
produce a-melanocyte-
stimulating hormone (a-
MSH) from its polypeptide
precursor POMC

Effectors

Muscle 3
Adipose X~
Liver

Hypothalamus

"Eat less, “Eat more,
Second-order ’jmetabolize more” metabolize less” < g
=

neurons /\/Wmf/l\\(\]‘q?\ -——)/_\%m(.\/\‘
® XN @

Arcuate
neurons

Organs Leptin Insulin PYY33 GLP-1  Ghrelin
(adipose)  (pancreas) (gut) (stomach)

Adiposity Satiety Hunger
signals signals signal




‘Hormones(heuropeptides) That @o]gjige]

Eating e

causes
ase ol

Effectors
Muscle
Adipose

Xigenic
-"?

10 |ng a-MSH, ,,
‘mlbﬂewﬂg />mm¥% JZMW@\\

and Company

Hypothalamus

of Biochemistry, 8e,© 2021 W. H. Freeman
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Second-order < 5

. econd-oraer 7 metabolize more metabolize less” ( £

== neurons 5
— .,."'_a.: - ® e
e — @' .
pd -’_' . — - %

= ) J |

Arcuate ) a-MSH & { NPY

neurons ] -h

"“—;ﬂﬂ/\f\r\/\ @ 5 VO @
/ /® ® \

f

, \
Organs Leptin Insulin PYY3.3¢ GLP-1 Ghrelin
(adipose) (pancreas) (gut) (stomach)

Adiposity Satiety Hunger
signals signals signal




ainmeptides that control appetite™

e q-MSH (from

: OMC)
cojelt r' by orexigenic 1) Produced by

anorexigenic neurons

e o the signal: Eat! 2) It gives the signal: Stop
{ioh concentration of )
5@\’1133{ leads to bulimia 5) Itis produced from the
— -‘:gn’d obesity cleavage of POMC

proopicmelamnocortin dervative s

v-MSH B-lipotropin




IHoWrdGEstleptin act in the cell22?

Signal is transduced by the R— —
Leptin receptor Plasma membrane

ystem, also used by growth morome

AT

T cplor ¢ C - Wisls
_ ,' s to the extracellular domains
nomers.

ees phosphorylation on
[ ;_- Iyr residues by a Janus kinase

=== “‘@ -Tyr residues become docking
’Sl‘fés for proteins that are signal
transducers and activators of

transcription (STATS) Nucleus

»  -The docked STATs are then Peptide hormone
phosphorylated, dimerized and | (POMC, etc.)

 move to the nucleus, binding to specific mRTNA
DNA sequences and stimulating the
expression of target genes.

Er Bl NG




‘

iggers a Signaling Cascadﬁh‘a‘t’f_‘
2gL Iat-esﬁ!ene»Expr ion

—

latlon on several Tyr residues

litia *— > a chain of events that ends with the
| “ eased synthesis of the POMC gene (and
.-5. eFuctlon of a-MSH)

{"g‘—{&eptm also:
~ —increases synthesis of the mitochondria in brown and

beige adipocytes
— stimulates UCP1 synthesis



[ eptin and Human%

osult of insgfficignt leptin

. |

1man obesity be the

AldDIC DV - 011 O

L U U/ -

blood levels of leptin are usually much
ol eSe animals than in animals of normal body mass

— ,' *b,) ~

-~ & [eptin m]ectlons are not effective at reducing weight in

Sf’:‘ - individuals that do not have a defective leptin gene (OB)

et U i

—
——

- indicates some downstream element in the leptin
— response system is defective in obese individuals (leptin
resistance)

* Most cases of human obesity involve one or
more factors (multifactorial) in addition to leptin



.

Published: 08 April 2014

Leptin therapy gains FDA approval

Gunjan Sinha

Nature Biotechnology 32, 300-301(2014) ‘ Cite this article

otin Injection is usefull in casesiol s

_—




02, A dlponectln is another Adlﬁoléﬁﬁle *

1= an adlp(ﬂm:produced in adipose tissue

rmone (244-amino-acid-long polypeptide)
uring 1995-2000 by 4 research groups (Scherer

et al, 1996; Nakano et al, 1996; and Maeda et

D aeed prlmarlly in adipose tissue, but also in muscle

-— ...-’..

