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Biomolecules

The complex molecules that build & sustain
all //'w'ny o»:gantkms are called biomolecules.

They run every cellolar process — energy,

ﬂmwf'h, Eﬁﬂﬁ herec/h‘y, repair, immounity.

Main Classes

/. Carbohydrafes — Fvel + structure

(sugars, starch, cellvlose)

2. Proteins — builders & enzymes
* (made From 20 alpha-amino acids)
s. Mucleic acds — herec/ffy & code

(DA stores, RNVA expresses)
9. Vitamins —  micro-nutrients,
rezu/'rec/ n Hny amounts
s . Hormones —  chemical messengers

(insulin, adrenaling, fhyroxine)

Lk = ¢, H, 0, &~ P S + H20 | <5x <&

< -elements

Biomolecules are mostly polymers built From
smaller repeating  units called  monomers.

Hyc/ro/ysfs breaks them, condensation \}ofns them.
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Carbohydrafes

Po/yhyc/roxy a/c/ehydes or Wetones, or compounds
that yl'e/d these on hydro/ysis. General +ormula
C. ( Hz 0 7,, (so the old name 'hydraf'e of C').

Classification

Based on hydrolysis behaviour:

/.  Monosaccharides — cannot be hydrolysed
further. Examples:

9lucose, Fructose, galactose,
ribose, 2~deox7/rlbose, mannose.

2. Disaccharides — yt’ue 2 monosaccharides
on hydrolysis.  e.g. sucrose, maltose,
lactose.

3. O/{gosa(cham’des (2 to /0 units).

9. Polysaccharides — give many unifs,

€.9. starch, cellvlose, glycogen.

Aldose vs Ketose
Aldose : carries a  -CHO grovp

(e.ﬂ. ﬂ/uco.{e, ribose).
Ketose + carries a 7 C = 0 inside chain

(e.ﬂ. ﬁrucfoSe).

feducing vs Mon-reducing

f('educinﬂ : bee  -CHO or -C=0 grovp <an reduce
Tollens' / Feh/[ny. /Von'rec/uc/ny : both functional
ﬂroups loced  in ﬂ/ycosidfc bond (e.ﬂ. sucrose).
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Glucose ( aldohexose )

Molecular formula < C, H/z Oe ( IUPAC - D~(+7—ﬂ/uc05e
Most abundant monosacchar/c/e/' called blood svugar.
Made by photosynthesis - & CO, + © HZ 0 -» ¢, H,0 + ¢

Open-chain  ( Fischer )

cHO (c/)
H - ¢ - OH (c2)
Ho - ¢ - H (C;‘,Oh;'h%” ocﬁy’f?ﬁt//b(e)
H - ¢ - OH (cY)
<-z=7 D - series
H - ¢ - O (cs)
cH2 OH (co)

Cyclic Haworth forms

Cc/ -CHO reacts with C$~ -0H internally  to ﬂ/'ue a
é—membered r/’nﬂ -7 ﬁm pyranoSe riny. .

New chiral centre at C/ is called the anomeric C.

Constants
Q - D - gluopyrancse :  mp. = /7 K ’

[od, = + 172
beta - D - glucopyranose - mp. = 923 K .

[o, = + /7 d
Motarotation

Slow inter-conversion of alpha <-7 beta via open chain.

Ezw'//'br/um [ij = 4+ $2\7 dey Gn  water).
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Fructose ( «etohexose )

Same Formula  C, H/z 0, but with a «eto grovp
> C = 0 atr C2 (MOT -CHO at C/ like y/uco:e?.
IUPAC ° B = (o) = #rucfose, [ij = - 92.9 c{eﬂ

Cyclic Fform

C2 «Keto reacts. with C$ -0+ -7 $ - membered rfnﬂ
called O - D - Huctofuranose / peta - D - Houctofuranose.

(/Vof'e: f—rf'ny = ﬁzranosg é~rfny = pyranOSe.)

Anomers ‘

Cyclic svugars that difHer ONMLY in the conﬁyuraﬂon

of the anomeric carbon .(C/ in aldoses, C2 in Wetoses).
e.g9. O - b - Glucose & eta - o - glucose

— anomers at c/.

