Biomolecules

Classification of carbohydrates:
e Monosaccharides
e Trisaccharides

Revision Notes on Biomolecules

Carbohydrates

Monosaccharides

e Oligosaccharides
e Polysaccharides

The Aldoses, which contain an aldehyde group (-CHO).

The Ketoses, which contain a ketone group (>C=0).
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Stereo Isomerism in Carbohydrates:

e If the hydroxyl group on the asymmetric carbon atom farthest from aldehyde or ketone group

projects to the right, the compound is a member of the D-family.

e If the hydroxyl group on the farthest asymmetric carbon projects to the left, the compound is a

member of theL-family.
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e Maximum Number of Optical Isomers = 2™ where n = the number of asymmetric carbon
atoms.

e Epimer: A pair of diastereomers that differ only in the configuration about of a single carbon
atom are said to be epimers.
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Cyclic Form of Monosaccharide:
e Pyranose and Furanose Forms:

) :{]:

Pyranose Furanose
CHO0H
H Ill . H
N OH H 7
HO OH
H OH
Ghcopyranose Fructofuranose

e Anomers: Pair of

stereoisomers

only around C;are

which differ in configuration

called anomers and the C;carbon is called Anomeric carbon.In a- anomer-, the OH group at C; is
towards right while in b-anomer, the OH group at C, is toward
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Mutarotation:

Change in rotation of an optically active sugar in solution with time, to an equilibrium value, is

calledmutarotation. During mutarotation, the ring opens and then recloses either in the inverted

position or in the original position giving a mixture of a-and-b-forms.

Reactions of Glucose:

a) With HI/P: It undergoes reduction to form n-hexane while with sodium amalgam it forms
orbitol.

Glucose —""F 4 CH, —(CH5), — CH;
n-hexane
Glucose —22"2 . CH,OH — (CHOH ), — CH-0H
sorbitol
b} With HyO: It forms neutral solution

¢) With Hydroxvlamine (NH,OH)
rLTH

Glucose——% HC = NOH

(CHOH ),

CH.OH

Gluonse oxtims

d) With HCN: It form addition product cyanohvdrin

Glucos e—0=0 4 CH

[CHOH )k
CHzOH

Glucose cyanohydrin

e) Oxidation: Glucose on oxidation with Br, gives gluconic acid which on further oxidation with
HNO; gives glucaric acid

f) With Tollen reagent and Fehling solution. Glucose forms silver mirror and red ppt. of Cu,0
respectively.

g) With acetic anhydride. In presence of pyridine glucose forms pentaacetate.
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i)

k)

5(CH,COLO
S(CH, CO)
Glucnse—-—=—>&H__H CHO

(CHOCOGCH: )«
I
CH:0COCH:

Glucese pentaacetate

h) With phenvlhvdrazine: 1t forms glucosazones
D
Glucnse—“——-—>&_;\ I:'l_:H;GH
[(CHOH):
I
C = MNMHC:Hs

I
CH = NNHC=Hs

[Glucosazone)

i) With conc. HCI acid: Glucose gives lasvulinic acid

Glucose —=2=2% - CH . CO-CH_CH_-COOH +HCOOH +H_O

Lasvulinicacid

Glycoside formation: When a small amount of gaseous HCl is passed into a solution of
D (+) glucose in methanol , a reaction takes place that results in the formation of amomeric
methyl acetals.

CHzOH
K >0 H
EII—::EIu-:-:EE__:t:EI"_, H
[Pyranoseform) C OH
HO
H oH ~ OCH:

Methy | o-O-glucopyranoside

Methy | g-D-glucopyrancs id

imn

Carbohydrate acetals, genrally are called glycosides and an acetal of glucose is called
glucoside.

Kiliani - Fischer Synthesis: - This is a method of lengthening the carbon chain of an aldose.

