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Introduction and Definition of Biochemistry

examined a thin slice of cork using a self-designed mi-
croscope. He observed a honeycomb-like internal
structure made up of many small, empty, porous com-
partments. He named these compartments “cells”, de-
rived from the Latin word cellula, meaning a small
room. This discovery laid the foundation of modern cell

biology.

Definition of Cell:

A cell is the smallest structural and functional unit of all liv-
ing organisms. It is the basic unit of life capable of carrying
out all vital activities such as metabolism, growth, reproduc-
tion, and response to stimuli.

Each cell contains organized components that work togeth-
er to maintain life, and the proper functioning of an organ-
ism depends on the coordinated activity of its cells.

Thus, cellsarenotonlythestructuralunitsbutalsothefunction-
al centers of life, making them the foundation of all biological

systems.
Nuclear envelope (F=® f3reth
Nuclear pore
TP 1%‘;)

Mitochondrion (@rgeisif<an

Vacuole I

Lysosome (QrgHIET)

TR § Fidh (@Ad & ¢ddb) B IS gadl ¢Hhel ol
IR IS SR WA & AYARdt F B9 ol 3 BISH-
BI, Rad Td fsagaa SN &, o I “HIRIDT (Cell)”
I faaT| U8 Weg AfeT U & Cellula § fomm mar 8, e
3 g Blel HIRT| T UHR Ve §h GRT HIRIBT Bt @iol
B T, R 3y HifreeT Shafawm & <ia @it

HIRTBT Y gfyHTIT:

FIfrpT Tt Shifad ol & 99 B WRaddES 1 Frafds
THT o1 I8 Mo Pt 09 IHIS 8, W IUIUEy, 3, UoA aur
JoT & Ul ufafesar S aht siaxges Sifae fare el & gud
A F Gem g 2

TP PIRIP! F Yo e 8 , S i et 1 9
g € qur fpddt off Sha &1 Tgfa o Iue! SRRt &
g Tfafafiat ) Ak sRar |

3(d: PIRABTY 7 B Sia- D1 TRAIHD BT §, Tiesp Sl Bl
T foranatt @ srid® s o € S 3 Wit Sfaw gonfert
BT YRR A STt 21

Nucleus (&=5®)
Nucleolus @F=fFa)
_ Chromatin (URE %)

Ribosomes RigaRim)
Ribosomes RrgaRim)
Microtubules (g&q AfraTd)

Plasma membrane (@IS f3reeht 7 HRreT fRreeh)
Secretory vesicle (drdt gfes)

Smooth endoplasmic reticulum (SER) (R Tetwnfeus sferen)
Rough endoplasmic reticulum (RER) (Gt TS I@ifons fereT)

Figure 1.4: Cell Introduction, History and Definition / I 1.4: ®Rr&1 uft=ra, sfaer wd ufvurm
Mg ik ghivaifes aw
Shfad gfar & Jcd &I § HTY H qier o YabeT &

Golgi apparatus (st freTa)

Prokaryotic and eukaryotic cells
The cells of the living kingdom may be divided into two
categories
1. Prokaryotes (Greek : pro - before; karyon - nucleus)
lack a well defined nucleus and possess relatively simple

1. MidsRaed @fie: Ui - ugd; SRa - gfeaaa) & @ Bt
TRE ¥ T G Te1 BT 3R B! a1aC B! ST gicit
1 3TH 37eT-31eRT S e g1

2. ghfvaies cie: g - I9; HRa - gfeaa) 3 te sBt Rg
I I T BT § 3R 39! 1ae 3R B el b
B ¥ 99 Sid (G 3R 01d) gpiaifes I ¥ o9 g

and plants) are composed of eukaryotic cells. gl

structure. These include the various bacteria.

2. Eukaryotes (Greek : eu - true; karyon - nucleus) pos-
sess a well defined nucleus and are more complex in their
structure and function. The higher organisms (animals
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CARBOHYDRATES

¢ Definition, classification with examples, chemical properties

e Monosaccharides - Structure of glucose, fructose, and galactose
e Disaccharides - structure of maltose, lactose, and sucrose

¢ Polysaccharides - chemical nature of starch and glycogen

Qualitative tests and biological role of carbohydrates

2.1. Introduction & Definition of Carbohydrates

Carbohydrates are the most common organic substances
found in nature. They are mainly made up of three elements:
carbon, hydrogen, and oxygen. The word “carbohydrate”
means “hydrates of carbon” because many carbohydrates
have a general formula like (CH,0),, which gives the impres-
sion that carbon is combined with water. Some compounds
that are not carbohydrates, such as acetic acid and lactic
acid, also follow this formula and appear to be hydrates of
carbon. Therefore, carbohydrates cannot always be correct-
ly defined simply as hydrates of carbon.

Definition - Carbohydrates may be defined as polyhydroxy-
aldehydes or ketones or compounds which produce them on
hydrolysis. The term ‘sugar’ is applied to carbohydrates sol-
uble in water and sweet to taste.

2.2 Functions of Carbohydrates

Source of Energy

e (STt &1 Hia)

- Energy Storage
(STt BT HSRUN)

{ Structural Role *
G| (RREATHS YD)

-

L3
‘t: Protein Sparing Action
“ (1 W& fomam)

Functions of
Carbohydrates

2.1. BIEIEIESC BT TR Td iy

FEERESe TPl A UW WH a9 Ged oifde mE 9
FTeH® ugrd g1 J g=T w0 § dF ddi—dIeH, gIReeH 3R
SHRT—4 &9 B 5| "PlelgRgc’ ek Pl 3 § "Pled &
St aRTe”, Fifes B3 PlalgTsgC Pl HHRI I (CH,0), BiaT
g ROd g8 @l ® & 370 @ @ik U @1 SdioH
Il 81 $© UY AIffIp, S PIafeIESC Tol 6, ol Tl 3 3R
Afdes 3, SR UBR B TABTUAT BRI & SR BT b STeiford
Fifies S Ui 81 81 SR, Blalersse & g Had “Ble &
ST TSR gt AT o Fha |

TRHTHT - FETERSC Bl UERSIRILCSEIES a1 BICH T T
QT & =g A gRHIRT fhar ST JovdT ® S SRR )R 3=
T 81 YR Weg I FlalerRse & o8 ST foram ST § S
Ot B eeRid 8id § SR W1g § 1S 81 8

2.2 PrateIgge & B

pﬁ:\
Fat Metabolism @
(@91 & A0 § YEHdl) o

Fd

1

Component of
Biological Molecules &

@ifaw rupsit ¥ gew)

Cell Recognition and
Communication
(@ RIHT Ugar 3R TAR)
Dietary Fiber
(SITER Y= (ST BIEa))

e
vx“

W
1139

Figure 2.1: Functions of Carbohydrates JACERAT Hﬂﬂﬁﬁ%ﬁ F Bt

1. Source of Energy:
Carbohydrates are the main source of energy for the body.
Example: Glucose is used by the brain and muscles for
immediate energy.

2. Energy Storage:
Excess carbohydrates are stored for later use.
Example: Glycogen stored in the liver and muscles;
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Carbohydrates

D-glucose.This shows that the configuration of asymmet- Y g8 g 811 ¢ f& D-haee H oryHfid drad URHTY]
ric carbon atoms C-3, C-4, and C-5 in D-fructose is the C-3,C-4TYTC-5 &1 foarg D—@E%W@m%l
same as in D-glucose.

