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Notes Regarding the last 2 slides In the previous lecture

Bacterial Cell wall is made of two specific GAGs
(Consist of at least one Amino sugar that carries a carboxyl -
sulfate groups = negatively charged | repeated disaccharides )
Electrostatic interactions between them make the overall
structure Rigid \ Tough
Provuiding support to the tissue (cell wall)

= negatively charged | the last modified sugar
molecule at the end of the chain of sugars at the surface of cells
(plasma membrane)
Part of



We have four Macromolecules:

Li id S 1.Protein (amino acids)
p 2.Carbohydrates (starch = glucose ) ]- made of monomers (same subunits /repeated residues) = polymers
3.Nucleic acid (nucleotides )
4.Lipids = are not polymers ( aren’t made of same subunits) but they are large molecule.

@ Lipids are a heterogeneous class of naturally occurring organic
compounds that share some properties based on structural similarities,
mainly a dominance of nonpolar groups. ~ even-if lipids are heterogeneous (types of lipids are |

different from each other ) the common is that they are
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, | lipophilic + hydrophobic ‘
It has 2 natures (sides) . | that’swhythere are grouped together in oneclass.

@ They are Amphipathic. = et imieeian

they don’t have to be equal.

® They are insoluble in water, but soluble in fat or organic solvents(ether,
chloroform, benzene, acetone). Hydrophobic solvents <

@ They are widely distributed in plants & animals. e
L ok

(551 {pn g G5 Y 5)

Enjoy biochemistry :) 3



Classes

@ Simple lipids (fats, oils, and waxes)

@ Complex lipids (glycerides , glycerophospholipids, sphingolipids, glycolipids,
lipoproteins)

@ Derived lipids (fatty acids, alcohols,

@ eicosanoids)

Cyclic lipids (steroids) Frattyacid can be partof these | ~ Fatty Acid-are
§ larger structures | Triesters of glycerol | precursors
””””””””””””” . CHEROER ~ of eicosanoids |
= Fatty acid ; B RREEEEEEEEEE :
CHOOCR Derivatives of Baced T
Simple e sphingosine (an i
esters CH:ZOOCR amino alcohol) (I?Q Based on a
(RCOOR") [ I | 20-carbon acid
Waxes Triacylglycerols Glycerophospholipids Sphingolipids Steroids Eicosanoids
(Neutral) (Contain charged
phosphate groups)
| I
Sphingomyelins Glycolipids
(Contain charged (Contain sugar

phosphate groups) groups) 4



Li p i d F u n Cti O n S whenever we have exc_ess of l-ipids (fat_tg acids mostly)

we store them in fat tissue (adipocyte).

§ when we need energy
° LlpldS Include: a signal is sent to fat tissue releasing fatty acids
i that enter the cells and it is utilized to generate energy (ATP)

« Storage lipids for energy purpose -

« They are storable to unlimited amounts (vs. carbohydrates)

« They provide a considerable amount of energy to the body (25% of body needs) &
provide a high-energy value (more energy per gram vs. carbohydrates & proteins)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Because they carry a lot more electrons (it is saturated C-H =reduced)
The presence of oxygen = we have less electrons
provide the amount of energy compared to carbohydrates
*less electrons =less energy *

Structural I|p|dS IN membranes —) (lgsplasma membranes surrounding cell organelles such as :

osome, nucleus, endoplasmic reticulum, Golgi, peroxisome )

 Signaling molecules, hormone precursors, cofactors, & pigments N

ShOCk abSOrbel’S and thermal InSU |at0 I'S cell — releases lipid — enters another cell — interacts
with plasma membrane —signal becomes inside the
» Cushioning = Lipids covers internal W/ cell.

Orinside the cell : lipid molecule interact with another
/\\ molecule so it sends a signal and so on.
Fatty acids= signaling molecules +have receptors on cell
surface and they send signals inside the cell 5

organs to protect them



Fatty acids

Functions:
=Chain  One carboxyl group « Building blocks of other lipids—— part of diff
* Modification of many types of

@ Aliphatic mono-carboxylic acids _ . . lipids
proteins (lipoproteins)

@ Formula: R-(CH,)n-COOH whenits fully saturated * Important fuel molecules

@ Lengths » Derivatives of important

_ . . cellular molecules . (ex:eicosanoid)
w9 Phy5|0|0glca| (12-24) Including carboxyl group

