GENERAL BIOCHEMISTRY - TOPICS

* Biological macromolecules:
v’ Carbohydrates

v Lipids

v' Aminoacids and Peptides

v" Proteins

« Enzymes and enzymology
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BIOCHEMISTRY LABORATORY

- December 19t 2025, 9-11 AULA MAGNA DERMATOLOGIA -Sant'Orsola
Prof. Vadim Viviani «Bioluminescence: from biodiversity to biomedical analysis»

- January 9t 2025, 11-13 AULA MAGNA DERMATOLOGIA -Sant'Orsola
Clinical case presentations (4/5 people per group- G1 and G2)

- January 13t 2025, 9-11 AULA MAGNA DERMATOLOGIA - Sant'Orsola
Clinical case presentations (4/5 people per group- G3 and G4)

- January 15t 2025, 11-13 AULA MAGNA DERMATOLOGIA - Sant'Orsola
Prof. Antonio Pannuti «<RNA in diagnostics and therapy»

- January 17t 2025, 9-11 AULA MAGNA DERMATOLOGIA - Sant'Orsola
«Mock exam — Chemistry and Biochemistry (with results discussion)»

- January 27t 2025, 9-11 AULA MAGNA DERMATOLOGIA - Sant'Orsola
Dr. Akram Ghantous «Epigenomics and Big Data: Linking the Environment with

Health and Disease” |
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LIPIDS

« The term lipids actually refers to a collection of organic molecules of different chemical
composition.

 They are grouped together on the basis of their solubility in nonpolar solvent.

Functions
v' Energy source. Like carbohydrates, lipids are an excellent source of energy for the body.

v' Energy storage. Most of the energy stored in the body is in the form of lipids (triglycerides).
Stored in fat cells called adipocytes, these fats are a particularly rich source of energy for the
body.

v' Cell membrane structural components. Phosphoglycerides, sphingolipids, and cholesterol
make up the basic structure of all cell membranes.

v' Hormones. The steroid hormones are critical chemical messengers that allow cells and tissues
far apart to communicate.

v" Vitamins. The lipid-soluble vitamins, A, D, E, and K, play a major role in the regulation of
several critical biological processes, including blood clotting and view.

v Protection. Fat serves as a shock absorber, or protective layer, for the vital organs.

|
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Heat Production

Body heat is generated from:

1) nutrient oxidation (ATP production) |

energy in glucose T’ ATP

heat
2) ATP use
energy in ATP Tmechanical energy
heat
Proteins I Amino acids
f — "Respiratory chain- |
Monosaccharldes :
Carbuhvdrates} pund [ (Glucose) ‘ Pyruvate | mp ‘ Acetyl-CoA \ ﬂ oxidative
" :
phosphorylation |
> - I | ]| 1
Fats o Fatty acids NADH H20 FADH, co,
/ ATP éij

‘ CATABOLISM (breaking down)
dmm ANABOLISM (building up)
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Comparison of energy sources

Glycogen
® Typically store a one day supply.

® | ess energy per gram than for fat
- about 70% by weight is water.

Fat

® Usually store a one month supply.

¢ May store MUCH more.

® More energy per gram - no water.

* Only released after the glycogen is gone.

Energy value of nutrients

Carbohydrates i |
Proteins - 4
Fats 9
Alcohols 7

kcal/g |
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LIPIDS

Four main types:

 Fatty acids (saturated and unsaturated)

» Glycerides (glycerol-containing lipids)

* Nonglyceride lipids (sphingolipids, steroids, waxes)
« Complex lipids (lipoproteins) [ g

Fatty acids L}_] Glycerides l

[ Saturated ] [Unsaluralcd] Neutral Phospho-
glycerides glycerides

Nonglyceride Complex
llplds lipids
‘ Sphlnmllplds J\}J Slmuds W m.s Lipoproleins l

Sphmgnm\glms] [(nl\ mhpnd\
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Fatty acids

COO

Hydrophobic Hydrophilic
hydrocarbon chain carboxylic group

H-I-

(lonized at pH 7)

 Fatty acids are long-chain monocarboxylic acids, usually
containing 12 — 24 not branched C atoms.

 In living organisms are found free only in small quantities, more
often are present as constituents of lipids (covalently linked to
other chemical groups). |
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FATTY ACIDS ARE CLASSIFIED ACCORDING TO THE
STRUCTURE OF THE HYDROCARBON CHAIN

» Length (n. of C atoms of the fatty acid): short (1-5), medium
(6-12), long (13-20) and very long (>20) C chain fatty acids
» Presence of double bonds between C atoms:

 saturated fatty acids — no doble bonds:
« monounsaturated fatty acids - 1 doble bond (C=C)

« polyunsaturated fatty acids - at least 2 doble bonds

- A~ —
The double bonds found in Vg _— X
) HC— oleic acid —C—OH
almost all naturally occurring ® o

unsaturated fatty acids are in
the CIS CONFIGURATION.

I—k /\/\/\/\
HC A~~~ -C C\H g -OH

elaidic acid
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FATTY ACIDS ARE CLASSIFIED ACCORDING TO THE
STRUCTURE OF THE HYDROCARBON CHAIN

» Length (n. of C atoms of fatty acid): short (1-5), medium (6-
12), long (13-20) and very long (>20) C chain fatty acids
» Presence of double bonds between C atoms:

 saturated fatty acids — no doble bonds:
« monounsaturated fatty acids - 1 doble bond (C=C)

« polyunsaturated fatty acids - at least 2 doble bonds

1 4 4
CIS-TRANS ISOMERISM H5C CHs H , 3/(_';H:,,
Cis bond, unlike the trans bond, \2 _ 3/ N
g . C=C C=C
generates a rigid angle in the / \ 1/ \
hydrocarbon chain H H H3C H

CisS 2-butene trans 2-butene
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|

C
/\/\/\/\/\/\/\/\/
~SOH

18-carbon saturated fatty acid, called stearic acid

HHHHHHMHH HHHHHHMH O

S N O A [ A N A |
H—C—C—C—C—C—C—C—C C—C—C—C—C—C—C—C—OH

T T T O I NS I I e I I

HHHHHHHH/C:C\HHHHHHH
H H

O

V/

N OH
18-carbon monounsaturated fatty acid (1 doble bond), called oleic acid (cis) or
elaidic acid (trans)
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<—— SATURATED
BOND

UNSATURATED BOND
cis configuration

vy

The double bonds of polyunsaturated fatty
acids are almost never conjugated (alternating
single and double bonds, as in —CH=CH—
CH=CH—), but are separated by a methylene |

_ group: —CH=CH—CH,—CH=CH—. .-




PHYSICAL PROPERTIES

- B

saturated unsaturated saturated

100 | 4

80 -

. we

60

&

Fatty acids (% of total)

40

20 -

Olive oil, Butter, Beef fat,
liquid soft solid  hard solid

Natural fats at 25 °C

®"Saturated and long fatty acids are generally SOLID at room temperature
®"Unsaturated or short fatty acids are generally LIQUIDS at room temperature
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e

« Melting points of both saturated and unsaturated (c) Saturated (d) Mixture of saturated and
fatty acids increase as the number of carbon atoms e o Sratty Poe=
in the chain increases. ») AN NN

« The melting points of unsaturated fatty acids are
lower than those of the corresponding saturated
fatty acid with the same number of carbon atoms.

