


Mass composition data for the human body in
terms of major types of biochemical substances.

Wat
BIOINORGANIC (about 70%)
SUBSTANCES
Substances that do Inorganic
not contain carbon salts (about
5%)
BIOCHEMICAL
SUBSTANCES
Proteins
BIOORGANIC (about 15%)
SUBSTANCES
Substances that Lipids
contain carbon (about 8%)
Carbohydrates
(about 2%)
Data forthe human body
Nucleic acids
(about 2%)
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¥ Figure 4.9 Some biologically important chemical groups.

Chemical Group

Group Properties
and Compound Name

Examples

Hydroxyl group (—OH)

Is polar due to electronegative oxygen.

Forms hydrogen bonds with water, i|4 T
[ helping dissolve compounds such as L Ethanol, the alcohol present
9 o ) sugars. . ? ? ik in alcoholic beverages
(may be written HO—) Compound name: Alcohol (specific HoH
name usually ends in -of)

Carbonyl group (>C =—0) Sugars with ketone groups are called pr— .
ketoses; those with aldehydes are called H O H H H /g5
aldoses. | |

o " H—C—C—C—H H—C—C+C
/ Compound name: Ketone (carbonyl | I
—_C group is within a carbon skeleton) or H H H H H
\ aldehyde (carbonyl group is at theend of | acetone, the simplest ketone Propanal, an aldehyde
a carbon skeleton)

Carboxyl group (—COOH) Acts as an acid (can donate H*) because
the covalent bond between oxygen and T ) 0
hydrogen is so polar. 74 /

, 0 o H—C—C — _c/ + Ht
/ Compound name: Carboxylic acid, or | OH \0_
—C organic acid H | - | )
\OH Acetic acid, which gives lonized form of —COOH

(carboxylate ion),
found in cells

vinegar its sour taste




Amino group (—NH;)

Acts as a base; can pick up an H* from

the surrounding solution (water, in living 0 H H H
" organisms). N\ | |
/ C—C— ¥ B == —*N—H
—N Compound name: Amine /| N |
\ HO H H | H
) H y Glycine, an amino acid lonized form of —NH,,
(note its carboxyl group) found in cells
Sulfhydryl group (—SH) Two — SH groups can react, forming a
“cross-link” that helps stabilize protein
structure. Hair protein cross-links maintain O c _~OH
the straightness or curliness of hair; in hair | -
& | —sH ’ salons, permanent treatments break H—C—cH,-Bol CYsteine.a sulfur-
' ' : cross-links, then re-form them while the | 277" | containing amino acid
(may be written HS—) | hair is in the desired shape. N
- i X
Compound name: Thiol H H
Phosphate group (—OP052") Contributes negative charge (1- when
positioned inside a chain of phosphates;
2—when at the end). When attached,

confers on a molecule the ability to react
with water, releasing energy.

Compound name: Organic phosphate

OH OH H | ﬁ

H—c—c—cl—-o—ol’—o-
H H H og

Glycerol phosphate, which
takes part in many important
chemical reactions in cells

Affects the expression of genes when on
DNA or on proteins bound to DNA.
Affects the shape and function of male
and female sex hormones.

Compound name: Methylated compound

5-Methyl cytosine, a
component of DNA that has
been modified by addition of

a methyl group
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(b) Cis-trans isomers

Isomers

X
H H X H
cis isomer: The two Xs are on trans isomer: The two Xs are
the same side. on opposite sides.

Cis-trans isomers differ in arrangement about a double bond. In
these diagrams, X represents an atom or group of atoms attached
to a double-bonded carbon.



(c) Enantiomers

CO,H CO,H
w H @NHZ NHZQH W
CHy CHs

L isomer D isomer

Enantiomers differ in spatial arrangement around an asymmetric
carbon, resulting in molecules that are mirror images, like left and
right hands. The two isomers here are designated the L and D
isomers from the Latin for “left” and "right” (levo and dextro).
Enantiomers cannot be superimposed on each other.