1(}}[0 H-C=N—NH—C.H, 1(|2H20H
2 2 2
H—C—O0H C=N—NH—C.H; ?=o
3 | 3 3
HO—C—H ¢ uNung, MO (7H cHNHNH, HO—C—H
H—C—OH Excess H—(|I—0H Excess H_?_OH
5 5 5
H—(ll—OH H—(ll—OH H—(ll—OH
6 6 6
CH,OH CH,OH CH,O0H
D-Glucose Glucosazone D-Fructose
(D-TgHI) (-
Figure 2.6: Formation of Glucosazone / 2 2.6: 7q@meii= &1 fwfor:
C. Cyclic Structure of D-Fructose C. D-WaE I D TH I WX

By analogy to D-glucose and to explain its dual behavior, a D-WT;I F FHAFI P 3MYR TR T 3P g8 HFTER P AR
six-membered hemiketal ring structure was proposed for HRA & AU D-Thachel & U S:-Hawid gHidbied aod IxaHl
D-fructose. Wﬁﬁﬂﬁﬂﬁ%l

Since D-fructose also exhibits mutarotation, the o and 8 %II% D-Thacrel i 111?1@%'5{[:[ yefRid o §, gaf gall e
forms in equilibrium via the open-chain form may be rep- Y & 7EAH I g T IURYT TP o TUT B T BT IR

resented as: Tl &
HOH,C_OH 2 CH OH
/
| ?
| I
HO—(li—H HO—(ll H HO— (|: H
H— (|: —OH H— (|: —OH (l: —OH
H— (|: —OH H— (I: —OH (|: —OH
CH; 0
a D-Fructose (a D-Wac o) D-Fructose (D-Wa<Io) S-D-Fructose (D-TharRIe)
specific rotation-21° (Rifkre gaTa) (Open chain) Ggeflt @@  specific rotation-133° (A1 gama)
a-Hemiketal
(OH on Right)
S OH
HOH,C
2
3
HO——H
4 -
5
H6__ OH OH H a-Hemiketal
cH——0 a-D- Fructopyranose (OH Down)
2 (D-FFNUTERIISN)

a-D-Fructose (D-Facie)
Figure 2.7: Cyclic Structure of D-Fructose / i 2.7: D-wraRIS Y T I WREAT

Physical Properties of Fructose waIW & Hifas o1
1. Appearance: 1. WY
Fructose is a white, crystalline, odourless solid. It occurs haeiol Th ‘vTaV_C{, THiCHIT quT g 3 garf %I e J&H
as fine crystals or crystalline powder. Thicdh gl Which E,[Uf ¥ =Y T U S |
2. Taste: 2. 4dlq

Fructose is very sweet in taste and is sweeter than glu- haelsl Wie o i o g g q’s"?ﬁﬁﬁ G?ITW?ﬁ:h
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Carbohydrates

CH, OH CH, OH CH,0H

O_H
OH OH OH H
HO
Branch
OH |  mam
0 /
CH, OH CH, OH CH, OH
OH OH OH OH
OH

Nonreducmg end
(R $H HIA a1 3f€)
Reducin end
Nonreducing end (PH DA qredT
R HH HA 9T 34) i)

Reducing end
(Y B 19T 3d)

Figure 2.13: Structure of glycogen (A) General structure (B) Enlarged at a branch point.
fort 2.13: TSPISA B TG (A) HIRT I (B) TH W g W w7 fpar wam)

The structure of glycogen is similar to that of amylopectin TTEDIS P AR THIS G oI 81 Bl &, fored warar s
with a higher number of branches. Glucose is the repeating I B TS TIgepIo H QIeRIg M dTel gHE § S a(1-4)
unit in glycogen joined together by a(1—4)glycosidic bonds, TRHIRTSH TS 3R FHT TS W o(1-6) WRHIRISH SIS
and a(1—6)glycosidic bonds at branching points. kil \_Il@ B gl

2.7.5 Cellulose 2.7.5 ﬁq?h\—:r
Cellulose occurs exclusively in plants and it is the most abun- TTelet faRy U § UTell # Urn SiTel 8 SIR g gl ST & el

dant organic substance in the plant kingdom. It is a predom- TSR AT B ORI O aTel Sl uerd 1 98 urey St fify
inant constituent of the plant cell wall. Cellulose is totally 1 TP TE 9 g | Sig IR H Jaret G a6 ¥ SIureyd grar

absent in the animal body. gl
0O O
H 0 H H .
By H H
\ OH 0 OH
0 H H
H OH H OH

Figure 2.14: Structure of cellulose / fir 2.14: Y@ F Ww==T

Contact No.-6395596959/8006781759
Website - www.pharmacyindia.co.in

Download Pharmacy India Mobile app from Playstore




o Definition, classification of proteins based on composition and solubility with examples
o Definition, classification of amino acids based on chemical nature and nutritional

requirements with examples

¢ Structure of proteins (four levels of organization of protein structure)
¢ Qualitative tests and biological role of proteins and amino acids

e Diseases related to malnutrition of proteins.

3.1 Introduction of Proteins

e Proteins are one of the most important classes of biolog-
ical macromolecules found in all living organisms. They
are present in every cell and form the structural and func-
tional basis of life. Unlike carbohydrates and lipids, pro-
teins show enormous diversity in structure and function.
This diversity allows proteins to perform a wide range of
biological activities essential for survival.

e Proteins play a central role in almost all physiological
processes such as growth, repair of tissues, enzymat-
ic reactions, transport of substances, immune defense,
hormonal regulation, muscle contraction, blood clotting,
and maintenance of acid-base balance. Due to these vital
roles, proteins are often referred to as the “workhorses of
the cell”

¢ In the human body, proteins constitute a major portion of
muscles, organs, skin, hair, nails, enzymes, hormones, and
antibodies. Adequate intake of dietary proteins is there-
fore essential for normal growth, development, and main-
tenance of health.

3.2 Definition of Proteins

Proteins are defined as high molecular weight, complex, ni-
trogen-containing organic compounds composed of a-ami-
no acids linked together by peptide bonds, forming long
chains known as polypeptides.

3.3 Origin and History of the Term Protein

The term “Protein” was first introduced in the year 1838 by
the Dutch chemist Gerardus Johannes Mulder, based on the
suggestion of the Swedish chemist Jons Jacob Berzelius. The
word is derived from the Greek word “Proteios”, meaning
“primary” or “of first importance.”

This name was chosen to emphasize the fundamental role
of proteins in living organisms. Subsequent research estab-
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Properties of Amino Acids

(ST 3wl & oM
|
v v v
Amphoteric Nature Zwitterion Formation Isoelectric Point (pI)
EHayH ypfa) (aexama= &1 frafo) (ufagyd f3g (pl))
Figure 3.6: properties of amino acid /ﬁﬁ 3.6: i o & o1
3.7.3.4 Optical Isomerism 3.7.3.4 USHTRI AHTIgadl

SRR Sl il o SR o-Te TRATY] g g1, fored @
UHTRINY U F by gld 81 D-FY U9 L-FU H UTU W1d &
3UdTE: TERA USrRiE T U ¥ AfKey g 31 Hife 398 4

Most amino acids possess an asymmetric a-carbon atom,
making them optically active. They exist in D- and L- forms.
Exception: Glycine is optically inactive because it contains

two hydrogen atoms. EESISERRE I SRR
3.8 Classification of Amino Acids 3.8 3 Srel T affanvur
Amino acids are classified on the following bases: ST Sl 1 i ST wR afiep famam e &:

« R-GHE & IS Ui
. TN et saRgdarn

e Chemical nature of R-group
¢ Nutritional requirement

3.8.1 Classification Based on Chemical Nature of 3.8.1 R-wﬁmﬁmuvh%anmwmﬁamr
R-Group

Most amino acids possess an asymmetric a-carbon atom,
making them optically active. They exist in D- and L- forms.
Exception: Glycine is optically inactive because it contains
two hydrogen atoms.