* As the number of double bonds in the chain
increases, the corresponding melting point

decreases.

Name Structure Mp (°C)
o) *
Stearic acid /VWW % %
(0 C=C) OH s
O 3
Oleic acid /\/\/\/\/L §
ic aci Z 4
(1C=C) - §
Fa Y o o ®
i g
Linoleic acid - OH -5 :
(2C=C) -
O
Linolenic acid z z OH -11 &
(3C=C) - 8
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Numbering C atoms

-with numbers: beginning with

carboxylic C (terminal —CH, is n) ® .. O Y B a
-with the letters of the Greek alphabet: n 5 4 3 2 1

Starting from the C atom near the CH,-(CH,),,-CH,-CH,-CH,-CH,-COOH

carboxyl group a (terminal —CH; is ®)
Stearic Acid C18:0

A fatty acid is identified by two numbers indicating the number of carbon atoms
in the chain and the number of double bonds, separated by the two points.

10 9
The positions of any double CH;-(CH,),-CH=CH-(CH,),-COOH
bonds, designated A (delta), are specified
relative to C-1 by the number indicating Oleic GCid Cl8 1 A9
the lower-numbered carbon in the double )
bond.
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w -3

STIN
kUWOO” Nomenclature of Fatty Acids
L e ste\o\
I 2
S/ Names Abbreviations
o carboxyl-
trivial IUPAC reference w - reference
palmitic acid hexadecanoic acid 16:0 16:0
stearic acid octadecanoic acid 18:0 15:0
oleic acid Q-poctadecenoic acid 18:1 A% 18:1 {w-9)
linoleic acid 9,12-octadecadienoic acid 18:2 A%, 12 18:2 (w-6)
linolenic acid  9,12,15-octadecatrienoic acid  18:3 8™ '% 1% 183 (0-3)
HHHHHHHHHHHHHHHHH D
| | | | | | | | | | | | | | | | | _.-'_,."'-"'
H-C-C-C-C-C-C-C-C-C-C-C-C-C-C-C-C-C-C
| | | | | | | | [ | | | | | | | |
HHHHHHHHHHHHHHHHH
“ ]

OH
v oo

Use of Greek letters to designate carbons

The carbon next to the -CO0OH group is designated
o, the next one is 3, and so forth. The most distant
carbon 15 designated w. Sometimes carbon atoms
close to the w carbon are desighated in relation to |
_ it. £, the third from the end is w - 3 {omega minus 3). M-
),



a 4
NN AN
/C 3 9 10 e
0
18:1(A%)  cis-9-Octadecenoic acid
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| Arachidonic acid

double bonds between carbon atoms C20:4 A5.8.11,14

numbered from carboxylic carbon

(5-6)
(8-9)
(11-12)

HH HH  HH
HOOC(CH,)sC-C- CH, C-C-CH, C-C CH, C-C(CH,),CH,

the double bonds between the carbon Arachidonic acid
atoms numbered starting from the end C20:4 w-6
with the —CH; (w)

*starting from
Qli2sio) the terminal
(12-13) —CH, we find
(9-10) the first
(6-7) double bond
H H |—| |—| Y in position -6

H H H H
HOOC(CH2)SC:C_CH2_C C C C C CH2 C C[CH2)4CH3 |
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cis-9-hexadecenoic acid, commonly called palmitoleic acid

PRy rrrryyy
H—(C—-C—-_C—-C—-C—-C C—-—-(C—-C—(C—C—C—C—COOH
oINS
HHHHHH/(.:L\HHHHHHH

H H
16 15 14 1 12 11 10 9 B F U . } 2 |

C16:1 A° or w-6.

0
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Number Multiplier Number | Multiplier

1 |mono- _ 32 _dotrlaconta-

2 di- 40 tetraconta-

3 tri- 50 pentaconta-

4 tetra- 60 ‘ hexaconta-

5 vpema- | 70 ;heptacoma‘
IUPAC numerical mUIUp“er 6 hexa- 80 octaconta-

7 hepta- 90 nonaconta-

8 octa- 100 .hecla-

9 ‘nona- 200 dicta-

10 deca- 300 tricta-

11 ' undeca- 400 ' tetracta-

12 . dodeca- 500 ‘ pentacta-

13 ' trideca- 600 | hexacta-

14 . tetradeca- 700 . heptacta-

.15 ‘pentadeca- . 7800 'octacta-

16 hexadeca- 200 |nonacta-

17 heptadeca- 1000 kilia-

18 octadeca- 2000 dilla-

19 nonadeca- , 3000 ‘mlia-

20 'icosa-/eicosa- | 4000 ltetralla-

21 henicosa-/henelcosa- 5000 pentalia-

22 docosa- 6000 hexalia-

23 tricosa- 7000 _ heptalia-

30 ‘ trlaconta- 8000 ' octalia- ‘

31  hentriaconta- 79000  nonalia- |
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Common fatty acids with 18 C atoms

10 9
CH;-(CH,),-CH,-CH,-(CH,),-COOH stearic acid (18:0)
10 9
CH,-(CH,),-CH=CH-(CH,),-COOH oleic acid (18:1 cis-A%) n-9 (@ - 9)
n-6 (o 6) Essential fatty acid
13 12 10 9
CH;-(CH,),-CH=CH-CH,-CH=CH-(CH,),-COOH linoleic acid (18:2 cis-A%1?)
n-6 (o - 6)
|
n-3 (- 3) Essential fatty acid
16 15 13 12 10 9
CH;-CH,-CH=CH-CH,-CH=CH-CH,-CH=CH-(CH,)-COOH
n-3 (- 3) a-linolenic acid (18:3 cis-A%12.15) |

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA




o 2 3 45 6 7 8 910 MN 12 1314 1516 17 18 19 20
N\
/C 7 & 5 & 4 £ 3
-0 2
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0O 2 3 45 6 7 8 9101 1221314 1516 17 18 19 20
\C1 L L L L L
s 7 & 5 4 3 F |
-0 2
20:5(A>8NM1417y  Eicosapentaenoic acid (EPA) 1

cis-5,8,11,14,17-Eicosapentenoic acid
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NOMENCLATURE

