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• lhe teoYt 
• .In which 

8tOCHEMISTRV 

Biochemisky is rnQde up of two word~ ( Bro t Chem,·sny). 
-\he term Bt'o ~ refers to ( lt'v,'ng be,'nr I 

and Chemis\-f~ --+ 'Chernicol reacft'on~ ' 

• Hence, We can sirnpt~ sa~ -the study of all -the chem,·coJ readfon~ 
and recesses ocurm'n~ t'ns,·de -the \ivt'n~ body 1s known ,a~ 

8focnemisffif . 
• The +~m bi'ochemism, w~ tt~t introduced by ' Carl Alexander 

Neuber~. 

Irnpcrtnnce of Biochemistry 

• To understand al\ -\he ad1\1ihes ocrurs 1'ns1de oor bo~V ­
·• To onol;\ze our body . 
• To \<now how living beinf are made , how life b~an , 

how ~ey work ond what chem1·cn1~ our body ha.u e . 
• To d,·ognose lhe disease. 



0IOMOLECULES 

• Biomo\erutes are the molecule~ that occurs no.f-uraHy inside fhe. 
\ivin~ o~onisrn . 

• Gteneral\y mos~ of -\he. b,·omoferufeJ!. conlaln~ COJbon ~ m~cr 
e\emen\- . 

• 0-\her -\l1on co.rl:x>n , blOmolecules 9eooo.11y confot'n H, N, o, P, s . 

BIOMOLECULES 

B iom,cromolecules 

Amino Acids 
Nudeot1des 
Monosaccharides 
Wo\er , Minerals ek . 

Biorn icromo\ecules 

Biomacrornolecul e'.> 

P~o\eins 
Nucte·c Acid 
(o.roohyclroks 
Lipids 

• lne\J are -\he smallest molecules . 
• The~ are -the bui ld ing blocks of rnacromolecures . 
• Thelf ore. also known a~ ' Monomm' 

Biomacromo,ecu\es 
• ina, rue l OIJle mole.cul es . 
• lhey ore made -from Many ~molter building bloc~ . 



T~pes of Biomolerules ( Ace- to Syllabu~) 

There ore rnru'nty 4 rn~~ b1omo\ecul~ occur~ inside CXH txrly . 

<D Corboh~drotes. 
® Lipids 
G> P1ro\eins 
® Nucleic Acid 

, 

BIOMOLECULES 8UILOINGt BLOCkS 

Carbo h~dro.l-es Simple S~ars 

Lipids FruhJ Acids 

Proret'ns Amino Acids 

Nucleic Aciq Nuc\eohdes 



(ARBO HYDRATES 

• Co.rbohymores are -\he most abundan~ noJuraHy omm·ng organic 

compounds or mol ec.ules ,·n nature . 
• Corbonvdro.\-es are st'mp\~ qefi·neq a~ the biomolecule,_, containin3 

Carbon , h~drogen ond oxygen 1'n -the rake of 1: 2: 1 . 

• Th~y cue also l<nown as ' ttydrales of Carbon '. 

• 5t'nce , mos~ of -the caroohvctrales are SUlee\- jn ~te , hence 

1hey are also known 0'-> ' Su5la.r' i·e•, sucrose, ladose . 

• (arboh~drat-es o.re oJso col1ed sacrhorides . 

I Gtenerol formu\a I : Cn (H20)n 

• Cnem,call~ , carboh~dral-es ore defi·ned a~ 'opl1coll9 acHve palyhydroxy 

aldeh~des or ke\ones or -\he compauno~ which ~,·ve ~uch units 

on hydro\r,·s , . 

Func~·ons of CarbohyciroJ-es 

• They are -the rros• o.bun dant sou rte of energy . 
• Thetf are also used a~ sforro form of enersy (81ycogen) . 
• Su,9rus like ribose and deoxyribo.se forms gene/t'c rnokriaJ ONA 

anc\ RNA.. 
• The\/ ore used a~ su5tar \'n our home . (sucrose) 

• T~ey serves a~ t'mpcrton~ constt'tuen~ 1n ©nna:tt've fissues . 



C lossifrcntton of Carbohydr~s 

(arbonvdrates are geoero.t,~ clQssiHed into Lt categories ' 
• Monosacchan·des 

• Oisacc~arides 
• Oh'~osaccharides 

• Pol~soccnarides 

-i 

< 

Mono saccharides 

Gitucose 
Fruc\-ose 
G10ladose 

(ARBOH\/ORATES 

Di saccharides 

Sucrose 
ladose 

Maltose 

·-1-M-ON_O_S_AC-CH_A_RI_D_E s ..... l 

0 h' osa«fbndes 

Roffinose 

Stachvose 

Pol 9:lcchru,q~ 

Starch 

Glvro~ 
Cellulose. 

