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Digestion, Absorption and 
Metabolism of Carbohydrates4

1.	 Explain digestion and absorption of carbohydrates.

Digestion of Carbohydrates

Digestion of carbohydrate occurs in three phases: salivary phase, pancreatic phase and intes-
tinal phase (Figs 4.1 and 4.2).

Fig. 4.1: Digestion of carbohydrates
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Fig. 4.4: Glycolysis (ATP, adenosine triphosphate; ADP, adenosine diphosphate; NAD, nicotinamide adenine dinucleotide; 
NADH, reduced nicotinamide adenine dinucleotide; H+, hydrogen ion)
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Fig. 4.10: Steps in glycogenolysis
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Fig. 4.14: Hexose monophosphate shunt
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Amino acid and Protein 
Chemistry7

1.	 Classify amino acids with examples.

	 Based on nature of side chain

	 Non-polar amino acids: Alanine, Phenylalanine, Valine ('al' is common to them).

	 Uncharged (neutral), polar amino acids: Serine, Threonine, Tyrosine (OH containing).

	 Acidic amino acids: Aspartic acid, Glutamic acid.

	 Basic amino acids: Arginine, Lysine, Histidine.

	 Based on nutritional requirement
	 Essential amino acids: M ethionine, A rginine, Threonine, Tryptophan, Valine, I soleucine, 

Leucine, Phenylalanine, H istidine, Lysine [MN: MATT VIL PHLy].

	 Non-essential amino acids: Glutamic acid, Aspartic acid, Glutamine, Asparagine, Glycine, 
A lanine [MN: GA GA GA].

	 Based on metabolic fate

	 Glucogenic amino acids: Glutamic acid, Aspartic acid, Glutamine, Asparagine, Glycine, A la-
nine [MN: GA GA GA].

	 Ketogenic amino acids: Leucine. 

	 Both glucogenic and ketogenic: Phenylalanine, Lysine, Isoleucine, Tyrosine and Try ptophan 
[MN: SPLITT].

������ �&�G�•�P�G �X�C�T�K�Q�W�U �Q�T�F�G�T�U �Q�H �R�T�Q�V�G�K�P �U�V�T�W�E�V�W�T�G�U �D�[ �I�K�X�K�P�I �G�Z�C�O�R�N�G�U��

	 Primary structure: �� �+�V�� �K�U�� �F�G�•�P�G�F�� �C�U�� �V�J�G�� �P�W�O�D�G�T�� �C�P�F�� �U�G�S�W�G�P�E�G�� �Q�H�� �C�O�K�P�Q�� �C�E�K�F�U�� �K�P�� �C�� �R�T�Q�V�G�K�P����
�+�V�� �C�N�U�Q�� �K�P�E�N�W�F�G�U�� �V�J�G�� �R�Q�U�K�V�K�Q�P�� �Q�H�� �F�K�U�W�N�•�F�G�� �D�Q�P�F�U��

	 Secondary structure: �� �.�Q�E�C�N�� �H�Q�N�F�K�P�I�� �
�T�G�I�W�N�C�T���K�T�T�G�I�W�N�C�T���� �Q�H�� �U�J�Q�T�V�� �U�G�I�O�G�P�V�U�� �Q�H�� �R�Q�N�[�R�G�R�V�K�F�G�U��
results in secondary structure. For example, �D-helices, �E-pleated sheets and random coils.
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	 Tertiary structure: ���+�V���K�U���V�J�G���H�Q�N�F�K�P�I���C�P�F���N�K�P�M�K�P�I���D�G�V�Y�G�G�P���U�G�E�Q�P�F�C�T�[���U�V�T�W�E�V�W�T�C�N���G�N�G�O�G�P�V�U���Q�H���C��
protein to give it a three-dimensional structure. For example, �E���D�C�T�T�G�N�� �K�P�� �R�[�T�W�X�C�V�G�� �M�K�P�C�U�G����
�H�Q�W�T���J�G�N�K�Z�� �D�W�P�F�N�G�� �K�P�� �E�[�V�Q�E�J�T�Q�O�G�U��

	 Quaternary structure: ���+�V���T�G�H�G�T�U���V�Q���V�J�G���T�G�I�W�N�C�T���C�U�U�Q�E�K�C�V�K�Q�P���Q�H���V�Y�Q���Q�T���O�Q�T�G���R�Q�N�[�R�G�R�V�K�F�G���E�J�C�K�P�U��
�V�Q���H�Q�T�O���C���E�Q�O�R�N�G�Z�����+�V���K�U���U�V�C�D�K�N�K�\�G�F���D�[���Y�G�C�M���K�P�V�G�T�C�E�V�K�Q�P�U�����'�C�E�J���R�Q�N�[�R�G�R�V�K�F�G���K�U���E�C�N�N�G�F���U�W�D�W�P�K�V����
�(�Q�T�� �G�Z�C�O�R�N�G���� �J�G�O�Q�I�N�Q�D�K�P�� �C�P�F�� �K�O�O�W�P�Q�I�N�Q�D�W�N�K�P��

3.	 Explain secondary structures of proteins with examples. 

	 �&�G�•�P�K�V�K�Q�P���� �.�Q�E�C�N�� �H�Q�N�F�K�P�I�� �
�T�G�I�W�N�C�T���K�T�T�G�I�W�N�C�T���� �Q�H�� �U�J�Q�T�V�� �U�G�I�O�G�P�V�U�� �Q�H�� �R�Q�N�[�R�G�R�V�K�F�G�U�� �T�G�U�W�N�V�U�� �K�P��
secondary structure. For example, �D-helices, �E-pleated sheets and random coils.

