Fats, Cholesterol, and Hormones



Types of Fats

Lipids — biological origin — sparingly soluble in water

Main classes of lipids

Fatty Acids — long hydrocarbon chains with a carboxylic acid on one end

HO
Triacylglycerols — fatty acid derivatives of glycerol ‘>—\

HO OH

Phosphoacylglycerol-phosphate substituted diacylglycerols

Cholesterol — 4 ring system with a single polar group



Triacylglycerol (ide)
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Fatty Acids

Saturated — single bonds all the way down the chain

Saturated fatty acids

12:0 Lauric acid Dodecanoic acid CH,(CH,),,COOH 44.2
14:0 Myristic acid Tetradecanoic acid CH,(CH,),,COOH 52
16:0 Palmitic acid Hexadecanoic acid CH,(CH,),,COOH 63.1
18:0 Stearic acid Octadecanoic acid CH,(CH,),,COOH 69.6
20:0 Arachidic acid Eicosanoic acid CH,(CH,),,COOH 754
22:0 Behenic acid Docosanoic acid CH,(CH,),,CO0H 81
24:0 Lignoceric acid Tetracosanoic acid CH,(CH,),,COOH 84.2

C>20o0rC< 14 are very uncommon

Most chains have an even number




Fatty Acids

Unsaturated — single bonds all the way down the chain

Palmitoleic acid 9-Hexadecenoic acid CH,(CH,),CH=CH(CH,),COOH —0.5
Oleic acid 9-0Octadecenoic acid CH,(CH,),CH=CH(CH,),COOH 13.4
Linoleic acid 9,12-0Octadecadienoic acid CH,(CH,),(CH=CHCH,),(CH,) ,COOH -9
a-Linolenic acid 9,12,15-Octadecatrienoic acid CH,CH,(CH=—CHCH,),(CH,) .COOH =17
y-Linolenic acid 6,9,12-Octadecatrienoic acid CH,(CH,),(CH=CHCH,),(CH,),COOH

Arachidonic acid 5,8,11,14-Eicosatetraenoic acid CH,(CH,) (CH=CHCH,),(CH,),COOH —49.5
EPA 5,8,11,14,17-Eicosapentaenoic acid CH,CH,(CH=CHCH,),(CH,),COOH —54
DHA 4,7,10,13,16,19-Docosahexencicacid CH,CH,(CH=CHCH),CH,COOH

Nervonic acid 15-Tetracosenoic acid CH 3[CH2},CH=-CHIC HQBCOCIH 39

[Chain length : number of double bonds - position of 1%t double bond from CH, terminal ]
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The importance of omega-3 FA

*Blood fat (triglycerides). Fish oil supplements can lower elevated triglyceride levels. Having high levels
of this blood fat puts you at risk for heart disease. DHA alone has also been shown to lower
triglycerides.

*Rheumatoid arthritis. Fish oil supplements (EPA+DHA) can curb stiffness and joint pain. Omega-3
supplements also seem to boost the effectiveness of anti-inflammatory drugs.

*Depression. Some researchers have found that cultures that eat foods with high levels of omega-3s
have lower levels of depression. Fish oil also seems to boost the effects of antidepressants and may help
the depressive symptoms of bipolar disorder.

*Baby development. DHA appears to be important for visual and neurological development in infants.

eAsthma. A diet high in omega-3s lowers inflammation, a key component in asthma. But more studies
are needed to show if fish oil supplements improve lung function or cut the amount of medication a
person needs to control the condition.

*ADHD. Some studies show that fish oil can reduce the symptoms of ADHD in some children and
improve their mental skills, like thinking, remembering, and learning. But more research is needed in
this area, and omega-3 supplements should not be used as a primary treatment.

*Alzheimer's disease and dementia. Some research suggests that omega-3s may help protect against
Alzheimer's disease and dementia, and have a positive effect on gradual memory loss linked to aging.
But that's not certain yet.

