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Color coding used in the modified:

Black: the original slides
Navy Blue: the doctor’s explanation/words

Gray: additional information and explanation
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Zooming into the myelin

Normal Nerve

A Neuron

= axon

D Lipid g

| . :E * Sphingomuyelin is the main component of the coat of
o | ;_ : i axons (rrlgelin sheath) . . . .
L S = It contain (preserue) the electrical signal like the insulator
D; || 4" layer of a copper wire
_ 2 | 2 : * In certain diseases such as multiple sclerosis (a
Do Extracellular »§—~ degenerative nervous systam disorder) the immune cells

| ) ttack th lin sheath leading to its - lin sheath-
%mié ,E %38 §§§ 38 §§z ?lega:neraetil:z.e I:Zas rzzult,(:zelcr:‘c?nc(l,ulcst‘ionl:':(':r :erl‘ei:tfiial

signal become slower (no saltatory conduction)



Glycolipids

Instead of phosphocholine in sphingomyelin (the only sphingophospholipid)

@ Sphingolipids can also contain carbéhydrates attached at C-1 and these are
known as glycolipids.

@ Glycolipids are present on cell membranes and act as cell surface

receptors that can function in cell recognition (e.g., pathogens) and
chemical messengers.

@ There are three types of glycolipids: they are located

@ Cerebrosides mainly intheCNs, |  —
_ but also can be =
@ Globosides located in other g |
@ Gangliosides cell types. & — Fatty acid ‘
;a . = —= e

Glycolipids (or glycosphingolipids specifically) contains: c%'
 Sphingosine backbone s Mono- or
- Amide linkage with a fatty acid (usually palmitic acid) oligosaccharide
* A sugar molecule at Ci




Glycolipids

* Cerebrosides: the simplest glycolipids, contain a single
hexose (galactose or glucose).
* Globosides and gangliosides are more complex

CH;(CHy)»-CH=CH-CHOH

CH3(CH2)e-C NH&H . sphingosiae

| |
O CH:-O-R

glycolipids.

Sphingolipid tvpe | K group

* Both contain glucose, galactose, and N-

Ceramide H

Ssphingomyelin phosphocheline

acetylgalactosamine, but gangliosides must also contain

—| Cerebroside monosacchande (galactose or
sialic acid. —— glucose) =
e e P s P = = -colipid abhost two or more sugars (galactose,
o RO S ERE TRl AT glycolipids< glucose, N-acetylzlucosamine
Ganglioside three or more sugars including
- at least one sialic acid
Glucocerebroside Galactocerebroside
CH, CH,
(CH) (CHy),
Glucose C=0 /Cc ramide Galactose C___ 0 Ceramide
Gangliosides are bound by cholera \ ki HN OH ¥ \. CH.OH HN OH /
g . . agrg gl ' ) |
toxin in the human intestine facilitating 11 |,  O—CH;~C—C—CH=CH—(CH,),,~CH, OH /) "\ 0 -CH,—~C—C—CH=CH—(CH,),,—CH,
its endocytosis into the cells causing S\OH H /] H ;' 1/ u
cholera (excessive diarrhea causing .
H OH O-glycosidic bond

death because of dehydration).

Glucocerebroside

Galactocerebroside



SUIfatides Modified galactocerebrosides by adding a
sulfate group (negative charge) absolutely

they are sphingolipids (glycolipids)

@ Synthesized from galactocerebroside
@ Abundant in brain myelin

\ ( ) S Node of Ranvier
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Sphingolipids and blood groups

Sphingosine
Ceramide

— Fatty acid

* Sphingolipids serve in intercellular
communication and as the )y oa Yoy 0 Antige
antigenic determinants of the ABO

blood groups. &

 Some are used as receptors by B
' ' . tke gangliosides —,

viruses and bacterial toxins. L sanalic |D Oy s
Sphingolipids (glycolipids) -specifically § :}
globosides are also located on the surface of
RBCs and they have a role in blood typing -
(A,B,AB,0O). Glycoproteins may have a role N W N .
also (we will talk about them later). R f\ 4 |