	 Alpha-helix
	 Structure: �+�V���K�U���H�Q�T�O�G�F���D�[���T�G�I�W�N�C�T���H�Q�N�F�K�P�I���Q�H���R�Q�N�[�R�G�R�V�K�F�G���E�J�C�K�P���V�Q���I�K�X�G���C���T�K�I�J�V���J�C�P�F�G�F���J�G�N�K�E�C�N��

�E�Q�P�H�Q�T�O�C�V�K�Q�P�� �J�C�X�K�P�I�� �������� �C�O�K�P�Q�� �C�E�K�F�U�� �R�G�T�� �V�W�T�P�� �Y�K�V�J�� �C�� �R�K�V�E�J�� �Q�H�� �������� �—�� �C�P�F�� �F�K�U�V�C�P�E�G�� �D�G�V�Y�G�G�P��
�C�F�L�C�E�G�P�V�� �C�O�K�P�Q�� �C�E�K�F�� �K�U�� �������� �—�� �
�(�K�I���� ������������ �(�Q�T�� �G�Z�C�O�R�N�G�����D���J�G�N�K�Z�� �K�U�� �R�T�G�U�G�P�V�� �K�P�� �J�G�O�Q�I�N�Q�D�K�P�� �C�P�F��
�O�[�Q�I�N�Q�D�K�P��

Fig. 7.1: ���.���K�H�O�L�[���I�R�U�P�H�G���E�\���F�R�L�O�L�Q�J���R�I���S�R�O�\�S�H�S�W�L�G�H���F�K�D�L�Q

	 Common amino acids in �D-helix: M ethionine AL anine and Leucine [MN: MALL].

	 Amino acid disrupting �D-helix: Proline, A rginine, Glutamic acid, A spartic acid, Lysine 
[MN: PAGAL].

	 Bonds stabilizing �D-helix:�� �*�[�F�T�Q�I�G�P�� �D�Q�P�F�U�� �D�G�V�Y�G�G�P�� �C�F�L�C�E�G�P�V�� �C�O�K�P�Q�� �C�E�K�F�U��

Ch-07.indd   91 21-06-2014   11:50:12



A
m

in
o 

A
ci

d 
an

d 
P

ro
te

in
 C

he
m

is
tr

y
9292   Quick Review of Biochemistry for Undergraduates

	 Beta-pleated sheet

	 Structure:���+�V���K�U���C���T�G�I�W�N�C�T���H�Q�N�F�K�P�I���Q�H���R�Q�N�[�R�G�R�V�K�F�G���E�J�C�K�P���V�Q���I�K�X�G���C���R�N�G�C�V�G�F���U�J�G�G�V���N�K�M�G���C�R�R�G�C�T�C�P�E�G����
�+�V�� �K�U�� �H�W�N�N�[�� �G�Z�V�G�P�F�G�F�� �R�Q�N�[�R�G�R�V�K�F�G�� �E�J�C�K�P�� �Y�K�V�J�� �������� �—�� �F�K�U�V�C�P�E�G�� �R�G�T�� �C�O�K�P�Q�� �C�E�K�F���� �(�Q�T�� �G�Z�C�O�R�N�G����
�E�C�T�D�Q�P�K�E�� �C�P�J�[�F�T�C�U�G�� �C�P�F�� �U�K�N�M�� �•�D�T�Q�K�P����

	 Bonds stabilizing �E-pleated sheet: �+�P�V�G�T�E�J�C�K�P���Q�T���K�P�V�T�C�E�J�C�K�P���J�[�F�T�Q�I�G�P���D�Q�P�F�U���U�V�C�D�K�N�K�\�G���E-pleated 
�U�J�G�G�V�U���� �&�K�U�W�N�•�F�G�� �D�Q�P�F�U�� �R�N�C�[�� �C�� �M�G�[�� �T�Q�N�G�� �K�P�� �7�� �D�G�P�F�U��

	 Direction of �E-pleated sheet:�� �5�V�T�C�P�F�U�� �O�C�[�� �D�G�� �R�C�T�C�N�N�G�N�� �
�0���V�G�T�O�K�P�K�� �Q�H�� �D�Q�V�J�� �U�V�T�C�P�F�U�� �C�V�� �V�J�G�� �U�C�O�G��
�G�P�F���� �Q�T�� �C�P�V�K�R�C�T�C�N�N�G�N�� �
�(�K�I�U�� �������C�� �C�P�F�� �D������

	
		  Fig. 7.2a: �3�D�U�D�O�O�H�O���E���S�O�H�D�W�H�G���V�K�H�H�W��	 Fig. 7.2b: ���$�Q�W�L�S�D�U�D�O�O�H�O���E���S�O�H�D�W�H�G���V�K�H�H�W