.. - -COMMON NAME IUPAC NAME
C4:0 butirric acid butanoic acid CH;(CH,),COOH
C14:0  muyristic acid tetradecanoic acid CH,(CH,),,COOH
C16:0  palmitic acid hexadecanoic acid CH,(CH,),,COOH
C18:0  stearic acid octadecanoic acid CH;(CH,),,COOH
C20:0  arachidonic acid eicosanoic acid CH;(CH,),sCOOH
C24:0  lignoceric acid tetracosanoic acid CH,(CH,),,COOH
C16:1 A° palmitoleic acid cis 9-hexadecenoic acid
C18:1 A° oleic acid cis 9-octadecenoic acid
C18:2 A%12 linoleic acid cis 9,12-octadecadienoic acid
C18:3 A>1215  a-linolenic acid (ALA) cis 9,12,15-octadecatrienoic acid
C20:4 A>81L14  arachidonic acid cis 5,8,11,14-eicosatetraenoic acid
C20:5 A>81L.14.17 cis 5,8,11,14,17-eicosapentaenoic acid (EPA)
C22:6 A*710.13.16,19 cis 4,7,10,13,16,19-docosaesaenoic acid (DHA)

NOTE: being in ionic form at physiological pH, the more correct would be
palmitate instead of palmitic acid

stearate instead of stearic acid

oleate instead of oleic acid
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IUPAC NOMENCLATURE FOR FATTY ACIDS

1) Naming of fatty acid is based on the number of C atoms present in the hydrocarbon
chain

2) Saturated fatty acids end with suffix —anoic, e.g. octadecanoic acid (stearic acid)

3) Unsaturated fatty acids with double bonds end with suffix —enoic, e.g. octadecenoic
acid

4) Carbon atoms are numbered from the carboxyl carbon (carbon n.1)

5) Add the number of C in which a doble bond is present, e.g. cis-9-octadecenoic acid
(oleic acid)

NOTE: cis configuration is the naturally present in all fatty acids while trans configuration is
produced as by-product by partially hydrogenation that produces a mix of trans and
saturated bonds (solid at room temperature).
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Symbol for
double bond

20: 5 (L—B

Chdinsive / 1 C- Position of -

the first double bond
(Number of C atoms) —- /\/\/\/\/\/\/\/\/

double bonds Hal
Steanic Acid: 18:0

Al SATURATED

B) MONOUNSATURATED
Last —-CH; in the

hydrophobic tail /f\\/ﬁ\J/\U/\ﬁézzs/ﬂ\//\u/\\/ﬁ\

e Olesc Acud, 18:1n-0 o

C) POLYUNSATURATED

b COOH

Linoleic Acid, 18:2 n=6

/\;/\/\

Alpha-Linoleme Acid, 18:3n-3
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Common Saturated Fatty Acids

- Common Melting

- Name IUPAC Name Point (°C) Molar Mass Condensed Formula

. Capric Decanoic 32 172.26 CH,(CH,)sCOOH
Lauric Dodecanoic 44 200.32 CH,(CH,),,COOH
Myristic Tetradecanoic 54 228.37 CH,(CH,),,COOH
Palmitic Hexadecanoic 63 256.42 CH,(CH,),;,COOH
Stearic Octadecanoic 70 284.48 CH,(CH,),,COOH
Arachidic Eicosanoic 77 312.53 CH;(CH,),sCOOH

Common Unsaturated Fatty Acids

Melting Number of Position of
Common Name [UPAC Name Point (°C)  Molar Mass Double Bonds Double Bond(s)
Palmitoleic cis-9-Hexadecenoic 0 254 .41 1 9
Oleic cis-9-Octadecenoic 16 282.46 1 9
Linoleic cis,cis-9,12-Octadecadienoic b 280.45 2 9,12
Linolenic All ¢is-9,12,15-Octadecatrienoic =11 278.43 3 9,12,15
Arachidonic All cis-5,8,11,14-Eicosatetraenoic -50 304.47 4 5,8,11, 14
Condensed Formula
Palmitoleic CH;(CH,)sCH = CH(CH,)COOH
Oleic CH,;(CH,),CH = CH(CH,),COOH
Linoleic CH,(CH,),CH = CH—CH,—CH = CH(CH,),COOH
Linolenic CH,CH,CH = CH—CH,—CH = CH—CH,—CH = CH(CH,),COOH

Arachidonic ~ CH,(CH,),CH = CH—CH,—CH = CH—CH,—CH = CH—CH,—CH = CH—(CH,),COOH
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ESSENTIAL FATTY ACIDS

Omega-6 fatty acids

Vegetable oils  Linoleic acid
Safflower oil (LA)

l

y-Linolenic acid
(GLA)

l

Dihomo-y-linclenic acid

(DGLA)
Meat l
Poultry Arachidonic acid
Eggs (AA)

Omega-6 (n-6) and omega-3 (n-3) fatty acids comprise the two classes of

Omega-3 fatty acids

a-Linolenic acid
(ALA)

|

Stearidonic acid
(SDA)

|

Eicosatetraencic acid
(DGLA)

|

Eicosapentaenoic acid

(EPA)

l

Docosapentaenoic acid
(DPA)

|

Docosahexaenoic acid
(DHA)

Green leafy vegetables
Flax and chia seeds
Canola, walnut, and soybean oils

Oily fish
Krill oil
Algae oil

Oily fish
Krill oil
Algae oil

essential fatty acids (EFA). The parent compounds of each class, linoleic acid (L&)
and a-linolenic acid (ALA) (bold font), give rise to longer chain derivatives inside
the body. Due to low efficiency of conversion of ALA to the long-chain omega-3

PUFA, eicosapentaenoic acid (EPA) and docesahexaencic acid (DHA), it is

recommended to obtain EPA and DHA from additional sources.
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Table 9 Impact of specific lifestyle changes on lipid levels
European Heart Journal (2011) 32, 1769-1818 ESC/EAS GUIDELINES P P sty g P

eurorean  doi:10.1093/eurheartjlehr158
Sriotoare Magnitude of the effect | Level of evidence References
Lifestyle interventions to reduce TC and LDL-C levels
ESC/EAS Guidelines for the management Reduce ditary surted A @
I of dyslipidaemias Reduce dietary trans fat +++ A 64
h Increase dietary fibre ++ A 65
The Task Force for the management of dyslipidaemias of the Reduce dietary cholesterol . B 6
European Society of Cardiology (ESC) and the European Usilize functional foods enriched with phytoscerols - A 6
Atherosclerosis SOCiety (EAS) Reduce excessive body weight + B 68
Utilize soy protein products + B 69
Increase habitual physical activity + A 70
Utilize red yeast rice supplements + -] 71,72
Utilize polycosanol supplements - B 73
. Lifestyle interventions to reduce TG levels _
- Polyunsaturated fatty acids(w-3 € W-6) ..o x o
- Monounsatured fatty acids (EVOO) A "
Reduce intake of mono- and disaccharides +++ A 75,76
Increase habitual physical activity ++ A 77
Reduce total amount of dietary carbohydrate ++ A 78
Utilize supplements of n-3 polyunsaturated fat ++ A 79
Replace saturated fat with mono- or polyunsaturated fat + B 63
Lifestyle interventions to increase HDL-C levels _
Reduce dietary trans fat| + A 64
Increase habitual physical activity +++ A 77
Reduce excessive body weight ++ A 68
Reduce dietary carbohydrates and replace them with unsaturated fat ++ A 78
Use alcohol with moderation ++ B 80
Among carbohydrate-rich foods prefer those with low glycaemic + - A
index and high fibre content
Quit smoking + -] 8l
Reduce intake of mone- and disaccharides + -

+++ = general agreement on the effects on lipid levels.