Source: WebMD


http://www.webmd.com/cholesterol-management/high-triglycerides-what-you-need-to-know
http://www.webmd.com/rheumatoid-arthritis/default.htm
http://www.webmd.com/depression/default.htm
http://www.webmd.com/baby/guide/your-pregnancy-week-by-week-weeks-1-4
http://www.webmd.com/asthma/default.htm
http://www.webmd.com/add-adhd/default.htm
http://www.webmd.com/alzheimers/default.htm
http://www.webmd.com/healthy-aging/omega-3-fatty-acids-fact-sheet

The Good, the Bad and the Ugly

. P
Apolipoproteins fs{ -
- | %
Chlyomicrons - ;@
* Dietary fat/cholesterol transport to cells =\ ¢
e Originate in intestinal mucosa cells Chylomicron

e 1-2% protein, 85-88% triglycerides, “8% phospholipids,
~3% cholesteryl esters and ~1% cholesterol

o 8
LDL (Low Density Lipoprotein) — “Bad” Cholestrol oL HoL
e Cholesterol transport from liver to cells
* One of the lipoproteins (B-100) is recognized by LDL
N receptors. This triggers encapsulation of LDL and
Cholesterol | Triacylgljc:or::’sh:;:ﬁds ﬁLe;Toiao:echolesterol to be used in the plasma

cholesteryl esters
e 20-22% protein, 10-15% triglycerides, 20-28%

phospholipids, 37-48% cholesteryl esters, and 8-10%

cholesterol

HDL (High Density Lipoprotein)

e Cholesterol transport to liver for degradation (or recycling)

e Cholesterol “scavenger”

* 55% protein, 3-15% triglycerides, 26-46% phospholipids, 15-30% cholesteryl esters,
and 2-10% cholesterol 7




Steroid Hormones
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Omega 6’s and Prostaglandin Hormones

Synthesized in your body Some of the physiological effects of
« The inflammatory response (rheumatoid
mﬁ arthritis).
Arachidonic Acid (06) « The production of pain and fever.
NS * The regulation of blood pressure.
|CL¢\/\N Evipior: « The induction of blood clotting.
GOH n .
mﬁﬂz cooH « The control of several reproductive
Hydroperoxidase - - -
— _ functions such as the induction of labor.
! wc@ﬂHﬁ?mee i — COOH Pgm:m H
B0 e lm =3 « The regulation of the sleep / wake cycle.
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PGD; PGE; Notable: Cyclooxygenase (COX-2) is the
2“=°"§F°“°’"5 on | Reduciase target of many anti-inflammatory drugs
ST e o Aspirin
0 on  ou * Naproxen (Aleve)
15-deoxy-A1LIA PG, PGFy,

e |buprofen (Motrin, Advil)



Hormones and Classifications

Endocrine hormones — act on cells distant

In eukaryotes, intercellular ,
from the site of release

signals occur through
mediated release of hormones

) Paracrine hormones — act on cells close to
(chemical messengers)

the site of release

Classified by the distance over

, Autocrine hormones — act on the same cell
which the carry a message

(b) Paracrine

(a) Endocrine

[ X )
Hormone ./" \J

molecules (c) Autocrine

® @
oo
Endocrine Bloodstream Target

cells cells 10




How do Hormones Work?

L '} o Extracellular signals

®
o ® 9

Receptor® l o Enzyme undergoes

O phosphorylatiom’dephosphorylation
Transcription - @ Enzyme combines
factor with regulatory protein
® ©
9 Transcription of Enzyme binds
specific gene(s) kmase phosphatase o ligand .
mRNA . (allosteric
AVAVAVAVAVAVY Regl"atory effe Ctor]
Nucleus & -
e mRNA degradation Sy ~ ®
mRNA “INMZ—) Product o Enzyme binds
,l, > 17 / \ substrate(s)
0 Enzyme sequestered

in subcellular organelle
Endoplasmic reticulum

Protein degradation
o mRNA translation on ribosome (ubiquitin; proteasome)
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Hunger/Satiation

GHRELIN LEPTIN

Corﬁf)hcated



Hunger/Satiation

Produced by adiposs (fat)
tissue, leptin suppresses
appetite as its level increases.
When body fat decreases,
leptin levels fall, and appetite

iNCraasses.