¢ Abundant (16 and 18) Most abundant in plasma membrane
) Deg ree Of unsatu ratio N Theydiffer-in degree of-saturation according

to the number of double bond
@ Amphipathic molecules
Polar (Hydrophilic) Non-polar

H H H H H H H
e | OO ||IT T T [ L 1]
, “ionized cHc—Cc—C—C—C—C—C—H

************************************** B IEEEEEE
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WS WS WS
F ST STn oo SToTonoToTeeeey | | |
. | Classified according H-C—H H-C—H H-C—H
Types Of fatty aC|dS 1.Number of carbons. oG oG HoCom
' 2.Number of Double bond L L L
| | |
IS S
* Saturated fatty acids are those with all L L
of the C-C bonds being single. b e b
| | |
e Unsaturated fatty acids are those A S e
with one or more double bonds T ——
between carbons: e S -
| | 1
* Monounsaturated fatty acid: a fatty HoCon Hocon e
acid containing one double bond. HoeH HoeoH .
 Polyunsaturated fatty acids contain two or T T T
more double bonds. - - .
| | |
77777777777777777777777777777777777777777777 . H olive oil H
Memorize the names | SEoaras R bamolele
777777777777777777777777777777777777777777777 18C 18C 7

One double bond 2double bonds



Cis vs. trans bonds

linoleic acid: trans configuration (frans isomer)
Same orientation

. Trans double
, bond doesn’t '

cis- vs. trans-fatty acids

HO C C C c c
\c/ \c/ \c/ \C/ \c/ © differ from
/ . saturated
0 saturated fatty acid 0o
Kink (cis) =

HO means it needs

more space due |
tothevander |
walls
interactions.
(Repulsion)
. Thismakes
- huge difference |
| in plasma
membrane.

N\

VA WE AN

trans-unsaturated fatty acid

HO C

/

C

N

c C

N

v
C/ C
N\

C c

C

cis-unsaturated fatty acid

. What is theimportance of cis orientation ?
| In 3D, the structure will have a kink
Molecule is not straight anymore.

Stearic Acid Oleic Acid
(one double bond)
0\\c /OH o\_

Physiologically:
« cisisomer predominates
« transisrare

Thekink is larger + clear
(more double bonds)



Properties of fatty acids

@ The properties of fatty acids
(melting point) are dependent on
chain length and degree of
saturation.

length of hydrocarbon chain increases = the melting point increases.

Ghee = has saturated fatty acids so it’s solid
Oil = has unsaturated fatty acids so it’s liquid .

More double bonds (less saturation) = decreases the melting point
double bonds have larger effect on BP than the length of the chain

The presence of a double bond is very important for fluidity of
plasma membrane. Ex: plasma membrane of eye cells (very fluidic
like olive oil) =signaling molecules can move rapidly = rapid signals

= smooth vision.

0 1 2 3

Number of
double bonds

Melting point (°C)

80 -

70 -

40

20

10

10 12 14 16 18 20
Number of carbon atoms



Properties of saturated fatty acids  accoringtotreienginorne

hydrocarbon chain

What about 5c and 11c ?
Usually we use even numbers..

Short chain F.A. (2-4) Medium-chain F.A. (6-10) | Long chain F.A. (12-20) HE 20-24C |

= very

They are liquid in nature Solids at Solids at long chain |
fluidic room temperature room temperature
LI\ :
h;::::;ﬁic Water-soluble Water-soluble &czofcoon Water-insoluble
coorny  Volatile at RT Non-volatile at RT Non-volatile
dominates : : L : . . .
tecnz.  Acetic, butyric, caproic acids Caprylic & capric acids Palmitic and stearic acids
4Cisalso
soluble = ¥ ‘ 77777777777777777777777777777777777777777777 | ‘
. CH3COOH In butter | In butter | W Eound in The oil |
. Invinegar || Butbutter isn'tfluidic; since | . Capri=goat's milk has lots of | of Nutmeg
”””””””””””” itis composed of other fatty medium chained fatty acids

acids besides butyric

Pé'

&0 poudre pour nourrissons
v El-ﬂll DE CHEVRE
i naissance 4 6 mois

e 10



Greek number prefix

B~ W N -

Mono-
Di-

Tri-
Tetra-

0O d O U

Penta-
Hexa-
Hepta-
Octa-

9
10
20

Nona-
Deca-
Eico-

P e
Aaaall
FIRNIPURY,
LS) Al
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Naming of a fatty acid e