SifepTr St S B SR o-TeT TRATY B 81, R 3
UHTRIY U ¥ Githd g 1 T D-FU Ud L-F9 § U7 1 & |
3[udTe: TERE TP wu I Ffeey gar g1 ®ife 599 o
BIgSIoH WA ld €

Table 3.6: Nutritional Classification of Amino Acids

AT 3.6: S 3l T UIyoT FEffewor
Aliphatic (uferbfe®)
Abbreviation (H&UT&R) Symbol (W) Structure (ST)
H—CH—CO0O0"
Glycine (@S Gly G |
NH,*
CH,—CH—CO0O"
Alanine (‘Eﬁﬁf"ﬂ Ala A P
NH,*
HC~ 0 -
Valine (@fer) Val \% H,C” gl (|:H coo
NH,*
H;C < -
— H p— —
Leucine (IfR1) Leu L H,C” CH—CH, (|:H coo
NH,*
CH
\EHZ
Isoleucine (TSHTYRI) Ile I e CH —(|JH—C00'
3
NH,*
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on opposite sides of the peptide bond. This arrangement
minimizes steric hindrance and increases the stability of the
protein molecule.
iv. High Stability

Peptide bonds are highly stable and are not easily broken
by ordinary changes in temperature or acidity and alkalin-
ity. Under normal physiological conditions, peptide bonds
remain intact and can be cleaved only by strong chemical
agents or specific enzymes.

3.10 Structure of Proteins

3.10.1 Introduction to Protein Structure

Proteins are not biologically active merely because they are
chains of amino acids. To perform their specific functions,
polypeptide chains must fold into highly organized three-di-
mensional structures. This folding occurs in a systematic
manner, giving rise to four distinct levels of protein struc-
ture.

3.10.2 Levels of Protein Structure
e Primary structure
e Secondary structure
e Tertiary structure
e Quaternary structure

T 39 o= q WIS ARY HH g ol & 3R WA 3]
3ty FRR S B

iv 3o fRRar

RS §Y e M@ I 8d § SR I aiuHe
3yal Srdl-&RTdl ¥ URadd ¥ SN d T8l gedl
g IRIRe oRfRufdl & 4 @Rféd e § R dad
me%wﬁmﬁﬁmqmﬁmﬁ@

gl
3.10 WA P W1
3.10.1 W& =1 o7 uived

Fad fiAT 3Rt BI gEe B I W Sfds T T Ay &
g oow oy s &1 ¥ fou uicfitess @ &
dd afRyd B-Smart WRe § gSA1 9 S gl ¢l U%
T HHIS o1 I BidT ¢, o W WRe1 & IR TR a9
gl

3.10.2 WEH WET & WX
. TTYTHS® TR
. facfias dxam
o el ST
. I G

Primary Structure —
CIIECRE TSR )

Amino Acid (3/AY 3r=T)

Secondary Structure
(a-Helix)
AT (3{eWpI-

> SN S
=5

m\WZ.
C%n C"\' N
N/ W !‘ \ ;_
(;/' Q,“ W‘D ‘/Zulli 3
< :Zl N u

Tertiary Structure

T )

Quaternary Structure

@gd® dvam

Figure 3.8: Levels of Protein Structure / o= 3.8: W TR & W

3.10.3 Primary Structure of Proteins
The primary structure of a protein refers to the exact lin-
ear sequence of amino acids in the polypeptide chain. It in-
cludes:
e number of amino acids

Download Pharmacy India Mobile app from Playstore

3.10.3 NI &t uryfire T==n
UIEH 1 Urfies TR uiehiuprss g@e | SfiAT sfell o el
I® 33T HI A 31 3TH WA B 7

o AT 3 @t TE

Contact No.-6395596959/8006781759
Website - www.pharmacyindia.co.in



¢ Definition, classification with examples.
e Structure and properties of triglycerides (oils and fats).

¢ Fatty acid classification - Based on chemical and nutritional requirements with examples.

¢ Structure and functions of cholesterol in the body.

¢ Lipoproteins - types, composition and functions in the body.

¢ Qualitative tests and functions of lipids.

4.1 Introduction

e Lipids (from the Greek word lipos, meaning fat) are very
important for the body. They are the main form in which
energy is stored and also help in building cell structures
and performing many other functions in the body. Lipids
are a mixed group of compounds, so they are hard to de-
fine clearly. In general, lipids are organic substances that
do not dissolve in water but dissolve in organic solvents
like alcohol and ether. They are related to fatty acids and
are used by living cells.

4.2 CLASSIFICATION OF LIPIDS
Lipids are broadly classified (as modified from Bloor) into
simple lipids, complex lipids, derived lipids, and miscella-
neous lipids. These groups are further divided as follows:

4.1 U=

. fofisw clie s forarg @ ferar man B, et orf B @ TR
¥ fore sgd Ayl g1 €1 A ol Bl TfRd B BT T ¥
B ¢ 3R PRI Bt T 971 U IR | B3 3 BHraf
P B H off T R § 1

. foftem 2fTe! &1 v ifd Tg 81 € st s Iy & U ¥
ORI AT B3 BT 8 | I 9 9, iy O FrdfAe
gerdf g1a § off art & e gora, A Sfepled SR SR SF
B fIeme) g wid 1 3 Bt TRrs § Gefia 81d § iR
Shfad SIRTesT13H gRT ITART ft S &

4.2 fafursH &1 Tffewor
ity & I U ¥ (&R & SOR IfeE) Wa oy,
Sfed fafregy, ogae faftgy iR fafay fafgw & affea fean
ST & | 371 9g! 1 3T 39 UHR fauiierd fasan man &:

~_LIPIDS Ffre)
|

v
v v

! v
v v

triglycerides Waxes (H1¥) Glycolipids Phospholipids
@%ﬂﬂm Ex - honey comb, Earwax (‘ﬁﬁ?’ﬁéﬁ?) (W\I'?U'ﬂﬁfgg)
(3aler - H Ea) ‘ Ex - lecithin,
B, hI bl i i (3aTexl -
Glycerol i . L
(ﬁ%mﬁn ;%#tg};gc\;g% Cerebrosides Gangliosides
|
v v v v
Saturated FA Unsaturated FA Carotenoids Sterols Steroids
(Hq T 30) (ST THT 37%) (FAEHTIS) ;
Ex - palmitic acid, I P = EEIEENE Ex - chylesterol Ex.- bile
steric acid (SGTGRU v v xanthopélf_ils % acid(fOr 3
% mlé, Monounsaturated FA polyunsaturated FA
(TP AW T 31%T) (dg 3 T 31FT)
Ex - oleic acid (@9 ) Ex - Linolic acid (R TRrs)

Figure 4.1: Classification Of Lipids / &1 4.1: farfus &1 Fffevor
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3. What are triglycerides? Give properties of triglycerides.

4. Define and classify lipids with examples. Write the func-
tions of lipids.

5. What are fatty acids? Classify it based on chemical struc-
ture and nutritional requirements with examples.

6. Define Lipids. Write about the structure and functions of
Cholesterol in the body. Enlist any two properties of tri-
glycerides.

3. CRERISSY F1 82 TRferRIgsd & 10 i@y

4. TS 1 URHITG HIVT Td IaT6R0T Aled aTiieur Hifo |
foafieg & o fafaul

5. Tet URYS 9T 87 IR TR U9 GIVUT STa<aehdl & SR
TR IET8RUT Afgd aifdHRul Hifor|

6. ffrg &1 ufRHTiRd SIT | IR B Fiaeld &1 Ga-1 Ud 1
feRew | ersfererTg sy & @1 31 7l fafau|

< SHORT ANSWER QUESTIONS (Jf&Ia SR a1l ) >

. Mention three function of Lipoprotein.
. Functions of Cholesterol in the body.

. Write the biological role of fatty acid.

SwWw N e

. Draw the structure and enlist any two functions of cho-

lesterol in the body.

Ul

. Explain the following: i) Triglycerides ii) Fatty liver iii)
Emulsification test

. What are lipids? Classify them with suitable examples.

. Write the identification tests for Lipids.

(oI @)}

. Classify lipids with examples.
9. What is the different between HDL and LDL?
10. What are the functions of Lipids in the body?