������ �'�Z�R�N�C�K�P �X�C�T�K�Q�W�U �D�Q�P�F�U �U�G�G�P �K�P �R�T�Q�V�G�K�P �U�V�T�W�E�V�W�T�G��

	 �5�K�Z�� �M�K�P�F�U�� �Q�H�� �D�Q�P�F�U�� �C�T�G�� �U�G�G�P�� �K�P�� �C�� �R�T�Q�V�G�K�P�� �U�V�T�W�E�V�W�T�G���� �6�J�G�[�� �C�T�G�� �R�G�R�V�K�F�G�� �D�Q�P�F�U���� �J�[�F�T�Q�I�G�P��
�D�Q�P�F�U���� �X�C�P�� �F�G�T�� �9�C�C�N�U�� �K�P�V�G�T�C�E�V�K�Q�P�U���� �J�[�F�T�Q�R�J�Q�D�K�E�� �K�P�V�G�T�C�E�V�K�Q�P�U���� �K�Q�P�K�E�� �K�P�V�G�T�C�E�V�K�Q�P�U�� �C�P�F�� �F�K�U-
�W�N�•�F�G�� �N�K�P�M�C�I�G�U����

	 �*�[�F�T�Q�I�G�P �D�Q�P�F�U�� �+�V�� �K�U�� �H�Q�T�O�G�F�� �D�[�� �U�J�C�T�K�P�I�� �Q�H�� �J�[�F�T�Q�I�G�P�� �D�G�V�Y�G�G�P�� �V�Y�Q�� �G�N�G�E�V�T�Q�P�� �F�Q�P�Q�T�U���� �*�� �K�U��
�F�Q�P�C�V�G�F�� �D�[���� ���1�*���� ���0�*���� ���0�*��; H-acceptors: COO��, C = O, -S-S-.

	 Electrostatic (ionic) bonds: �� �+�V�� �K�U�� �H�Q�T�O�G�F�� �D�[�� �C�V�V�T�C�E�V�K�Q�P�� �D�G�V�Y�G�G�P�� �V�Y�Q�� �Q�R�R�Q�U�K�V�G�N�[�� �E�J�C�T�I�G�F��
amino acids. Positively charged amino acids—lysine, arginine. Negatively charged amino 
acids—aspartic acid and glutamic acid.
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	 Hydrophobic bonds:�� �+�V�� �K�U�� �H�Q�T�O�G�F�� �D�[�� �K�P�V�G�T�C�E�V�K�Q�P�� �D�G�V�Y�G�G�P�� �V�J�G�� �U�K�F�G�� �E�J�C�K�P�U�� �Q�H�� �P�Q�P���R�Q�N�C�T��
�C�O�K�P�Q�� �C�E�K�F�U���� �6�J�G�[�� �C�T�G�� �U�G�G�P�� �K�P�� �V�J�G�� �E�Q�T�G�� �Q�H�� �R�T�Q�V�G�K�P�U��

	 �X�C�P �F�G�T �9�C�C�N�U �H�Q�T�E�G�U�����6�J�G�U�G���C�T�G���C�V�V�T�C�E�V�K�Q�P���T�G�R�W�N�U�K�Q�P���H�Q�T�E�G�U���D�G�V�Y�G�G�P���C�N�N���C�V�Q�O�U���F�W�G���V�Q���Q�U�E�K�N-
lating dipoles.

	 �&�K�U�W�N�•�F�G �D�Q�P�F�U���� �6�J�G�U�G���C�T�G���E�Q�X�C�N�G�P�V�� �N�K�P�M�C�I�G�U���V�J�C�V�� �O�C�[�� �H�Q�T�O���Y�J�G�P�� �V�J�G���V�J�K�Q�N���I�T�Q�W�R�U���Q�H���V�Y�Q��
�E�[�U�V�G�K�P�G�� �T�G�U�K�F�W�G�U�� �C�T�G�� �Q�Z�K�F�K�\�G�F�� �V�Q�� �C�� �F�K�U�W�N�•�F�G���� ���� �4���5�*���o  �4���5���5���4����

	 Peptide bonds: �� �+�V�� �K�U�� �C�� �E�Q�X�C�N�G�P�V�� �D�Q�P�F�� �H�Q�T�O�G�F�� �D�G�V�Y�G�G�P���D-�E�C�T�D�Q�Z�[�N�� �I�T�Q�W�R�� �Q�H�� �Q�P�G�� �C�O�K�P�Q�� �C�E�K�F��
�Y�K�V�J���D-�C�O�K�P�Q�� �I�T�Q�W�R�� �Q�H�� �V�J�G�� �U�W�E�E�G�G�F�K�P�I�� �C�O�K�P�Q�� �C�E�K�F��

������ �9�J�C�V �K�U �K�U�Q�G�N�G�E�V�T�K�E �R�*�! �/�G�P�V�K�Q�P �K�V�U �U�K�I�P�K�•�E�C�P�E�G��

	 �&�G�•�P�K�V�K�Q�P���� �6�J�G�� �R�*�� �C�V�� �Y�J�K�E�J�� �C�� �R�T�Q�V�G�K�P�� �R�Q�U�U�G�U�U�G�U�� �G�S�W�C�N�� �P�W�O�D�G�T�� �Q�H�� �R�Q�U�K�V�K�X�G�� �C�P�F�� �P�G�I�C�V�K�X�G��
�E�J�C�T�I�G�U�� �
�P�G�V�� �E�J�C�T�I�G�� �K�U�� �\�G�T�Q���� �K�U�� �E�C�N�N�G�F�� �K�U�Q�G�N�G�E�V�T�K�E�� �R�*�� �Y�K�V�J�� �T�G�U�R�G�E�V�� �V�Q�� �V�J�C�V�� �R�T�Q�V�G�K�P�� �
�6�C�D�N�G�� ������������

