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- Awmino acids wepvesent one of +the wost importont classes of Maturally occuring compounds,
because they fowmed fundawental styuctuval umits of pwotens.

- Al sb,u:qo__m_ onnca._sm amne acids have an awmino group located at «- position with vespect +o the
coxboxylic gvoup-

&
R- CH— cooH
\

NH2
- Psoline and Yamqoxmvdozsm ave exceptions s 1n these molecules the avwmino grou-p forms o
pavt of pg¥¥olidine Ting.

HO
. Hydv¥ ~oline
O].\mlox Proline Gfﬂ s JarexyP

| o
| (o}
H H

= In additien +o Ccaxloxylic ond amino gyoups, sSome ayno acids contain benzene or
hetewocylic =ing System , phenclic ox alcoholic grvoup o €ven swlphur.

An o - aYnino acid

STsuCtTuY€ ond terveocneYMsDEY L

r
— The styyctuse of a Jvmnﬂ. amind acids contaims a ﬁf‘_.ab__».m_ centse at the &-cavbon.
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= The thhvee dimensional ownd plane pyojection fosmulas of o &.&?hDﬂ X—aming acids ayxe shown
below: -

- All oamino Aacids aye Ovinazm active except O:_m_n..jm. because

centxe.

— AN the Snwc«o__m
n?:f@:&otoﬂ as

— Most of amimwe ac

I\\\? -

wy

r X

COOH
|
[

Onhcd,.s@ ofl- A" INno ac\ds

L- ﬁn_.anhodnmu._ de fﬁmﬂ
COOH

IH-ZI'.I”. S— —I—

_
R

L- Amine acid

ds bhave S- nojnmcqofoj.

CoOH

o¥ HN - C—H

c...m_n.:am adoes not contain Chival

ﬁ:__mn.::n

Um_oﬂm to L- sexies. becausc wrn& have same velative

CHO

HO—C—H

CH,0H

L- D.__dhb.qo,_ n_mf&mm
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L | POIOTE TG TUTE
— When we pdded on omine in n.odsoxm_:n oc\d , it mme ammonium salt of no.awbx&:n acid . This takes
Place by the tvanster of o pvoton from +the covboyglic gvoup to the amino group.

— In Case of ammo ocds, both these qvoups oYe pavt of the same welecule . In this situation
the pyoton transfer occurs _.:wquQ_M to give an intemal salt hQ:mm,.n_:vo_Da‘..oS: ox zZwittexion"

R- CH— COOH — nlmrl con®
|
®NH
NH, 3
An «-amine acd —Z witter ion
Evidence n +avoux ot +the dipolax ienic chtsuctuxe:

— Because of +the dipoloar iomic sStyuctuve, amine acids show the bo:oE._Jm. .J_Enb_ propevties: -

() They owe Sﬁmy_m soluble in watey ond insoluble in common OFganic solvents-

(i ﬁ:mm welt at +emp. ocbove 413 K and that too with decomposition .

(i) Theiv aqueous Solutions behave like the solution of substace having dipole moment -

Gv) The spectral studies do mot show the presence of free -nH, and —COOH gToupPs but indicate the
peesence of l@:w and —Co0~ GrOoUPs.

¢) Because of dipela¥y matuse they ove awmphotevic, i-e-, they can accept o proton from stwwngev
acid 05 well as donate a proton to a strongey base.
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- In aqueous solutions, the omino acids exist in vavious species Which ase v equilibvium with
each other. Watey acts both as an acid and as a base.

—+ F = o
R- CH— COOH —_— R- CH - Co0® - R = CH= COO
\ +nt | +H* 7,:,_
® NH, ® NH, .
1b 1a Hh

e

R-CH-COoOH
|

ZIP

I

— The position of equilibxium depends Upon the pH of the solution. At (owex pH ({-e. \n acidic solution)
the Doj,wc.mnﬁm. base (1b) _udmmog._jbmmm while at Tﬂmrmd pH (i-e. in o\kalme sgolubtion) +he nn?.._cmo.*d

base (Ic) pveodominates.
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NOT e nclatusc 5

— The common Mmames ofF all amindo adds axe given on the basis of ‘theix souvce ov
of theiv special prvopexties.-

