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2. Biological Molecules

Carbohydrates:

- Sugar polymers

- Molecules contain C, H, O atoms

- H atoms are twice as many as C or O atoms (CeH1206)

Carbohydrates - Monosaccharides, disaccharides

H o
N

T X =X Q %
T-0-0-0-0-0-0
o ¢ ¢ X ©

M onosaccharides

. The simplest carbohydrates

. They aresugar: C=3=triose C=4=tetrose C =5 = pentose C = 6 = hexose

. Examples of hexose sugars. glucose, fructose, gal actose (CeH1206)

. Molecules often have the form of aring, made up of some C atoms and one O atom.
. Glucose molecules has 2 forms: a-glucose and B-glucose.

+6018-375 2833 www.chempraxis.com.my



'J'\.

L
o CHEMPRRAHIS o
LY, Biological Molecules
CHLOH
a M
K\/ CHLOH /)
H—(—OH C—OH » H OH
(I 'l‘/l H DOlagnse
W - & l':n H e IR
, & J ?,
H~—(—OH “()\\(l. (I,/ O
H—(—0OH |
WOl
CH,0M
Dk ose

{opeii-chain foem )

Disaccharides

aH

B-b-Cil e

Different disaccharides can be formed by linking different monosaccharides. The bond

that joins them together = glycosidic bond.

Disaccharide Monosaccharides
Maltose Glucose + Glucose
Lactose Glucose + Galactose
Sucrose Gluc-:ﬁ + Fructose

Condensation reactions (dehydration): 2 monosaccharides covalently joined;

H20 is formed.
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Hydrolysisreaction (splitting by water): disaccharides are split into 2 monosaccharides

by breaking the glycosidic bond; a molecule of H20 is added.

All monosaccharides and some disaccharides are reducing sugar s (reduce blue

Benedict's solution to produce an orange-red precipitate). Sucrose is anon-reducing sugar.
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Carbohydrates — Polysaccharides

e Molecules contain hundreds/thousands of monosaccharides linked into long chains.
e Molecules are enormous --> the majority do not dissolve in water --> good for storing

ener gy (starch and glycogen) or for forming strong structures (cellulose).
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Amylose Amylopectin Glycogen Cellulose
Source Plant Plant Animal Plant
Subunit a-glucose a-glucose a-glucose B-glucose
Bonds a-1,4 a-1,4- a-1,4- B-1,4-
(glycosidic a-1,6- a-1,6-
bonds)
Branches No Yes Yes No
lllustration PR p——
DA RPN
VOO0 —
AR

e H bonds between chains --> very strong microfibrils --> cell wall will not break easily if
the plant cell absorbs water; difficult to digest (few organisms have enzyme that can
break the B 1-4 bands).

microhioed
180 nm diarmaeter)

colukee fibew @

ghcoudic bond

Qlucose ring Structwe - part dsanen bead
of one celluiose moledue
LipidSZ N N
- Include triglycerides + phospholipids. e
- Molecules contain C, H, O atoms (TR
- Very small proportion of O.
- Insoluble in water. Triglyceride Phosphotipid
{ohverol + 3 fatty acids) {ohasghate head + 2 fatty acid lais)
11

+6018-375 2833 www.chempraxis.com.my



'J'\.

Loy
E:CHEHF'EFIHiE
e Nucleic Acids and Protein Synthesis

Sickle Cell Anaemia

An example of amutation is a change in the gene that codes for one of the polypeptidesin aHb
molecule. In the genetic disease sickle cell anaemia, the gene that codes for the B polypeptide
has the base T where it should have the base A. This means that one triplet is different, so a
different amino acid is used when the polypeptide chain is constructed on aribosome.

r&anofoodhgm
DNA CAC GTG GAC TGA GGA Ci¥c cTc
sequenc® GTGE CAC CTG ACT CCT GAG aaa

v

Amino acid | . o) = » U S I e J B 5 g, i o
Marmal

Meormial red Dicod cells

DNA CAC GTG GAC TeA waa clc cT1cC
sequence ‘gT@A GAC CTG AGT CcCoT 4

Amino acid |
sequence |

These amino acids are on the outside of the Hb molecule when it takes up its tertiary and
guaternary shapes.

. Glutamic acid is a hydrophilic amino acid. It interacts with water molecules, helping to
make the haemoglobin molecule soluble.

o Valineis a hydrophobic amino acid. It does not interact with water molecules, making
the haemoglobin molecule less soluble.

*Q: Explain how a single change in the DNA triplet for the sixth amino acid of the gene
coding for the p chain leads to the production of a different amino acid sequence.

