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BLlLomolecules

MONOSACCHARIDES
Chemical Reactions of Glucose:
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1. Reactlon with acetyl chloride L):

When glucose reacts with acetyl chloride in the presence of ZnCly, it forms
, , ———

glucose pentancetate and HCL. This reaction demonstrates the presence of

hydroxyl groups in glucose.

CHO

C)(I/HO 0CCH3)4

Glucose + Fractose
(,HaOy (, RaO¢
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Treatment with PCLs:
Glucose reacts with phosphorus pentachloride to form pentachloroglucose
(CHCL)q along with POCLy anol HCL. This further conflims the presence of

hydroxyl groups.
o (7 HO)
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Reduction reaction: When glucose Ls treated with sodivum amalgam and water

(Na-Hog/H20), it forms sorbitol CHOH)4CHZOH). This veaction shows
that glucose can be reduced at its aldehyde group. =

H o)z COOH
Oxildation reactlons: CH20H C/C >‘f

o With bromine water: Forms gluconic acid

0 With nitric actd: Produces saccharic acld with additional oxidation

O The formation of these actos proves the presence of both aldehyde and primary
alcohol groups

COOH
QCHOH)Q
‘
CoOH.
Formation of glucosazone: Glucose reacts with excess phenylhydiazine

(CeHsNHNH2) to form glucosazone, which has characteristic yellow needle-
shaped crystals. This is a cructal Lolentification test.

CH=NNHCHs

\
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Structural nsights: The stralght-chain structure of glucose explains most
properties but fails to explain three important observations:

® No reaction with 2,4-DNP and NaHSO3

* No reaction of lts pentaacetate with NHOH

* Existence of o and B forms

. e m -vl AFEL WLARALLL AWSLEED,

-t-. H~C=0 @L‘
-%I: —OH H—{JE—OH o

HO-C-H 0 HO—gi-H — HO-C-H 0

H-E-oH H-C~OH H-Cton
5
H- H—(I_.:.— OH H
u,0H CH,OH (':‘i{;on
a-D(+) Glucose D{+) Glucose B-D(+) Glucose

These observations are better explained by glucose's cyelic structure, which exists
in equilibrium with the open chain form. The cyclic structure can take two forms:
* Furanose form: Flve-membered ring containing oxygen

(l_‘Hz OH

c 0

HO- 4|c H

- H- c OH
H- (|: OH
CH,O0H

D-(=)-Fructose
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-6 1 6
HOH,C CH,0H HOH,C _q. OH

5 2 5 2
H HO H HO
H \e OH H CH,0H
OH H - OH H
a-D-(-)-Fructofuranose p-D-(=)-Fructofuranose

* Pyranose form: Six-membered ring containing oxygen

T4 TTTT s s saes was s L ET LW WMALWEALWE A% AWLELED G .

6 [
CH,0H CH,0H

H
3
H OH H OH
o-D(+) Glucose or B-D(+) Glucose or
a-D(+) Glucopyranose B-D(+) Glucopyranose

Mutarotation: A p&wt'wumrtg qusortamt phenomenon Ls mutarotation, where a-D-

(+)-glucose converts to B-D-(+)-glucose tn aqueous solution, reaching an

equilibrivm. The specific rotation changes from +112°to +19%at equilibrivom (+

52.7).

ANDWMEYS:

stereolsomers that differ in configuration only around

(the anomerie or

glycostdic carbon). This explains the existence of a and  forms of glucose

iDi Saccharides
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¢ Sucrose, C,;H,,0y; (Cane sugar, non-reducing) :

H-C 0 CH,0H —
L ¢

]
H-C-0OH ; I
I 0 HO-C-H

HO-C-H | 0
H-C-
H-C-OH { OH
H-C A-¢
J CH,0H

CH,OH
¢ Maltose, C(,H,,0,, (Malt sugar, reducing) /

};\1 /OH ] )
C H-C——
, |
H-’]c*or{ o H-X-OH
Hq_:’lc -H o HO—]F -H ©
- H-4C . o H—‘?—OH
T
H-SIC H —SIC —
‘CH,0H *CH,0H
(reducing unit) (non-reducing unit)