O



Lipoproteins

Apoprotein

VLDL: very low-
density lipoprotein

LDL: low-density
lipoprotein

IDL: intermediate-
density lipoprotein

HDL: high-density
lipoprotein

3. Endogenous pathway

ol

transport pathway

~~ A
4. Reverse cholesterol

2. Exogenous
pathway

Density, g/ml

0.95

1.006

1.02

1.06

1.10

1.20

Function: transport of different types of lipids
(cholesterol, cholesterol esters, phospholipids
& triacylglycerols) in blood plasma.

As lipid content sk

Increases, the density
decreases

0
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* Lipoproteins are large structures that transport different types of lipids throughout the body
(via blood plasma) because lipids are hydrophobic and can’t be transported in a hydrophilic
medium(blood) on its own. If we put lipids without a carrier (lipoprotein in this case) it would
aggregate and cause heart attacks.

* The phospholipids that participates in forming lipoproteins forms micelles
* We have the phosphate groups of the phospholipids (mainly glycerophospholipids in

lipoproteins) directed outward
* We have the hydrophobic tails (of the phospholipids) directed inward

* This structure is bounded to proteins (thus it is called lipoprotein)

* It has many types (Chylomicrons, VLDL, LDL, IDL, HDL) . A key
difference is the density which depends on the ratio of protein to  Apopotein
lipids. As the ratio of protein to lipid increases the density increases
and the volume decreases. Another difference is the type of proteins
on each type, this protein control from where to where the lipoprotein will move.

Chylomicrons have the highest density, largest volume and lowest percentage of proteins, while
HDL has the highest density, smallest volume and biggest percentage of proteins.



When we eat something that contains fat, intestinal cells absorb the
fats inside them ,This is called absorption pathway.

Then these intestinal cells package those lipids inside a Chylomicrons
=> that means Chylomicrons contain “dietary lipids”. The process of

3. Endogenous pathway

transporting exogenous lipids ( lipids that came from outside of the @)@
body “food” ) through the lymphatic system first then reaching the /4 / i
bloodstream to the liver is called exogenous pathway. ( /

Chylomicrons are too large to enter blood capillaries so they go first
through the lymph).

The endothelial cells of the blood vessels remove ‘through enzymes’
the fatty acids from triacylglycerol and use it as energy source. Then, s |
When Chylomicrons reach the liver they will be mainly composed of %)
cholesterol and very small amount of fatty acids.

The functions of the Liver : 1) To store dietary molecules like
cholesterol, fatty acids, and glucose in the form of glycogen.
2 ) Detoxification : to remove the toxicity from substances.

-

4. Reverse cholesterol
transport pathway

2. Exogenous
pathway

Intestine




When a specific signal reaches the liver because of the demand of fatty
acids => liver cells release fatty acids, triacylglycerol, and cholesterol inside
VLDL.

Endogenous pathway (internal pathway) is the process of transporting
lipids to the peripheral tissues in the form of VLDL. ( Release is directly
through bloodstream ‘no lymph’)

In the blood, enzymes ‘hydrolysis the triacylglycerol’ releasing fatty acidsz=
to tissues like muscle tissue. As VLDL loses fatty acids it becomes LDL. LDL

mainly contains cholesterol, and a small amount of fatty acids and
triacylglycerol. (VLDL=>LDL).

LDL then is delivered to peripheral tissues to do its function, such as being a
precursor for different derivatives ( we will cover them later in this file).

Liver also produce HDL(small in size), which retains the excess cholesterol
from the peripheral tissues to the liver. (Reverse cholesterol transport
pathway)

When we do a lipid profile, we mainly focus on : 1) The amount of
cholesterol in the blood . 2) The amount of {bad cholesterol}=> LDL.

3) The amount of {good cholesterol}=> HDL.