16 9 COOH

Palmitoleic acid (07, 16:1, A% N Between c 9+10

@ Alkane to oic (because of carboxyl group )

@ QOctadecane (octa and deca) is octadecanoic acid VAVAVAVANSVAVAVAVAN

18 9 COOH
@ One double bond = octadecenoic acid Oleic acid (09, 18:1, A°)
@ Two double bonds = octadecadienoic acid

7 = COOH
@ Three double bonds = octadecatrienoic acid ATAVIER YRR VAVAYAY,
@ Designation of carbons and bonds et /-) “Linoleic acid (06, 18:2, A%%) [, 2" Z i
_ ] ) e T e e EEEEE e R | bond .
9 18:0= ? C1.8 fatty acid \.N.Ith .no double bonds  Very 8/\ 5/\ 2/\ 5/\/\/\/\COOH
@ stearic acid (18:0); palmitic acid (16:0) important
. ' _ > ‘ockinolenic acid (a3, 18:3, AN
@ 18:2 =two double bonds (linoleic acid) | 8 5
: : : = = =) /= COOH
@ Designation of the location of bonds (orientation) 20/\/\/ \VARRVERRVARRVAV,
@ An: The position of a double bond *Arachidonic acid (v6, 20:4, A1)
@ cis-A9: a cis double bond between C9 and 10 i T L, W & . .
20 17 14 11 - 5 COOH

@ trans-A2: a trans double bond between C2 and 3

Between one double bond and another double bond = 3 carbon atoms ‘
(related to the enzyme that forms the bond and how it works + how the molecule fit in the enzyme ) ; 12

Eicosapentaenoic acid (w3, 20:5, A5811.14.17)



Why myristate not myristic acid (protonated) ?

* Because naturally - physiologically it is ionized (conjugate base form ).

A
Number | Numberof| Common Systematic name Formula
of carbo | double name
ns bonds
14 0 Myristate n-Tetradecanoate CH5(CH,);,CO0O-
16 0 Palmitate n-Hexadecanoate CH5; (CH,) 14COO-
18 0 Stearate n-Octadecanoate CH3(CH2) 1,COO0-
18 1 Oleate cis-A%-Octadecenoate CH5(CH>) ;CH=CH(CH,) ,COO-
18 2 Linoleate cis,cis-A%,A12- CH3(CH,),CH=CHCH,CH(CH,),COO-
Octadecadienoate
18 3 Linolenate all-cis-A2,A12, A15- CH;CH,(CH=CHCH,);s(CH,)sCOO-
- extra double bond Octadecatrienoate
20 4 Arachidonate |all-cis-A>,A8 A1l AT4- CH3(CH,)4 (CH=CHCH,),(CH,), COO-

Eicosatetraenoate

Remember !
3 carbon space between every 2 double bonds

13



Another way of naming

@ (w)-C: distal methyl C as #1

1 j\r-r-:arhnn

H;E\H atom
Hy 2
H 2
(=3 3
double bond ‘4
H
HE 5
(CH4)n
CO0~

An w3 fatty acid

Why do we call it OMEGA system ? |
omega is the last letter in Greek alphabet |
So In the hydrocarbon chain numbering starts
from the last carbon = omega carbon

& S
Jamieson

NATURAL SOUACES

Qmegaprotect

Omega

3-6-9

][Ik} Omega Complex ¢
Helps promote i
PUCt heart health

per sortgel

Organic Flaxseed Oil (Linseed Oil) 400mg

Pure Fish Oil 400mg

Starflower Oil (Borage Oil) 400mg

typically providing:
Alpha Linolenic Acid (ALA) Omega-3 200mg
Docosahexaenoic Acid (DHA) Omega-3 48mg
Eicosapentaenoic Acid (EPA) Omega-3 79mg
Gamma Linolenic Acid (GLA) Omega-6 88mg
Linoleic Acid (LA) Omega-6 204mg
Oleic Acid Omega-9 168mg

« Contains a number of « .
omega 3 - 6 - 9 fatty acids

* EPA/ DHA

are the most abundant

omega 3 fatty acids in it

Depends on the position of the first double bond
starting the counting from the methyl group (not the carboxyl group )