Epimers
Diastereormers that differ in (on@yuraﬂon at onLY

ONE of several chiral carbons (not the anomeric onrel).

Examples
Glucose &  mannose -7 TF C2  epimers
Glocose & galactose -7 CT7  epimers

Aromer . ONVE C, the aromeric one (C/ / c2)

Epirmer : ONVE C, but some OTHER chiral C
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Disaccharides

*
Two monosaccharides \joinec/ by an oxide / ﬂ/yc,ocsidfc
bonc{ ( - 0 - )

Vi loss of ome water molecule.

Sucrose ( table svgar )

o - Db - y/ucoSe o= beta - D - fructose

Joined by O (/ -7 beta 2) glycosidic linkage.

Both anomeric C's are locked -7 ﬁﬁ%m%? /VO/V—reduciny.
Hydro/y:ix' (acid /] invertase enzyme) yiues

ezw'rno/ar ﬁ/ucose + fructose = invert svgar.

[Qjo £ + 66.5 c/eﬂ -7 - 20 c/eﬂ (rofafrbn vC/t)os v)

Maltose

o - b - ﬂ/ucose + Q - b - ﬂ/ucose

\}oinec/ by o (7 -7 9) y/ycosidic bond.

C/ of second glucose “is FREE -7 FREDUCIMG svugar.

Lactose ( milk svgar )

beta - D - ﬂa/ad’ose -+ beta - D - ﬂ/ucose
\jo/nec/ by beta (7 -7 9) ﬂ/ycosfc/t'c bond.
Free arnomeric C on ﬂ/uco:e -7 FREDUC I M~ sugar.

ﬁeduciny g maltose lactose

\
MNMon- rec/uc/nﬂ £ Sucrose
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P olz'sacchaﬂ'c/e.s

Long polymeric chains of monosaccharide units.
/l/fosf'ly non- Sweet, non—reduc[ny (Free anomeric C

s neﬁ/{glb/e vs total chain).

Starch  (plant storage)

Two components

Page :

a) Amylose 20 % -7 LINEAR chain
of O - D - y/ucoSe \}o/nec/ o
Soluble in hot water.

b) Amylopeéh"n 50 9 -» BRAMCHED chain

main bonds Q (O -7 9)

2]

-7 9.

branch bonds o (/ -7 o) euvery 25 - 30 vunits.

LInsoluble iin water.

Cellulose .
Linear po/ymer of beta h D - ﬂ/uco:e
\joined by beta (/ -7 9) ﬂlycoS/dlt bonds.

Structural in plant cell walls.  FArimrrs—digest—

cannot c/l;gesf' cellulose — we lack cellulase.

Cﬁcqqen (animal .sforqqe)
Po/ymer of O - D - y/uco:e ; o (/) -7 9)

branches —  MORE branched than amylopectin.
Stored main/y n liver & = s«eletal muscle.

Called 'animal starch'.

Humans

+

o (7 -7 &)
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Amino Acuds

Bur"/c/{nﬂ blocks of proteins. 20 standard /
bett alpha - amino acuds occur raturally.

General structure

Ho v - cH ( ®) - COOH <-F = sik

<-chain

Classitication by R

(a) Acddic : side -COOH grovp
Asp ( D ), Gl ( E ).
(b) Basic : side -#AH2 /) amide / imidazole
Lys(/(), A»:g(ﬁ), His ( H ).
() Meutral - non-polar / polar non-charged
Gly, Ala, Ser, Thr,
(d) Aromatic : ring ﬂyroup
Pre ( F ), Tyr (V) Trp ( W )
(¢) Sulphur _SH or -S-CH3Z in R
. Cys ( C ), Mt ( M)

Essential 9 ( VT Tz LH )

Body cannot Synf'hesf.:e —  must come from diet.

Phe I Val J Thr ; Trp , /l//ef'" <-9 essentials
C <-+or adults

<-( His added

L Il Lys His
o € 7 ! : <-in yrowf’h‘ )
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- Zwitterion & pl-

In agueous solution, an amino acud does MIT exist

as a neuvtral molecule. The -COOH donates H+ to

the -AH2, giving the dipolar ion (zwitterion):

<-salt

Met charge depends on pH ¢ in aud -7 cation,

in base -7 anion. The pH at which the molecule

carries  zero ret charge is the  isoelectric point

pI = ( pKa/ -+ PKQZ ) / 2 <- nevtral

P epﬁde Bond &3

Formed by condensation between the -COOH of one
amino aud and the -AMH2 oF another, /oS/"nﬂ H20.