—_

. JaTexUl Higd TUHd &l aRuIfd & |

. RICRICF H1 87 T &R0l & |

3. FHIUIYIRES 3R FCAUGIRES & dd R TY
Gyl

. S T 87 3HPT alfeb Hed I 8?)

. A T T 62 & SaTexUl Iy |

. EHI-SITgHN AR de-S-TgDe B gad WRET
Eoiyl

7. W 3R e & T 3R 87

8. TARHMICIH &1 §? I B! BT Ieaid B |

9. JohIel Bl 3¢ YR (VAT [HRT) FI FH7T AT 82

10. TASH B BT 7T Hed §7)

[\

(SR N

(o))

< Multiple Choice Questions (Hféred 3<% a1t UH) >

1. The monomer unit of lipid is?

(b) Fatty acids

(d) Amino acid

2. Which one is not an example of Compound Lipids
(a) Phospholipids (b) Glycolipids
(c) Lipoproteins (d) Waxes

3. Saponification test is used for identification of

(a) Glucose
(c) Ribonucleotides

(a) Lipids (b) Protein

(c) Carbohydrates (d) Amino Acids
4. Which of these is not a lipid?

(a) Wax (b) Oils (d) Fats
5. Which of the following lipids known as neutral lipid?
(b) Steroids

(c) Proteins

(a) Triacylglycerol

Contact No.-6395596959/8006781759
Website - www.pharmacyindia.co.in

1. fafos o1 AFWR sBE T R?

(a) TIPS (b) e TRy
GREEIR ESRICERR (d) 3l TRrs
2. fru ¥ @ ®1F e ferfis &1 Ierevor 38) 32
(a) BIBITATSH (b) TRHIfIUST

() feramod= (d) I

3. AuifATPPp T Tdienr &1 IuanT fFae! tgaq & fog
o T &2

(a) forfrsm (b) O

(c) PTeTETRGCH (d) S Tfrs
sfFmid e RMesTd @

@I\  (b)dAd (c) T (d) 9T

5. forg @ #1991 Rifts g Rifts sgamar &2
(a) CTARRYCITeRRIT (b) RRITST

Download Pharmacy India Mobile app from Playstore
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Figure 5.7: (A) Watson-Crick model of the DNA helix; (B) Complementary base pairing in the DNA helix
i 5.7: (A) DNA 3feraa &1 arewq-fore dfsq; (B) SITAT gfeied & siftaddt 99 i
5.3.1.2 Conformations of DNA Double Helix

DNA can exist in several conformational forms due to
variations in nucleotide arrangement. At least six forms
(A-E and Z) are known, of which A, B, and Z are the most
important.

The B-form DNA is the most common structure under
physiological conditions. It is a right-handed helix with 10
base pairs per turn, a pitch of 3.4 nm, and a diameter of 2
nm.

The A-form DNA is also right-handed and contains 11
base pairs per turn, with base pairs tilted by about 20°
from the helix axis.

The Z-form DNA is a left-handed helix with 12 base pairs
per turn and a characteristic zigzag backbone.

Transitions between these DNA forms are believed to play
arole in gene regulation.

5.3.1.2 ST S99 eferay F1 T
. GlATCESd &1 a1 H =l & HRUT DNA F§ & UTHD

O H U S Gohll & | HH-I-5H T8 U (A-E U1 2) T 8,
fSFTH A, B 3TR Z I 3ifeh Hgeaqul o o1d B

B-%U DNA YRR uRfufeat # T I W1 g1 I8
e BTy 1 o= # T U gfcre e ¢, Fores Ut g
10 39 U9 81 §, fU9 3.4 nm Bt § U7 SO TIHT 2 nm
I3l

A-F7 DNA i a1fes g1 & fe=m & fRud giar 8 ik 399 ufa
ga1d 11 39 U9 810 81 39 U H 99 U gfera o @
TH 20° & BV TR Fb GU B &

73U DNA §T8 819 &1 fa=m # Rid uep 2fcreq g 8, fored
Ui gAIT 12 99 U5 gId § U1 39T Seba fafry R
T Uefid et g

AT o1 § fb DNA & 371 faftrs =0t & s 819 are uiad=
S e o Aeayut YT v g

Table 5.3: Comparison of Structural Features of Different Conformations of DNA Double Helix

dIferet 5.3: STTAT Sad sfaad & fafird ¥ui o1 SRaTE® faRiwarsit & gaar

Feature (frgiwam) B-DNA (dt-gitu) A-DNA (E-3lT) Z-DNA (Si-Sien)
Helix type Right-handed Right-handed Left-handed
Rfre &1 TPR) (STE-BTY &} gferaRT) (GTT-BTY &} gferarT) (STE-3TY I gferarT)
Helical diameter (nm) (EESEZEIR) 2.37 2.55 1.84
Distance per complete turn (nm)
3.4 3.2 45
@A guf gaTd B )
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Enzyme velocity

1 1 I 1 1
enzyme concentration ——

Figure 6.1: Influence of enzyme concentration on enzyme velocity / I 6.1: TSITgH @1 Jigdl ST TATSH St Tid IR JUG|

1. Effect of Substrate Concentration 1. W?E Higdl BT YU
e For a fixed amount of enzyme, the velocity of an enzymat- . frd fAfyg uer & uSgy *® 1%111 S-o ﬂsﬂa—c’ BT Figdr
ic reaction increases as the substrate concentration rises. aﬂ?‘ﬁ % Q\_rl'@ﬂ'q 3iffehar &1 i (a"T) i aa‘cﬁ %I URY H a7
Initially, this increase in velocity is nearly proportional to a8 q@ [SRIESE) ﬂsﬂa?.' DI Higdl & Wﬁﬂ B g, Afep

the substrate concentration, but with further increase, the M TAB AfHfhar g R-4R E’ECR_GN%IEF (dhThR) =Y
reaction curve gradually assumes a hyperbolic shape. ASGIE]

e At low substrate concentrations, the initial reaction ve- o hH H&E@E Tigdl W URMNS fHfear 9 (Vo) SITHIT oY
locity (V,) increases almost directly with substrate con- ‘v'l&“la_c' DI Higdl & Y dedl g SR eifiifrar gym-HIfe
centration, and the reaction follows first-order kinetics. Tt BT T Bl o | o -ord ‘v'l&fl%:c' ARG RC A G|
As the substrate concentration becomes higher, further ST §, Vo | ?{@ DI R HHR: <firft g et B

increases in V, occur at a progressively slower rate.
o Eventually, a stage is reached where only negligible . 3 TH U GRT 371 St § STgT Teuee b igdl dgM

increases in V, are observed despite further increases in R o Vo ® dad T70g q@ Bt 81 39 S H Srfifsrar
substrate concentration. At this point, the reaction follows ’-‘2]31-3%% Tt T UTe HRal & SR Hffdhar 9 U fRR
zero-order Kkinetics, and the velocity reaches a constant HfYFHTH AF I UEVEI NI % O Vmax Dol SIdl %I ER|
maximum value known as Vmax. Under these conditions, uRfRufoatl § g+ USsH 3] W—HWEE (ES) HIFT B
all enzyme molecules are present in the enzyme-sub- U IURA B €, ERINISEIRIRES] ‘v'l&“la_c’ BT STk DI
strate (ES) complex form, and additional substrate has no W B YUIG Tol gsdl 3R T fRR 3wy (steady state)
effect on the reaction rate, resulting in a steady state. Tt ?f ST %I
Vinax{=========-——--- C
1
Evmax‘l—’ ''''''''' ':
1
i
£ !
2 i K
2 W
L 0 T T T 1

substrate concentration —
YD)