	 �5�K�I�P�K�•�E�C�P�E�G���� �#�V�� �V�J�K�U�� �R�*���� �R�T�Q�V�G�K�P�U�� �J�C�X�G�� �N�G�C�U�V�� �U�Q�N�W�D�K�N�K�V�[�� �C�P�F�� �V�J�G�[�� �R�T�G�E�K�R�K�V�C�V�G�� �K�P�� �U�Q�N�W�V�K�Q�P����

Table 7.1: Isoelectric pH of different proteins

Proteins Isoelectric pH

Pepsin 1.1

Casein 4.6

Albumin 4.7

������ �9�J�C�V �K�U �F�G�P�C�V�W�T�C�V�K�Q�P �Q�H �R�T�Q�V�G�K�P�U�!

	 �&�G�•�P�K�V�K�Q�P�� �&�G�P�C�V�W�T�C�V�K�Q�P���Q�H���R�T�Q�V�G�K�P�U���K�U���C�P���K�T�T�G�X�G�T�U�K�D�N�G���F�K�U�T�W�R�V�K�Q�P���Q�H���U�G�E�Q�P�F�C�T�[�����V�G�T�V�K�C�T�[���C�P�F��
�S�W�C�V�G�T�P�C�T�[�� �U�V�T�W�E�V�W�T�G�� �Q�H�� �R�T�Q�V�G�K�P�U�� �N�G�C�F�K�P�I�� �V�Q�� �N�Q�U�U�� �Q�H�� �V�J�G�K�T�� �R�J�[�U�K�E�C�N���� �E�J�G�O�K�E�C�N�� �C�P�F�� �D�K�Q�N�Q�I�K�E�C�N��
properties. 

�� �&�G�P�C�V�W�T�K�P�I �C�I�G�P�V�U 

	 �V	Physical agents: �*�G�C�V���� �X�K�I�Q�T�Q�W�U�� �O�K�Z�K�P�I���� �:���T�C�[�U���� �W�N�V�T�C�X�K�Q�N�G�V�� �
�7�8���� �T�C�F�K�C�V�K�Q�P���� �G�V�E��

	 �V	Chemical agents:�� �#�E�K�F�U���� �C�N�M�C�N�K���� �Q�T�I�C�P�K�E�� �U�Q�N�X�G�P�V�U���� �U�C�N�V�U�� �Q�H�� �J�G�C�X�[�� �O�G�V�C�N�U���� �J�K�I�J�� �E�Q�P�E�G�P�V�T�C�V�K�Q�P��
�Q�H�� �W�T�G�C���� �G�V�E����

������ �0�C�O�G �U�Q�O�G �D�K�Q�N�Q�I�K�E�C�N�N�[ �K�O�R�Q�T�V�C�P�V �R�G�R�V�K�F�G�U �I�K�X�K�P�I �V�J�G�K�T �U�K�I�P�K�•�E�C�P�E�G��

	 �&�G�•�P�K�V�K�Q�P���� �2�G�R�V�K�F�G�U�� �Y�K�V�J�� �H�G�Y�� �C�O�K�P�Q�� �C�E�K�F�U�� �
���L�������� �C�T�G�� �I�G�P�G�T�C�N�N�[�� �V�G�T�O�G�F�� �C�U�� �Q�N�K�I�Q�R�G�R�V�K�F�G�U��
�
�6�C�D�N�G�� ����������
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Table 7.2: Biologically important peptides

Name Property

Carnosine (b-alanyl-L-histidine)
Anserine (N-methyl-carnosine)

These two peptides are found in muscle. They activate myosin 
adenosine triphosphatase (ATPase) activity

Glutathione (GSH tripeptide: �J-glutamyl-
cysteinyl-glycine)

It is an important component of cellular antioxidant defense system. 
It participates as a cofactor in many reactions

Two molecules of GSH can donate a pair of hydrogen to reduce 
a substrate 

Glutathione peroxidase
H2O2 + 2GSH ��2H2O + GS-SG

Thyrotropin-releasing hormone (TRH) 
(contain 3 amino acids)

Secreted by hypothalamus. It stimulates the release of thyroid- 
stimulating hormone (TSH) from anterior pituitary

Vasopressin (antidiuretic hormone: con-
tains 9 amino acids)

Secreted by posterior pituitary gland. It regulates water excre-
tion by kidney

Enkephalin (pentapeptide) Peptide found in brain, which inhibits the sense of pain

Angiotensin II A peptide with 8 amino acids, which stimulates release of aldos-
terone from adrenal cortex

Bradykinin (contains 9 amino acids) Vasodilator peptide

8.	 Enumerate different functions of proteins with suitable examples.

		 �(�W�P�E�V�K�Q�P�� �Q�H�� �R�T�Q�V�G�K�P�U�� �C�T�G�� �U�J�Q�Y�P�� �K�P�� �6�C�D�N�G�� ��������

Table 7.3: Functions of proteins [MN: C TRENDS]