• Monosaccharides are -\he simple. sugar~ or simplest -form -of 

carbon~drates . 
• The~ conno\ be furfher hvdrolvsed . 
• Abou~ 20 rnonosoccho.rides are known fo omir in natu~e . 

• Thev are 2ener~1y swed (n mte . 
• Exa~tes · Gllorose, Froclose, G,olacfose. 



C \ OssiEtohon of Monosacchrui de~ 
Monosaccho.rides am be c,assifted on the bruis of -fwo cak.>30°t'es : 

• aased on no ·of Carbon atoms 
• Based on Fu nc\fonol Giroups 

BQsed on no of cn(oon olorns 

( Trioses I : ~ ~ \·k; 03 ( Gtt4ceroldeh~cle) 

I Tettoses I: C'-i Hg 0'1 C Er~ltnose) 

( Ribulose) 

( G,lucose) 

I Pen~oses I: Cs Hto Os 

I Hexoses I: u; H 1'l o, 

I Heptoses I: (1-H,~ ol ( Gtlucohepklse) 

Based on no of funclfono.l ,qroup 
On · -the basis of f undfonal ,Q roup 

• A\doses ( Aldehyde. ~roup) 
• \<doses C ketone. Gtroup ) 

H - C = 0 · 
I 

H-C-OH 
I 

OH-C-H 
I 

H-(-OH 
I 

H-C-OH 
I 

CH~OH 

I Aldoses I 

they are of fwo fy pes · 

CH2.0H 
I 

C=O 
I 

HO-C- H 

H-t-oH 
I 

H-C-OH 
I 
Cl·bOH 

I ketoses I 



I DISACCHARIDES I 
• Two monosoccharides forms disoccharides or we cnn JJ.:JJ.JJ drsaccharid~ 

~iues -two mooosaccharides on hydrolvsis . 
• In disaccharides , -the 2 monosacchorides uni~s are held ~effler 

by ~t~cos!dt'c bond . 
• lhel( are CrtJ8~ollt'oe, waler soluble. ~ ¾tte ond ~wecl fn m\-e . 
• fxQmple. : Sucrose, ladose, Maltose ek . 

·J OL1&osAccHAR10Es I 
• Oh~osocch arides contain~ 2- 10 monosacchruide unil-s . 

• They q.re less swecl and I ess waf-er soluble . 
• Example : Raffinose, Stachyose clc. 

I POL'I SACCHARIDES I 
• Polvsocchar,des conmins seuera\ (more -than 10) repeahnsi monorocdx:uidt 

units . 
• The~ con~o.io hundreds or -\housandJ!) of rnonosacchar,de unir~ . 
• Toa, rue 5¼enerolf y not sweet i'n t-atte . 

• The~ are olso cnfled Gt l~can~ . 

• Example. '. Starch , 6,\\/~en et-c . 



. 

LIPIDS 

• lhe. word L1'p1'd ts dfif,ved from a oreek worol ' hpos' which mean~ 
Fol- . -~ 

• Lip1'ds can be deHned Q~ or~onic subs~ances that- a.re rela.h'vefy 
;nsoluble in wo}-er bu~ soluble. in or9M1'c soluenb.) ( Such OJ!, e~er, 

chlorofo-o-m or benzene ) . 
• lhev are h~drophobt'c in na!u-re . 
• Unh'1<e -the poolei'n1.> , nudeJ'c acid and crubohvdroJe~ , L,·p,'d& are. 

not po\tf roe~ . 
• f xQmple · :- FD.ts: and Oils 

Funch'on s of L1'pids 

• The~ are used as stored f~rn of en~rsy . 
• Ce\l membrane or plasma membrane Is roa~e up of li'pid~ C ~hosp,ofr'pdi 
• lhe~ are -tti~ precursor of hormones ( e-~. +es~oskrone , ~roges~on , 

estro_f!en ) . . 
• lhe\( · prou,de metaboh'c '.fuet to b~ . 
• Thev ndrs ,n -the ab.sorbh'on of -fut SOiubie v,tam r'n~ . 
• The~ are used as bt-e enhan~ . 



[ C I Clssifrcnlion of lipids 

© Simple Lipid·s 
® Comround Lipids 
@ ~ved Lipids 

S,m t Up,ds 

FoJs 
Oils 

Waxes 

I SIMPLE LIPIDS I 

Lt PIOS 

Phospho1ip1'd s 
6,t~cot,pi ds 
Llpoproteins 

• ~ are. tht es-krs of fatty add~ and· a! coho\ . 
• lhe. simp\e lipid i'ncludes, fo¼ , waxes and oils . 
• Fats f Oils : Esters of fatt~ acid'!) ~, ,Qlvceror s . 