++ = less pronounced effects on lipid levels; weight of evidence/opinion is in favour of efficacy.

+ = conflicting evidence; efficacy is less well established by evidence/opinion.

- = not effective and/or uncertainties regarding safety.

HDL-C = high-density lipoprotein-cholesterol; LDL-C = low-density lipoprotein-cholesterol; TG = triglyceride.
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1% a ‘ :
il @
© “ o . Learn and Live
Relative Priority of Consumption

Essential: High Priority NOTTEEssentiali Low ?arlivooriit

Omega-3 PUFA

Some food sources are fatty fish and Omega-ﬁ PUFA Mono- Saturated FA
shellfish, flaxseed, walnuts, and imal-
Sty Some food sources are unsaturated fizr:: s ::eea:":j:t:rased
= Eicosapentaenoic acid (EPA)-fish nuts, Seeds,and FA cheese, and fatty meats.
= Docosahexaenoic acid (DHA)-fish Vogetdble OHS SHicr 4t * Lauric acid-coconut, palm oil
e sunflower, safflower, Some food sources « Myristic acid-dairy fat
. a-L'Jn&Ie nic acid (ALA)-flax seed, corn and soybean olls. are canola oil and » Palmitic acid-meat
wa n S . . x . .
« Steandonic acid (STD)-canola * Linoleic acid-seeds el sl
S : Dm0 garine: » Oleic acid-olive, Trans-Saturated FA
: o gy kncleri id- canola oil Some food sources are margarine,
« Eicosatrienoic acid (ETE)- Inolenic acl fried foods, baked goods and
seafood metabolic product + Palmitoleic acid- processed foods.
« Eicosatetraenoic acid (ETA)- « Arachidonic acid- vegetable oil « Elaidic acid-preservative
seafood

* Partially hyrdogenated plant and

metabolic product :
vegetable oils

= Docosapentaenoic acid (DPA)-

ol Most Harmful
Most Beneficial Promotes: ¥ Obesity
A Cardioprotective ¥ Dyslipidemia

A Does not promote obesity ©American Heart Association ¥ Atherosclerosis




150, Eicosanoids: Prostaglandins, Leukotrienes, and Thromboxanes

a-linolenic acid and linoleic acid, called the essential fatty acids (EFA), are
necessary for specific biochemical functions and must be supplied in the diet.

Linoleic acid is required for the biosynthesis of arachidonic acid, the precursor of a
class of hormone-like molecules known as eicosanoids.

The eicosanoids include three groups of structurally related compounds:
prostaglandins, leukotrienes, and thromboxanes.

O

HO

All cis-5,8,11,14-Eicosatetraenoic acid
(Arachidonic acid)
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although they do not fit the formal definition of a hormone (a substance produced in a
specialized tissue and transported by the circulatory system to target tissues
elsewhere in the body), they are clearly strong biological regulators with far-reaching
effects.

Arachidonic acid 3

ASPIRIN

— COOH
I_ . All
Lipoxygenase Cyclooxygenase tissues

e ,

l PGH,
\
| Leukotrienes u_] | PGI, | TXA,
Inflammation  Bronchoconstriction; Antiplatelet Vasodilation Platelet Vasoconstriction
vasoconstriction; aggregation aggregation

capillary permeability

> Tissue

b specific

PGE, | PGF,, l

Smooth Vasodilation Smooth Vasoconstriction
muscle muscle
relaxation contraction J
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Omega-3 essential Fatty Acids

HO l 9 12 18

All ¢is-9,12,15-Octad ecatrienoic acid flax seed, soybeans, and
(e-Linolenic acid or ALA) . .
canola, as well as in oil
made from these plants

All ¢is-5,8,11,14,17-Eicosapentaenoic acid
(EPA)

O E‘; - Eecin
M/\_/w, e ™
3 ] .
— — — = — sardines, lake trout,

and mackerel

&

All ¢cis-4,7,10,13,16,19-Docosahexaenoic acid
(DHA)

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA



Omega-6 essential Fatty Acids

Black walnuts Brazilnuts
1 cup chopped 1 cup whole
4229 317329

6

Almonds Pistachio

HO n 1 cup whole kernels 1cup
L} l 2 17.864 g 173329

cis,cis-9,12-Octadecadienoic acid
(Linoleic acid)

Kielbasa Peanuts
1 link 1 cup
173209 14153 g

It is intriguing to note that the omega-3 fatty acids are precursors of Q.
prostaglandins that exhibit anti-inflammatory effects, and the omega-6 S
fatty acids are precursors of prostaglandins that have inflammatory o
effects. s

This has led researchers to suggest that the amount of omega-6 fatty
acids in our diets should not exceed 2—-4 times the amount of omega-3.

i

Turkey Hemp seed
30z 3 tbsp
9.037g 8207g
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Neutral lipids ‘ Polar lipids ‘

XL/ *_.*
glycerides waxes ‘ |

\ phospholipids glycolipids
monoglycerides l
diglycerides
triglycerides glycerophospholipids
vsphyingolipidsy
| Fawyacid  Fatyacid : :
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Neutral glycerides or
triglycerides

Ester of glycerol and a fatty acid.
Principal function is energy storage - fat.

H H 0
| |
H—élr—OH o H—ci—o—c‘r—a
H—C—O0H 4 I — 3 H—C—OH
H—CI—OH R—C—OH H—CI—OH Monoglyceride
Glycerol '_l' Fatty acid 'J'

May have 1-3 fatty acids which can each
be different. 1 - monoglyceride
2 - diglyceride
3 - triglyceride
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> Glycerides

@\

- Glycerides are lipid esters that contain the glycerol molecule and fatty acids.