Figure 6.2: Effect of substrate concentration on enzyme activity keeping enzyme concentration constant

i 6.2: ToIgw Ft Aigar I fRR 7@ §T T Dt Fisdl HT Togd MAfaf W™ guE|
e Eventually, a stage is reached where only negligible . 3fda: wﬁ%ﬁ&w&nwﬁ%aﬁw—ﬁq;a CIAR

increases in V, are observed despite further increases in R Vo H Had T Q'@ E?R'ﬂ %I I 3IRIT o affufesar
substrate concentration. At this point, the reaction follows JI-HIfC Tfciep! BT UTe Dl ® SR aififerar a1 U fRR
zero-order kinetics, and the velocity reaches a constant HfYHay gH ddb QEVE[ ST 8, O Vmax &8T ST g1 87
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Competitive Non-Competitive
) r-ufoesdf)

Substrate ) Substrate

Inhibitor (I)
m)

Enzyme

Different

I Competes for the Binding Site

Active Site TEfET R
(SHRIP iHT LT F N) sl
fere wforaef wear 8)
Inhibitor (I)
(3ERAUF (1))

Enzyme

Uncompetitive

( off)

Substrate Binding Allows

Substrate lnhlbltor Bmdmg Slte

WS

Inhibitor

lnhlbltor m (1) Binds
Can’t Bind ;’r‘mw%

(3RS (1) TE ) gsar
S wHan

Figure 6.9: Representation of Reversible Enzyme Inhibition / {17 6.9: yfaadi ToTgH SaR1Y HT laf~fee

A.Competitive Inhibition

¢ In competitive inhibition, the inhibitor closely resembles
the substrate and is therefore called a substrate analogue.
The inhibitor competes with the substrate for binding
at the active site of the enzyme but does not undergo
catalysis. As long as the inhibitor occupies the active site,
the substrate cannot bind, resulting in reduced enzyme
activity. During the reaction, both enzyme-substrate (ES)
and enzyme-inhibitor (EI) complexes may be formed.

e The extent of inhibition depends on the relative
concentrations of the substrate and inhibitor and their
affinity for the enzyme. Competitive inhibition can be
overcome by increasing the substrate concentration. In
this type of inhibition, the Km value increases, while the
Vmax remains unchanged.

~ 1
—
Vmax

A vfoufas SRy

. vfomyfes SRy o faRIU® & AT Jstce & THH
2t 2, SURIY 3 Fewee AT HeT oIl ¢ | SfaRIed ToTgH
& TfhT WA R Je & o TIsdee & Ty ufaegef dar g,
difch Tad IAURT 761 BIaTl d AP RIS Alohd RIT TR
ST T §, I8 a gsiec ol oS Tehdl, o TogH @t
forariiardT & 1 St 81 ififehaT & IR USTsH-Tsuce
(ES) TYUT TSISH-3fARIYD (El) GHI UPR & BT & Febdl
gl

. ARIYT P AT T 3R MARAYF P AU Tigedl T
oA & ufd @) emfad R ik et g1 ufeuafers
AN BT FeHee B Tiadl FglhR g AT S avell B
39 UHR P ARIYT H Km HT HH §¢ Ol 8, S&fb Vmax
3ufafdd TEar g

Km (B)

1

[S]

Figure 6.10: A double reciprocal plot of enzyme Kinetics showing the effect of a competitive inhibitor

i 6.10: TSITSH SRR 1 TP Sad IRMed Wic ot TH Ufaeslf seRie® & gHId P faardr g1

Table 6.1: Enzymes with their respective substrates and competitive inhibitors

AIADT 6.1: ToTZH, IT& Hafld Favee 3R ufawudf saies

Substrate (H&‘@E’)

Inhibitor(s) (3f3faex)

Significance of Inhibitor(s) (Hg)

Xanthine oxidase Hypoxanthine, xanthine

Allopurinvol

Used in control of gout to reduce
uric acid formation (TR & IUAR §
I, IR TRIS 77 B 1 I 7)
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[ vmams

Options:
(a) 1-d, 2-c, 3-b, 4-a
(c) 1-d, 2-b, 3-a, 4-c

(b) 1-b, 2-c, 3-d, 4-a
(d) 1-d, 2-b, 3-c, 4-a

. Co-enzyme form of vitamin By is

(a) Pyridoxal phosphate

(b) Tetrahydrofolate

(c) Thiamine pyrophosphate

(d) Nicotinamide adenine dinucleotide
. The deficiency of Vitamin B, causes ___
(b) Beri-beri
(d) Scurvy

(a) Xerophthalmia
(c) Pellagra

faweu:
(a) 1-d, 2-¢, 3-b, 4-a
(c) 1-d, 2-b, 3-a, 4-c

(b) 1-b, 2-¢, 3-d, 4-a
(d) 1-d, 2-b, 3-c, 4-a

7. fae1f¥= B, &1 ABUSITEH U HIH-T1 82

(a) TR BT
(b) CTRTESIBITE
(¢) YT UTRIBIWhe
(d) FpifeTRS TS SRfaiess

8. facifiE B, 3 HH A F-171 I Bhar 22
(a) SRITAfATET (b) 98-
(c) T (d) Tpdf

9. FrufafEa & @ F-a1 A @ $t 4t 4 g

9. Which of the following diseases is caused by the defi-
ciency of Niacin? ®
(a) Scurvy (b) Rickets (a) Thal (b) RebeH
(c) Pellagra (d) Pernicious anaemia (o) Uairnt (d) ORI THifE
10.Scurvy is related to: 10. ¥ i forad Haftra 32
(a) Vitamin A (b) Vitamin C (a) faeTfm A (b) fareTfe ¢
(c) Vitamin D (d) Vitamin K (o) foerfe (d) farerfem K
1-c 2-a | 3-a | 4-a | 5-c 6-a | 7-a | 8-b | 9-c 10-b
< Fill in the Blanks (Red R W) >
1. Vitamin B1 also known as 1. Qeftme, & fiwgromarsl
2. Vitamin B12 deficiency causes 2. fgaftFAB, BiHMI_ gdrsl
3. Co-enzyme A is a co-enzyme form of Vitamin 3. DI-UNRH A, fqarfte 1 gUSSH &0 5|
4. The chemical name of vitamin D is 4. fqeIfiq b &1 IS T %I
5. Co-enzyme form of vitamin riboflavin is 5. JRSFATAT BT YBUGIZH FU gl
6. Name of Vitamin A is 6. facIf®= A &1 H
7. Vitamin D deficiency in children causes ______. 7. g1 § eIt D & FH A grar %‘I
8. isthe scientific name of vitamin K. 8. faeTfee K &1 agie 9 2|
9. Rickets and Osteomalacia is caused due to deficieney of 9. Ry 3R SR P HU Y B |
. gl

10. Beriberi is caused by the deficiency of .

10. SS9 [T oI HH A BT ]I

7

Answer Key (3IX gﬁﬂ)

1. Thiamine (4TAf8)
2. Pernicious anemia (Wﬂ%ﬁﬁﬁﬂ)
3. Pantothenic acid WGD

4. Cholecalciferol (dTdcl)
5. FMN and FAD

6. Retinol (feAian

7. Rickets ( @38\8)

8. Phylloquinone (% aaife)
9. Vitamin D (laEI T D)

10. Vitamin B, ([deI1®  B,))
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Metaboliosm

Reactions of the Citric Acid (TCA) Cycle
1. Formation of Citrate: The TCA cycle begins with the
condensation of acetyl-CoA and oxaloacetate to form
citrate, catalyzed by citrate synthase.
2-3. Isomerization of Citrate: Citrate is converted to
isocitrate by aconitase through a two-step process
involving dehydration and rehydration via cis-aconitate.
4-5. Formation of a-Ketoglutarate: Isocitrate dehydro-
genase catalyzes the oxidative decarboxylation of isocitrate
to oxalosuccinate and then to a-ketoglutarate, producing
NADH and releasing CO,.
6. Formation of Succinyl-CoA: a-Ketoglutarate dehydro-
genase complex converts a-ketoglutarate to succinyl-CoA
by oxidative decarboxylation. This reaction requires TPP,
lipoamide, NAD®, FAD, and CoA and is similar to pyruvate
oxidation.
7. Formation of Succinate: Succinyl-CoA is convert-
ed to succinate by succinyl-CoA synthetase (thiokinase),
coupled with substrate-level phosphorylation forming GTP,
which is later converted to ATP.
8. Formation of Fumarate: Succinate dehydrogenase
oxidizes succinate to fumarate, generating FADH,.
9. Formation of Malate: Fumarase hydrates fumarate to
form malate.
10. Regeneration of Oxaloacetate: Malate dehydrogenase
oxidizes malate to oxaloacetate, producing the third NADH.
Oxaloacetate is regenerated to continue the cycle.

