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Lipids:
Fats & Oils

Lipids are natural plant & animal
products more soluble in non-polar
solvents like gasoline than in water.

Combustion (burning) of one gram:
of carbohydrate produces 4 to 5
Calories, protein produces 4 to 5
Calories, fat produces 9 to 10
Calories — more than twice that
of either sugars or proteins.



Common Functional Groups

Name General Formula
(R is very large, note:
Alcohols R-OH glycerol is not a
lipid)
Ethers R-O-R’
Amines R-NH,
(R is very large)
water ammonia methane formaldehyde | formic acid

LR

O




Lipids

Common Functional Groups

Name General Formula
Aldehydes ||
R-C-H
Ketones .
R-C-R'
Carboxylic Acids -
(R is very large)
Esters |
(R is very large)
Amides Q R'
R-C-N

R'



Lipid Wordsearch

This puzzle contains 37 names, terms, prefixes and acronyms that describe lipids. They may be in
any linear direction. Find and highlight these terms in the matrix below.
[*TRIACYLGLYCEROL? is already done for you. Then, correctly transfer them

to the blanks in the description below the matrix. Use the letters remaining in the matrix to
complete the sentence describing these molecules. Your success will be rewarded. The answers to
the Lipid Wordsearch are found below. Good hunting!

NFATTYLAITNESSESHL
IPORETSEACIDPTTDA
DACYLFATXTIHASAIN
NOLYTECAIPINSNETPDO
ASTPHEWEINEDBFALTIL
LTRIACYLGLYCEROLTI
GESUELOOOXIDATION
ARTOLHMNLSTEARATE
TOELPYIIFMOSAICTITF
SLRSELPLTYFINOPAS
OPOLYIUNSATURATED
RHIEDILORETSETLOHLC
PNDSDTERPENERPOSTI

TRIACYLGLYCEROLs are E s of P ’

S , and O with glycerol. S them

to make S___. B____ O cleaves their -

Cosinto d o = 8. The E_ _ _ _ _ _ _ _ F__ _ _

A___s include and N , which

are P__ U with 2 or 3 C__ double bonds.

They are precursors for P hormones and

maintain F_ _ _ _ M_ _ _ _ _ membranes as part of

P and S M . Hydrogenating

such L makes O__ , which can contain T

double bonds. L is a W__. Polymers of I

form the T s and other simple L like the

S ..C rand D_hormones..

Use the remaining 16 letters to fill in the following sentence:

for _ _ _ _ .



Molecular Formula: Cy;H,,,0,
Molecular weight: 891.4797

Examples of complex lipids

O

|
CH,—O—C—(CH,),CH,
0

|
C
I
CH,— O—C—(CH,),,CHj

tristearin, a fat

(CH,),CHj;

AH® i |-35806.7 £ 1.8]  ki/mol

Examples of simple lipids

cholesterol, a steroid

=

O-pinene, a terpene



Question

e Farnesol 1s a lipid that 1s classified as a

HaC . _~_-COH
Farnesol

¢ A) C,,, monoterpene, aldehyde.

 B) C,;, sesquiterpene, aldehyde.

e C) C,,, monoterpene, alcohol.

* D) C,;, sesquiterpene, alcohol.



Lipid Examples

OH - N
a vasodilator a hormone a vitamin it gtbor

tAearin
a fat
O
NM Vitamin D3
)
\/\/\/\/\/\/\/\/

Cetyl palmitate, a typical wax ester. &



Question

Tetradecyl octanoate 1s classified as a(n)

I
CHa(CH,)1:0C(CH,),5CH,

Tetradecyl octadecanoate

e A) ester (wax). B) fatty acid.
 C) ketone (terpene). D) steroid.



Question

Vitamin A2 binds to opsin. It 1s a(n) and
has an important C=C double bond, which 1s

CH,
HiC. _CHj,
X
CHs Z N0 .
HO
Vitamin A2

e A) alcohol, trans
e B) alcohol, cis

e C) aldehyde, trans
D) aldehyde, cis



Structure of a mixed triacylglycerol in which three
different fatty acid residues are present.