¢ Lactose (C;H,;,0y,) (Milk sugar, reducing) : ‘

— —

H-C I-IO—I(l:—H .
|

H-(I:%.OH 0 H-’C-OH

o) ]
HO- <|:3- H ‘ HO--3$ -H -
H_O-?*—H

H-“?

fro
SCH,0H SCH,OH
B-D-Galactose a-D-Glucose
Polysaccharides:

Starch is one of the most significant polysaccharides, serving as the primary
energy source for huwmans.

ey characteristics and behaviour:
The structure 0{ starveh conslsts o{ two matin COMPONENES:

ane jLose and ant jtop_ectm.

Amylose forms a stralght chain with a-1,4-glycosidic bonds between glucose

units. Amylopectin, however, Ls more complex, having both a-1,4-glycosidic
bonds in the main chain and a-1,6-glycosidic bonds at branching points.
When we eat starchy foods, our body begins brenRing them down bumedintely.
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(n our saliva, the enZYme mw%mse Lnltiates this Process:

Starch — Dextrin — |Maltose — Glucose

(CetH1005)n — (CeH1005)x — C12H22011 — Cett1206

A distinctive property of starch s its veaction with lodine, producing a
characteristic blue color. This serves as a key ldentification test.
Importantly, starch doesn't reduce Fehling's or Tollens' reagents because its
reducing groups are tnvolved Lvﬂ@tgcos’w{’w bowds.}

Cellulose:

Awnother cructal polysaccharide, differs significantly from starveh. It forms the
structural framework of plant cell walls and is remarkably abundant - making
wp 90-95% of cotton and 45-50% of wood.

lts structure lnvolves B-D-glucose units connected by B-1,4-glyeosidic linkages
between C-1 of one glucose unit and C-4 of the next.
HOH,C

p-links

Cellulose

alycogewn, often called "animal starch," serves as the storage form of glucose tn
antmals. 1t's primarétg found tn the liver, muscles, and brain, with a structure
stmtlar to amgtopectm but more e,xtews'u\/e% brawnched.

Protelns and Amino Actds:
Protelns are complex biomolecules composed of amino aclds Linked through peptide
————

bonds (-CONH-),_— CO0 HY| conN

= , . . , . , ,

Anolerstanding amino aclds is cructal forcomFrehending proteln structure and
function:

Awmlno aclds shave o common structure but differ tn thelr side chatns. They can

be classified into several categories: o YRV
1, Nowﬁ?;cmr stde chatns: ’ ]:xceplr ﬁ_[j,mjne/
o stmple ones Like glycine (no side chain) and alanine (methyl group)
/N Hy
HOOC —CHy— NH, CHz CH
\ oo
G{W one - NP
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e Branched ones Likee valine, Lewcine, and Lsolewcine (all essential)

o Speclal coses Like prolime, whteh forms a unlgue ving structure
P P q 9

—(CooH
va
H

a?) Polar but neutral stde chatns:
o Hgdroxgbcomtaiwlwg (serine, threontling)
e Sulfur-containing (cgste’wue, methiontng)

* Avpmatic (tr@ptophaw, ty rostng)
* Amdlde-containing (asparagine, glutn LM)@ .

Amibno aclds with charged side chains:
* Basic (L@s’m@, arginine, histidine)

e Acldlc (aspmt’w actd, glutawic acid)
— /

Awmphoterism:

A fascinating property of aminoe aclds is thelr amphoteric nature - they can act as
both aclds and bases. This leads to the formation of zwitterions, where the amino
actd cavries both positive ano negative charges. At a specific pt calleo the
Lsoelectric po’wuc, the amino acid exists as a neutval zwitterion, showing minbmum
solubility.

Protelns can be classified based on thelr shape and structure:

1. Flbrous protelns: These have parallel polypeptide chains held together by
hydrogen and disulfide bonds, making them tnsoluble tn water. Examples
Dnelidle keratin and myosin.

2. globular proteins: These form three-dimensional spherical structures and are

M
t@pmug soluble tn water. Insulin and albumings ave privee exanmeples.