Omega-3 fatty acids — itisnotasingle
molecule, It is
B a class of
molecules

HOC

Alpha-linclenic acld ALA
2
Ho\rvl\\:/\\://\\://\\—://\\zs//\\ 1
o]

Elcosapentaenolc acld EPA

HO S

~

(]
Docosahesaenoic acid DHA

Omega-6 fatty acids
HO 5 3 1

o 4 2

Linpoleic acid L&

HO\H/ s

- 75 A ‘
arachidonic acid A4 Essential = our body can't synthesize

I them = we get them from diet

Essential FAs:
* Linoleic acid: precursor of arachidonates
* Linolenic acid: precursor of EPA and DHA

14



Numerical Symbol Common Name and Structure

Oleic acid
N N
18-1 N\/\/W%_OH
In the middle 0
18:289,12 Linoleic acid i
m/\/\/6=12\/9=9\/\/\/\/‘|31—0”

a-Linolenic acid (ALA)

/\JM
® — — — C—OH
3 6 9 Il
(0]

18:349,12,15

20:485,8,11,14 Arachidonic acid

Eicosapentaenoic acid (EPA)
=2 —5/\/“\%—0}4
O

20:545,8,11,14,17

Docosahexaenoic acid (DHA)
o]

3 6 9 .

22:604,7,10,13,16,19

Omega-9 monounsaturated

Omega-6 polyunsaturated

Omega-3 polyunsaturated

Omega-6 polyunsaturated

Omega-3 polyunsaturated (fish oils)

Omega-3 polyunsaturated (fish oils)
15



Derived fatty acids:
Eicosanoids

16



-

all cis-A°,A8,A11 Al4-ejcosatetraenoate, CH;(CH,),(CH=CHCH,),(CH,),COO-

Arachidonic acid

leukotrienes

Linear athwaj.rTLipn}q.rganase

phospholipids — arachidonate 44— diacylglycerol
Cyclic pnEﬂ:hwa}fll—-'GI-I2 Synthase

Prostacyclin Prostaglandin Bz Thromboxane
Sjmthase l Synthase
prostacyclins

other prostaglandins

thromboxanes

It is the Eicosanoids

that are very imp for signaling
specially during inflammation
If we have an
infection or injury

|

it causes redness + swelling

(inflammatory molecules)
REGULATES INFLAMMATORY RESPONSE

17



Eicosanoids and their functions
They control cellular function in response to injury

. Some of the functions are contradictor
@ Prostaglandins ’

‘ i : . Phuysiologically, the molecules are
@ Induction of inflammation ystologicatly

not released all at the same time.

@ |nhibition of platelet aggregation There’s Harmoney
‘ . _ 1. Releasing a molecule that induces
@ Inhibition of blood clotting platelet aggregation
@ |eukotrienes (to stop the blood flow to .the. ir}jurg )
\ o 2. Then another molecule inhibits the
@ Constriction of smooth muscles platelet aggregation
@ Asthma Especially the ones &’ (cleaning up the area )
@ Thromboxanes 2roundbloodvessels Overall, they play a role in the

. _ inflammatory response
@ Constriction of smooth muscles By either inductioyn - s[t)imulation

@ |nduction of platelet aggregation or inhibition
(balancing inflammation)

® Prostacyclins — BVs become tight

@ Aninhibitor of platelet aggregation ' B8lood flow stops -> Allows coagulation
. . . then the formed clot must be removed ...
@ Induction of vasodilation = harmony in the release of molecules +

on which cells they function and so on

Neither memorize
the specific functions
nor the structures

(0}

HO OH

Prostaglandin E,

OH OH

CO0~

B RN
N CHs

Leukotriene B,

WCOO'

CH3

OH
Thromboxane A, (TXA,)

~00C

6H OH

Prostacyclin (PGl,)



COX: Cyclooxygenase

Aspirin is good

Aspirin inhibits COX1+ COX2 = AraChidoniC aCid % Derived from

inhibits the formation
of thromboxane + prostaglandins

Inhibiting
their
functions

sInhibition of platelet aggregation Pl
*Anti-inflammatory + Anti-pyretic. COXl1 X Asplrm X COX2— CYCLOOXYGENASES 16 2
* Prevents formation of blood clots 0 Er‘ZUn.WS t.hat converts
+ heart attacks (protective effect ) Arachidonic acid — Eicosanoids
- especially elderly people- (that causes inflammatorg response)

That’s why they used to advise them to take baby aspirin

Thromboxane Prostaglandins

Inhibition of platelet Anti-inflammatory/
aggregation anti-pyretic < pecreasesbody’s temperature

(since inflammation in the region of injury
causes swelling + heat \ fever)

19



Targets of Aspirin

@ Cyclooxygenase is present in
three forms in cells, ,
and COX-3.