H O
| |

H—C—0—C—(CH,),,—CH,

O
|

H—C—0—C—(CH,),— C=C —(CH,), — CH,

O
|

H H

H H

(18:0 fatty acid)

Saturated

(18:1 fatty acid)

Mono-unsaturated (cis)

H H

| (18:2 fatty acid)

H—C—0—C—(CH,),— C=C—CH,—C=C—(CH,),— CH,

|
H

Polyunsaturated (cis)




The melting point of a fatty acid depends on the
length of the carbon chain and on the number of
double bonds present in the carbon chain.

90
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70 Stearic acid
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g 50 Saturated fatty acids
5
= 40
o
= 30
aEa - —- Room temperature - — - ——--—— —_——f———————
= 20
Oleic acid (1 double bond) —o
10
0 Linoleic acid (2 double bonds)
—10| Linolenic acid (3 double bonds)
—20
4 6 8 10 12 14 16 18 20 22 24
Number of carbon atoms




Question

Which of the following statements regarding fatty
acids 1s false?

A) Fatty acid can have one or more carbon-carbon
double bonds.

B) Naturally occurring fatty acids have an odd
number of carbons.

C) The configuration of the double bond(s) is (are)
generally cis in naturally occurring fatty acids.

D) Unsaturated fatty acids have a lower melting
point than saturated ones.



How do fat molecules differ?

I
CH,—O0—C ‘ A A A
(”) S ELELLEL,
CH—O0—C ANAAAAAANA
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CH,—0—C SOV

tristearin, mp 72°C ))/

I _

CH,—0—C

CH—O—C
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N

triolein, mp —4°C




http://chemconnections.org/general/movies/fat-satd. MOV

http://chemconnections.org/general/movies/fat-unsatd.MOV



Question

 Which one of the following 1s a fat,
triacylglycerol (triglyceride)?

I I I I
ROCCH,CH,CH,COR RCOCH,CH,CH,OCR
° A) | B) 2I 2 2
ﬁOR OCR
! ]
O O
| | O 0
HOCCHQcI:HQCHQCOH T T
e O) ﬁOH D) RCCHQICHQCHQCR
8 CR

I
O



Question

 Which of the triglycerides below 1s (are)
chiral?

0
||
cH2 «CH CH2 «CH OC(CH.)CH=CHCH,
I
Lchy.cH, L CH,), . CH=CHCH, OC(CHs)1:CHs
G(CHy)1iCH: cH2 B OG(CH) oCH:
1 © 5 O a3

e A 1 B) 2
e« C) 3 D) 2 and 3



Composition of common fats and oils

Dietary fat/oil % Saturated fat = % Monounsaturated fat % Polyunsaturated fat

Canola oil N 36

Safflower oil

Sunflower oil

Corn oil

Olive oil

Soybean oil

Peanut oil

Cottonseed oil |

Lard

Palm oil

Beef tallow

Butterfat

Coconut oil

The collapse of movie theater popcorn sales!



KEY
0 Fat (naturally occurnng and added)
K3 Sugars (added

These symbols show 95 and adted sugers n ods

Meat, Poultry, Fish, Dry Beans
Eggs & Nuts Group

2.3 SERVINGS

Fruit Group

24 SERVINGS

Bread, Cerea
Rice & Pasta
Group

Fats, Olis & Sweets
USE SPARINGLY

Milk, Yogurt &
Cheese Group

2-3 SERVINGS

Food Pyramid, April 2016



carories, 899 satyr,,
'5520 O ,0,

TheFast-
Food Groups

.. . ; > /" Cheesecake
Mea Dairy .
Grains dt Factory's Bistro
Shrimp Pasta

Businessweek, April 2013



The human body 1s 60-70 percent water, blood 1s ~90
percent, the brain and muscles are ~75 percent , and bones
are ~20 percent by mass. * A human can survive for a
month or more without eating food, but only 1-2 weeks
without drinking water.