» Esterification may occur at one, two, or all three positions, producing monoglycerides,

diglycerides, or triglycerides. H H O
| |
H—LI‘—OH (@) H—C—O—C—R
H—(I'—()H + R—C—OH — H—(|‘—OH + H,0
H—(I‘—OH H—C—OH
|
H H
Glycerol Fatty acid Monoglyceride Water

» The esterification of glycerol with 3 fatty acids produces a neutral glyceride (nonionic and

3 water
n O n po | ar) glycerol 3 fatty acid chains triglyceride, or neutral fat molecules
! [ ! 1 I ! 1
i i Tow
H=C=6—§H HO — C—CHZ—CHz'"CHZ—CHz—CHg H=C=6)— C—CHZ—CHz'"CHz—CHZ—CHg
| : N B
1l = 1l
H—-C-O—- H + HO — C—CH;—CH;***CH;—CH,—CHj3 H—C—0 — C—CH3y—CHj***CHy;—CH,—CHg3 + 3H,0
| I} | I}
H—(IZ—O = H [HO - C—CHy—CH,**CH,—CH>—CHs H—(I:—O — C—=CH;—CH3**CH;—CH,—CH3
H H

» Otherwise, phosphoglycerides have a polar region, the phosphate group, in addition to the

nonpolar fatty acid tails.

o-
Phosphate Group Fatty Acid Tails
O H H H H H H H
el | | | | | |
== HcHecHcHcecHeHcHEH
H=C=—0 C\I/(E\VC\J/C\J/C\I/C\VCWC\l
C HC CiC s Copr B G

Glycerol Head

Hydrophilic




TRIGLYCERIDES

Triglyceride Model Fatty Acids

\\\\\\\\ Sn1 Position

- . c18

Sn2 Position

clé6
»

Sn3 Position

C
c12 (g
|

ot o=c
CH, CH,
HO/ \CI'/I \OH
On \
Glycerol \




TRIGLYCERIDE STRUCTURE

.Completely nonpolar molecules, whose
density is lower than that of water
B Triglyceride can be constituted by 3
saturated fatty acids, equal to or different
from each other, e.g. 3 molecules of
galmitic acid

In this case the tails of the three fatty
acids "pack" tightly

®Triglycerides can consist of 2 saturated
fatty acids, and 1 monounsaturated, e.g.
oleic acid

®1n this case the tails of the three fatty
acids are NOT strictly packed because of the
double bond in configuration "cis".

®The fatty acid composition of a
triglyceride strongly influences its physical
state at physiological temperature
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H,C —Saturated Fatty Acid

HC —Unsalturatoed Fatty Acid

H,;C —Unsaturated Fatty Acid

Monosaturated

(Di-unsaturated)

H,;C ——Saturated Fatty Acid

HC —Saturated Fatty Acid

H;C—Unsaturated Fatty Acid

Disaturated

(Mono-unsaturated)

H,C —Saturated Fatty Acid

HC —Saturated Fatty Acid

H,C —Saturated Fatty Acid

Trisaturated

H,C —Unsaturated Fatty Acid

HC —Unsaturated Fatty Acid

H;C —Unsaturated Fatty Acid

Triunsaturated



Chemical Reactions of Fatty Acids

Esterification: fatty acids react with alcohols to form esters and water according
to the following general equation:
QO QO

H", heat

| , ,
R—C—OH + R*0OH R —C—OR*+ H—OH

Fatty acid Alcohol Ester Water

Addition at the double bond (hydrogenation): this generally involves the addition of
hydrogen (H,) to the double bond of an unsaturated fatty acid.

2H,, Ni
_—

CH,(CH,),CH=CHCH,CH=CH(CH,),COOH CH,(CH,),.COOH

Linoleic acid Stearic acid

Hydrogenation is used in the food industry to convert polyunsaturated vegetable oils
into saturated solid fats (ex. margarine produced from by partial hydrogenation of
linoleic acid present in corn oil or soybean oil).



® 90090 O @

) .

Saturated
fatty acids

Mixture of saturated and
unsaturated fatty acids

(c) Saturated fatty acids in their fully extended form are packaged in a compact form, that is
stabilized by many interactions between the hydrocarbon chains.

(d) The presence of one or more doble cis bonds interferes with this arrangement and produces less
stable aggregates.

» The presence of double bonds (and the degree of unsaturation) reduces the melting point, while
the length of the chain increases it.

BIOLOGICAL CONSEQUENCE: MEMBRANE FLUIDITY DEPENDS ON THE STRUCTURE
AND THE DEGREE OF UNSATURATION OF THE FATTY ACIDS IN PHOSPHOLIPIDS.
Doble bonds in cis configuration increase the fluidity.

\/




« Membrane fluidity is influenced by presence/absence of
unsaturated FA chains

 Fluidity of membranes is important for proper function

Lower fluidity:

Lipid bilayer

with no Lower
unsaturated permeability
fatty acids

Higher fluidity:

Lipid bilayer .

with many Higher -
unsaturated permeability
fatty acids
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 TRIGLYCERIDES FUNCTIONS

®n mammals most triglycerides are
contained in adipose tissue, composed of
specialized cells called adipocytes.

"N adipocytes, triglycerides form oily
droplets within the cytoplasm (in vacuoles).

®n mammals, the adipose tissue is located
immediately below the skin and in the
abdominal cavity, where it serves as an
energy storage and for thermal insulation.

® When fatty acids of triglycerides have to be
used for energy purposes, they are hydrolyzed
(i.e. detached from the glycerol and made free)
by specific enzymes called lipases.

" To reach the liver (the organ responsible
for their catabolism) through the blood, the
fatty acids need a carrier (proteins) because of
their high hydrophobicity.

Vacuole e
y'/— 22,
Vi
:( Triglycerides
'!
\\
“\\
N
\\,“
N ‘
\‘-'—4_‘. — .-/

Nucleus
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Fat mass, adipose tissue and energy stores

Iver triglycerides = 450 kcal

Muscle triglycerides =
Liver glycogen =400 kcal 3000 kcal

Muscle glycogen =
2500 kcal

Adipose tissue triglycerides =

120.000 kcal

Data for a 70 kg lean subject. Subject with morbid obesity: x 8 TG |
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Chemical Reactions of Glycerides (esters)

Acid hydrolysis: Breaking the ester bond of a glyceride by the addition of a
water molecule in the presence of a strong acid. In acid hydrolysis of an ester, the
products are a carboxylic acid (fatty acid, in this case) and an alcohol:

O O
1 ” 2 l l., ht‘dt 1 Il 2
R*—C—OR* + HO—H R*—C—OH + R“OH
Ester Water Fatty acid Alcohol

Saponification: Breaking the ester bond of a glyceride by the addition of a
water molecule in the presence of a strong base. In saponification, the

products are a carboxylic acid salt (fatty acid salt, in this case) and an alcohol:
O O The long-chain carboxylic
| | acid salt or fatty acid salt
that is the product of this
reaction is a soap, a
surfactant.