Ot1r'v ed U ,a~ 
Steroids 
Carotenoid~ 

• Waxes : Ester of fo!tt( aci~ ~ o.lmhols other -than _Qht~I. 

·· 1 oERIVEO LIPIDS I 
• D~rued h'pids rue -the substa.nres -\ho.\ rue deo-ived -from ~fmprt. 

' COfYl?JUnd lt'pids bv h~d.rol~s,·s 
• 1h04 do not r~rnbles fat struduraHv buf ha.ue fat lrKe p~ntilf.m~ 
• They t'nc\ude steroid~ , earo+eno,ctt eJ-c. 



I (OMPOUNO LtPIOS I 
• Toa, are the eskrs of fo¼hJ acid~ and d.lcohof~ cont-o.t'ni'~ add1'ft'onoJ 

,groups such oi phosphote , su51ar-'-> €k . 
• lhe9 mat'nty t'nclude Phospho1rpid~ , Gltf coh'prc1~ etc. 

• Phospho\ipi~ : Co~'ns phospn01rr'c add 

• Gt\~colipid'.> : Contm'n~ co.rboh~drnteA 

... I FATTY Ac,os I 
.: 

• lne ton;\ chain H~dmcarbon~ which con~ofn~ · ca.rbo.xylr'c actq _Qroup 

o.\ -the end are \qlown ~ .fa.tttt acich . 
• Fatty add~ combines with alcohol (ijl~cero1) to torM fut~~ OU'!) • 

• We can W1f tho.t ~ acid& are -the build,'~ bloc~ of h'p~ . 

Classift'calton of fatty Ac,·d~ . 

lhe\/ c:nn be c\assifted as .folrow~ ' 

fArr4 Acros 

Acids Unsaturated Fat Acid~ 

Monounsatura.t-ed ( MUFA-) 

Po,yunsaturated C PtJ 



I SATURATED FA I 
• These .fuliy add~ do nof Cbnln11l any doubk boncl in -!tie cfntrJ . 
• lhev ha.ue h~her roelH'!S po,·nts . 
• Tha, are so\rd at room ternperoJvre . 
• Examples ·. Laurie Acic~ , PalrniHc Acid clc . 

0 HHHHHHHHHHHHHHHH 
~ I I I I 11 I 111 I I 111 I 

c-c-c-c-c-c-c-E-E-c-E--c-E-E-C-c-c-H 
0

/ I I I I I I I I I I r. LI I I I 
H- H H H H H H H H H H H H H t:1 H H 

I UNSATURATEO FA I 
• "These fru+y acid~ contoin one or more doub1e. bond in -the. 

h~drocarbo n chain . 
• lnel( are ·hctUici at room temperature 
• Tu~~ hru,e low melhn5t po,'nf . 
• "Example : Olet'c Aciq 

Types of Unso\urared Fat+y Acid~ 

• Nonounso.\ura!-ed Fatty Adds C MUFA) 

• Pot~unsoJurated Fattv Acids C PU FA) 



NUCLEIC Ac,o 
• ~ud~c ocid are. naturally 0~1·09 piimary 1nformaft'on cnrry 1n9 

b1omo\ecul~ which form~ the 3eneJ1c mofeno.J . 
• Nuc\eJ·c acid ,·s made. from nucleohde~ . 
• Nucleo_hdes . ar~ -\he mono.mer;., or buildin8 block~ <l nucleic Qcid . 
• Nude1c ac,d IS the pc1vroe6" of nocleo hde.11.> ~ H IS also l<nouin 

as Po\vnucleoftdes. 

• Since r i+ is found i'n -the nudeu~ C nuclei) or -the ~\I and acidi't 
in nature , hence ff is t<nown a~ Nuclei'c Acid . 

Types of Nucleic Acid 
(D DNA ( Oeoxyribonuc\e1c Acid) 
@ RNA C Ribooodei'c Acid) 

I NucLEOTtDES I 
• Nudeohdes are -the rnonomeoic unn of nucleic acid . 
• A nuc\eo~de. i's ·compased of 3 units . 

CD A ·fentose. Su51a~ 
® Phospho~c Aci~ 
@ A NHmgenou~ Bose 



I PENTOSE 6u&AR I 
• It is a cornpanent of nucleotide . 

• It nameq pemose beccwse r'f amtaJn~ s airbon}i. 

• Pen½ose 5U_!!Of is nothi~ bu~ a monosarrharr'de wittt 

• I+ is of two -ft/pes . 
(D Ribose 

® Deox~ ri bose. 