- anc é:ven in the brain

gf'f'

“$"[tis involved in regulating glucose levels and fatty acid
- breakdown

"o Tt accounts for about 0.01% of all plasma protein at around
5-10 pg/mL
® Plasma levels of adiponectin are lower in obese subjects
than in lean subjects !!!



- " "Adiponectin structure and forms

Non-homologous  Collagen-like

g __ L i e < Adiponectin automatically
self-associates into larger
actures. Initially, three
adiponectin molecules bind
together to form a
homotrimer
“* The trimers continue to self-
e associate and form
Trimer ok hexamers or dodecamers
s e %0 Recent studies showed that
the high-molecular-weight
form may be the most
biologically active form
regarding glucose
homeostasis

- I

-
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* fatty aC|d uptake and oxidation
L *3 tty acid synthesis

—

:._.; ,av es muscle and liver to insulin
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e ROIEOMAMPK in Maintaining Energy
: Homeostasis« =

e -

ponectin triggerS adenylate kinase
ATP + AMP — 2ADP

nd Company

ViRh'Ale U U

1 lon of AMPK ATP-consuming processes
(biosynthesis, transport, muscle contraction, growth promotion, etc.)
' is activated

c_;tors that @
gsignal the need to I
== sShift metabolism

== Zteward energy  [allininnin *@@i—T[AMP]«—ADP
— generation (1 ATP)

%, Lehninger Principles of Biochemistry, 8e,© 2021 W. H. Freeman al

and-away from

|
e v hypoxia, 3
energy-requiring & gucose 3
: ' tarvation, 2
b | OSynth €SIS ATP-producing processes fnae;\;f)cl)ﬁz
« AMPK is activated by (oxidation of glucose, fatty acids, etc.) p0isons

AMP



WSSSStructure of AMPK

n eterotrimer (3 Glycogen-binding domain
ith two distinct :
acatalytic module and a b
tide-binding module with _\) Activator
tide-binding sites i

A

_ 'egion that connects

nodules contains an . | Catalytic
7 a subunit dicasts
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breakdown.



AMPK CoprainaiesiCatabolism and Anabolism in Response,to
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effect

Target
enzyme
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processes (to generate ATP). At the cytoplasmic surface of lysosomes,
AMPK interacts with a second central regulator of cellular activity, the

—
\

8, © 2021 W. H. Freeman and Compap

Nelson & Cox, Lehninger Principles of Biochemist]

protein kinase mTORC1. This complex enzyme gauges whether sufficient
nutrients and low molecular weight substrates are available to support cell
growth and proliferation. Together, the two protein kinases control major

aspects of a cell’s activitvy and fate.
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ORy behind the Discovery of Rapamycin

Easter island

Rapamycin, a specific inhibitor of
mTOR, has been shown to be
useful in the treatment of certain
diseases (cancer, diabetes, etc).
Rapamycin was initially
discovered as an antifungal
metabolite produced by
Streptomyces hygroscopicus from
a soil sample of Easter Island
(also known as Rapa Nui).

.....

rapamycin

Dr Sehgal
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11. How does diet Regulate the Expression of
Genes Central to Maintaining Body Mass?
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IENNrEe PPAR IsoformsiRegulate Lipidiand
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12. How is short-term Eating Behavior influenced?
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=llerm| EatingpBehavior s Influenced by =
SESUmIRLEstnal hormones: Ghrelin and PYY5 5, as well
as Cannabinoids

* __'-"f_'p'eptide T one Ghrelin Stimulates Appetite

-

iced in cells lining the (" weue >, NPY e

e : . .
~———acts on orexigenic (appetite-

- stimulating) neurons in the
~ arcuate nucleus to activate
hllnge]f' - Gl effects

1. Increase gastric motility
2. Increase acid secretion

— works on a shorter time scale
than leptin and insulin

— acts through a GPCR
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Veriations in Blood ' Concentrations of GlucesepGhrelin,

and Insulin ™ -
relin concentration in the
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tion of ghrelin into
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Aimediate sensations of
= J-J nse hunger

,f:.f'_:ﬁadlwduals with Prader-Willi

—————

=~ syndrome, whose blood

- levels of ghrelin are
exceptionally high, have an
uncontrollable appetite,
leading to extreme obesity
that often results in death
before the age of 30.
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@annabinoids

annabinoids = eicosanoid
engers that signal the
Ity of sweet or fatty fooc
Imulate its consumption

it through specific GPCRs in

the brain and PNS that control
= jon channels

-
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nnab|n0|d receptors also
- -mediate the psychoactive effects of
A-tetrahydrocannabinol (the main
active ingredient in marijuana)
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Endocannabinoids
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Obesity and gut flora
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The intestinal bacteria in obese humans and mice differ from those in lean individuals. Are these bactera
rwolved inhow we regulate body weight, and are they a factor in the obesity epidemic?
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Human gut microbes associated with obesity
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ut microBi‘ome