The hormone PYY,
secretad by the small
jrtesting after meals,

acts as an appetite

suppressant that
counters the appetite

stimulant ghralin.

Insulin

PYY

/' Ghrelin

Secreted by the stomach

wall, ghrelin is one of the
signals that tiggers feelings

of hunger as mealtimes
approach. In disters who lose
weight, ghrelin levels increase,
which may be one reason

it's 50 hard to stay on a diat,

A rise in blood sugar level

after a meal stimulates

the pancreas o secrete
insulin {see Figure 41 2],

In addition to its other
functions, insulin suppressas
appetite by acting on the brain,
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General Features of Signal Transduction

Specificity is achieved by precise
molecular complementarity

_ Extra specificity built into expression
between the signal and receptor

profile of certain cell types

molecules
h NH2Thyrotropin-releasing hormone
W a.t tvp e§ of IM ] orce.s.d.o );ou N triggers response in pituitary cells
think guide the specificity: \ but not hepatocytes
\
~— O
N . .
\_NH HN Epinephrine alters glycogen

o)
\f metabolism in hepatocytes but not
adipocytes

NH
1. Affinity of receptors for signal moleculeC& Srﬂ G—sz

Often sub-nanomolar o)

2. Cooperativity in the interaction \ /
Small changes in ligand concentration results in L)
large changes in receptor activation Receptor

3. Amplification of the signal l
Receptor is activated, which catalyzes the Effect

activation of many equivalents of a 2@
enzyme.... 14



Thyroid Hormones
Thyroid system
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Negative feed

Increase lamine effect
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Insulin and the Insulin Receptor

ATP-sensitive K-channel
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Insulin and the Insulin Receptor

Production
stimulated by
elevated blood
glucose levels

(synthesized in the
pancreas)

synthesis is

the Glucose _
stimulated

Transporter

_ remo (GS) to its inactive form
o o (N mem by phosphorylation, so
GS remains active,

Glucose

i3 . A -~
Jg transporter - = )
&, V4 *’ ~ k\ J
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Insulin and the Insulin Receptor

9 @
Insulin \ Insulin receptor binds insulin and
undergoes autophosphorylation on

its carboxyl-terminal Tyr residues.

@

Insulin receptor phosphorylates
IRS-1 on its Tyr residues.

®

SH2 domain of Grb2 binds
to(P)-Tyr of IRS-1. Sos binds
to Grb2, then to Ras,
causing GDP release and
GTP binding to Ras.

@
@ \ Activated Ras binds and

activates Raf-1.

®

Raf-1 phosphorylates
MEK on two Ser residues,
activating it. MEK

(®) phosphorylates ERK
@ on aThr and a Tyr residue,
® ERK moves into activating It:
@m ® the nucleus and

DNA phosphorylates
l l nuclear trans-

@ New proteins cription factors

Phosphorylated Elk1 such as Elk1,

joins SRF to stimulate = activating them.

the transcription and

translation of a set of

genes needed for

cell division.

Cytosol




Insulin and the Insulin Receptor

®

IRS-1, phosphorylated
by the insulin receptor,

® (®) activates PI-3K by binding
. . . to its SH2 domain. PI-3K

GSK3, inactivated by @ ~— . converts PIP, to PIP;.

phosphorylation, cannot 0, P)

convert glycogen synthase o=——"PIP,

(GS) to its inactive form
by phosphorylation, so

GS remains active.