N\
\?—H \C—H \C—H
B G-
 HO—C—H, H—C—OH H—C—OH
HO—C—H HO—C—H RO=—0==+
§ T IR D . 0. &5 ')
R = H—C—OH  HO—C—H:
PN N P TN
H—C—+OH) H—C—+OH" H—C—+OH!
N Wian'? -
CH.OH CH.OH CH.OH
@1-LL3U b LR -1 Q‘[ﬂﬁ A-UNURN LN

AI0UNIDNLNDY (epimer) BoaNalunsnalsa

L - - o P d P ::3- - e ' el o o’
Diastereocisomer = isomer ‘rﬂmﬂuwwlunsz%n’mnuua:nu LDk QWL O



D- and L- Sugars
For a sugar drawn in the Fischer projection with the most oxidized carbon at the top:

* If the OH on the bottom chiral center points to the right, the sugaris D
« If the OH on the bottom chiral center points to the left, the sugaris L

most oxidized carbon (aldehyde) at top: these are "aldoses s Seatose’!
0. _H O H O H o . CHyOH
H OH H—4—0H HO ——H o =0
CH,OH HO ——H H——OH HO ——H HO ——H
H ——OH HO ——H HO ——H H ——OH
D-glyceraldeh
glyceraldehyde . | ., HO ——H HO ——H H ——OH
CH,OH CH,OH CH,OH CH,OH
D-GI i
ucose L-Giucose L-Ribose D-Fructose

i T, P
enantiomers

The D- L- system can also be applied to

L- and D- is a means of describing the : i .
other chiral molecules, e.g. amino acids:

absolute configuration of a molecule that
pre-dates R and S but is still used for

some biological molecules (sugars, 0-OH 004
amino acids). It's a quick way of denoting H-N H H NH
enantiomers: e.g. L-glucose and D-glucose 2 z
are enantiomers. CH, CH,4

L- and D- have no relation to the optical L-alanine D-alanine

rotation of a molecule. enantiomers



> Organic molecules consisting only of carbon and hydrogen are called

hydrocarbons.

» Macromolecules are polymers, built from monomers

> The Synthesis and Breakdown of Polymers

Figure 5.2b

Figure 5.2a

(a) Dehydration reaction: synthesizing a polymer (b) Hydrolysis: breaking down a polymer
@0 O Ho—( 1 )—(2)—a)—(a)—
Short polymer Unlinked monomer

Hydrolysis adds @
Dehydration removes a water molecule,
a water molecule, @ breaking a bond.

forming a new bond.

\/
DD DD Q-0 o

Longer polymer




Carbohydrates
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The carbohydrates are a loosely defined group of molecules that contain

carbon, hydrogen, and oxygen 1n the molar ratio 1:2:1. Their empirical

formula is (CH,O) , where n is the number of carbon atoms.




The structure and
classification of some

monosaccharides.

Aldoses

Ketoses

Triose sugars
(C3HgO4)

Glyceraldehyde

H

H—é—OH

|
c=0

|
H—C—OH

|
H

Dihydroxyacetone

Pentose sugars
(CsH1905)

H 0

\c/

l
H—?—OH
H—?—OH
H—?—OH

H—Cli—OH
H

Ribose

I
H—C—OH

I
OO
T

OH
C—OH

1

|
C
HG
HG
o I

Ribulose

Hexose sugars

(CG H1 206)
H\{p w\/p
|
H—C—OH H—C—OH
HO—C—H HO—GH
H—C—OH HO—G—H
H—C—OH Hwé~OH
H—C—OH H—E—OH
y J.
Glucose Galactose
H
H—C—OH
¢—o
HO —C—H
H é OH
H_¢—oH
H_ ¢ OH
!

Fructose
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Carbohydrates

Monosaccharide Oligosaccharide Polysaccharide
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Monosaccharide

CH,OH CH,OH
0 CH,OH 0 0
H H OH HO OH
HO OH CHzo” H H
H OH OH H OH
Glucose Fructose Galactose
(a) Hexoses
(@) (0]
HOCH, OH HOCH, OH
H H H H
OH H OH OH

Deoxyribose Ribose

(b) Pentoses

H\C/O
H—(|: = OH
HO—lC — H
1 —or
H—(|: — OH
éHzOH
D-(+)-glucose

N
H—(|Z = OH
Ho—C—H
Ho—C—H
¢ — o
(|iH20H

D-(+)-galactose

CH,OH
=0
HO—|C —H
H—é —OH
¢ — o
éHZOH

D-(-)-fructose




» i@y : Linear and ring forms of glucose.