IR s

ns are hosts to

~ ~10'" gut microbes.
.

o 10- TO0 X more the number
of human cells

**Characterized by
abundance and diversity

“*Endocrine system that
produces several
metabolites influencing
metabolism

** Gut microbiome
establishes a powerful
symbiosis with our body




The effect of host
diet on bacterial
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A common alteration is loss of microbial richness
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Gutimicroweshnithe Gut Influence Energy Metabollsm
and Adipogenesis i

-

and obese individuals
bor _different combinations
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ﬁTMOA_T ) S k _ activation
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I

nentation products—the
1C -chaln fatty acids
etate propionate,
m-:ﬁutyrate and lactate—that
-’ - enter the bloodstream and
trigger metabolic changes in
adipose tissue, and 2)
secondary bile acids.

— influence release of gut
hormones that regulate
body mass

T Forward cholesterol transport
/5 ¢ Reverse cholesterol transport

J

4 Energy availability
4 GPCR signaling

4} BAT activation 5
4 Energy expenditure | $
¥V Inflammation =
4 Insulin sensitivity

Primary

Gut microbiota —< oy "
" bile acids bile acids
.

endocrine organ

Phosphatidylcholine —TMA
L-Carnitine




Epcocrne CellNn ractlons'wfth Gut Microb s"
\'fectaGuﬁormenes

— —

E}d mtake and energy expenditure:
X|gen|c PYY, 3 (and GLP-1)
= ore |gen|c ghrelin

= -'....

-:endocrlne cells with specific microbes in the gut or with
= thelr fermentation products

-

,"-
——



Are gut microbiome changes
the cause or the effect of
besity??7?
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— Fecal transplantation?




=  CONCLUSION
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- SUMMARY ..-r

ncreasmgly co‘mmo%l untm
posing people torseveral chronic, life-threatening

as, including  candiovascular disease, type 2
Feancer. BIVIIFsTarpractical ndex or obesity

Q. 0O Qg

1ssue produces leptin, a hormone that regulates
g6 ehav1or and energy expenditure. Leptin
'o and release increase with the number and size

N
I~

Yy =0

---

= f’ eptin acts on brain receptors causing the release of
== ‘#appe’ute suppressing peptides, including a-MSH, that act
- inrthe brain to inhibit eating.

v Adiponectin stimulates fatty acid uptake and oxidation
and' inhibits fatty acid synthesis. It also sensitizes muscle
and liver to insulin. The actions of adiponectin are partly
mediated by AMPK, which is also activated by low
|AMP] and exercise.
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yte differentiation.

a hormone produced in the stomach, acts on

ite- stlmulatmg neurons to increase hunger before a

neal. PYY3 2., @ peptide hormone of the intestine, acts at

= é— same site to lessen hunger after a meal.

= ~Endocannab1n01ds signal the availability of sweet or fatty
~ food and stimulate its consumption.

11?"

v Gut microbes produce fermentation products and
secondary bile acids influencing the release of gut
hormones that regulate body mass.
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NING"OBJECTIVES-Students should
tojanswer the following questmgs.QR
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obe81ty pandemlc o What are the causes of obesity?
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-e structure and function of white, brown and beige adipocytes.

_):Lf; ;“he fate of excess dietary calories?
== "W'hlch hormones are produced by the adipose tissue?

°Explam the metabolic role of leptin and its molecular mechanism of action
(receptor and signaling).

* Which are the main neuropeptides that control appetite?

* Explain the metabolic role of adiponectin and its molecular
mechanism of action.

* What is the role of AMPK in maintaining energy homeostasis?
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Regulate TLipid and Glticose Homeostasis?
ecular mode of action of PPARS?

oL~ ra ‘mieating behavior influenced? Which are the main gut
short-term eating behavior? Explain their function.

. -gut microbiome and its role?
= .—[o e gqt microbes intluence Energy Metabolism and Adipogenesis?
. :can-we alter gut microbiome and promote weight reduction?
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