R—C—OR*+ NaOH —— R'—C—O"Na* + R°OH

Ester Base Salt Alcohol
|
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Neutral lipids ‘ Polar lipids ‘

glycerides waxes

\ phospholipids glycolipids
monoglycerides l
diglycerides
triglycerides glycerophospholipids
vsphingolipids v
| Fawyacid  Fatyacid : :
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PHOSPHOLIPIDS

.Phospholipids are characterized by having a phosphate

group in the polar head of their molecule.

®Made up of fatty acids + a molecule that acts as a
skeleton (glycerol or sphingosine).

® The skeleton can be of two types:

‘/glycerol (glycerophospholipids)

sphingosine (sphingophospholipids)

®These are the constituents of biological membranes, in

which they play both structural and functional roles.
B Some of them are involved in the signal transduction of

some intracellular pathways (e.g. PI3K/Akt).



Glycerophospholipids

* The most abundant in cell biological membranes

« Composed by glycerol, 2 fatty acids, phosphate
group and an (amino) alcohol.

— Fatty acid

glycerol | Fatty acid

(amino)
alcohol
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PHOSPHOGLYCERIDE STRUCTURE

]
1CH2—O—C\/\/\/\/\/\/\/\ Saturated fatty acid

0 (e.g., palmitic acid)
2CH—O—(”3 Unsaturated fatty acid

(e.g., oleic acid)

CH O—1|°—0— X B pHOSPHOGLYCERIDES are polar
Had-group lipids (amphipatics)
substituent M &) cerol is esterified:
=With 2 fatty acids (nonpolar tails)
=With a phosphate group (polar head)

®The phosphate group in turn is esterified
with another alcohol here indicated with X

Polar head (included in the polar head)




PHOSPHOGLYCERIDES OR PHOSPHOACYLGLYCEROLS

Fatty Acid

Fatty Acid

Amino
Alcohol




The number of doble bonds in FA determines the fluidity of
cell plasma membranes

« Membrane fluidity is influenced by presence/absence of
unsaturated FA chains

 Fluidity of membranes is important for proper function

Lower fluidity:

Lipid bilayer

with no Lower
unsaturated permeability
fatty acids

Higher fluidity:

Lipid bilayer .

with many Higher -
unsaturated permeability
fatty acids
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(0]
I
TcH,—0—C \/\/\/\/\/\/\/\ Saturated fatty acid

i o (e.g., palmitic acid)
EYSATGD P g ! Unsaturated fatty acid

(general structure) 2CH—0—C — iosied
\/\/\/\/_\/\/\/\/ (e.g., oleic acid)

(o}
; i
CH—O0—P—0—X

o Head-group
substituent

Name of Net charge
glycerophospholipid Name of X Formula of X (at pH 7)
Phosphatidic acid _ —H -1
+
Phosphatidylethanolamine Ethanolamine — CH2—CH2—NH3 0
+
Phosphatidylcholine Choline — CH2—CH2—N(CH3)3 0
+
Phosphatidylserine Serine —CH2—CH—NH3 -1
coo™
Phosphatidylglycerol Glycerol — CHz—CIH —CH2—OH -1
Phosphatidylinositol myo-Inositol 4,5- -4
4,5-bisphosphate bisphosphate
Cardiolipin Phosphatidyl- — SH2 -
glycerol CHOH O
|
C Hz—O—l'i‘—O—CH 2
o-

I
CH—O0—C—R!

1,
CH—O0—C—R

Figure 10-9

Other glycerides,
which do not
contain a
phosphate
group, but
sugars, are
galactolipids and
sulphatides,
present in
membranes of
plant cells

Lehninger Principles of Biochemistry, Fifth Edition
_ © 2008 W.H.Freeman and Company Dl BOLOGNA -



Glycerophospholipids are amphipatic
molecules that make up the membranes

NN NN ? I
| CH,—O0—P—0—C—C—NHj
e

Phosphatydilethanolamine

Nonpolar talil polar head |
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structural formula

space-filling model

generic simplified depiction

phospholipid (phosphatidylcholine)
O

O Il
CH
| W, 2\O/G\

O =I|° O CH CH,
CH, CH.—O \0 Ot
| - | O= C/ C\Hz
CH;—N*—CH, / L
| CH2 C\HZ
CH3 ::CHQ /CHQ
. C\H2 C\Hg
S >CH;, >CH,
/C C\Hz C\Hz
CH, _CH, _CH;
>CH2 C\Hz C\Hz
CH, _CH, _CH,
~ CH C\Hg C\Hg
C/H 2 _CH, _CH;
\éHQ C\Hg CH3
C/Hg z CH2
>CH2 C\Hg
CH, o
:CHQ CH3
CH,
~CH
CH,
>CH, fatty acid (stearic acid)
CH,
~CH,
CHs

phospholipid molecule

Lk

fatty acid molecule

i

phospholipid molecule

hydrophilic
(polar) head

— hydrophobic
(nonpolar)

fatty acid tail

lipid bilayer

fatty acid molecule

hydrophilic
(polar) head

hydrophobic
(nonpolar)
fatty acid tail

micelle

© 2014 Encyclopasdia Britannica, Inc.




Choline

Hydrophilic
lar head
PO Phosphate
Glycerol
Hydrophobic Fatty acids
non-polar tail
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Neutral lipids ‘ Polar lipids ‘

glycerides waxes

\ phospholipids glycolipids
monoglycerides l
diglycerides

triglycerides glycerophospholipids

vsphingolipids

<

Sphingosine

Sphingosine

glycerol
glycerol
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Sphingolipids

They are similar to phosphoglycerides but not derived from glycerol.

They are derived from sphingosine, a long-chain, nitrogen-containing (amino)
alcohol + fatty acid + a phosphate group linked with an amino alcohol.

Like phospholipids, sphingolipids are amphipathic, having a polar head group
and two nonpolar hydrocarbon tails, one of which is derived from a fatty acid.
The sphingolipids include sphingomyelins, glycosphingolipids and
gangliosides.

