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S Kkinds of restrictions affect the stability of an a helix

(1) the electrostatic repulsion (or attraction) between
successive amino acid residues with charged R groups.

* (2) the bulkiness of adjacent R groups

* (3) the interactions between R groups spaced three (or four)
residues apart.

* (4) the occurrence of Pro and Gly residues

* (5) the interaction between amino acid residues at the ends of
the helical segment and the electric dipole inherent to the o
helix.

* So, the tendency of a given segment of a polypeptide chain to
fold up as an a helix therefore depends on the identity and
sequence of amino acid residues within the segment.
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B pleated Sheets Are Stabilized by [inter-chain] H- Bonding Between Polypeptide Strands
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* The [ pleated sheet differs markedly from the rod like o helix.
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A polypeptide chain, called a B strand, in a B sheet is almost fully extended rather
than being tightly coiled as in the o helix.
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The side chains of adjacent amino acids point in opposite directions.
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A [ sheet is formed by linking two or more [3 strands by hydrogen bonds (inter-
chain hydrogen bonds)
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Adjacent chains in a 3 sheet can run in opposite directions (antiparallel B sheet) or
in the same dircction (parallel B sheet).
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* Adjacent chains in a 3 sheet can run in opposite directions (antiparallel B sheet) or ‘
in the same dircction (parallel B sheet).
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Tertiary Structure

« Tertiary structure is the overall 3D arrangement of all atoms in a protein.
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Amino acids that are far apart in the polypeptide sequence and that reside in

different types of secondary structure may interact within the completely folded

structure of a protein. Eloil B 25 Gl sasiall wiasd) b (P Saeliial] duigodl polamFl Joliis o3
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Interacting segments of polypeptide chains are held in their characteristic
tertiary positions by different kinds of weak bonding interactions (and
sometimes by covalent bonds such as S-S bridges) between the segments.
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Forces and factors and stabilize protein tertiary structure
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hydrophobic (nonpolar) side chains usually I bole (dubil) pu) sl ISl dslodl
end up in clusters at the core of the protein, Ao o (e Tousy 1ol S P lgma
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close together, van der Waals interactions 29 06" Ul delus ipandl lgds
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clouds just barely touch.
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stabilize tertiary structure.

Covalent bonds called disulfide bridges (S-S w—;«s;:-lw-bwhbfalsﬂldrw-\s
bonds) may further reinforce the shape of a e (- i j}.’: m,‘j.’;i’;i“;
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protein.
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* Temperature and pH
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All of these different kinds of
Interactions can contribute to the
tertiary
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Hydrogen
bond

I
—CH,—CH,—CH,—CH,—NH,* 0 C—CH,—

—CH,—S—S—CH,—

Hydrophobic interactions
(clustering of hydrophobic
groups away from water)
and van der Waals
interactions

Polypeptide
backbone

Disulfide bridge
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Protein Quaternary Structure “
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in  three-dimensional ol
complexes constitutes
quaternary structure.
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The subunits need not be the same. Hemoglobin,
for example, is a protein composed of two a-chain
subunits and two - chain subunits.
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* Lipids are a diverse'group of hydrophobic molecule.
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* Lipids are a somewhat loosely defined group of molecules with
one main chemical characteristic: they are insoluble in water.
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* The most familiar lipids are fats oils and phospholipids
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 Other lipids include: Terpenes, Prostaglandins, Steroids and
Waxes
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* Lipids have a very high proportion of nonpolar carbon-hydrogen
(C—H) bonds which serve as long-term energy storage.
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Fats honsnst of complex fatty acids attached to glycerol
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-_.Fats,are lipid molecules built from a simple skeleton made up of two main kinds

Seoll’

of molecules: fatty acids and glycerol.