How much energy is required to raise the water in your
body from 25°C (average room temperature) to 37°C
(average body temperature [that 1s, chemical -biological

temperature])? Assume that there is the equivalent of 5 liters of

water, d = 1.0 g/mL in your body. The heat capacity of water is 4.184
J/g °C (1.00 cal /g °C); (0.001 Cal/ g °C); (0.001 kcal /g °C)

How many grams of fat would need to be burned? (9 Cal/g)



e What is cholesterol?

e [s there such a thing as “good” vs. “bad”
cholesterol?

e How does it relate to fat?



T Gt

Less than 200mg/dL Desirable

200-239 mg/dL Borderline high

MedlinePlus 1

{ '\\ & ‘é LDL (Bad) Cholesterol Level LDL Cholesterol Category
(e ‘

R ¢ s \ { )] .
b i }; -" Less than 100mg/dL Optimal
\

SV D DDy et e

130-159 mg/dL Borderline high

feducing Health 'Y I

A A o D RATIOMAL INSTITUTES OF MEALTM arvl P PRIENDS of e NATIONAL LIMLARY OF Ml On0nvt

40—59 mg/dL The higher, the better

60 mg/dL and higher Considered protective against heart disease

https://www.nlm.nih.gov/medlineplus/magazine/issues/summer12/articles/
summer12pg6-7.html



Eukaryotic Cell and Cell Wall

Plasma
membrane

Mitochondria

Ribosomes
(small dots)

Cell Wall ™"

Protein

Protein with
carbohydrate
marker

Outside of cell

Lipid bilayer

Proteins embedded
in one side of the
lipid bilayer

Inside of cell
Protein that
extends across
the lipid bilayer

Cholesterol




Question

* A major component of a lipid bilayer 1s
. A) carbohydrate

o B) wax

o C) cholesterol

. D) fat



Steroids



Ring A Ring D
OH Androsteredione has

CH; an = O replacing
/I/ij Testosterone —OHinring D

0 of testosterone
o
CH, C=0
/]/ij Progesterone é
O
OH
/@ Estradiol é
HO
CH; branched R group

/(j:;;holesterol
5 §

H



Question

* The backbone structure of cephalosporin P
1s classified as a

e A) fatty acid. B) steroid.
e C) cholesterol. D) wax.



Structures of selected steroids. (Sex hormones and

synthetic compounds that have similar actions.)

(a) NATURAL HORMONES

(a synthetic progestin)

(mifepristone; a synthetic abortion drug)

]
CH, OH cH, OPH cH, ,©—CH,
H,C H,C
HO O O
Estradiol Testosterone Progesterone
(the principal estrogen; (the principal androgen; (the principal progestin;
responsible for secondary responsible for secondary prepares the uterus for
female characteristics) male characteristics) pregnancy)
(b) SYNTHETIC STEROIDS
(CH;),N
cHOH OH cnOH
C=CH C=C—CH, CH,
(D
O (9) “ (9)
Norethynodrel RU-486 Methandrostenolone

(a synthetic tissue-building steroid)




http://www.cbsnews.com/videos/russias-dark-secret/

Anabolic Steroids

} PLAY CBS NEWS VIDEO




http://www.cbsnews.com/videos/russias-dark-secret/

Anabolic Steroids

OH OH OH

0 ' ' 0 0

Tetrahydrogestrinone Gestrinone Trenbolone

Testosterone Androstenedione Cholesterol



Enzyme Inhibition: Estrogen & Breast Cancer

Inhibiting a cancer cell’s division

Cytochrome p450

methyl group O’H O’H
oxidation CH, CH;
aromatase
——
-HCO,H
H
0 ~o

testosterone estradiol



Enzyme Inhibition
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Anastrozole

Letrozole

Aromatase: Cytochrome p450



Question

 Which of the following 1s not classified as a
steroid?

o A) testosterone
o B) estradiol
. C) cortisone

. D) P-carotene