(N

bphingosing

fatty acid

(amino)
alcohol
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SPHINGOLIPID STRUCTURE

Derived from sphingosine, an

Sphingomyelin

CH;

R S l
unsaturated 18-C amino alcohol: C-1, H'>C @T S,
2, 3 structure "resembles" glycerol <A
CH -
H,C'—~CH—'CH 3 . . e o
1 @)y, cu C1: OH esterified with |
ol phosphocholine >q. 2
\CH H,C ' —2CH—CH 3
e L ATh
C{lz —> | fiGs
CH — h=e S
2 . . CcH
&r, C2: amide bond with a P
i fatty acid (usually C{*Czﬂz
Cgh saturated) L
/CHz >CH2
C{I 2 CH»
/CH 2 >CH 2
C{l 2 CH-
cH; ) >CH2
CECZH C3: no addition, because C{'C’H
_ _ ’ sphingosine itself has a long chain £ ’
[ L] [ ] L] 2
- Sphingosine - in this position. Nt




Sphingosine
HO—’CH—CH=CH—(CH,);,—CHjy

Fattyacid
: 2 (0]
Sphingolipid I
(general 2CH—N—C
structure) | \/\/\/\/\/\/\/\/\/\/\/\
H
ICH,—0—X
Name of sphingolipid Name of X Formula of X
Ceramide — —H
| T .
Sphingomyelin Phosphocholine — P—O0—CH,—CH,—N(CHjy)3
o
CH,0OH
o 6]
i ini Neutral glycolipids H
Other s P hin go l Pt d S Glucosylcerebroside Glucose OH H
do not contain H
OH
phosphate, but H OH
carbohydrates (they
are glycolipids, not finctoaylearamifie B drgor.
.. . etrasaccharide
phospholipids) (agloboside)
Ganglioside GM2 o
S0 oligosaccharide e @ @
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Sphingomyelins

The sphingomyelins are the only class of sphingolipids that are also
phospholipids.

In sphingomyelin, the acyl group of the fatty acid is bonded to sphingosine
through an amide bond while the phosphate group con be esterified with
choline or ethanolamine.

O
_— Fatty acid

HN/,_. 4 '-..\\\ [{
W/M
Q O OH Sphingosine
[‘/
O O Phosphocholine
group
AN

Sphingomyelin

» They are found in abundance in the myelin sheath that
surrounds and insulates axons in the central nervous system
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GLYCERO- and SPHINGO-PHOSPHOLIPIDS are the
constituents of CELL. MEMBRANES

cOl:iagi::a:fcharide 7 (l:H'i (I-H S
glycoprotein "H y .
Outside @ TH‘ @ TH} . Z('D\T/CHJ CH3®\N/CH’
clH, H—c| —C00 © (I:H_: H,
T oy ik 5
W=l mninhn ‘ | Il;li'l,a::er (l) ? (I) I
- awe w4 SRR e T et B
S ? 9 phiel o | Ligide
Peripheral i H,—CH— ) R TR T - e
e i I e O - O
to lipid In‘teglral protein protein ﬁ
t -
= s e e i |

Figure 11-3
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W. H. Freeman and Company

Phospholipids form a two-
dimensional solvent for membrane

proteins and polar heads can interact . P . . e
) o osfatidiletanolammina fosfatidilserina fosfatidilcolina sfingomielina

with them specifically
sphingosine

Glycero- and sphingo-phospholipids have not significant differences in their
structure and function; usually, sphingo-phospholipids are more saturated than
glycerophospholipids and are more abundant in nervous system cells.




Ceramide {

Sphingosine

Fatty acid

O0C

L<G.c}/cﬂ,> )

0000
O

A, B, AB and 0 blood types

O Antigen

A Antigen

B Antigen

= Sphingolipids can act as

cell surface antigens,
defining various blood

types.

The human blood group is
determined by the sugars
present in the sphingolipids
of the PM of erythrocytes.

If we have in our DNA the
gene that encodes for the
protein that transfers a N-
acetylgalactosamine group
to the sphingolipid, we have
the antigen A.
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The steroids are members of a large, diverse collection of lipids called the
“isoprenoids”. All of these compounds are built from one or more 5-carbon units

called isoprene.

|

Terpene is the general term for lipids that are synthesized from isoprene
units. Examples of terpenes include steroid hormones (e.g. estrogens), lipid-
soluble vitamins (A,D,E and K), chlorophyll, and pigments.

All steroids contain the steroid nucleus (steroid carbon skeleton).

—~ —

C C o C
T Sy .
CH,—C—CH=CH, CieCieC

C

Isoprene Carbon skeleton of Steroid nucleus
the steroid nucleus ‘
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Alkenes In nature
TERPENES

Terpenes (or polyenes) are alkenes with several double bonds, and there are a
surprising number of these molecules found in nature. Although they have wildly
different properties and functions, they are built from one or more five-carbon units
called isoprene (IUPAC 2-methyl -1,3 — butene).

T
CH,—=CCH=CH, //]\/

Isoprene

The molecules produced from isoprene are called isoprenoids, or terpenes. Terpenes
Include chlorophyll and carotenoid pigments that function in photosynthesis; and the
lipid-soluble vitamins A, D, E, and K.

Retinol, is a form of vitamin A; it is able to penetrate the outer layers of skin and
stimulate the formation of collagen and elastin.

11-cis-retinal, a derivative of Retinol, is involved in the eye’s ability to see under low
light conditions. |
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Alkenes In nature
TERPENES

HaC

p-carotene the precursor to vitamin &

CHsj CHs
VITAMIN A
N L Y2 e S YV Ve s W Ve U e\ N
a) Licopene |

_-



CHOLESTEROL STRUCTURE

"1t is an amphipathic molecule and is
readily soluble in the hydrophobic

region of membranes.

®"1nh its “free” form, it is involved in
the regulation of the fluidity of the
membrane as a result of the nonpolar
fused ring. However, the hydroxyl
group is polar and functions like the

polar heads of sphingolipids and

~| phospholipids.

"1t may also be esterified with a fatty
acid, becoming hydrophobic due to the
loss of the group —OH.

amphipatic Hydrocarburic tail
molecule, - =i —~
which 1 22 24 o7
constitutes the

membranes

=

Cholesterol ester

«<— non-polar molecule
hydrophobic

steroid
nucleus '




1.3.U3 Cholesterol is a component of animal cell membranes.

Cholesterol

Hydroxyl group makes the head
/ polar and hydrophilic - attracted

to the phosphate heads on the
periphery of the membrane. 9
'C N Carbon rings — it's not
b classed as a fat or an oil,

cholesterol is a steroid

CH
ch
et %é
CH p§
\

CHy
CH, Non-polar (hydrophobic) tail —attracted to
\c T~ the hydrophobic tails of phospholipids in
/ lk( the centre of the membrane
CH
e M
C.“ C S 4 : € /

hitp: // www.choleste roland-heaith. com/images [Chalesteral Structure jog




CHOLESTEROL FUNCTIONS

| ® Essential component of plasma membranes, it regulates membrane

fluidity

® precursor of bile acids, (cholate and chenodeoxycholate).
Synthesized in the liver, stored in the gallbladder (main constituents
| of bile) and released in the small intestine, where these emulsifying

| agents have the task of solubilizing lipids from the diet.

®precursor of sexual steroid hormones: progesterone (hormone
associated with pregnancy), testosterone (male sex hormone found in

the testes), estrogens (female sex hormone).