Steroids A type of lipids.
* Cholesterol (lipid)is a 27 C molecule.

The precursor The nucleus  ° |t's synthesised through the precursor
(Isoprene). We add them together up to
EleE g @ 30 C then we remove 3C of them.
_ _ * It’s a 4 ringed structure designated as
LHy=C—CH=CH, 0° & (A B C D) containing 17 carbons, with a
[soprene s 2 4 10C hydrophobic chain. It also has a
< hydroxyl group (OH) making the

molecule amphipathic ( can be
separated into two parts, oneis
The most common steroid hydrophilic and the other is
hydrophobic (and this is why it’s
considered a lipid).

Steroid nucleus

Cholesterol



A type of lipids.

Products of cholesterol
Don’t memorize the structure, but know that the
@ Precursor of Hormones (important for the body): different sub groups is what makes them
different
@ Sex hormones (androgens,. estrogens, progestins) ch\

@ Glucocorticoid and cortisol
® Vitamin D (the sun)
@ Bile acids (intestinal absorption of fat):

* Yellow in color found in gallbladder T P P
* Does emulsification: dissolving a hydrophobic substance in a hydrophilic CHs
environment (when we eat food that contains fats, it reaches the intestines B, CCZ:
which is a hydrophilic environment, so emulsification is important here. i
« Amphipathic molecule NG |
Vitamin Dy
> Bile acids also break down lipids into droplets to make it easier & Mt
to get absorbed, then in the intestines it gets transferred using O pBlesa f; Bile Acids i
Chylomicrons. @ g Theaes = 5 R o T
»> People who have to remove their gall bladder do not produce hydrophabic d Tt -
enough bile acids, which will result in failure to absorb the .
lipids in the intestines which causes diarrhea. 3
i, S . i H . Ry= OH or H
. Fo =H or MH-CH—GOOH or MH-CHo-CHo S04



Cholesterol esters

@ A cholesterol with a fatty acid attached at (-OH) of C3, not
amphipathic (hydrophobic).

* This molecule can be considered a way to store fatty acids (but CHs
mainly fatty acids are stored as triacylglycerols).

Cholesteryl Ester

Cholesterol sterate
O (CHa}1aCHs
)
| CHa

R—0C-0 HaC

Cholesterol palmitate st
Name the molecules?
1.Cholesteryl stearate (or cholesteryl octadecanoate)
2.Cholesteryl palmitate (or cholesteryl hexadecanoate) ‘f]\
Q (CHz)14CH




Atherosclerosis

Normal Coronary Artery with Normal blood flow

Cholestrol Deposition in Coronary Artery with Impaired blood flow
R A = LDL (bad cholesterol)

y accumulates and aggregates
in blood vessels causing

s

atherosclerosis



Cell membranes : bilayer struc

ure of Glycerophospholipids

@ The membrane is hypothesized in a model known as the fluid mosaic model.

@ Components: 45% lipid, 45% protein and 10% carbohydrateextracellular,
helpful for recognition and cell-cell interactions, these carbohydrates can be found on
sphingolipids “glycolipids” and proteins “glycoproteins”)

@They exist side by side without forming some other substance of

intermediate nature.

Extracellular
Fluid
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Phospholipids

@ The outer: phosphatidylcholine, sphingomyelin, and glycolipids(cell recognition)

@ The inner: phosphatidylethanolamine, phosphatidylserine, and phosphatidylinositol
(signaling)
 The distribution between the two layers is not in equal quantities

Outside of cell

Cholesterol IS
distributed equally
in both leaflets

Sphingomyelin ('_}cholipid Phosphatidylcholine Cholesterol

F | external
i
%% internal

Phosphatidylsemw Phosphatidylinositol Phosphatidylethanolamine

Animal cells vs.
plant cells vs.
prokaryotic cells

Cholesterol is not found in
bacteria or plants ( but plants
have something similar to it)