Functions Examples

Structural proteins Keratin of hair and nails, collagen (bones, cartilage and connective tissue) 

Contractile proteins Actin, myosin

Transport proteins Hemoglobin, serum albumin, transferrin

Regulatory proteins Hormones (insulin, glucagon, growth hormone)

Enzymes Pepsin, trypsin, hexokinase

Defense proteins �+�O�O�W�P�Q�I�N�Q�D�W�N�K�P���� �•�D�T�K�P�Q�I�G�P

Storage proteins Ferritin, hemosiderin
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������ �%�N�C�U�U�K�H�[ �R�T�Q�V�G�K�P�U �D�C�U�G�F �Q�P �P�W�V�T�K�V�K�Q�P�C�N �X�C�N�W�G��
	 �$�C�U�G�F�� �Q�P�� �P�W�V�T�K�V�K�Q�P�C�N�� �X�C�N�W�G���� �R�T�Q�V�G�K�P�U�� �C�T�G�� �E�N�C�U�U�K�•�G�F�� �C�U��

	 a.�� �%�Q�O�R�N�G�V�G �R�T�Q�V�G�K�P�U �
�•�T�U�V �E�N�C�U�U �R�T�Q�V�G�K�P�U���� These are rich in all essential amino acids. For 
�G�Z�C�O�R�N�G���� �G�I�I�� �C�N�D�W�O�K�P��

	�D��	 Incomplete proteins: ���6�J�G�[���N�C�E�M���Q�P�G���Q�T���O�Q�T�G���G�U�U�G�P�V�K�C�N���C�O�K�P�Q���C�E�K�F�U�����(�Q�T���G�Z�C�O�R�N�G�����R�W�N�U�G���R�T�Q�V�G�K�P�U��
are poor in methionine and cereal proteins are poor in lysine (the essential amino acid that 
�K�U�� �O�K�U�U�K�P�I�� �K�P�� �C�� �I�K�X�G�P�� �R�T�Q�V�G�K�P�� �K�U�� �E�C�N�N�G�F�� �N�K�O�K�V�K�P�I�� �C�O�K�P�Q�� �C�E�K�F�� �Y�K�V�J�� �T�G�U�R�G�E�V�� �V�Q�� �V�J�C�V�� �R�T�Q�V�G�K�P����

10.	 Explain methods for separation of plasma proteins.

	 a. 	Salt fractionation: �+�P���E�Q�P�E�G�P�V�T�C�V�G�F���U�C�N�V���U�Q�N�W�V�K�Q�P�U���N�K�M�G���C�O�O�Q�P�K�W�O���U�W�N�H�C�V�G�����R�T�Q�V�G�K�P�U���R�T�G�E�K�R�K�V�C�V�G��
�D�G�E�C�W�U�G���Q�H���F�G�E�T�G�C�U�G�F���C�X�C�K�N�C�D�K�N�K�V�[���Q�H���Y�C�V�G�T���O�Q�N�G�E�W�N�G�U���V�J�C�V���M�G�G�R���V�J�G�O���K�P���U�Q�N�W�V�K�Q�P�����6�J�K�U���K�U���W�V�K-
�N�K�\�G�F���V�Q���K�U�Q�N�C�V�G���V�J�G���R�T�Q�V�G�K�P���Q�H���K�P�V�G�T�G�U�V�����(�Q�T���G�Z�C�O�R�N�G�� �I�N�Q�D�W�N�K�P�U���C�T�G���R�T�G�E�K�R�K�V�C�V�G�F���D�[���������L��������
�C�O�O�Q�P�K�W�O�� �U�W�N�H�C�V�G�� �C�P�F�� �C�N�D�W�O�K�P�� �K�U�� �R�T�G�E�K�R�K�V�C�V�G�F�� �D�[�� �U�C�V�W�T�C�V�G�F�� �C�O�O�Q�P�K�W�O�� �U�W�N�H�C�V�G��

	�D���� �2�T�G�E�K�R�K�V�C�V�K�Q�P �D�[ �Q�T�I�C�P�K�E �U�Q�N�X�G�P�V�U���� �5�Q�N�X�G�P�V�U�� �N�K�M�G�� �O�G�V�J�C�P�Q�N���� �G�V�J�C�P�Q�N���� �C�E�G�V�Q�P�G���� �G�V�E���� �C�T�G�� �F�G�J�[-
�F�T�C�V�K�P�I�� �C�I�G�P�V�U���� �Y�J�K�E�J�� �T�G�O�Q�X�G�� �Y�C�V�G�T�� �P�G�G�F�G�F�� �V�Q�� �M�G�G�R�� �V�J�G�� �R�T�Q�V�G�K�P�U�� �K�P�� �U�Q�N�W�V�K�Q�P�� �T�G�U�W�N�V�K�P�I�� �K�P��
their precipitation. 