H O
Nl
1C| 6 CH,0H
H—ZCI—OH i
H
HO —3c|:—H }/ v /
e 1C —_—
H—*C—OH / \O i / No
gl OH c 2
H—Cl—OH 8
H

(a) Linear and ring forms. Chemical equilibrium between the linear and ring structures greatly favors
the formation of rings. The carbons of the sugar are numbered 1 to 6, as shown. To form the
glucose ring, carbon 1 (magenta) bonds to the oxygen (blue) attached to carbon 5.

CH,0H

HO OH

H OH

(b) Abbreviated ring structure. Each

unlabeled corner represents a
carbon. The ring’s thicker edge
indicates that you are looking at the
ring edge-on; the components
attached to the ring lie above or
below the plane of the ring.
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g on CH,OH
HO-C=H i e
H-C-OH . -0
e = C/HH H C~
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CH,OH ORHC—C>
H™  OH

Glucose

AW Fischer Projection ¥84ng Induazdlaiialnsaaing

Fischer projection

CH,0H H CH,OH
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C H OH C C|3 H
H  OH H  OH

Haworth projection
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/
(a) o and B glucose ring Ao
structures. These two
interconvertible forms of H— | —OH
glucose differ in the -
placement of the hydroxyl — 2l c|: & —
group (highlighted in blue) H—C—OH
attached to the number 1 |
carbon. H—C—OH
o Glucose H—Cl—OH B Glucose
|
H
CH,OH CH,OH CH,OH CH,OH CH,OH OH CH,OH OH
0] O @) @) O o)
14 1O4 O
0] O O o) H
HO OH H 0 o
H H H H H CH,OH H H,OH
(b) Starch: 1-4 linkage of a glucose monomers. All monomers (c) Cellulose: 1-4 linkage of B glucose monomers. In cellulose,

are in the same orientation. Compare the positions of the every B glucose monomer is upside down with respect to its
—OH groups highlighted in yellow with those in cellulose (c). neighbors. (See the highlighted —OH groups.)

A Figure 5.7 Starch and cellulose structures.



Sucrose
(glucose and
fructose)

Disaccharide Lactose

(galactose and
glucose)

Maltose

(glucose and
glucose)




> Examples of disaccharide synthesis.

(a) Dehydration reaction in
the synthesis of maltose. CH,OH CH,0H

The bonding of two glucose H H H
units forms maltose. The 14
glycosidic linkage joins the ’
number 1 carbon of one HO 00 OH H
glucose to the number 4 l

H OH H OH

carbon of the second glucose.
Joining the glucose monomers
in a different way would re- Glucose Glucose
sult in a different disaccharide.

CH,OH CH,OH

1-4
H H glycosidic H H
1 linkage 4
O 0 OH
H OH

H OH

Maltose

(b) Dehydration reaction in
the synthesis of sucrose. CH,OH
Sucrose is a disaccharide . H
formed from glucose and 3
fructose. Notice that 00
fructose forms a five-sided HO CH,OH H
ring, though it is a hexose

like glucose. H OH l OH H

CH,OH

Glucose Fructose

CH,OH

1—2  CH,OH
H H glycosidic

1 linkage 2
O 0

H OH OH H

Sucrose




B(1 — 4) linkage

H OH

B-p-Galactose B-p-Glucose B-Lactose
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trisaccharide

L AINNU

raffinose

Wilingn ( Beta vulgaris L. )
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Polysaccharide