——— e,
Protein Structure and ks Levels:
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Protein Structure and (ts Levels:

The structure of protelns can be understooo through four hievarchical Levels, each
building upown the previous ong:

Primary Structure: This Ls the most basic Llevel - lmagine it as the raw sequence of
amino actds Linked together by peptide bonds. Each peptide bond forms between
the carboxyl group (-COOH) of one amino acid and the amino group (-NHz) of
another, creating a backbone with side chains (Rq, Ra, Rs, ete.) hanglng off Like
branches from a tree.

TSN -
I ~ . I
Nl o Oy — O o N — O

7N ~
L (|)|Rs/H

Stecondary Structure: This Level shows how the proteln chatn begins to fold nto

regular patterns:

1. a-Helix: Picture a spival stalrcase, where the proteln chain coils around itself Like
a spring. Hydrogen bonds between every fourth amino actd stabilize this
structure, making protelns Like keratin mestrow@ yet flextble.

Q000

1. B-Pleated Sheet: magine a folded paper fan - the proteln chain folds back anol
forth upon itseld, creating a flat sheet structure. These sheets arve particularly
cormmon Ln stlie protems, glving them thelr unique strength.

\ fn%e)vmocw&ﬂv’*
PN H —bond.s -

Tertiary Structure: Think of this as the final 2D shape of a single protein chain.
vartous forces come tnto play heve - hydrophobie interactions push some parts
bward, while polar reglons stay on the surface. This level gives proteins Like
hemoglobin thelr specific functional shape. >

uaternary Structure: This s like a proteln team - multiple folded proteln chabns
/CJZLLed subunits) come together to form one functional unit. Hemoglobin, with its

four subunits, is a classic example.
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Enzywmes and Thelr Properties:
Enzywmes are nature's catalysts, and their behavior follows several key principles:
1. Mechanism of Action:
The process follows a clear sequence: " ise
* Bnzyme (B) meets substirate (S) — Forms BS complex
* €S complex tvaws{orms — El (Intermediate) complex "
* El complex changes — EP (product) complex
* Finally, EP breaks apart — Free enzyme + Product

2. Key Properties:
* High Efficiency: They can catalyze wmillions of reactions per second
* Specificity: Like a lock and key, each enzyme works with specific substrates
* Temperature Sensitive: Most work best around booig temperature (37°C)
* pH Dependent: Each has an optimal pH range (often around 7)

* Vitaming
These are organic compounds which cannot be produced
by the body and must be supplied in small amounts in diet
for normal health, growth and maintenance of body.
Multiple deficlencies caused by lack of more than one
vitamin arve common bn human belngs. This condition

of vitamin deficlency is Rnown, as@i&(m/wos'té) "
* The vitaming which ave soluble inwater ave called >, wa_}gﬂ -@O\UJO '
water soluble vitamins. e.g. vit. B, vit. C, etc. = @

* The vitamins which ave soluble in fats ave called fat

soluble vitamins. e.g. vit. A, B, E, K. M gowv, .

Nuclele actdds ave polynucleotides present tn the nuclel of all Living cells in the
form of nucleoproteins. They are the fundamental molecules of heredity and
contain genetic information essential for all Living organisms.

Basic Components (High Priority Topic)

Each nucleotide consists of thiee essentinl components:

* Pentose Sugar (5-carbon sugar)
* Nitrogenous Base
* Phosphate Group (HzPO4)
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Types of Pentose Sugar (Important for JEE)
® Dyibose (CgHi00s5): Present ln RNA

Contains an OH group at 2' position
J Q—Deo,xg—b—nbose (Cgtt1004): Present Ln DNA
Lacks oxygen at 2' position

Nitrogenous Bases (Critical for Both JEE § NEET)
Purines (Double-ring structures)

o Adenine (A) / I\)M&Q =

Structure: CgHgNsg g +
Contains two nitrogen-containing rings P@\’\’Oge 011

e cuanine (4) / A(\ﬂ O p"\%Yoﬂznﬁu’%

Structure: CgHgNgO
Forms three hydrogen bonds with cytosineg NU«CM =

C/

Pyrimidines (Single-ring structures) N) (U_/Qlﬁ,gfdp/‘{’ F L d.