@ Aspirin targets both, but
should only be the target.

\ o
e S
i
When Aspirin inhibits
It causes

— holes + bleeding + pain (it can be fatal )

remekidonic Add

...... B

rachidenic Acid -

~__

N\

Inhibition
undesirable

Homeostatic functions

Inhibition
desirable

Gastrointestinal tract
Renal tract
Platelet Function

Inflammation

Macrophage differentiation

that only attacks COX2

celecoxib

20



Ce I e b reX 4Scientific name = celecoxib

Doesn’t affect COXI1 so it keeps working = the stomach will not be affected + it can treat inflammation

@ A new generation drug, Celebrex, targets COX2, but is prescribed with a
‘strong warning of side effects on the label.

since there was an increase in the cases of cardiovascular diseases /7 blood clots right after Pfizer has released the drug .

-
& .

ON ONLY MEDICP ~= == e

PRESC
o oo stk ION ONLY MEDICINE

B |
. CELEBR CELEB

— TNy

Cardiovascular Risk
e CELEBREX may cause an increased risk of serious cardiovascular thrombotic events,
3 ° .  CETNETRRSDIITIITE A & -
myocardial infarction, and stroke, which can be fatal. All NSAIDs may have a similar risk.
This risk may increase with duration of use. Patients with cardiovascular disease or nsk

factors for cardiovascular disease may be at greater risk. (See WARNINGS and
CLINICAL TRIALS).

CELEBREX is contraindicated for the treatment of pen-operative pain in the setting of
coronary artery bypass graft (CABG) surgery (see WARNINGS ).




.. N
Aspirin can be bad &) Wi BN
Cardiovascular disease vs. bleeding \(1/
@ Aspirin also causes excessive bleeding among the elderly.

8= -@- Bleed requiring medical attention
Because they </ - Bleed requiring hospital admission

. 7 —# Bleed identified by hospital coding
are more susceptible to fall

down = causes bleeding =it can 6+
be fatal if they use aspirin

Cardiova sc'ular

. Bleedinauisk benefit

Annual rate (%)
F <N
1

Age-specific risks, severity, time course, and outcome of 0 : : :
bleeding on long-term antiplatelet treatment after vascular <65 65-74 75-84 =85
events: a population-based cohort study in 2021 e ear)

Linxin Li*, Olivia C Geraghty*, Ziyah Mehta, Peter M Rothwell, on behalf of the Oxford Vascular Study

Interpretation In patients receiving aspirin-based antiplatelet treatment without routine PPI use, the long-term risk
of major bleeding is higher and more sustained in older patients in practice than in the younger patients in previous
trials, with a substantial risk of disabling or fatal upper gastrointestinal bleeding. Given that half of the major bleeds
in patients aged 75 years or older were upper gastrointestinal, the estimated NNT for routine PPI use to prevent such
bleeds is low, and co-prescription should be encouraged. 22




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

Corrections from previous versions:

Versions Slide # and Place of Error Before Correction After Correction
*Slide 19, at the top of slide * Arachidonic acid is * Arachidonic derived from
derived from linolenic. linoleic acid .
V1->V2 *slide 10. (3 notes have been * acetic acid found in vinegar.
added.) Stearic acid found in nutmeg.

20-24carbon = very long chain .

* Slide 14 : right bottom

corner of the slide * "Essential FA = our body can't
V2 9 V3 a sentence was added regarding the essenti_al I_:A. synthesize them = we get them from diet"
It was mentioned by the doctor at the beginning .
of lecd * When its fully saturated

*Slide 17 : note is added

V3> V4
23



https://forms.gle/1aenUoAoZwLD2Du97
https://forms.gle/1aenUoAoZwLD2Du97
https://forms.gle/1aenUoAoZwLD2Du97

Additional Resources:

ol 5l e Al

1. Campbell Textbook: sec 8.1 + 8.2 + 8.8

2. https://youtu.be/F31uPXIrKh8?si=9Wn4qp-
KNIAPX12R

Best of Luck(:
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