Polysaccharides are macromolecules, polymers with a few
hundred to a few thousand monosaccharides joined by

glycosidic linkages.
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Storage structures (plastids) Amylose (unbranched)

containing starch granules in a
) 0 0 0 0
A A PAIANAD
N e/

potato tuber cell
Glucose

,"j‘..’/ S g
, 000000

Glycogen
granules
in muscle

¥
3 Glycogen (branched)
.,.?.‘;V AT

Cell wall

Yol
(b) Glycogen “.:.‘
ez Cellulose microfibrils
in a plant cell wall Cellulose molecule (unbranched)
Plant cell, 0
surrounded H Microfibril (bundle of OO
by cell wall about 80 cellulose O 0 Jo
R O X ~_ /,_7’ Hydrogen bonds between
~OO~ : : parallel cellulose molecules

......... y QOH hold them together.

o

0000000 DL O O

(¢) Cellulose
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< The structure
of the chitin
monomer

< Chitin, embedded in proteins, forms the
exoskeleton of arthropods. This cicada is
molting—shedding its old exoskeleton
and emerging in adult form.

P Chitin is used to
make a strong and
flexible surgical
thread that
decomposes
after the
wound or
incision heals.

A Figure 5.8 Chitin, a structural polysaccharide.
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AN 2.12 ANUNIUFTUNNT (relative sweetness) VaINAALE: FITUNWINANE (sugar

substitute)

BAAVDIUNANA AMNNIK BRAVDIFITIN AMNUIU
ANWND AMNUIIUAILATIZW ANWND
WANINE (UIAN8KN) 0.16 loaaua (cyclamate) 30.00
vaslng hhaavasd) 0.33 LAaRWISUNY (aspartame) 150.00
ngina aihanaluidaa) 0.75 RLALIUNIAN NI (Stevia) 300.00
qiﬂsa @alranansw) 1.00 WTNAI3U (saccharin) 350.00
Winina @lraanslsl) 1.75 TATILAF (sucralose) 600.00

ﬁan: Enger, Ross and Bailey, 2009, W 52



Amylosehelice with the

glucose-monomerunit:
OH

N O

OH



(2) NMsnNaxaUKRIAIAas a1 (reducing sugar) S

@ < .
nNITnNaaauIgaTasaIagnaatauns (Tollens’ test)

/O NH3, H20 /O
< \:l-T‘n N Ag AsaU Ciezmn * A9

aae Lae NsaASUaTaN Tan=i3w




Tollens’ reagent

Aldehydes gnaandladlaniunisandladegisgou 1u
Tollens’ reagent (silver ion in ammonia solution) lagiiiulans

HUAUNVI9NADAAAENTZANLIT 158N silver mirror

i
RCH + Ag" 0, Ag

Mirror




NMSNARDUMURITAZAULULUANA (Benedicts' test)

/O w /O
R—C /,~ & cu?* aRAEU . p—C ey + Cu,O
NH) XOH}
8@ LIS NIAATU BTN ATNAUNUAIDS

Benedict’s test for sugars

i

0% 0-0.5%  0.6-1.0% 1.1-1.5% 1.6-2.5% 2.6-3.5% 3.6-4.0% >4.0%

[ —"




Fehling’s solution

CuSO4 + NaOH + K-tartrate —  Cu(ll)tartrate complex

N 0
R—C—H + Cu(l)tartrate » R—C—O0 + Cuy0

AZNBUAAIDY

Cu azaglusd Cu?* Waiaufisen
Cu?* 3zgn3adidu Cu’
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* Although fats are not
polymers, they are large
molecules assembled

'y from smaller molecules

' by dehydration

reactions.

e Afatis constructed from
two kinds of smaller




Glycerol is an

alcohol; each of
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Glycerol

its three carbons

(a) One of three dehydration reactions in the synthesis of a fat

bears a hydroxyl

group.
* A fatty acid has

a long carbon
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skeleton, usually

(b) Fat molecule (triacylglycerol)



The terms saturated fats and unsaturated fats

are commonly used in the context of nutrition.