A8 0 09N by JSud (o daiue o] Ol R Gl
Opaddlg dui | yoloBl 1L jadl (o (sl )

===
----------

f,":”\”p ,": “\9}’,"‘{“‘“ degano go (clol) dn)ls) ddudud] digh OUsiySgyoud 2 dainall yolax3l
' 994 9\ va%) " o : " | oo Low laus i
o3 owﬂ\u\nwé S0 paa>" ol lgiey L9,k vl 2 (COOH) dadubdg JumsS 9
20\ pxe gl 2wl

* Fatty acids are carboxylic acids with diverge hydrocarbon chain length ranging
from 4 to 36 carbons long (C4 to C36), but the most common are even-
numbered chains of 14 to 20 carbons.
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* Glycerol is a 3-carbon polyalcohol (three —OH groups).
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* Fats are lipid molecules consist of a glycerol molecule with three fatty acids
attached through an ester linkage, one to each carbon of the glycerol backbone
producing fat and commonly called a triglyceride (the more accurate chemical
name is triacylglycerol). = NS
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* The three fatty acids of a triglyceride need not be identical, and often they are

very different from one another. )
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* The many C—H bonds of fats serve as a,form of long-term energy storage.

o JSiS ol (B 8isH C—H bula) Jasia
JushJl ool Lle d8UaJl 35 JISad

sodlcondensationreaction gzees\ dwn g 2;s\is
esterficationreactiony el dehydrationreaction
A don>on\5| uion> 529w BT g o S g B U\
; duFor50\ 8 ol 9 g doamisdl S1ie s g dg3 g

H H H H
. H | B | H ] H |
l r_»: H—C , C'/Cf\c'/ﬁ:\c'/?\c'/ﬁ:\c'
PO o | . OB I - T
Ho L Beteon R ML H H
H—C—OH N rarsaattIIIE TIETSIE s
| D@ o Fattynacid ST Ty
Hd oy et L (in this Cé?EITp?TmﬁIC.aCId) 3 (2)")“;
|L emﬁmw\mtbsbtbié\hei\ag)m \’)\}0)\%&}%0&?-{" 552 =
e ool e\ WALV S Toghe : ‘e Z
\o »»:“ C)J&)ﬁ o awﬁ\,ﬁ/@ﬁmmw\f@‘/\ 9 . 02900 9’_”9. o9 ’
9\oys '.._A\ Glycerol ol o) 5990 OS9AN (83 0 OORAS> S5
oW ool Yeeets, - < A
LesTTTTTTTITES . ub\»%w,ﬂo\ 2.7 \)QL\»)\)Q),‘)\ Z\
/ : ) wladlwagal ° ovv
\Ester linkage. . o Lov 30’
o
{—
ISP
el T T T TR T
il 8 [~ 79 H H H H H H
ol blo G-~ B T T T B B T T T I ™
o Ny OV can> H—C=-0O I| ¢ | ¢ | ¢ | ¢ | ¢ | ¢ | _H
doaul- 65 N R T - T - T I [ [ LT .-
. H H H H H H H .
\r__o_l \“
Il

Iy 19 0 aumll 4855 2xaa0 ook s dgano Bl g aizan| ciolas-Y\ 8 & wogamyl gkl 8 o3\

ae dliss oyl o ol

8 2| oo \ezsamy
owguS0sa)l bl



Nomenclature of fatty acids &= wtaiiaes

* A simplified nomenclature for fatty acids compounds specifies the chain length and
number of double bonds, separated by a colon (:)
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* e.g: The 16-carbon saturated palmitic acid 1s abbreviated 16:0
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* e¢.g: The 18-carbon oleic acid, with one double bond, 1s 18:1.
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* Positions of any double bonds are specified by superseript numbers following A (delta).
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?'-,- * A 20-carbon fatty acid with one double_b_o.nd between 9 and C- l()dg_l,bemg the
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(‘o * There is also a common pattern in the location of double bonds; in most
/ monounsaturated fatty acids the double bond is between C-9 and C-10 (A®), the other
double bonds of polyunsaturated fatty acids are generally A > and A 15,
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* The double bonds (C=C) 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 (CH,) group: -CHICH:CHz-CH:CH-
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* In nearly all naturally occurring unsaturated fatty acids, the double bonds are in the cis
configuration.
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Incorrect repr ated fatty acid