(H10ff /0'-. OH 
I~ ,1 
C C 

"f\r r/! C--c 
I I 

OH OH 

I R180SE I 

I PH0SPH0R1c Ac,o J 

• TI 1s also Q componeni _of nudeoh4e . 
• Molecu1Clf formula = \-hPOt.t 

5 ca.rt:KJn a/om~ . 

11/0',JII 
c· C 1\H H /I 
H I I/ H c--c. 

I I 
OH H 

I OE0XY RI BOSE I 

• I\- contain~ -three hvdroxy I _Qroup and Ont ox~en afoM 1-t'n~e.of 

w1\h a pho5rhoru~ °'~rn . 

0 
II 

OH-P-CJH 
I 

OH 



I NITROG.ENOUS SASE I 
• Nitro_genou~ base is the component of nudeoh'de cantafr11'°8 n ifro~en . 
• ln~re roe two tt,pes of nitro_,genou~ b~e : 
(D PU Rl N ES ( A~enine, Guanine) 
@ P'IRIMIOtNES ( Urru.il, Thymine and G,tosine) 

0 

NH1 0 

) 
N . 

PURINES 

I 

Ntti. 

N 
H 

P\fRIMIOINES 

0 

MH 



I SmJcrure of Nudeofide I . 
A nud~o~dc. fs madt .fmm Cbmbinah'on of f'entose s~ar, Nitro~u£ 
b~ anc1 phospho'l5ic acid . 

Phosphcut. 
Gtroup 

I 

, 

Pentose. 
¾ar 

0 

OH H 

Penrose Su$'" 
( Oeo,cvribose ) 

I NUCLEOTIDE I 

\ GlENEAAL STRucroRE} 

r 

Ni~u& Bale. 
( A"eru'ne) 



I NOTE I : Pentose. 5uJlOI + Nltro~enoug Bole r Phosphate Grroup : Nudeoftclt. 

Pentose Su,.nas t Nitro;aenou.a. Bcu..e. = Nudeosidt. 

Or, We cnn Ult/ Nucleoh'~e = Nucleosiclt. t Phosphafe Group , 

I DNA I 
• The. word PNI\ sfanqs .for Deoxy nbonudelc Aad . 
• I+ cnnto.in& deo){ynbose G~ar. 
• Nitro_genou~ Bases in DNA are : Adem'ne. , Gruanine , C~tosin(, Thymine 

• Tuel( are usoottv double. strandeq . 
• 1l octs as ~e\ic malerr61 -< carnes 9eneHc r'n-formahon . 



I RNA I 
• RN/\ stands for Ribonudefr. Add . 
• TI etmtot'ns ribose s0;1a~. 
• Nitro__genou~ Bases in RNA are : Adenine, Giuonine , C4tnsine , Uraci I 
• RNA is rnru'n\y respansibtc,_ for p1rarei'n '->Vnthes1's . 

• lne.tt cue ~ene.ratty s-i~k stranckd ~ 
• There are MOl

1

n\ y -three tvpes of RNA 1'nvo\ued rn ~o~eln ~nthes,s 
© m RNA C messen,Sla RNA) 
® b RN A ( transfe~ RNA) 
@ --cRN A ( ribosom°' RNA) 



PROTEINS 

• P15okf•ns ore -\he mos~ abundru,t or,9an1c molecul('.~ in the hvin8 
s~stern . 

• The~ consh'Me about ~ 50 Y. of dfl( cellular wtj9,ht . 
• Thev Qre essenba.l for the structure , fundion and r~ulolion of 

bocty 's ·Hssoes and or~an~ . 

• Pro\-et'~ are roade up of smo.11er unHs rolled Amino Acid~. 
• Amino aciQ& ore -the monomer& of protelnJ!> or we ca.n ~ ~lei~ 

Qre -\he. po\~~r~ of amino acid&. 

I AM1No Ac1os J 
• Amino acid6 are -\-he buildin__s blocks of ~o ac,·dit . 
• Amino acid& ore the o~anic compound& Cbnta.t'ns : 
- An amino _group ( - NH~) 

- A Carboxv I _group ( - (OOH ) 

- A 1-iyctro,gen cifom ( - H ) 
- A Side chain ( - R) 

• The. m~cnr key e\ernenffi of am,·no acid~ are (O.toon ' h~Jlen I 

nitro51en .,f. oX\/ge.n . 
• AHno~h +here are - about 30o- '-too amino acid& are known bu~ 

s~tr on\~ 20 amino odd~ parh'cipalt,~ i'n #le pwkt'n -formo.hon. 
• Unlike o\her o~an,c cornpaund~ ihelf are .51.Dlublc in wale6'. 

f 
IMPERFECT 
mi:rm 



Hydr~en Atom 

/\mine NH~--­ .......... (0011 (a.rboxy ~roup 
Gtroup 

Oifferen~ in euery amino acid~ 

ZwHter ionic form of amino acid~ 

• When an aro,no add t's disso\ueq in wa\e-5 i~ exist M -zwitter 
ion tOOY\ C A -zwitter ion is a roo'ecole. -tho.\ t'ndude~ txl\-h ~iHvc 
and ne,galive ,ch~e) . 