® precursor of corticosteroid hormones: aldosterone (participates in
blood sodium ion levels regulation), cortisone (promotes glycogen

synthesis, gluconeogenesis and inhibits inflammatory responses)

* Byit D precursor: 7-dehydrocholesterol, present in the epidermis,

when irradiated by sunlight it converts to cholecalciferol, vit D3



CHOLESTEROL AND PLASMA MEMBRANES

Cholesterol modulates the fluidity of the membranes:
» reducing it at high or medium temperatures, and increasing it at low
temperatures;
» limits the movement of unsaturated fatty acid chains, but makes long
saturated fatty acid chains more fluid.
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SOURCES OF CHOLESTEROL

Cholesterol is derived from

O diet

© de novo synthesis and

© from the hydrolysis of cholesteryl esters.

© A little more than half the cholesterol of the body
arises by synthesis (about 700 mg/d), and the
remainder is provided by the average diet.

© The majority of cholesterol is synthesized in the liver, which
produces ~50% of the total daily cholesterol requirement (~1 gr)

© Virtually all tissues containing nucleated cells are
capable of cholesterol synthesis, which occurs in the
endoplasmic reticulum and the cytosol.

Almost equal amount of cholesterol is derived from diet (eggs, dairy, meat) and
synthesis in the body
|
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Acetyl CoA » Acetoacetyl CoA 3-hydroxy-3-methylglutaryl CoA

(HMG CoA)
HMG CoA _
Reductase Statins

Mevalonate

Cyclized ‘

Squalene

Cholesterol

Almost equal amount of cholesterol is derived from diet (eggs, dairy,

. meat) and synthesis in the body. I



PLASMA LIPOPROTEINS

Lipids are only sparingly soluble in water, and the movement of lipids from one
organ to another through the bloodstream requires a transport system that uses
plasma lipoproteins.

Lipoprotein particles are spheres that consist of a core of hydrophobic lipids
surrounded by an outer layer or shell of amphipathic proteins, phospholipids, and
C h 0 | e Ste ro | . Apolipoproteins

There are four major classes of human plasma lipoproteins:

* Chylomicrons, that carry dietary triglycerides and cholesterol

from the intestine to liver and other tissues.

* Very low density lipoproteins (VLDL) that bind triglycerides :
synthesized in the liver and carry them to adipose and other tissues e Wi
for storage. |~ G
* Low-density lipoproteins (LDL) that carry cholesterol and TG A
from the liver to peripheral tissues and regulates cholesterol levels

in those tissues. These are richest in cholesterol. Cholesterol ) lPhOSlPhol(iipidS
» High-density lipoproteins (HDL) that transport cholesterol from cholesteryl esters

peripheral tissues to the liver. |
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Chylomicron LbL HDL

Triacylglycerol
© Cholesterol
0 Phospholipid
@ Apoprotein

Triglycerides phospholipids

- phospholipid ' I



[} [}
° : : ° \
bile . % y
large fat e &
droplet - 8 & Q
emulsified
fat droplets

K1) Emuilsification by bile

y

/

monoglyceride

»
>

lipase

%ids

(some free glycerol is also formed)

Q Enzymatic digestion by pancreatic Iipasy

triglyceride

6 Absorption of products of fat digestion
depends on size
o Short and medium-chain fatty acids and
glycerol (small products) = absorbed into
blood via capillary (not shown in figure)
o Long-chain fatty acids and monoglycerides
(large products) = form into triglycerides

and are transported in chylomicronsinto
lymph vessels

Large fat droplets
( ) . are emulsified by
bile salts
O Fatty acids and mono-
g;:i {'} 3:;5: glycerides (resulting
from fat digestion)
Lumen of {:}: Emulsion leave micelles and
intestine

Absorptive
epithelial cell

Capillary

enter epithelial cell
103 03¢ i

Micelles

T¥
TE

Fatty acids link to
form triglycerides

Fatty globules combine
with proteins to form
chylomicrons (inside
Golgi apparatus)

Chylomicrons are
extruded from the
epithelial cell and
enter a lacteal
(lymph capillary)

Lymph in the
lacteal transports
chylomicrons away

from intestine
Lacteal



Digest food Free cholesterol

= Cholesteryl ester
= Cholesterol }-—) Micelles

— Bile acids Intestinal

cell
VLDL 1

o ‘ Cholesterol

Blood : : )/~ FFA

Chylomicrons / L
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The Roles of VLDL, LDL, and HDL Lipoproteins

HDLs transport
cholesterol from the
body cells and deliver it

Liver to the liver for disposal.

Body cells

VLDLs deliver fatty (including arteries)

acid made in the liver
to the cells.

LDLs transport

cholesterol to the

Body cells cells, in some cases
into the arterial lining.

© 2010 Pearson Education, Inc. |
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Int. J. Mol. Sci. 2022, 23(8), 4300; https://doi.org/10.3390/ijms 23084300

https://lwww.google.com/search?g=VLDL+LDL+function&source=Imns&tbm

=vid&bih=911&biw=1920&rlz=1C1GCEU itIT1060IT1060&hl=it&sa=X&ved=2a
hUKEwjhvZKM1oeEAXWLNfOHHZLbCIEQOPpQJKAJ6BAgBEAY#fpstate=ive&

vld=cid:266b0813,vid:9dghtf7Z7fw,st:0
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The fatty acids are stored (by the adipose) or used for energy (by the muscle).
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Bad vs. Good Cholesterol

Bad (LDL)

stores cholesterol in the
blood stream

Good (HDL)

regulates LDL storage and
promotes excretion

Atheroscilerotic Plaque
(LDL accumulation)
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WAXES

- Waxes are esters (RCOOR’) formed from a fatty
acid and a high molecular weight alcohol.

Copynght © The McGraw-Hill C ,Inc. P q d for fepeoduction of desplay

O
» General structure of waxes: |

long chains of C’s
« General formation of waxes:

Copynght © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

|
C + H—OR' — C + H,O
R~ OH R~ OR

fatty acid alcohol T T

lona chains of C’s



WAXES

ester
R B T B B
I I
etc H C _H C_H Cc—o0—C _H H C
! | L /0 ! NAZ 0N /0N
H H H H H

fatty acid section alcohol section



WAXES

®These are long-chain saturated and unsaturated fatty acid esters (Ci14 to C36)
with long-chain alcohols (C16 to C30), with high melting points (60-100°C). These
are solid at room temperature, due to their high molar masses.

O

I
H3C_(CH2)14 C O (CHz)zg_CH3
Palmitic acid, a major component of beeswax to

build honeycomb cells

®Because the long hydrocarbon tails are extremely
hydrophobic, waxes are completely insoluble in water.

"In plants, waxes cover the external parts, like epidermis
of leaves and fruits, to prevent the loss of water.

®1anolin, which serves as a protective coating for hair
and skin, is used in skin creams and surfactants.
Carnauba wax is used in car polish.
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