Pyruvate

(UTETaR)

rsfe® 3ra (TCA) T @Y Sifufehard

1. A1gee P FAE TCA 9% &) Y3 TeRd-CoA 3R
JfFTAEice & - F gt |, oY Wrgee §9a1 g1 I8
Sifforar wTsce Ride gRT IR Biet 5

2-3. HT3eC BT UIGTAIHRUT: THIHCH USZH gRI &l-aRuf
Ufehar (Fofeliaon Td Aot & Ay ¥, Rg-aifice &
ST FrEee BT AR SMEATSee H 8T 3|

Ugd
SHTFTARIRIYE qT bR a-FeRgeYe S1T 21 59 AR NADH
m%aﬁwozﬁaﬁm%
6. GfAYATSA-CoA T a-dlergede fSgEgemy
BRI o-BIERe B RSfed SplaliaRH B
ﬂﬁ&ﬁ@cmm%waﬁrm%mwpam‘r@ﬁg
NAD*, FAD TUT CoA ! 3aRgdhdl gidl & SR T8 UISSAc
3fferdienur & FHM Bt 21
7. Ofdgae &1 FHin IfRARd-Coa RideT @mifeaw)
BRI JIRIIZA-CoA BT FUIARUl FiRTe § gid1 81 39 ufshan
H YT - TR BIRGRISARE I GTP §dT ©, o a1g | ATP |
gfafedd g1 ST 8|
8. WHYe @I fAwion Wi fSgmgery dfaae &
3{TeRfeHRUT X TRIFRT ST § TUT FADH, I BIdT g |
9.mﬁgmﬁﬁw.qqqﬁmw¥8mwmwwwmc
CEIGIE
10. JATATAICHICE BT YAAoi-: AR [STIESIoMY Alie &
SHTRIBU B HTRITATHICT FAIT & dUT JRRT NADH ITH
BT 81 39 UBR Sfararediee g=: §9aR Ih & ORI 7&dl ¢

NAD*
CoA-SH Pyruvate dehydrogem;se
NADH + H*

CO, Acetyl CoA
NADH + H* NAD* CoA-SH HZO H,0
Oxaloacetate Cltrate Cis-aconitate
Malate Cltrate s nthase Acomtase ( = )
dehydro enase Aconitase
L-Malate Isocitrate
(T-AeK) (
NAD* Isocitrate
Fumarase H.0 CoA-SH del;msge
(FHY) . I%m’s;'ﬁ?ﬁ]
NADH + H v
Fumarate Oxalosuccinate
() (
Succinate FADH, Isocitrate
dehvdrogenase ) CO, CoA-SH dehydrogenase
y 8 GTP CoA-SH GDP+ Pi NADH + H* NAD*
ﬁgﬁgﬁaﬁﬁ FAD )
Succinate Succinyl-CoA a-Ketoglutarate
Succinate thiokinase -IQ) (SI<TRI- TQZQ’E) €O,

a-Ketoglutarate
dehydrogenase
STRT-hIet

]

Figure 8.2: Summary of citric acid (Krebs) cycle / fam s.2: HT%'@?? RIS () TP BT IR
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Metaboliosm
AH, NAD* FpH, Cyts (2Fe®*) H,0
H* H* 2H* 2H
Figure 8.15: Overview of electron transport chain / 8.15: Eﬁﬂfﬁ uf¥asd 4Gl BT VGG
gAae URag JTar ¥ ged Td AfUfpare

Components and Reactions of the Electron Transport Chain

The electron transport chain (ETC) consists of five
distinct electron carriers arranged in a specific sequential
order. These carriers transfer electrons step-by-step from
metabolic substrates to oxygen, which finally combines with

gela - URag 4l Uld fafy elae( aree! d &+l Blci 8, Sl
T ¥ 0 § S7afUd ¥8d 81 3 aT8d SAaeH! Bl TRUI-ER-
RO IR Yot ey F SfRfeH de Ugand €, oal Sfaiior
el 3 e oia st 3|

protons to form water.

Succinate (9feRA<)
v
Complex II: Succinate- FADH,
CoQ Reductase
(T 11: 9feRAe-
CoQ Reatw) Fe-S proteins

(SITERA-HEHT wéH)

.

Coenzyme Q

(hidsITEH Q)

|
Fe-S proteins

Complex I: NADH-CoQ
(SITIRA-TehR W)

Reductase
(T I: NADH-CoQ
Reaw) FMNH,
T J
NADH + H*
Substrate (Ys93<)

(" Cytochromec,; )

Cytochrome c

$

Complex V: ATP Synthase (FF,)
(T V: ATP &S (FoF,))

N

ADP + Pi

ATP

Figure 8.16: Protein complexes involved in the electron transport chain

7 8.16: FATE iU o1 H AT W HreawT
1. FrpifeaTaTs s faeraterss

I. Nicotinamide Nucleotides

>
(tngzﬁ:h c1) (STFERA )
Fe-S proteins 4 Cytoch )
lc e Y ochrome a
(STl a)
> Cytochrome b
(GIEGEILEY)] Cytochromea; __ |+ 0, >H,O
Complex III: CoQ- (TSR a;) ‘
Cytochrome c Complex IV:
Reductase Cytochrome Oxidase
(hi==ta I11: CoQ- (PRI IV:
\T1selshid ¢ Reaest) J ( rsetenin siferftdsn)

e Among the two niacin-derived coenzymes, NAD* and
NADP*, NAD" plays the major role in the ETC. During
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¢ Types, Functions, Deficiency diseases, recommended dietary requirements.

9.1 INTRODUCTION

e Minerals, also known as inorganic elements, form only a
very small fraction of total body weight, yet they are indis-
pensable for normal physiological functions and survival.
The amount of different minerals present in the body varies
widely.

¢ For example, calcium accounts for nearly 2% of body weight,
whereas cobalt is present in extremely minute quantities,
about 0.00004%.

9.2 PHYSIOLOGICAL FUNCTIONS OF MINERALS
Minerals carry out several essential functions that are criti-
cal for the maintenance of life. These functions include:

e Formation and mineralization of bones and teeth, giving
structural support to the body.

e Participation in blood clotting mechanisms, preventing
excessive blood loss.

e Regulation of nerve impulse transmission and muscle
contraction, maintaining neuromuscular activity.

e Maintenance of acid-base balance, ensuring proper pH of
body fluids.

e Control of fluid distribution and osmotic pressure, which
is necessary for cellular and tissue integrity.

Properties of Minerals

e Minerals are inorganic substances.

¢ They are essential nutrients for the body.

¢ Required in small quantities.

¢ They do not provide energy or calories.

e Cannot be synthesized by the body; must be obtained from
diet.

¢ Participate in metabolic and physiological functions.

¢ Help in formation of bones and teeth.

¢ Regulate nerve transmission, muscle contraction, and fluid
balance.