H 
\ 

HH~+-- C-COoti 
I 

f<. 

Co.+ion 
(At low pH) 

H 

+ ' NH3-C- Coo-
l 
R 

Zwitte-r Tun Ant'·on 
( At h~h pH) 

• We can also scu., qm,no acid~ are amprotem·c i'n na.to1e . 



C\assifi•calton of Amino Acid~ 

Amino acid~ can be c\assi~eq on -the ~ ,:S of two col~ms1et : 
CD Based on strudure. 
® Based on Nutrih'ono\ Rff\l)rnmen~ 

I S-truclural Cia~ihcnlion I 
Strudurotty i\ con be c\assifi'ed info f0Uow1n3 types . 

• A1iphoh'c Qmino acidg . 
• A\cohol1c amino acid! 
• Su\pher contru'nin_Q am1'no ad& 
• Addt'c amino acid~ 
• &>sic amt'no ad~~ 
• Aromalic amino acid~ 
• Neutro.l amino acid~ 

I Numh'onol Classifi'rolion I 
On -\he. oosis of nu\rih'ono.l requimia1L 1't con be c\aS>t'~ed i'nf-e 
three cate~crnes : 

• Essenh~ Amino Add~ . 
• Non - Essenha.t Amino Acid~ . 
• ~ i- Essen t1ol Amino Acicl~ . 

Essential Amino Acid.g 

These aMino acid~ aumo~ be. svn+hesizec\ fn our body , so i~ 
is eg;enhal to eat them . 
exarnµk- : \Jahne , Leuci'ne, Lys,ne ek. 



Non- ~lfal Amino Acid@ 

Non .. essenh~ amt'no ac,a~ are those -that con be iyn-Jhe.size~ 
by our bod V , so i+ is -no~ ~H~ -to fllt them . 
E'Kaoopk. : Alanine, GHutarrtO-te ek . 

Semi - ESSenttal Amino Acictg 
Th:se. amino add7.) am be ~nttlesi-zed by our oody , but 
-\he ro.\-e of £\ftl-\hes,s is -lesser -lt,011 -the requirmenf . 
exa mpk : Histidine , A!9ini'nc. ek . 

I PEPTIDE BONO FoRt1ATION I 
H 
I 

NH2.-C-
I 
R1 

+ 

H O H 

H 
I 

H·- C-COOH 

I 
R'l. 

I II I 
NH,.--.- C - C- NH - C- COOH 

I I 
R1 R~ 



r 

B1'0\~ico\ Ro\c / Tm??(~ance. of Amino Ac,a~ 
• Amino ,add~ senies a~ build,'~ blocks of pwiei~ . 
• lhe\f a.\so smes a~ prerorso'6 of hormone~ , purines, pyr,rvnc.Hn~ 

vim min?.> e\-c . 
• Pet>lides hruJt'. !Y'IOIIY 1'mportonl bio~tcal furrlior))!. , -1tley a.re. 

used a& an~bioh'~ Olld Qnh'tumor ~~ . 
• Some pet>\idcs ore fe<f-lJilE\1 for delol(i~rolion r(tlch'on. 
• P~~des ruse ~es a~ NeurotraM1YJi~. 
• lnet/ also t'two\ves -in fE;¼ulah'on of cell o,cle. 



-I STRUCTURE OF PRoTEIN I 
~ s\tudure of pootei'n con be div,ded into ~ cl~e-& / leoe\s. 

<D Ptrimo.n, Sm,clorc 
® Secondo.n, Struclore 
@ Tffh'a.ry Stn,dure 
@ Quo.\eroruy Strudv~ 

~irnarv S\tuclure. 

Th is is the. simples~ feuel of protein ~frocture.. 
Po-imruy s\rodure simply contat'~ -th t sequences of arvu'no ,ac,cf~ 
,n a pctypeplidt cho.t'n . 

Secnn<!ory Situclure 

9?criodafy s\ruclure of p-o-otefn ls formed by fo1d1'~ -e +wish~ 
en amino acid~ . 
lne most common ftfpes ore. : 0(- hehx ~ f3 plaJ(d 5\ieefs . 

~-- ~-Pl~ 
Sheef-s 



T~arv Smcttme 
• T~nani ~uc\ure. of protei'M are fOO'tleq when -the fw!Sts 

ond to\ds of ~rondruy s~ctore .fotqs ~ruh to faro, 
a 1 ~~ -three dimension~ shruclvre . 