* Cytosine (C) /

Structure: CqaHgN3O

J Tlngm’me () - only n DNA /

cuT

Structure: CsHgN202
o wacil (W) - only inrRNA

Structure: CattaN202

Nucleoside vs Nucleotide (mportant Distinction for JEE)

Nucleostole = Pentose sugar + Nitrogenous base
Nucleotide = Nucleoside + Phosphoric acld (at 5 carbown)

DNA VS RNA Gowq:arisow (Critical Table for Both Exams)

Feature DNA RNA 3
© (%)

sugar 2-oleoxy-D-ribose D—l/LbOS?‘/

[Pwmmm bases/Cytosine, Thymine  [Uracil, Cytosine
Purine bases Adenine, quanine  Adenine, quaning
Structure Double-stranded helix Stngle-stranded
Locatlon Nucleus (maLng) Nucleus + Cytoplasm
Replication Self-replicating 7 Non-self-replicating
Size Larger <~ \swaller v

Stability Morve stable v~ |Less stable /
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Chargaff's Rules (mportant for Both Exams)

Flrst Rule: A =T, § = C (In DNA)
Second Rule: Purine = Pyrimiding
BasSE Palring:

A=T (2 H-bonds) /

G=C (2 H-bownds) /

I RNA: A=W

Blological Functions (Essential for NEET)
Replication

® Seylconsenvative ProCess
e Produces Ladentical DNA coples
* Enzy me-catatgzed

Protelin SY nthests

® Ty wscr’qatﬁom: DNA — RNA
o Tyanslation: RNA — Protelin
* Gewnetic code: Triplet codon system

Mutations (Important for NEET)

* Definition: Changes tn nitrogenous base sequence
* Effects:

* Altered amino aclo sequence
e Modifieot protein structure
* Possible genetic disovolers

mportant Practice Problems
JEE-Level Problem:
2. Coleulate the number of hydrogen bonds tn a DNA segment containing 20%

adenine. Total number of nucleotides = 100. 2>’\/
A=T =200 ot hobords - (AT P’ﬁj"m
G1=C = <ol )T (P
= @O 20%>
NEET-Level Problem: - 120

1. If & DNA segwment has 20% cytosine, predict the percentage of other bases.
e

_ oo Y.
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Hormones:
These chemical messengers con be classified bnto three main types:

1. Stevold Hormones:
* Examples: testosterone, estrogen, cortisone
e Fat-soluble molecules that easily cross cell membranes
* Control development and wmetabolism
2. Peptide Hormones:
* Examples: nsulin, oxytocin
* Water-soluble protelns that work through cell swrface receptors
* Control various metabolic processes
3. Amine Hormones:
* Examples: thyroxine, eplnephrine
* Derived from amino actos
* Control metabolism and stress responses

JEE Mailn 2023: &:
A polypeptide has € amino actds. Caleulate the total number of peptide bonds

present.
" No. Og P@Pffda bonds 4 a&m/x one [e93
‘wal) A[)'“ g’ ( 47 ng#@é@ b@'nd

NEET 2022: @: Which of the following statements about enzymes Ls incorrect? a)
They are highly specific b) They possess both active and allosteric sites ¢) They
are predominantly proteins %TM% can be used indefinitely
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* JEE Advanced 2023:

R: Mateh the following:
Colummn A Colummn B

Insulin p.  Peptide hormone \D/
Thyroxing |q. Sterolol hormone C

O e~

Estrogen. v Amling hormone 0

NEET 20232 @: Which statement about nuclele aclos Ls corvect?

) RNA contains U/IMWLLV\A? > U'mdiA . opa,ol
b) DNA L2 cingle-ctranded 3 clouble Lrarunclest -
¢) n DNA, adenine pairs with thymine through two hydrogen bonds
d) RNA contains uracil and ribose SM@V

JEE Main 2022: @: Caleulate the pH of (soelectric polnt of glycine if prag = 2.34
and pRAz = 9.60
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