PKB bound to PIP;

is phosphorylated by
PDK1 (not shown). Thus
activated, PKB
phosphorylates GSK3

) 4 e ; on a Ser residue,
(active _ t inactivating it.
" o ~ . / \\_-}
l ;) GLUT4
Glycogen .
: - _ @ Glucose

- 4 e ©
Synthesis of | - PKB stimulates movement
glycogen ; . of glucose transporter GLUT4
from glucose — from internal membrane vesicles
is accelerated. - tothe plasma membrane,

increasing the uptake of glucose.



@

When insulin interacts with its receptor, vesicles

move to surface and fuse with the plasma

membrane, increasing the number of glucose

Insulin ¥ \ transporters in the plasma membrane.

it A

Insu||in receptor % ?
A
[

Glucose
Plasma

membrane

®

Glucose transporters
“stored” within cell in
membrane vesicles.

N <

i\ i
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oS

Patches of the endosome enriched with
glucose transporters bud off to become
small vesicles, ready to return to the
surface when insulin levels rise again.

Ve

<«

®

When insulin level drops,
glucose transporters are
removed from the plasma
membrane by endocytosis,

° ) forming small vesicles.
(TP

4
=

£
J
=

transporter

¥

)
@

The smaller
vesicles fuse with
larger endosome.



The Physiological Response to Blood Sugar

Promotes
insulin
release

Stimulates glycogen
breakdown

\{_ - _.--.:1_ i 4
A
Stimulates /
glycogen formation
Slimulates

—r ' glums&
/ LELSL uptake
Tissue cells from

blood

Promotes

glucagon
release
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Epinepherine Receptor Action (same as Glucagon)

@

Epinephrine binds to
its specific receptor.

Outside

GTP GDP | _
Flyr s

@ ® ® | ®
The occupied receptor G (o subunit) moves  Adenylyl cyclase cAM cAMP Phosphorylation of
causes replacement of  to adenylyl cyclase catalyzes the activates cellular proteins by
the GDP bound to G4 and activates it. formation of cAMP. PKA. PKA causes the
by GTP, activating Gq. g . cellular response to
cyclic nucleotide epinephrine.
phosphodiesterase @
Physiologic responses to epinephrine cAMP is (;,legrade(;,ljlr
by organ ¥ reversing the
AT —— 5'-AMP g, tivation of PKA.
Heart Increases heart rate
Lungs Increases respiratory rate

Systemic |Vasoconstriction or vasodilation
Liver Stimulates glycogenalysis
Systemic |Triggers lipolysis

Systemic |Muscle contraction
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cAMP/PKA Requlated Genes

LLIAEEEE] some Enzymes and Other Proteins Regulated by cAMP-Dependent Phosphonylation by PKA)

Enzyme/protein Sequence phosphorylated* Pathway/process regulated
Glycogen synthase RASCTSSS Glycogen synthesis
Phosphorylase b kinase
a subunit VEFRRLSI } Gl ——
B subunit RTKRSGSV FECPOR M BNEHRINN
Pyruvate kinase (rat liver) GVLRRASVAZL Glycolysis
Pyruvate dehydrogenase complex (type L) GYLRRASV Pyruvate to acetyl-CoA
Hormone-sensitive lipase PMRRSV Triacylglycerol mobilization
and fatty acid oxidation
Phosphofructokinase-2/fructose 2,6-bisphosphatase LQRRRGSSIPQ Glycolysis/gluconeogenesis
Tyrosine hydroxylase FIGRRQSL Synthesis of L-dopa,
dopamine, norepinephrine,
and epinephrine
Histone H1 AKRKASGPPVS DNA condensation
Histone H2B KKAKASRKESYSVYVYK DNA condensation
Cardiac phospholamban (cardiac pump regulator) AIRRAST Intracellular [Ca?*]
Protein phosphatase-1 inhibitor-1 IRRRRPTP Protein dephosphorylation
PKA consensus sequence’ XRI[RK]x[ST]B Many

23
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