€3 Glycine —» sweet +taste » (Greek, (igkys, sweet)

on the

Leucine -=> It (was isoloted fox +the Lixgst 4ime Pyom wmuscle Libers — mo_qmm_f_mcﬁom.ﬁ_..._w&

J.Mxom.,:n - ©btained {fvom casene - hoﬁ.pmx\ ¢u«ov,.‘ nfmm..mmv

Cystine > Obtained Pfyom usinavy Calculi = ( Gveek, _Ammfm\ bladdey)
- The mames oF +the awino acids ove @msﬁqﬁ_ﬁ wyitten v  their abbreviated fowrns.
e 3. O.___an._sm - m_.m

Alanine = ala

C\asSScatian.2?
...l._ n the basis ot positis™m o oYNIND R Withh Tvespect +to Covbo rL lic gwvoup
- AMIno ocids ave P__Dmm._h..mn_ 0SS &- B-,Y- amino acdid etc. Fo¥x example-
o P« y P K
NH,~ CH,- COOH NH,— CH;- CH - COOH NH, ~CH - CH - CH,- COOH
- aminoacetic acid B-awinopyopancic adad Y - awino bou *rmd._n acid
Dn  the hasis of ‘elative iwmoey of ATINO and Cavboxylic ¥ e ups W thaiy Yolec ule
Neuwtro| 2 ;

oynine acids 1>  Contain  equal mMumbey of amno and noio_vx&:n qroups:
= Q,an,_:n . alavnine , etc.
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Acidic amine acids:» Contain "moxe Dodgxa:n g¥oups as compased to amino m.aOC%m

= ﬁﬁiuoxu.:.n grouwp WWay be present as fyee ﬁDd‘UOXm__..n group oF T the Lowm of amido Jronp.
€3 aspaxtic acid, @ffog._n acd |, Ospavagine _ektc.

40 ._,‘:.\,_m._..d C onino acidsi» Contain NoYe oawmino a@.x.oc.*um as ﬁogduo..dml +to ﬁnﬁd‘g&:ﬁ @dOcrvm.
€4q- lysine , axginine , etc.
On the basis o requirenent +o the human Gom_m i-
1) Non - esserntial amino acids :»

— The amino acids, Lohich con be gynthesised in the body ave known as mon- essential amino
ac\ds

(1) Essertial amMino acias 7

- The omino acids which can ot be m&j*fbmﬂ.mm,nw in the gn_m axe known as mmmmjxrlmp— aminc
acids- These oaYNinoe acids yust be oktained Tsu.ocm_; diet.

Name Structure (R) Abbreviation | Isoelectric point - _
Neutral amino acids { Y. ‘o
1. Glycine | —n Gly 5.97 praTre . e
2. Alanine — CH, Ala 6.02
3. Valine* — CH(CH,), Val 5.97 (R)-chH,~ cooH
4. Leucine® — CH,CH(CH,) Leu 5.98 \
: 372 ZIP
5. Isoleucine® — CH(CH,)CH,CH, Ile 602
6. Tyrosine Tyr 5.67
:ol@lnznl d
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7. Phenylalanine® CH,—CH, — Phe 548
8. Serine — CH,OH Ser 5.68
9. Threonine* — CH(OH)CH, Thr 5.60
10. Cysteine — CH, SH CysH 5.02
11. Cystine —CH,—S—S—CH,— Cys-cys 5.06
12. Methionine* — n,muﬁ,:..mn.zu Met 5.06
13. Tryptophan* CH;— Trp 5.88
N
H
14. Asparagine — CH,CONH, Asn (or AspNH,) 541
15. Glutamine — CH,CH CONH, Gin (or GluNH ) 5.70
16. mv—..O—__.—dﬂ A _ 08—— 1HO Oiwo
N~ “~H
H
(Complete structure)
17. Hydroxyproline HO Hyp 6.33
H- _ ~COOH
N° “H
H
(Complete structure)
Acidic amino acids
18. Aspartic acid ~— CH,COOH Asp 2.98
19. Glutamic acid — CH,CH,COOH Glu 3.22
Basic amino acids
20. Lysine* — CH,CH,CH,CH )NH, Lys 9.74
21. Arginine* NH Arg 10.76
— CH,CH.,CH NH — A_._ — NH,
22, Histidine* His 7.59

CH—

* Essental awwno acids



Learn Chemistry Online
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!
— The pH ot which a paxticular amino acid exists as a dJdipolax ion is called +he isoclechic point (pl).
— The isoelectsic point of omino acids hove Mo odditional acidic o¥ basic g¥oups ond is exactly

half of the sum of pka value of —cooH gxoup onad pka volue of ..@Iu qroup.

pKa of -coon + pk. of 1mwzu

2

TIsoelectsic point (pI) of & meutval amino acd =

Example ;- Isoelectsic point of n:_mn_.:m ﬁZIpq nIn..ﬁGo_.L.