	 c. ���)�G�N �•�N�V�T�C�V�K�Q�P�� �%�Q�N�W�O�P�U�� �R�C�E�M�G�F�� �Y�K�V�J�� �I�G�N�U�� �Q�H�� �X�C�T�K�Q�W�U�� �R�Q�T�Q�U�K�V�[�� �C�T�G�� �W�U�G�F�� �V�Q�� �U�G�R�C�T�C�V�G�� �R�T�Q�V�G�K�P�U��
�F�G�R�G�P�F�K�P�I���Q�P���O�Q�N�G�E�W�N�C�T���Y�G�K�I�J�V�����U�K�\�G���C�P�F���U�J�C�R�G�����*�G�T�G�����R�T�Q�V�G�K�P�U���Y�K�V�J���J�K�I�J�G�T���O�Q�N�G�E�W�N�C�T���Y�G�K�I�J�V��
�R�C�U�U�� �V�J�T�Q�W�I�J�� �V�J�G�� �E�Q�N�W�O�P�� �H�C�U�V�G�T�� �V�J�C�P�� �U�O�C�N�N�G�T�� �Q�P�G�U���� �Y�J�K�E�J�� �I�G�V�� �V�T�C�R�R�G�F�� �K�P�� �V�J�G�� �I�G�N�� �O�C�V�T�K�Z��

	d.	 Electrophoresis:�� �+�V�� �K�U�� �U�G�R�C�T�C�V�K�Q�P�� �Q�H�� �R�T�Q�V�G�K�P�U�� �D�C�U�G�F�� �Q�P�� �O�K�I�T�C�V�K�Q�P�� �Q�H�� �V�J�G�� �E�J�C�T�I�G�F�� �O�Q�N�G�E�W�N�G��
�K�P�� �C�P�� �G�N�G�E�V�T�K�E�� �•�G�N�F����

	 �V	�+�P�� �C�N�M�C�N�K�P�G�� �R�*���� �R�T�Q�V�G�K�P�U�� �J�C�X�G�� �O�Q�T�G�� �P�G�I�C�V�K�X�G�� �E�J�C�T�I�G�� �C�P�F�� �O�Q�X�G�� �V�Q�Y�C�T�F�U�� �C�P�Q�F�G���� �T�C�V�G�� �Q�H��
migration is directly proportional to the charge on the protein and inversely proportional 
�V�Q�� �O�Q�N�G�E�W�N�C�T�� �Y�G�K�I�J�V

	 �V	�+�P�� �C�� �P�Q�T�O�C�N�� �R�C�V�V�G�T�P���� �C�N�D�W�O�K�P�� �O�Q�X�G�U�� �H�C�U�V�G�U�V�� �H�Q�N�N�Q�Y�G�F�� �D�[���D1, �D�������E and �J���I�N�Q�D�W�N�K�P����
�J���I�N�Q�D�W�N�K�P�U�� �O�Q�X�G�� �X�G�T�[�� �U�N�Q�Y�N�[�� �C�P�F�� �V�J�G�[�� �T�G�O�C�K�P�� �P�G�C�T�� �V�J�G�� �R�Q�K�P�V�� �Q�H�� �C�R�R�N�K�E�C�V�K�Q�P�� �
�(�K�I���� ��������.

Fig. 7.3: �1�R�U�P�D�O���V�H�U�X�P���H�O�H�F�W�U�R�S�K�R�U�H�V�L�V
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	 �V	�4�G�N�C�V�K�X�G�� �R�G�T�E�G�P�V�C�I�G�� �Q�H�� �X�C�T�K�Q�W�U�� �R�N�C�U�O�C�� �R�T�Q�V�G�K�P�U��
		  �#�N�D�W�O�K�P���� �������L������
		  �D������ �����L������ �
�T�G�V�K�P�Q�N�� �D�K�P�F�K�P�I�� �I�N�Q�D�W�N�K�P���� �E�Q�T�V�K�U�Q�N�� �D�K�P�F�K�P�I�� �I�N�Q�D�W�N�K�P���� �V�J�[�T�Q�Z�K�P�G�� �D�K�P�F�K�P�I�� �I�N�Q�D�W�N�K�P��
		  �D������ �����L�������� �
�J�C�R�V�Q�I�N�Q�D�K�P���� �E�G�T�W�N�Q�R�N�C�U�O�K�P��
		  �E���� �������L�������� �
�V�T�C�P�U�H�G�T�T�K�P���� �J�G�O�Q�R�G�Z�K�P��
		  �J���� �������L�������� �
�K�O�O�W�P�Q�I�N�Q�D�W�N�K�P������

�������� �9�T�K�V�G �U�J�Q�T�V �P�Q�V�G�U �Q�P �C�N�D�W�O�K�P��

	 �#�N�D�W�O�K�P�� �K�U�� �C�� �O�C�L�Q�T�� �R�N�C�U�O�C�� �R�T�Q�V�G�K�P�� �Y�K�V�J�� �O�Q�N�G�E�W�N�C�T�� �Y�G�K�I�J�V�� �Q�H�� �������������� �&�C�N�V�Q�P�U���� �J�C�X�K�P�I�� ��������
amino acids. 