What are PUFAs?
A fat molecule is made up of a

bonds

i
I-N=I
I-l'l\-I
I-f!hI
I-+ I
I=-0-I

Linoleic acid[ 18:2(.\"-")] CH3(CH,)4CH==CHCH,CH== CH(CH,),COI
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T=N=x
|
T=n=-x
|
= )
1
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ned-d- Lo AR LA LEENE LA
H HH HH Nomencleture:
n-dadadadot
r 1 C 18:2(9,12) = Unoleic acid (18 C with 2 double bonds at 9th and 12th C position)
. _— " Some Naturally Occurring Fatty Acids: Structure, Properties, and Nomenclature
:“f} i S Pl | Carbon skeleton Structure* Common name
Y (WP A e
s -7 16407 CH4(CH,),4COOH Palmitic acid
S\l 2h Y e
N_,%—Q[b \& . | 18D CH4(CH,);sCOOH Stearic acid

Y PENUT VP RES gErn

18:1(A%

18:2(A%"?)
18:3(A%1*1%)

20:4(.&5'8'1 l.ll)

CHg(CH))f,CH:CH(CH));COOH
CH4(CH,);CH==CH(CH,),COOH
V)
CHa(CH,),CH=(OHCH,CH==
Q ¢(0H(CH),C0H
CHCH,CH=@HCH,CH=
a@cu,vguz@ncn;),cow
CHa(CH,),CH==CHCH,CH==
CHCH,CH==CHCH,CH==
CH(CH,);COOH

Oleic acid

Linoleic acid

Palmitoleic acid .}..

a-Linolenic acid

Arachidonic acid
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Palmitic acid (saturated)
CH3(CH2)4COOH
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Linoleic acid (unsaturated) - > dﬁm QQS \9)\}

CH3(CH3)4CHCHCH,CH=CH(CH 2),CODH
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Saturated and unsaturated fatty acids

« If all of the internal carbon atoms in a fatty acid chain are bonded to two hydrogen atoms,
we call this saturated
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* Most animal fats are saturated and the flexibility hydrocarbon chains allows the fat
molecules to pack together tightly.
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* A fatty acid with double bonds between one or more pairs of successive carbon atoms will
have fewer hydrogen atoms, and thus is said to be unsaturated. Monounsaturated (one
double bond) polyunsaturated (> one double bond).
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* Having double bonds changes the behavior of the molecule because free rotation cannot
occur about a C=C double bond as it can with a C—C single bond thus affecting melting
point of the fat.
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* Fats containing polyunsaturated fatty acids have low melting points because their fatty acid
chains bend at the double bonds, preventing the fat molecules from aligning closely with one
another.
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*  Most naturally occurring unsaturated fatty acids have double bonds with a cis configuration,
that creates a kink in the hydrocarbon chain wherever it occurs.

95 d>900 bulg) dusudadl dnwinall jué duid ol ol pliso lliod
399559y 9we)| dudund] S Elgil Gl Lowo (" Gansans™

*  When fats are partially hydrogenated industrially, this can produce double bonds with a
trans configuration resulting in the so-called frans fats
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*  trans fats have been linked to elevated levels of low-density lipoprotein (LDL) and lowered
levels of high-density lipoprotein (HDL) which is thought to be associated with an increased
risk for coronary heart disease.
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Linoleic acid, & polyunsaturated fatty acid

Oleic acid, 8 monounsaturated fatty acid Both double bonds are /s

Note that the double bond is ¢/s; Lhis is
the common natural configuration,

Cis double bond
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Saturated animal fats, such as lard and butter, are solid at room temperature.
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* In contrast, the fats of plants and fishes are generally unsaturated (Usually liquid at
room temperature), meaning that they are composed of one or more types of
unsaturated fatty acids.
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* The kinks where the cis double bonds are located in plant and fish fats prevent the
molecules from packing together closely enough to solidify at room temperature.
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The phrase hydrogenated vegetable oils on food labels means that unsaturated fats have
been synthetically converted to saturated fats by adding hydrogen, allowing them to
solidify. ’
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Structural Formula Structural Formula
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Fats Provide Stored Energy and Insulation
Uiy 5nall &Ll 595 Gomll