(a) Saturated fat (b) Unsaturated fat
At room temperature, the molecules of
At room temperature, the molecules of an unsaturated fat such as olive oil

a saturated fat, such as the fat in cannot pack together closely enough to
butter are packed closely together q 5 solidify because of the kinks in some of

_ ; their fatty acid hydrocarbon chains.
forming a solid. —_—

@

Structural formula of a
saturated fat molecule H—
(Each hydrocarbon chain
is represented as a zigzag
line, where each bend
represents a carbon atom
and hydrogens are not H—
shown.)

Structural formula of an
unsaturated fat molecule

]

Space-filling model of oleic
= acid, an unsaturated fatt
Space-filling model of e :
stearic acid, a saturated
fatty acid (red = oxygen,
black = carbon, gray =

hydrogen)

Cis double bond
causes bending.



Saturated fatty acid:

H H H H H H
| | |

H- c c c "C=C=C~C~ -C—C-
| ! | | I

H H H H H H H H

Monounsaturated fatty acid: oleic acid(omega-9)

HHHHH H H
'll

H

-C~-C—-C~-
- A

H HHH

Palyunsaturated fatty acid: linoleic acid{omega-6)

H H H H H H HH
| | I

H- c c-c - c—c c- c—c ¢~ '—c—s—c
HHHHHHHHHHHHHH

-C~C

Acid group

Carbon-carbon
double bonds

H H
|

A
]

H H

H H 5
e
A
TR “OH
H H H

Polyunsaturated fatty acid: alpha linolenic acid{omega-3)

ACIDO RASOS ESENCIALES

H H H
| |
el ©

(
|
H

Acido decosahexanoico (DHA)
acido graso omega-3

Acido gamma linoleico (GLA)
un &cido graso omega-6

===

!

H H H OH

OMEGA 3




The phrase “hydrogenated vegetable oils”
food labels means that unsaturated fats have
been synthetically converted to saturated fats by

adding hydrogen.
 Peanut butter, margarine, and many other

Nutrmon mounUServm %DV* Amount/Serving 9 oDVI jS
Facts  TotalFat7g 1% TotalCarb. 200 7%

Serv, Size Sal. Fal 450 23% Dietary Fiber 1 4°

4 cookies (32g)
Servings 9 Trans Fal Sugars 1

calonos 150 Cholest Omg 0% Protein29

;’33 50 oM Sodium 115mg 5%

Vitamin A 0% Vitamin C 0%#Calcium 0%elron 4%
INGREDIENTS: Enriched flour, riboflavin,
sugar, partially hydrogenated vegetable oil,

cocoa, cornstarch, hydrogenated oils, soy
lecithin, salt, caramel color, artificial flavors.




C Hydrogenation of Oleic Acid

H T T H 0 H%H 0

L 1]
CH;{CH:];CH-CH(CH;];I.!.‘I—DH + Hy ——® CHs(CH3)7CHECH(CH,),C-OH
Polyunsaturated Fat Olefc Acid - Unsaturated i

Hydrogenation , | H H ﬁ
K . _, CHst'::thi— E-{CHz)rﬂ-DH

H H

C

C—H

H H
I
T
H H H H

H
|
]

Stearic Acid - Saturated

Hydrogenated Fat




< Figure 5.11 The structure of a phospholipid. A phospholipid
has a hydrophilic (polar) head and two hydrophobic (nonpolar) tails.
This particular phospholipid, called a phosphatidylcholine, has a cho-
line attached to a phosphate group. Shown here are (a) the structural
formula, (b) the space-filling model (yellow = phosphorus, blue
nitrogen), (c) the symbol for a phospholipid that will appear through-
out this book, and (d) the bilayer structure formed by self-assembly of
phospholipids in an aqueous environment.

-------------------- T ‘. Draw an oval around the hydrophilic head of the space-
filling model.

Hydrophilic head

Fatty acids © Pearson Education, Inc.