57
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9. Gas Exchange

The Gas Exchange System

\ Cross sections of airways to show the distribution of tissues (not to scale)

\ Key Trachea Bronchus Bronchiole
[] Comnective tssue

0

Cartilage

. Smooth muscle
== Ciliated epithelium \

trachea 1 1.6 am b1 1+ FES YES ]
branchius | 1.2 cm o5 = ¥es yes | na

terminal bronchale | 48 000 | 1.0 mm ey na ¥es ¥es | no
resgiratary JCHFQOR | 0,5 mam ] e ne a few | na
branchale

alvacdar dect 9 ox 10% | 400 um Ptk (5 e i yes

alwend 3w 109 | 250 pm Tt fid G fie i
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Gas Exchange

e Cartilage— provides support and prevents the tubes collapsing when the air pressure
inside them is low.
C-shaped rings of cartilagein trachea
Irregular blocks of cartilage in bronchus

e Cillated epithelium — sweep mucus upwards towards the mouth, helping to prevent dust
particles and bacteria reaching the lungs.
Goblet cells— secrete mucus, which traps dust particles and bacteria.
Smooth muscle —When it contracts, reduces the diameter of the tubes. During exercise it
relaxes, widening the tubes so more air can reach the lungs.

e Elastic fibres— stretch to allow the alveoli and airways to expand and recoil to reduce
the volume of alveoli and expel air out of the lungs.

Alveolus

_ Alveolar wall
one cell thick
(squamous
epithelium)

Capillary wall
one cell thick

 Elastic fibres
Thin layer of

fluid containing
surfactant

*Q: Explain how alveoli are adapted for gas exchange.

ignone maoist
caorract ref. to difusion of, carbon dioxide [/ oxygen ; A absord / lose / AW
(many ahwaol) large surface anoa |
surroundad by, (many) capilaries / capillary natwork / AW |
short diffusion distance (Detween air and blood) |
Bload maintains concentration gradient |
apithatium / alveolar wall / AW, thin ! squamous . A alveolus one cell thick
A aveclus has a Ihin wall
R cell wall e.g. alveolar cel wall is thin
ideg thal vary lila bobwaen. apithelium and endothelium / AW |
0.7, afveolus ond capillary are close together
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Monoclonal antibodies

immunization of mouse
to stimulate antibody
production

Tumor cells are
grown in tissue

Antibody-Torming f* cuhture
ceils isolated \

from spleen

Antibody-forming cells are fused with
cultivated tumor cells to form hybridomas

Hybridomas screened for
antibody production Aumtibn oy -producing
hybisdomas clanaed

Hybricdkomas screened for
antibody production

*Q: Outline how monoclonal antibodies are produced.

pnligen, Intrcelucad ! AW, ima, (small) mammial ; A& named smeadl msmemis
Bdymphocyies /B colls | plasma oells f splonocy@os | antibody-producing lymphocyles, are teken / are isclated {from
b splisan | lymph rodes) ;
(hasa) ceils are fused | AW, wilh, myelama | cancer, ceils ;
hybridoma cels ! hybridomas, lomead ; R hybrideed cels | hybdd cells
hybridoma ced, is clonad /AN ;
screaning / tasting, far hybridama that produces cesind sntibody ;
;ﬂ’ iy scaling up Marge-soale production [ grow in a famenter |
VP oo
fusion using, usogen | palysihylens glyesl /PEG/ alectric cumant {electrofusion) ! (Sendai) virus
HAT medium, for, hybrddoma grosth ! inhibiting myeloma growth
humani=zation of mopocionsl antibody

B B N -
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Application of monoclonal antibodies

Diagnosis - Can be used to locate the position of blood clots in the body

- A radioactive chemical that produces gammaradiation is
attached to each antibody molecule to make radioactively labeled
antibodies

- Bind to fibrin with which they come into contact
- A gammaray camerais used to detect the exact position

- Other: detect cancer céells

Treatment - Trastuzumab — treat some breast cancers — binds to a receptor
protein that is produced in abnormal quantities in the cell surface
membrane of cancer cells— marks them out for destruction by
the immune system

- Ipilimumab — therapy for melanoma (skin cancer)
- Infliximab — treat rheumatoid arthritis (autoimmune disease)

- Rituximab — control overproduction of B-lymphocytes
(leukaemias)

*Q: Suggest the advantages of using monoclonal antibodies in diagnosis of disease.

-

maoncclonal anfibodeas wsed all have the same spocifiity

R "sre specific” unqualified

detect only one, antigen | epiiope ;

can deinguish betwesn differant, pathogens | strains of, pathogens ; A tvpes of cancer cells
can be, labelled ! lagged / marked | AW ; 2, with fluoressent abel

monacknal antibodns can diled locinon of, lissues axpressng anfigen / cancer cells / blocd clots ; A dea of
locating arsas of infasction

fastier} (diagnosis) ;

can delect antbody levels (e.g. HIV) ;

AVP ; eg. some pathogens cannal be cultured

| redf. i cosl

Esm b
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