Guarernary Structure 

• Tue quaternaiy struclure of rote1'ns 1S -furmecl by combi'rnl11n 
of two or rnore -\-e6"h?'1/ un,fs . . 

• Haemo,51\obin amsis~ of two o< and two ~ chcu'M ,s fht 

OO;t examvlc of qu~ shudure. 



C \Qssifirolion of r¾otdn 

~et'ns am et\so be c\assifieq ,or, -the ~,·s of two ~oife~ 

Q) On -\he boo,is of structure 

® On the. basis of composition 

On -\he ~is of srnuctwe. 
On shucwroJ b~,s ihett au, be cla&sifred ,'nto +wo c~es: 

• fibrous Protein 
• 6l!obuto.r t¼,rein 

.I Fibrous f¾ot~·n I : lha, ore ma~ e. up of eto~at~ or ttbrou~ 

po\~peph'de chain~ which form'.> -ttbre 0'6' 

shee~ like struc\ure . 

f Gtlobutar Pootein I : Gttobular p-6otet'n.& are _Qenero.tly sphem·CC4 
t'n -8,hape due to -\1~hHy -fcided p:,lypepnq( 
chor'ni . 

On -\he basis of composih'on 

On -\tle basis of ccmposition , 95ta1'n ~0.f ·cnn be classiB'(q 
i n\-o two co.te9omes · 

• 51'01pk ft5o\etn 
• Co,Qiugol-ed Pootein 



[ Simple ~o~e1'01.> I : s,·mpk r~o~ein~ are made. up of only 
acid units ,,..toineq by peph'ck bord 
Exarn~ : A \bumfrl~, Gtlobul1~ etr . 

amino 

I Conjugak>d ~ote,o~J : Aton;t with am,no ac,·d~ &lme oftier ~~ 
are also a\tachd 1'n co91u_Qat-ed protei~ . 
examf2k_ : Gttv~o~efn , Upo~dn eh . 

Impcrtance / B,o\~qt'col Rcte of ~,·n 
• Plasmq -memb®.oe ~e1·n~ rf;lolal-es the tran.sfelf of substance 
~ ~ aao ss cell 1Yl0llb'w.ne • 

• Al\ receprors are Made up of poote1'n~ . 
• Al\ ~ a~ made up of' protein~ . 
• An -anh'bcdie.s! are p'lx1tein in no.tor~ . 
• Most of h~oncs o.re protein ,·n na.furt . 
• Haem~\obin rs a poo~ei'n comes ol ,·n blood . 
• Adin -{ rnvo.s,n are protein~ help in muicle COrttfQdton. 



BIOENERGIETICS 

• The term 8ioeoer8e.Hcs is mad~ up of two UX)rd~ ' Bio t- fnersencs I 

- B,·o - Litt or Uvin3 bet'ng 
- Energ eti'cs --. Study of Energy . 

• Btoener;ldt'cs 1s no-thin3 bu\ -\he study of chan;1e in ener9 y tokes 
p\ace cttmio~ bfolo91col reaclfon~ . 

• ihe \-erm 8,oenerQeh'cs ca.n also be l<nown M B1ochemirol Thermooynami<S. 
• lhe. sum of all -\he chemico.l rroc~on~ fakes place ,·oside a livi~ 

orian,srn is callee\ Meto.bohsm . 

I PRINCIPLE OF BtOENERGiETICS I 
( 

• Bioener1eh·cs ( Biolosi,col energy fransformo.hoM) oba,s -the law of 
thermodvnamics . 

• Now there are ~ ·cat1y Lt \aws of -thefmoctvnaror'cs . 

7ero\tl Law 
Ffrs~ law 
Second Law 
Thi'rd Law 

• Bu~ 8\°oenet;Ieh·cs rt1ointy focuses on R'rs~ Law and ~nq Law 
of -\hermod~nQmlcs. 



(i) F,·rs~ low Of lhermodvnamics 
Tne Hrs~ tow of -thermodynamics is based upm the Pm'ndpe of 
mn~alfon of Energy . 
Acrordin51 to -\tlis , Ener9~ cnn neither be crro!ed nor be desh-~ 
but ~t can only be. -hansformed from one form to anoth~. 

® Second Law of lllermodynamics 

According to -\"he second \aw of +hermodyoam ics ' I n alt noJur~ or 
Spontaneou& process , -\he eooo~y of -the ~9s~em olwru,s in~~es . 