Hz m(+) - ¢cH ( R® ) - c00(-) | <-interrnal

- c0 - MH -

( the peptide bond

Special features

/.

w

Planar ( the & atoms C, N, 0, H, Clalpha) x 2

lie in one plare ).

90 o/o double-bond character becavse of

resonance ¢ = 0 ). -NV- <-7 -¢( -0
Kestricted rotation about C - N.
Trans con@yuraﬁon is preferred  (less  steric).
Provides H-bond donor (v-H) & acceptor (c=0).

-

¥

<-AA on/y

)

M-



Date : Page : 7

Protein Structure

*

Pﬂ'mdri ( 7 dqu )

Linear Sezuence of amino acuds \}o:hed by pepﬁ'c/e
bonds. This sequence /s dictated by the gene

(OrA). A single mis-placed AA can destroy Function
(eﬂ. Sickle-cell HoS = Val replaces Glu at pos %)) o

.S'econdgy ( 2 del7

Local ﬁo/dthy stapbilised by H-bonds (bef’ween
/V~H and C=0 of the bacb(bone). Two main motifs:

(a) alpha - HELIX  :  right-handed coil _
3.6 residues per turm pitch .9 A° .
rise /.5~ A°  per residue. ( €.9. Weratin )
(b) beta - PLEATED  sheet . extended strands

parallel or artiparallel ; H-bonds

between strands. ( e.9. silk fporoin )

Tertiary (3 deg )

Foll 3-D fold ovcvone po/ypepf’/'de chain.

Stabilised by  disulphide ( - S - S - between Cys 7,
salt brt'c{ge: ; hyc/rophobic & H—bondfny interactions.

Quéfernary ( 9 dsj )

Two or more po/ypepf'fde subunits assembled f'oyef'her
Haemoﬂ/ob/h : 2 O 4+ 2 beta chains ( tetramer )

Facuili . - A chain (27 AA ) + B chain ( 30 AA

2 inter-chain S-S + / intra-A S-S,
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Denatvration

Losi of Ioio/oyr'ca/ ach’uify cavsed by d/Smph’on
of the htyher—orc/er structure of a protein.

What breaks

Denaturation breacs the WEAK interactions
- hydrogen bonds
- hyc/ropholor'c clusters
- salt br/c/yes
- some disulphide links

Pr/"rnary structure ( peptide bonds ) =  intact

re. the AA seguence is preserved ;  only the
Folded shape (2 c/ey / 3 c/eﬂ / 9 c/ey ) is lost.

Common cauvses

Heat ; pH chanﬂe ; defe»:genf's , heavy metals

alcohol WV  radiation , mechanical ayifah’on.

Everyday examples

Eﬂy»whff’e turns opague on heaf'fny
( alourmin denatures, traps air -7 coagulates ).
Mk cordles in lemon \jut’ce

( ciSe/'n denatures at low pH ).
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) Enzymes

Bl'o/oﬂfca/ catalysts — almost all enzymes are
y/obular proteins ( exception r/'bozymes = RknvA ).
Mames usvally end in  '-ase’  (maltase, urease).

*

Key properties

/. Lower the activation energy Ea ;
do MOT chanﬂe delta G of reaction.

2. H{gh/y SPECIFIC to substrate & reaction.

3. Work at mild T & pH ; denature easily.

9. Caf'a/yh'c — turn-over number IS h{gh.

Models of Speciﬁ'u'fy
LocK—anc/—b{ey ( Emil Fischer ) £ active Site

s rt;gfc/ and exacf'ly Lfits one substrate.
Induced £t ( Koshland ) ; active site is

Hexible and reshapes around the substrate.

Inhibitors
(a) Competitive ! binds the "same active site
as substrate ;  reversed by raising [57].