* The major function of fats (Triacylglycerols or Triglycerides) is energy storage.
The hydrocarbon chains of fats are similar to gasoline molecules and just as rich in
energy.
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* A gram of fat stores more than twice as much energy as a gram of a
polysaccharide, such as starch.
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* Because plants are relatively immobile, they can function with bulky energy
storage in the form of starch. (Vegetable oils are generally obtained from seeds,
where more compact storage is an asset to the plant.).
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* Animals, however, must carry their energy stores with them, so there is an
advantage to having a more compact reservoir of fuel—fat.
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Humans and other mammals stock their long-term food reserves in adipose cells,
which swell and shrink (©) as fat is deposited and withdrawn from storage.
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In addition to storing energy, adipose tissue also.cushlons ‘such vital organs as the
kidneys, and a layer of fat beneath the skin insulafes the” body.
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This subcutaneous layer is especially thick in whales, seals, and most other marine
mammals, insulating their bodies in cold ocean water.
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Phospholipids are Structural Lipids form Membranes
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* Phospholipids are among the most important molecules of the
cell, as they form the core of all biological membranes.
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* An individual phospholipid is a composite molecule, made up of
three kinds of subunits:
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* 3. Phosphate group (—PO4\ -); attached to one end of the

glycerol. The charged phosphate group usually has a charged

organic molecule linked to it, such as choline, ethanolamine, or

the amino acid serine.
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* The phospholipid molecule can be thought of as having a polar
“head” at one end (the phosphate group) and two long, very

nonpolar “tails” at the other
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Terpenes and Prostaglandins

* Organisms contain many other kinds of lipids besides fats and phospholipids.
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* Terpenes are long-chain lipids that are components of many biologically
important pigments, such as chlorophyll and the visual pigment retinal.
Rubber is also a terpene.
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* Terpenes are linear (acyclic) or cyclic compounds largely found as constituents
of essential oils
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* Prostaglandins are a group of about 20 lipids that are modified fatty acids, with
two nonpolar “tails” attached to a S-carbon ring.
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* Prostaglandins act as local chemical messengers in many vertebrate tissues.
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Steroids

Steroids, another class of lipid that chemically different, are carbon skeleton
consisting of four-fused carbon rings.

Different steroids are distinguished by the particular chemical groups attached to this
group of rings.

Cholesterol, a type of steroid, 1s a crucial and common component of animal cell
membranes and is also the precursor from which other steroids, such as the vertebrate
sex hormones, are synthesized. Most animal cell membranes contain the steroid
cholesterol.

In vertebrates, cholesterol is synthesized in the liver and is also obtained from the diet.
Other steroids, such as testosterone and estrogen, function as hormones in
multicellular animals.
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Waxes Serve as Energy Stores and Water Repellents
Biological waxes are esters of long-chain (C14 to C36) saturated and unsaturated fatty
acids with long-chain (C16 to C30) alcohols (fatty alcohols).

Their melting points (60 to 100 C) are generally higher than those of triacylglycerols.
fuel.

In plankton, the free-floating organisms, waxes are the chief storage form of metabolic
and their firm consistency.

Waxes also serve a diversity of other functions related to their water-repellent properties

Certain skin glands of vertebrates secrete waxes to protect hair and skin and keep it
elastic, lubricated, and waterproof.

Birds (waterfowl) secrete waxes to keep their feathers water-repellent.

The shiny leaves of many tropical plants are coated with a thick layer of waxes, which
prevents excessive evaporation of water and protects against parasites.
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Palmitic acid 1-Triacontanol

Beeswax, is an ester of palmitic acid with fatty alcohol 1-Triacontanol
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