I RELATIONSHIP 8/w FREE ENERGIV, ENTHALPY, EMTROPY 

© Enfflolpy -
• -E.ntti~p~ is - dettf'led ·a~ amount · of hro.t taken or 1S"eleosa:t by 

a svs~ern chm'n~ a chemicn1 ~cess . 
• The: .cho.n51e t'n enthatpv ,·s deno~ by i1H 

N If l)H _,. Ne atfve ow' 
Heat- / Et1er9y relrosed 
E~thetJmfc reac~·oo 
Spcntaneous f¾ocess 

If /j H -. Posi-h've 

Heal / Energy absorbed 
Endoih~ic reac~on 
Non - spontaneoU£ pff"O~ 



© Entropv 
• Enhor, fs S1Mpl~ defi'ned as measormen~ of randomness/ d1'sorde~ of 

""1e s~stem . 
• The chan8e in entrop~ is denoted by L\S . 

Now If AS IS Posmve. 

Ran~omness Inaooses 
&6 5pontaneoos P~ 

Tf As 1s n olive 

Randomness Dea~ 
Non - spantaneou~ Rs-ocess 

@ Free fnersy 
• The ff~ enersv of o s~stem -IS deHned as 8lff8Y -tt'd IS acloaJr, 
, Qvailablc. -lo do W0"6k 

• ]- 1s oJro known as &ibb's Fr~ Ener9y . 
• lhan3e in Gtibb's fr~ energy .,s denoted by f.l{n 

Now . If l1& is N ohve 

SpontanrouS?. Po-~ . 
Eexofuermic / Exer3onic Reach on 

Jt f:.Gt is Posi-h'\le 

Nan- s~n+oneouS?, pu-ocess . 

£ndothmnk / Ender3onic Recidton 



• Relo.honship formula b /w (han_ge in FrEe Energy , EnfholPY -e Enlropt 

• Mos~ of -the biolo~,-~ rroctton& ocrur~ under a constan~ +empero'ore 
and con~nnt pr~ure . 

• Now oJ- constant temperntvre and cnnstan~ p~re -the refah'on5hip 

between Glibb's free . Energy , fnlho.lpt ~ fn~y cnn be defined bl 
Followin3 expre&Sion · 

I .6G. = ~H-T~S I 
Here, Tn the above Formula . 

• ~Gt : Change. t'n 9ibb's free energy 
• ~H = Change t'n fnthotpy 
• T - Temperawre ( t'n kelvin) 

• 6 s = Chon3e. i'n £ntropy 



0 iffereore between Exo~ic and Endothemiic Reodton~ 

ExOTHERMIC REACTIONS 

• Exo~~ic. reochoM represenfs 
a spcntcmeou~ p&,cess . 

• Exothmnic reachoM re\eoie 
heoJ eners y fo -the 
S\Jtroundinff . · . 

• lhe~ do not neecl energy to 
bfej ,·n -\he reocHon . 

• Entropy of exo~ic <Enclfoo 
t'ncreaseq ( fX'si~ve) 

• Enttlo.lp~ of exo~ic read-io, 
is nesoh've 

• Gtibb 's Free Energy of exothemi 
f eqchon is o.lwnr, ne30.Hve. 

• Toev ore also known Q~ 

Exergomc Reochons. 

PR>duds 

llme 

ENDOTHERMIC REACTIONS 

• Endo\hemnic. reachbns Ctpresen~.s 
Non - sponklneM process . 

• Endo-th~ic rrocHonb absorbs 

. heoJ . ~~Y f mm -th'­
surroundi n~ . 

• They al WCUf> need en~v +o 
bes\n the rrochon . 

• Entropy of endothem,fc rro~ 
decrrosecl . (Ne3ah've) 

• Enttlal?f of eod~ic 
ren cHon is positi'le . 

• rn i bb's fiee Energy of Wothermk 
readt,ns IS a.lwcur p:,sirne . 

• lh~ are also Known ~ 
Ender3onic ~ctton . 

::,-

i' 
C w 

Prbduds 

1lrne 



I R EOOX POT EN TIA L I 
• lhe. term Red ox f o\elltt'~ Is. made. up of two word& < Red ox ' ~ 

' Potenh'oJ ' 
• Now Redox _. R~c\uc~on t Oxido.11on . 

(Giain of e-) ( loss of e-) 

• R€tlox Potenhal IS also known a~ Oxidahon - Reduc~on Potenfp.{. 
• Redox ~\enh'o.t \S sfrnply Q roeawre of tendencV of a redox 

couple. -\o donc,Je Ol5" acrept eltdron'-> under standard eond1Hon'.) . 

What fs Redox Couple ? 
When a su~tance exists in both ,oxidtztd and reduced -staJ-e 
ttlell -\h~ po!'r ,·s called Redox Coupre . 

example · NAO,../ NADH 

! ' ~ ,~ 1 

Ju,o Condih'oos of Redox Po~enh'al 

• [ Ne9ah've Redo,c . Potenml I : Glreater . tendeflcy . to lofse . dedron% 

• I Posihve Redox f1;~enti:,.t I·• 6m~at-er ~dencv to aaep~ eledronA . 