	 Synthesis: �+�V�� �K�U�� �U�[�P�V�J�G�U�K�\�G�F�� �K�P�� �V�J�G�� �N�K�X�G�T�� �
������ �I���F�C�[���� �C�P�F�� �J�C�U�� �C�� �J�C�N�H���N�K�H�G�� �Q�H�� ������ �F�C�[�U��

	 �0�Q�T�O�C�N �U�G�T�W�O �N�G�X�G�N���� �������L���� �I���F�.��

	 �5�K�I�P�K�•�E�C�P�E�G�� �5�G�T�W�O�� �C�N�D�W�O�K�P�� �N�G�X�G�N�� �T�G�€�G�E�V�U�� �N�K�X�G�T�� �H�W�P�E�V�K�Q�P��

	 Functions of albumin:  [MN: NOT B].

	 Nutritive function:�� �+�V�� �U�G�T�X�G�U�� �C�U�� �C�� �U�Q�W�T�E�G�� �Q�H�� �C�O�K�P�Q�� �C�E�K�F�U�� �H�Q�T�� �V�K�U�U�W�G�� �R�T�Q�V�G�K�P�� �U�[�P�V�J�G�U�K�U��

	 Osmotic function:���%�Q�P�V�T�K�D�W�V�G�U���V�Q�����������Q�H���V�Q�V�C�N���R�N�C�U�O�C���Q�P�E�Q�V�K�E���R�T�G�U�U�W�T�G���
�������O�O���*�I�������O�C�K�P�V�C�K�P�U��
�D�N�Q�Q�F�� �X�Q�N�W�O�G�� �C�P�F�� �D�Q�F�[�� �€�W�K�F�� �F�K�U�V�T�K�D�W�V�K�Q�P��

	 Transport:�� �#�N�D�W�O�K�P�� �V�T�C�P�U�R�Q�T�V�U�� �O�C�P�[�� �J�[�F�T�Q�R�J�Q�D�K�E�� �U�W�D�U�V�C�P�E�G�U�� �N�K�M�G�� �D�K�N�K�T�W�D�K�P���� �J�G�C�X�[�� �O�G�V�C�N�U����
�E�C�N�E�K�W�O���� �E�Q�R�R�G�T���� �H�T�G�G�� �H�C�V�V�[�� �C�E�K�F�U���� �F�T�W�I�U���� �V�J�[�T�Q�Z�K�P�G���� �G�V�E��

	 Buffering action:�� �5�K�P�E�G�� �K�V�� �K�U�� �R�T�G�U�G�P�V�� �K�P�� �J�K�I�J�� �E�Q�P�E�G�P�V�T�C�V�K�Q�P���� �K�V�� �U�J�Q�Y�U�� �O�C�Z�K�O�W�O�� �D�W�H�H�G�T�K�P�I�� �E�C�R�C�E�K�V�[��

		  Histidine �� �T�G�U�K�F�W�G�U�� �
�R�-�� ���� ���������� �R�T�G�U�G�P�V�� �Q�P�� �C�N�D�W�O�K�P�� �C�T�G�� �T�G�U�R�Q�P�U�K�D�N�G�� �H�Q�T�� �K�V�U�� �D�W�H�H�G�T�K�P�I�� �C�E�V�K�Q�P��

		  Hypoalbuminemia: �� �#�N�D�W�O�K�P�� �N�G�X�G�N�� �
���� ���� �I���F�.���� �N�G�C�F�U�� �V�Q�� �G�P�J�C�P�E�G�F�� �€�W�K�F�� �T�G�V�G�P�V�K�Q�P�� �K�P�� �V�K�U�U�W�G��
spaces leading to edema.

	 Causes of hypoalbuminemia [MN: BURP Him]

	�V	Burns and trauma

	�V	Undernutrition (malnutrition)

	�V	Renal diseases

	�V	P�C�P�E�T�G�C�V�K�V�K�U�M�N�G�C�F�U�� �V�Q�� �O�C�N�C�D�U�Q�T�R�V�K�Q�P

	�V	Hepatic diseases.

�������� �9�T�K�V�G �U�J�Q�T�V �P�Q�V�G�U �Q�P �K�P�U�W�N�K�P��

	 Synthesis: �� �+�P�U�W�N�K�P�� �K�U�� �C�� �R�Q�N�[�R�G�R�V�K�F�G�� �J�Q�T�O�Q�P�G�� �R�T�Q�F�W�E�G�F�� �K�P�� �R�C�P�E�T�G�C�U�� �D�[���E���E�G�N�N�U�� �Q�H�� �K�U�N�G�V�U�� �Q�H��
�.�C�P�I�G�T�J�C�P�U�����+�V���K�U���T�G�N�G�C�U�G�F���H�T�Q�O���E���E�G�N�N�U���C�U���R�T�Q�K�P�U�W�N�K�P�����Y�J�K�E�J���W�P�F�G�T�I�Q�G�U���R�T�Q�V�G�Q�N�[�V�K�E���E�N�G�C�X�C�I�G��
�C�P�F�� �H�Q�T�O�U�� �%���R�G�R�V�K�F�G�� �C�P�F�� �O�C�V�W�T�G�� �K�P�U�W�N�K�P�� �
�(�K�I���� ����������
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Fig. 7.4: ���6�W�U�X�F�W�X�U�H���R�I���L�Q�V�X�O�L�Q

		  Structure: �� �%�Q�P�U�K�U�V�U�� �Q�H�� �V�Y�Q�� �E�J�C�K�P�U���� �#�� �C�P�F�� �$�� �E�J�C�K�P�� �N�K�P�M�G�F�� �D�[�� �V�Y�Q�� �K�P�V�G�T�E�J�C�K�P�� �F�K�U�W�N�•�F�G�� �D�Q�P�F�U����

		  Function: �+�P�U�W�N�K�P�� �F�G�E�T�G�C�U�G�U�� �D�N�Q�Q�F�� �I�N�W�E�Q�U�G�� �D�[�� �C�E�V�K�X�C�V�K�P�I�� �I�N�[�E�Q�N�[�U�K�U���� �R�T�Q�V�G�K�P�� �U�[�P�V�J�G�U�K�U���� �N�K-
�R�Q�I�G�P�G�U�K�U���� �I�N�[�E�Q�I�G�P�G�U�K�U���� �M�G�V�Q�I�G�P�G�U�K�U�� �C�P�F�� �K�P�J�K�D�K�V�K�P�I�� �I�N�W�E�Q�P�G�Q�I�G�P�G�U�K�U���� �N�K�R�Q�N�[�U�K�U���� �R�T�Q�V�G�Q�N�[�U�K�U��
�C�P�F�� �M�G�V�Q�N�[�U�K�U��

�������� �9�T�K�V�G �U�J�Q�T�V �P�Q�V�G�U �Q�P �K�O�O�W�P�Q�I�N�Q�D�W�N�K�P�U��

	 �&�G�•�P�K�V�K�Q�P���� �+�O�O�W�P�Q�I�N�Q�D�W�N�K�P�U�� �
�+�I���� �C�T�G�� �V�J�G�� �F�G�H�G�P�U�G�� �R�T�Q�V�G�K�P�U�� �K�P�� �R�N�C�U�O�C�� �R�T�Q�F�W�E�G�F�� �D�[�� �$��
�N�[�O�R�J�Q�E�[�V�G�U�� �K�P�� �T�G�U�R�Q�P�U�G�� �V�Q�� �C�� �H�Q�T�G�K�I�P�� �C�P�V�K�I�G�P���� �6�J�G�[�� �D�K�P�F�� �V�Q�� �C�P�V�K�I�G�P�U�� �C�P�F�� �F�G�U�V�T�Q�[�� �V�J�G�O����

	 �%�N�C�U�U�K�•�E�C�V�K�Q�P �=�/�0�� �)�#�/�'�&�?���� �(�K�X�G�� �F�K�H�H�G�T�G�P�V�� �V�[�R�G�U�� �Q�H�� �K�O�O�W�P�Q�I�N�Q�D�W�N�K�P�U�� �F�G�R�G�P�F�K�P�I�� �Q�P�� �V�J�G��
�V�[�R�G�� �Q�H�� �J�G�C�X�[�� �E�J�C�K�P�� �
�6�C�D�N�G�� ����������

Table 7.4: Types of immunoglobulins

Immunoglobulin Heavy chain

IgG Gamma (�J) 

IgA Alpha (�D)

IgM Mu (�P) 

IgE Epsilon (�H) 

IgD Delta (�G)
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�� �(�W�P�E�V�K�Q�P�U �Q�H �K�O�O�W�P�Q�I�N�Q�D�W�N�K�P�U �C�T�G �I�K�X�G�P �K�P �6�C�D�N�G ��������

Table 7.5: Functions of immunoglobulins

Type Properties Functions

IgG Major immunoglobulin present in highest 

amount in plasma (75%–80%).

Protects the body against various infections. It can 
cross placenta and provide immunity to fetus.

IgA Occurs as a monomer or dimer held by J 

chain. Produced by secretory cells of respi-

ratory, digestive and urinary tracts, lacrimal 

and salivary glands.

It provides local immunity.

IgM Largest lg composed of 5 Y-shaped units 

held by J chains.

It is the first antibody produced when bacteria/

virus enters the body. It cannot cross the blood 

vessel wall.

IgE Contains a single Y-shaped monomer.

It is produced by plasma cells.

It binds tightly with mast cells releasing histamine 
and causing allergy. It increases during allergy.

IgD Present on the surface of B cells. Functions as B cell receptor.

�� �)�G�P�G�T�C�N �U�V�T�W�E�V�W�T�G �Q�H �K�O�O�W�P�Q�I�N�Q�D�W�N�K�P �
�(�K�I�� ��������

	 Variable and constant region:�� �'�C�E�J�� �E�J�C�K�P�� �
�.�� �Q�T�� �*���� �J�C�U�� �C�P�� �C�O�K�P�Q�� �V�G�T�O�K�P�C�N�� �
�X�C�T�K�C�D�N�G�� �T�G�I�K�Q�P����
�C�P�F�� �E�C�T�D�Q�Z�[�N�� �V�G�T�O�K�P�C�N�� �
�E�Q�P�U�V�C�P�V�� �T�G�I�K�Q�P������

	
Fig. 7.5: �6�W�U�X�F�W�X�U�H���R�I���L�P�P�X�Q�R�J�O�R�E�X�O�L�Q�����8�Q�V�K�D�G�H�G���S�R�U�W�L�R�Q��� ���Y�D�U�L�D�E�O�H���U�H�J�L�R�Q�����V�K�D�G�H�G���S�R�U�W�L�R�Q��� ���F�R�Q�V�W�D�Q�W���U�H�J�L�R�Q��
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