¢ Actas cofactors for enzymes.
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9.1 Y=g

TSl Y ST ded Ht HET ST 81 A TRR F Hd HR HT 9gd
B BT UFT B § TR oft I IR fapamsit oiR Sfiew & forg
3 SMMIRTD Bid & | TR H faftra @fsit &t A o 1ot fysrar
TS STt 8|

JeRU U, HfxmH IR & UR BT AT 2% Bl
8 VEfe Plalee dd ged HET H URT Ol §, WHT
0.00004% |

9.2 @feil & RIS &Rk

GfeIoT Sfia & TREUT & foIU 3 3awaes B HRd & | 3TH A

. gfgal ok efdl &1 i e wfehar, e R’k &)
TREIHAD YR AT |

« X BT YFD] STHM DI Ufchar T YT o1, S sreafiies Yaqwra
AT o b |

. T ST P TER0T 3R WO & Tgra &1 o, o
dfeT-araueiy nfafafd s+t e 81

. 3T-&R AJaH BT UR&0, e TRR 5af &1 3fad pH &1 38l
|

. Zal & AR 3R WRRRO g BT R, St Bk iR
Sd®! I RIS F AT AT B

@l & T

e srprdfe e g1 g1

T IRR & forT TR U dcd &

B! SR B H AL H eIl B

Y TSl a1 el S o B

$6 YRR GG 8] &1 Il 33 15 I A1 USdl g

Y Aersifers 3R eRaiied ol § fewa o g1

e e i R e e

T4 TR, AU & Rige 3R wigs do & Wee dd
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Introduction to Biotechnology

1902

Walter S. Sutton proposed the chromosome theory of inheritance based on grasshopper sperm studies.

(ATeex T, e A iy g Rigid &1 ufaare- faar)

1907

Tissue culture techniques were successfully developed, marking a major advancement in experimental

biology and biotechnology. (Sd® Yati- adb-iid! BT faemr gaf, oM Sia et & 78 fexm i)

11.3 BRANCHES OF BIOTECHNOLOGY

11.3 99 WeNfet &1 Irams

BRANCHES OF BIOTECHNOLOGY

G- 1 2mand )
l
v v
Based on Area of Use Based on techniques
(SUENT & &F & ATYR W) (APl P TR TX)

\

KRed Biotechnology (Medical/Pharmaceutical

Biotechnology)

(S I (afesia/shudia s9-venfie)

Green Biotechnology (%‘icultural Biotechnology)
IR (P Sa- )

+ White Biotechnology (Industrial Biotechnology)

- (®TST SRARETATSH ( 8 GIINED))

* Blue Biotechnology (Marine Biotechnology)

. (S STEEaTS (TS Wa-wEnfe)

* Grey Biotechnology (Environmental Biotechnology)
EIRICESIRIE] .

( )
* Yellow Biotechnology (Food Biotechnology)
EIPICERIRIC ] TNt

\(ﬁ?ﬁ @ )

/

/ Genetic Engineering / Recombmant DNA Technology
. (smrgafRe sftaifaet

* Molecular Biotechnology (PCR, cloning, sequencing, gene expression)
. Cell & Tissue Culture Technology (animal/plant cell culture)
. Mlcroblal Blotechnolo

. (geAeldt Sa-
* Immunotechnolo Lantlbo based diagnostics/therapeutics)
(Q%*ﬂ?l uﬂ%a SURETI/3SUAR))

. Blogrocess Engmeermg (upstream & downstream processing, scale-up)

.

~

/ DNA )

(SMUTfae S (PCR, )

T4 SHas dad (Ty/aTe Had)

(fermentation, industrial microbiology)
)

BlOlnfOl‘P‘lathS & Computational Biology (drug targets, genomics data)
Td (T enied, Gﬁéﬁﬁw 3en)

w -31m)

11.3.1 Based on Area of Use
Red Biotechnology (Medical/Pharmaceutical Biotech-

.
nology): Drug/vaccine development, diagnostics, gene
therapy, monoclonal antibodies, recombinant proteins.
Green Biotechnology (Agricultural Biotechnology): GM
crops, plant tissue culture, biofertilizers, pest resistance.
White Biotechnology (Industrial Biotechnology):
Enzyme production, fermentation, biofuels, biopolymers,
industrial bioprocessing.

Blue Biotechnology (Marine Biotechnology): Bioactive
compounds from marine organisms, marine enzymes,
aquaculture biotech.

Grey Biotechnology (Environmental Biotechnology):
Bioremediation, waste treatment, pollution control using
microbes/plants.

Yellow Biotechnology (Food Biotechnology): Food
fermentation, probiotics, food enzymes, nutraceutical
production.

11.4 APPLICATIONS OF BIOTECHNOLOGY IN
PHARMACY
1.Medicine: Modern biotechnology is widely used in
medicine for:

Download Pharmacy India Mobile app from Playstore

11.3.1 ST & &F & YR W

. Y8 FrEeEaren (Rifrcfa/siudia S9-wenfie): <o
Repifresie Ui |
W arReEaeh (@ Sa-mefieh: oM wad, Tey
Fdd YagH, S9-3aRp, Ble-UfeRIY|
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Organ Function Test

12.3 FUNCTIONS OF THE LIVER

1. Synthetic Functions

¢ Synthesis of plasma proteins such as albumin, coagula-
tion factors, and several globulins.

¢ Production of cholesterol.

¢ Synthesis of triacylglycerols.

¢ Formation of lipoproteins.

2. Metabolic Functions

e Carbohydrate metabolism: glycolysis, glycogen syn-
thesis, glycogen breakdown, and gluconeogenesis.

e Lipid metabolism: ketogenesis, fatty acid synthesis,
and fatty acid oxidation.

¢ Protein metabolism: amino acid catabolism.

¢ Energy production: citric acid cycle and ATP genera-
tion.

e The liver plays a central role in maintaining normal
blood glucose levels by regulating the metabolism of
carbohydrates.

3. Detoxification and Excretory Functions

¢ Conversion of ammonia to urea.

¢ Metabolism and excretion of bilirubin (bile pigment).

¢ Elimination of cholesterol.

¢ Detoxification of drugs and their metabolites.

4. Homeostatic Function: Regulation of blood glucose lev-
els.

5. Storage Function: Storage of vitamins A, D, K, and B;.

6. Bile Formation: Production of bile salts, which aid in di-
gestion and absorption of fats.

12.4 LIVER FUNCTION TESTS AND THEIR CLINI-
CAL SIGNIFICANCE

12.3 Hd & B
1. GRAYOTHS I
. TSHT WA SR TefiH, Y9 & Ydd I dTd BRS adl
3D T DT HIATT|
. DIaId BT A
. CRURIARRRI &7 Y=Aw|
. formid=a &1 fFmo
2. ATt STk
. BIEEIsSC TAUTY: TARDIARINY, TASHGH TR,
TADISI UEC qUT T T Toi R |
. faftrs Tamvaa: FicoRRe, g sad SRy aul 9
T SHIHRUI|
o Ui TaTged: S Sl BT Suag |
. Goll IcUTGH: ARfed St Th qUT ATP & fHfur|

. U%Hd FleleRse & IUTH & FERd HRb THRI Iad
TSI TR ST I & Heig Yf¥yenT FAHTar 81

3. fawgzur vd Ieit wrd
- 3T & gfvar & ufkafda &A1
. fociefom (o aufe) &1 9ae ud Ss|
. PO DI DR
. garefi td 39 IUTITl o1 faugrun|
4. gt fe® o1 X9d TP Ie WR HT FgE|

5. WSRUT $14: f3eTfiF A, D, K TUT B,, BT HSRUT|
6. o formtor: fU @ault o1 IareH, St 99T & U U9 SIa=iyo
A Ye® g

12.4 Pd ST U1 T4 IS GI-d Hed

LIVER FUNCTION TESTS
@Fa BRI Tier)
|
v
Classification Based on Laboratory Findings Classification Based on Clinical Aspects
(rEarTRITET frssut % SMUR wR aiffeo (AE® Uggai & YR W Fifeon
v v v v
Group I Tests of Group III Group I Group III Markers
Hepatic Excretory Plasma Proteins Markers of Liver of Cholestasis (g
Function (99g | - 9%d (g I - ITSHT Dysfunction (998 I - n -
IS BT & TNE) ) TPHd [APR & TaP) F gI®)

Group II Group IV Group II -Markers of
Liver Enzyme Special Tests Hepatocellular Injury
Panel (99g Il - (R - (Gl 1

TP YTgH ) ferd wtaron) &ifar & qa®)

Figure 9.2: liver Function Tests / R 9.2: Ipd BRI T
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Organ Function Test

17.Van den Bergh reaction forms a purple compound called

18. Direct positive Van den Bergh reaction indicates in-

creased bilirubin.
19. Hay’s sulfur test detects urinary salts.
20.ALT and AST are markers of cell injury.