Cytosol



Fatty acids and membrane fluid Ity the membrane is dynamic, not static (this feature is

important for cell signaling and transferring nutrients into the cell), the lipids could moue either
laterally (on the same side) or vertically (flip from outside to inside or vice versa)

@ Saturated fatty acids have straight

P00 (10 292900 00 @
hydrocarbon tails, allowing them to pack Yy & » &
closely together, creating a rigid membrane. SR HR 4
@ Unsaturated fatty acids have kinks in their 8 I |
tails due to double bonds, preventing tight e e i
packing and increasing membrane fluidity fatty acids unsaturated fatty acids

(helping molecules move around in it)

@



» Unsaturated fatty acids provide more fluidity to the membrane.

» The structure of the cell membrane is actually different between different populations around the
world. For example:

* In Africa, people’s fatty acids in the cell membrane will be saturated fatty acids because the
excessive heat there makes the molecules separate (makes the membrane more fluid) so saturated
fatty acids help keeping the stability and rigidity of the membrane.

* People who live in very cold places around the world have cell membranes which is mainly made
of unsaturated fatty acids,because the cold weather forces molecules to come closer to each
other, so having unsaturated fatty acids helps keeping the stability and fluidity of the membrane
in these harsh weather conditions. (That’s why people who live in these places mostly have a diet
that consists of a lot of fish, because it has A LOT of omega-3 fatty acids “unsaturated fatty acids”
which is very healthy for them and doesn’t cause heart attacks.)



Cholesterol and membrane fluidity

® The presence of cholesterol and the cis unsaturated fatty acids in the
membrane prevents the hydrophobic chains from packing too closely
together, allowing free membrane proteins and lipid molecules to move
laterally in the plane of the leaflet, making the membrane a dynamic
environment.

@ Cholesterol (has duel roles) can also stabilize the fluidic
membranes(despite the temperature) by increasing interactions between
the fatty acids of phospholipids through hydrophobic interactions with the
cholesterol ring structure.

@ Note the significance of cholesterol at low and high temperatures:

* When cold: cholesterol seperates the fatty chains away from
each other so no interactions occur making it fluid and dynamic.

* When hot: cholesterol prevents collision of molecules which
makes the membrane more rigid and less fluid.

Cholestorl’s hydroxyl
group interacts with
the phosphate group
on the phospholipid,
and the ring part of the
cholesterol is oriented
inward in the cell
membrane (in the
hydrophobic region).



The prof stopped explaining here because we will take these topics in the proteins

section @ .
Membrane proteins

Glycolipid Oligosaccharide Integral protein Hydrophobic
o helix

Phospholipid Cholesterol

Copynght 1299 John Wiley and Scns, Inc, All rights reserved.



Types of membrane proteins

* Peripheral proteins:

e are associated with the exterior of membranes via noncovalent interactions
* Integral membrane proteins:

* anchored into membrane via hydrophobic regions
* Lipid-anchored:
* associated via a lipid group



Peripheral membrane proteins

* They are associated with membranes but do not penetrate the hydrophobic core of the membrane.

* They can be associated with integral membrane proteins.

* They are not strongly bound to the membrane and can be removed without disrupting the membrane
structure.

* Treatment with mild detergent

Peripheral
proteins

Inside g
cell i

tifa7.mov




Integral membrane proteins

The integral membrane proteins
can be associated with the lipid mnﬁ

bilayer in several ways. M@“@
Multi-pass -
Single-pass prutem H].rdrr:-phlllc
protein Y 29O i oha-helical

mnflguratmn The membrane integral domains are:

Lipid 1. Single or multiple
bilayer 2. a~helix (human) or 3-sheet (bacteria)

Hydroph Ul:m.‘.
region

Some can form channels.

(b}



Structure-function of Membranes

* Transport:
* Membranes are impermeable barrier Proteins can be carriers
or channels
* Sighaling
* Protein receptors and small molecules (some can be lipids themselves)
e Catalysis
* Enzymes



Good luck!
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