( ¢.9. TRIAAAS!  malonate  vs  succinate c/ehyc/royenase.
(b) MNMon-competitive s binds an allosteric
site ;  changes enzyme shape ;  often

irreversiole  ( e.g.  heavy metals Hy(z-/—), Pol2+) ).

fncreasfny [ ST does AMOT relieve non-competitive.
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Vitamins -  Fat soluble

/ needed in small amounts

for normal metapbolism. Two b{g b9)*0«7:35 pased on

So/ub/"//"fy
Fat-soluble : A, Db, E , K
Water-soluble : B grovp C

FAT- soluble ( stored in liver / fat tissve )

Vit MNMame Deﬁct’ency disea se
A Ietinol N{ghf—b/mc{ness ,  xerophthdIBAa
< - source
..
D Calciterol Fiewets ( child ) osfeo%ﬁ’/’d’?ﬁ/}ﬁh
< - Synf’
( adult )
E Tocopherol Sf'er/'//fy , muscular clysf'rophy
*
. ) . .
K Phy//ozumone Blood c/of’f’mﬂ #a//ure%

( haemorrhage )

Why stored 7

Be/nﬂ non-polar they dissolve in body fat and

Sf'ay for wee«s -7 c/af/y intae MOT essential.

BUT

7ore  hyper-vitaminosis s possible ( toxic ).
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Water - soluble Vitamins

L

Polar molecules — excess is excreted in urine ’

so MOT stored. Da//y c//'ef'ary intake s essential.

Vit Name Deﬁfcfmcy
3/ Thiamine Beriberi
52 Rivofavin Cheilosis ﬂ/ossh"fs
B3 Miacin Pe//aﬂra
B¢ Pantothenic aud Burnfny - feer Syndmme
Bo Pyn'c/oxine Conuvvulsions
B7 Biotin " Dermatitis , hair loss
39 Folic aud /Meﬂa/ob/asht anaemia
*
8372 Cobalamin ( Co ) Perniciouvs ana.Qm/'a <-only B/2 has
<-a metal ( Co
C Ascorbic aud Scurt/y
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NMucleic Acads ( DNVA /) RWVA )

Po/ymers that store & transmit herec/ff'ary into.
Watson & Crick propoSec/ the double-helix in /95 3.

- Components

Each nudeic acad s built from three parts
/. Pentose sugar
bwrAa * - 2 - c/eoxy - D - ribose
A E D - ribose
2. Phosphate grovp (-0 - P(=0)(0H) - 0 - )

s. M%royenous base

Purines : Adenire ( A ), Guanire ( & )
. roFmTyTie  bicycic 7-atom  ring
Pyn’mfdfnes s Cytosing (¢ ), Thymine (7T ),

Uracil ¢ O ) - monocyc/ic 6-atom r

Base pairing ( DNVA )
A = T (2 H - bonds|) <-ChargatFs

<-rule

G f'rt)o/e—bonc/ C ( 3 H L bonds )

DNVA dimensions ( B - form
- TJwo strands are ANTIPARALLEL ( $'-73' vs 3'-25" )

/O base pairs per turn

Pitch ( orne £ll turm ) = 3.9 nm
Kise per base pair = O.39 »nm
Helix diameter = 2 »rm ( 20 A )

rrA

anﬂ/e - stranded / U replaces T ; Svgar = ribose.
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Mucleotides & Function

Mucleoside vs Mucleotide

Mucleoside = Suyar -+ base

Nucleotide = svgar + base + PO

€.g. adenocsine ( nucleoside ) -> AMP /) ADP / ATP
NMucleotides conmnect by phosphodiester bonds
(s phosphate of onre = 3 OH of next).

[

Backibore direction is e -7 3, e

Types of RNA
mNVA ( 'messen‘ger ) - carries gene code

* £om DNA to ribosome

A ( transter ) - anticodon ; Ior/nﬂs

the mafchfnﬂ amino acud

VA ( ricosomal ) structural part of

\

N , the ribosome

Central_dogma

4

DA -7 ﬁ/[/A - Pfl)felh <- transcription

<-4+ translation

Hormone.s ( brief )

Chemical messengers secreted by endocrine ﬂ/ands.

Three chemical types
/. Steroid : cortisol , testosterone esf'royen
2. Pepﬂc/e : insulin ﬁ/ucaﬂon ) oxytoun
3. Amine : adrenaling |, thyroxine (79 )