—Kink due to cis
double bond

Hydrophobic tails

o
v i cmmmmur I

/-"7— Hydrophobic

|

j —(/// tails

(a) Structural formula (b) Space-filling model (c) Phospholipid symbol (d) Phospholipid bilayer



—— Water

— Micelle

Above: a soap micelle with its top cut off — note the oil-like hydrocarbon non-
polar tails aggregated in the centre and the polar heads on the outside facing the

Below: a slice through the same micelle.

surrounding water.
Soap
molecule

‘ Polar

head

Non-polar
tail

Micelle

AL

-

DN COIICIN DI I NN
A3 53050505050505230555550505

COOPEIIIIEIEIEIEDEINDEIIIIEDEN SO HLHS

S s e e s s s s s ee’s X

CC D 3 0 0 0
Bilayer sheet



(a) (b) (c)

Hydrophilic
head

Hydrophilic Phoshhate Hydrophilic
head B head
f i Glycerol
Glycerol
Ester Steroid
link rings
2 |8 H hobi
I 9| Bendat ydrop otbalicl
g 2 double 'g 5
1 o
Hydrophobic S '-%’ :ond Hydroph;iabi:g g s
tails -8 2’, = %
A I\
= 2
= )
A c
= 2

chematic representations of three types of membrane

lipid.




CH3\ ClT
CH37N*— CH,—CH,— O — ﬁ_ 0 (|3H2 <“>
CH, 0 (IDH —O— C—(CH,);4—CH,4 CH, CH, OH

| | I
=0 - C— —CH=CH— — C CH CH CH
CH,—O |C|2 (CH;); —CH=CH —(CH,);— CHj 7°N / B NN e

0 CH2 CH2 CH2 CH2
(a) Phospholipid (phosphatidyl choline) (c) Terpene (citronellol)

gy
Y C—O0—C—C—C—C—C—C— H,C CH CH CH
H—0—0 C(|3C|3C|3(|3(|3H 3\CH/ BN R,

CH, CH
H HHHH CH, \

PR .
I

H—o—o—c—clz—clz—cls—c—cI:—H CHa
|

HHHHH

OHHHMHMH
T I HO

H— (IJ— O_C“ﬂ;_ ?_ ?_? _CI:_ H (d) Steroid (cholesterol)

H H HHHH

(b) Triacylglycerol molecule

FIGURE 3.19
Lipids. These structures represent four major classes of biologically important lipids: (#) phospholipids, (b) triacylglycerols
(triglycerides), (¢) terpenes, and (d) steroids.



Lipid (Steroids)

« Steroids HyC

— Are lipids %
characterized by a
carbon skeleton
consisting of four HO
fusedrings

— Many hormones,

Cholesterol Vitamin D,

including vertebrate Q_ CHOH
sex hormones, are ey HeC L i H,c OH
steroids produced i

3

from cholesterol

— Steroids play a role

In regulating cell
activities Cortisol Testosterone



Cholesterol

Cholesterol Is a waxy fat carried through
the bloodstream by lipoproteins

° LDL: low density
lipoproteins, or “bad

cholesterol”

@ HDL: high-density
lipoproteins, or
“good cholesterol”

*  Triglycerides
Plaque bulld-up
Q Total cholesterol

cholesterol

Cholesterol is produced by the liver and
we consume it from meat and dairy products

Cholesterol
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Hydrogenation of Oleic Acid

0 H% ﬁ
Il o
CHs(CH5)7CH=CH(CH5;)7C-0OH + Hz — EH;(EH;};EH%EH(CH;]?C-DH
Oleic Acid - Unsaturated l

H H 0
I
ﬂHaiﬂthi— E-{Cthﬂ-DH

Stearic Acid - Saturated C. Ophardt, ¢. 2003

COOH

H
|
C—H
|
H

H H H H H
I
COOH—C—C—C—C=C
|
Loyt
Polyunsaturated Fat
@ Hydrogenation
H H H H H H
I
R
| |
H H H H H H

Hydrogenated Fat



Polar end of soap Fat food color

molecule

Non-polar Micelle
end of soap

How Soap Works - Milk Soap Experiment

Na+

0~
0 ....-___,-..-:C\

H2C

CH:2

CH2

HzC H2C H2C HzC

N/ \ / N/ \ / \/ N

CHz CH: CH:2

Soap Molecule

CH2

H2C

CH:z

H2C

CH:

H2C

CHs