Hol-e : Electron olw~ flow from negaltve redox. pc\enHo.l 
pcsihue redox: pot-en.Hot . 



I ENERGW RICH COMPOUNDS I 
• lhett rue atso known a~ H~h - Energy compounq~ . 
• lhose compound& which releases at- l~~ m- more -than l- CaJ./ rriol 

e11ersy at pH 1 ··0 are known Q~ Ener9y Rtch lDfflfX)UO~.& • 

• Now , Sl'nce. moot energy rich COmfX)urd~ con\aJh phosphak Qroup, h~ 
-th~ are also known a~ Hiah ~nergy Phosph~A. 

• Now Certru'n other compounq& which liberak>.& less #on 1· 0 col/ m<i'J 

energy are ~ff ered ~ l.Dw Enersv Cbmp:~mdt . 

(1Q$1ttcohon of Ener9y nch compound'-> 
Th& are baiicalty ~·ve 'vpes -0f h!Slh .enersy 

© Rfropho-spha.tes 
® A Of I Phosprotes 
@ Encl PhosphoJes 
® lht'ol Eskrs C Tu,oester~) 
® G1txrn1do Phosphates 

l PyrophosphaJes l 

or ener3y rich compourxh_ 

. • The energy bon.df.) in pyrophosphoJes are add . anhydride_ bend~ . 
• lhese bond6 are for01ed ~ ihe condensahon of Qcid 8 roup'.. ( mainly 

ehospho~ic aci'd ) 
• Exompl'-: ATP. ( It hat two h~h en€f9y phosphoanhycirt'de bond.&) 

- C -fil-0-{I] 



[ Acyl Phosphates I· 
• lhe h~h ene.r9v oond~ 1'n this compaurcl r's f01f1)ee} by read-ion 
=~: bclween . carbox~ h'c acid group .,e pho.sphat~ ~roup . 

• exampk. · 1 , :3 - -8iphospho81Vcerok . 

I Eno\ Phospooles I 
• The. htS!h energv bond present here 1s enolphospho.te bonq . 
• 1l is r fo®ied . when phospho.te ;f!~up aH-omed - to a h~dloxy I 

5lfoup . which IS ' bonckd to Q carbon . o.tom rya.uinB qoublt oond . 
• exampk. ·. Phosphoenolpyruvol-e 

J lnio l Esters l 
• To -\h1s COfYlfXXJnd +here 1s no prosphate ,5trou~ , 1nstead i+ h~ 

hiflh energy -thioesl-e1f bond. 
• 1hioester bond results from the feachon bet-ween -fht'o I and 

cnrboxyh·c odd Qroup A 

• exarop.lr.. : Acetyl CoA 

I Gwanldo PhosphoJe~ I 
• lfla, are aJs, known QJl:, PtlosphQBeM . 
• lhe h~h energy bond here is 3uom·d,·oe phosphate bon~ . 
• .Emmpk- Phospho creoH n e . 



CLASS BONO EXAMPLE 

P~ rophospha¼es -c-®-®-® ATP 

0 

A.a,1· P~h~ '' -c-o-® 1,'3 -Bip-1os~l'f8We. 

Enot Phosphates 
-CH 

Phosphoen o l " -c-o - ® Pvruuc,.te. 
0 

lh,ot Esters " A~-l CoA -c- s - R 

' Ph05t>hocreoJn e 
Gtuanido PhosphoJes -N- ® 

- . 



[ATPI 
• lhe. fut\ form of ATP ,·s Adenos,·ne. Tri Phosphate. . 

• ll is Q mulhfundiono.l nucleoh'de COen2.yrne . 
• TI _is the. most i'mporJont form ·of chml!roJ ene,gy r'n all re~. 
• T\ ts also known as Ener8y cr.mency of -eel I . 

• Il- is produced · by phosphory !ahem ond ·cellular r~trult'on . 
• n ts used by en-zyme~ Md slruct-uraJ ~te,·~ in rr,OJ)y .cellular 

process . 
• One molecule. of ATP contafn~ 3 p~phal-e Qroup~ . 

Struclure of ATP 

0 0 0 
II II H 

o-P--O-fi>-o-P-0~ 
I I I 

OH OM -~H 

ff 

Ott Ott 

~ 
~ Adenosine 

---------------2-; Adenosfne Mooophcq>~ 

c:; Adenosi'ne Diphospt¥Jtt 
I 

c::; ~eoosinc Triptnsytnlc. 
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