17. 99 37 &f ftifepar & s aran ST 3 1 At
FHEAT g |

18. UAef YIS a9 o4 &1 ffiifehan o1¢ gu IERIRICE]
& g B

19. § ThR TI&01 T AUl T g Rl B

20. ALT 3fR AST HIRHT &fd & Jaw g

7

. 1000-2000 ml (1000-2000 f<f. )
. 2000 ml (2000 f&.af)

. 400 ml (400 fArat)

. 100 ml (100 fefh)
C=(UxV)/P

145 ml/ min. (145 & /fe)

. 75; less (75; GFR ¥ &H)

. VV @ Hga vy
.6

10.285-300 mOsm/kg

© N U WN R

Answer Key (3T $oil)

11.3-4.5 (3-4.5)

12. <300 (300 § FH)

13.1.022

14.1.010 (1.010 — STSHRAGRAN
15. 2.14

16. Alkaline (&R19)

17. Azobilirubin (TSlScieleH)

18. Conjugated (Igfd)

19. Bile (fOr)

20. Hepatocellular (@%d HIRI$1)

-< One Word Answer Questions (U RWeg Ayl & IR <) >-

1. Which test is used to assess the rate of glomerular filtra-
tion rate (GFR) and renal plasma flow?
. What is the normal value of GFR?
. What does GFR stand for?
. In which unit is the clearance test expressed?
. Which substance is administered intravenously to mea-
sure GFR accurately?
. On what factor does the clearance of a substance depend?
. Urea is the end-product of the metabolism of which nu-
trient?
8. How is urea clearance defined?
9. A urea clearance value below what percentage of normal
indicates renal damage?
10. What does LFT stand for?
11. Bilirubin is formed from the degradation of which com-
pound?
12. What is the normal concentration range of serum biliru-
bin?
13. Which reaction is used to estimate serum bilirubin lev-
els?
14. Which test is used for the detection of bile pigments in
urine?
15. Which test is used for detection of bilirubin in urine?
16. What does ALP stand for?
17. What does ALT stand for?
18. What does AST stand for?
19. What does SGPT stand for?
20. What does SGOT stand for?

Ul W N

N O
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1. TSR FRIET &R (GFR) TUT 9 WISHT WAl &1 3HTHad
B B oL -1 Uhefur fobar Sl 82

. GFR T 99T HH T 82

. GFR &1 qUf 0 1 87

FATIRT TRe07 fh 3pTs o e fopan ST 82

.gFRﬁWW%W%Wﬁ-mwﬁmﬁ%mw
?

. fordht uerd @t iRy e dRe W Ak a2

7. g {5 dives e & IUTT=Y b SifdH IS 87

8. AT T B B U fopar S 82

9. I & foban ufawra ¥ &0 gian w7 Tef afq &
Rl g?

10. LFT &1 gUf &0 &7 87

11. fachiefem fog ifte & smaued § a1 22

12. ERH fachofer ) gy gigar S w1 82

13.?@%@?@?%@%%@@?@#@&1%%

?

14.?ﬁﬁﬁavﬁﬁu€aﬁ$mﬁ=r-muﬁ&m%mw
?

15. T ¥ facfofas &) ugam & forg w91 wdterr fopan Srar 82
16. ALP T JUI 3 &7 §7

17. ALT &1 quf &1 1 82

18. AST &1 quf =U 1 82

19. SGPT &1 QUi 30 1 87

20. SGOT &1 quf &1 1 82

(S VO V)

[*)}
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Introduction to pathalogy of Blood & Urine

¢ Thus, urine pathology plays a crucial role in the early detec-
tion, diagnosis, and monitoring of kidney diseases and vari-

. T UGR, TF SI diarelt e W aur faf yomefira srawsit
& " g @, e FR qun AR § sidd Ayt YT

ous systemic conditions.

Ay 31

Table 13.1: Pathological Findings of Urine / dTfer®T 13.1: 93 & 7 Taeht frewd

Abnormality Definition (T Causes / Associated Conditions Clinical Significance
(SHTHTEN) (@1 / Haifdra fRufora) (Fafea Aga)
Proteinuria Protein >150 mg/day | Glomerulonephritis, diabetes, ne- Indicates kidney damage
CIER L)) CER R IRCAGIE) phrotic syndrome 3, AYHE) | (I @1 &)

Hematuria Blood in urine UT], stones, cancer Infectioq or malignancy
(T ® 5) (TISHHTT, TR, (HHHI/HIR BT Tabal)
Glycosuria Glucose in urine Diabetes mellitus Hyperglycemia
(7 H 7T @YAR) (@ Xl
Pyuria WBCs in urine . | UTI, pyelonephritis Infection/ inflammation
gfam (¥ H Ad I GEREZ:1) /S
Ketonuria Ketoneasﬁpresent DKA, starvation Fat metabolism
(@ 3gEe)
Bilirubinuria Bilirubin in urine Liver disease Hepatobiliary disorder
(efefomgfan | @@ 4 (@ ) @pd-fo 3
Hemoglobinuria | Hemoglobin in urine | Hemolysis Intravascular hemolysis
ek e ge (3id-Tag Iad-SfueeH)
Myoglobinuria Myo-élobin in urine Muscle injury Risk of AKI
(@ TG fAwhadT T JeRT)
Bacteriuria Bacteria present . Infection
UTI (¥ 9T HshHun) .

CEEIERIEE) s GEZI)

Positive Nitrites | Nitrites detected Gram-negative UTI Bacterial infection
Leukocyte Esterase | WBGC enzyme UTI Indlcates WBCs
(TIPIATEC TRIW) | (WBC ToT3H) GEZL! (WBCs &1 31 H3aT 7)

13.7 NORMAL AND ABNORMAL CONSTITUENTS 13.7 gt & ATHd 3R TaAida iR 3k 371 Hgd

OF URINE AND THEIR SIGNIFICANCE

13.7.1 Normal Constituents of Urine and their Signif- 13.7.1 q;h‘—r ¥ Ara RS iR 371 U

icance

Table 13.2: Physical Characteristics of Urine / @t 13.2: T3 &1 4ifaw fagivarg

Constituent  Normal Range// Value Significance (T8)

B _ | Depends on fluid intake, climate, physical activity. Polyuria >2500 mL, Oli-

m 202 13%%9 Eg{)d;{)(a(%) guria <400 mL indicates pathology (@8 UMl & JdH, rgw, IRife Tfafafer

& R R BRar 81 UTegRar >2500 mL, 3NRARET <400 mL AeYaTsh &1 Tbd B1)

Color (&) Pale yellow to amber Due to urochrome pigment. Varies with concentration & hydration
(3 H 7o) @RI T & BRUT| 3R BTZSIM P 1Y SEadl Bl 8 )

) Faintl i Fresh urine has mild odor. Ammonla smell on standing due to urea break-

Odor (¥itn) (g%%;)r"ma ¢ down QT U=TTe & gt 71y el § | IR g 1 a1 & WS B TR Srifan

P T 3R 7 1)
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