CHO CM CH CHO CHO
=l raniEri H——OH HO——H Hy H——OH HO——H
HO——H H—;?CF* H——0OH + H—T—0OH T H——OH + H—F—OH

L My HO——H HO——H  pyBaso, HO——H HO——H
CH,OH CH,OH CH,OH CH,OH

Ruff Degradation: It is opposite to Kiliani Fischer synthesis that can be used to shorten the chain
by a similar unit.
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G—H
t—OH ¢G—H
H—|oH
H—|—oH
Br, , H—OH
H OH =557 H——OH iz + CO:
H——OH I ** p—1 oH
CH=OH
D{—) Ribose D—;l?:g[lﬂ:ad CHOH
O — -Erythrose

+ Disaccharides:
'_{'
CizHzO41 + H2O — = CgH120s + CgH120s

Sucrose orlverase  Glycose Fructose

P
C12H2041 + H20 —— CegH 1205 + CgH120s

M altose orMaltase  Glycose Glucose
H
CizHz20O41 + H20 . * CgH120s + CsH120s
Lactose orLactase Glycose Galactose
a) Sucrose:

Non-reducing sugar.

Formed by condensation of one molecule of glucose and one molecule of fructose.

CH=OH
H 0. H
H -
45 OH H
H: 3 - b= o= ik

44— Gy sl
P

H Lo’
OH Ik ag=
3 oome unl
CHT ‘-’\1— aglly
H\H OHy CHeOH

OoH
{Frucioss unik) H Sucrose

Hydrolysis: (Invert Sugar or Invertose). Hydrolysis of sucrose with hot dilute acid yields D-glucose

and D-fructose.
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Polysaccharides
a. Starch:
i. A polymer of glucose.
ii. Mixture of two components — a water soluble component called amylose (20%) and a water
insoluble component called amylopectin (80%).
iii. Both amylose and amylopectin are polymers of a-D-glucose.
iv. Amylose is a linear polymer of a-D-glucose

C1-Cs4—pdinkage

(- Glucose — Glucose — Glucose — Glucose -
Linear Polymer

vi Amylopectin, is a highly branched polymer

Ci —C: o-linkage
Glucose — Glucose — Glucose
«— Ci —Ce& c-linkage
Glucose — Glucose — Glucose
— C1—Cs olinkage

Glucose — Glucose — Glucose
Amino Acids,

Amino acids are molecules, which contain two functional groups, one is carboxylic group and
another is amino group

H,N CH, COOH : Amino acetic acid, or Glycine
CH; CH (NH;) COOH : a - Amino propionic acid or Alanine
H,N CH, CH,COOH : b - Amino propionic acid

Acidic Amino Acid: These amino acids contain a second carboxyl group or a potential carboxyl group
in the form of carboxamide.

Basic Amino Acids: These contain a second basic group which may be an amino group

Iso Electric Point:

The hydrogen ion concentration of the solution in which a particular amino acid does not migrate

under the influence of an electric field is called the isoelectric point of that amino acid.

Peptides
A peptides as the amides formed by interaction between amino groups and carboxyl groups of
amino acids.

R R’ R R

. |
HzN — CH — COOH + HaN — CH — COOH —— Hz N — CHCO — NH — CHCOOH
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Depending upon the number of amino acid residues per molecule, they are known as dipeptides,

tripeptides and so on and finally polypeptides.

Every two amino acids are linked by means of a —CO-NH group, which is commonly referred

as peptide bond.

H;yN—CH; —COOH=— H;N"—CH, — COOQO~ + H™

Conugated acid (CA) Dipolar Ion (DI}
At equilibrium K, = 20H ]
[CA]

H;:N™—CH; — COOr=—= H;N—CH; — COO~+ H™

DI Conjugated Base (CE)
At equilibrium K, = [=EIH ]
(O]
_ DIH7]
[Ca]= <)
(cB]- S22
[H7]

At isoelectne pomnt [CA] = [CE]

[DIMHT _ K, D1
K, [HT]

or, 7 1F =K; K3

or, 2log [H;" ] =log K; +log K>
or—2 log (H;"] =-logk; — logK;
or 2pH; =pK; +pKy

_ PK, +pK,

or pH; 5
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Where [H] = conc. of [H7] at i1zoelectnc point.
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