— TIn aqueous solubion, glgcine exists in the .ﬂo__oE.Sm species which ave In equalibrium with
each othex

o) -«® @ -H® ——
NH;— CH,— COOH =—== NH,— CH,— CO0™ == NH,— CH -
" . +H® 3 ’ +H® . »
1D Ta 1L
Conjugate acid conjugate base

- Now when +the conjugate acid of giycine is titrated Qmor..:mn alkali ond o na.quc_vr k=
plotted with Mumbes of equivalente of bause Ormoc._jmn. pH of the solution thewse appear

Hod equivoalence points. 5

ol l_._,,__*.w

Trmpu..w.mvl\

_u\_m Q\iﬁrOOI Lﬂw\ﬂ_ %L Titvathon curxve ofF G ¥ INe

Equivalents of base added-
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— The +ivet equivalence point indicates the chonge of Tb into To wWhich covresponds to pka of «-
nbdaoxx__.n group (2+34) ond is seveval units lower than +hat of am 04%53& nn..,«_ooxm_:.n acias.

® OH~ ® OH™ -
ZImI ﬁ.IN-I COOH — _/_I.wl nIP| CO0" ———) ZIN.I ﬁ.Iu.I.ﬁOO

1b To 1c

— The Seond equivalence pont ~vepreserts the nrnj&m Lrom dipolar foxm Ta to basic Poxm 1c

+
nodxmmﬂosn...jm to the pka of o - NH; group (9:60) and is one umt lower than that oF
aliphatic ammoniam (ons.

- After the addition ofF one equivalent of NoOH theve i1s o cteep wice in pH of solution and
the cuxve tokes +the shope as shown n .n..m. This point Cowresponds to ¢H 5°97 ot which the
ocid exists as dipola¥y ien. This point s called jsoelectwic pont of Q,an..jn at which the

sum of chavges of alul the wolecules of aminoe odd is zewo.
& s »34 + 9.60
Isocelectsic point of Q_an._sm = . = 9°e = 597
- 1soelectsic point can also be defined as +the pH at which the concentration of Ihis mxoniu

equal +to that of Ic.

— In genevol, PI of amine acids lWie between 4 and 8 When .:;m_ exist as dipolaxr ion.

— Tsoelectyic point is chavactewstic 1.2%&1& of awmimo acids. TF an electvic cuxyent ig passed
.3..«09@7 the aqueous golution of amine odd at PH lowex than pT, the gmino aodid will §.ﬂm«9¢

towards cathode. mv..,ﬂj.;oia at Twarm.q PH IE will ﬁ:m.d.o.wn ‘tooards avnode- Rut at pH equal to
pl theve will Mo 3.&&0505 because of the existaywe of amne acd as n..__,o_ox en.
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- Iscelectsic point may also be delined as +he PH at Which amino ac\d does not .:Jﬂ&dnﬂrm when
its aqueous solution placed undes +he influence of an eleckric ield.

— The solubility of omino acid s wirimum at 1t i(soeclectyxic point, and this property has been
quite useful in the sepavxation of amino acids Prem Wixtuses .
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Electvophovesis s a technique of sepavation and purification of compounds on the basis of
diffesential movement of chaxged paxticle in an electyical fField-

This technique is used fox sepavation of different amino acids obtained op rmmqo_dwwm omo,_u«owm_,:_
A poper Styip ox o suitable plastic ow cellulose acetate plate s used in this technique.
In poper electvophovesis, the mixtuve of amino acids is place in the foxm of spot ot +the
centevy of +he papex st¥'ip-

The steip is +hen sooked with an aqueous buffer of a particular pH. e pH of the buflfer
depends upon the (soelectyic points of the omino acids 4o be sepavated.

The +wo ends of +he filtex popex ave dipped into the buffex solution in which the electwdes

oxe dipped -
when o elecksic field s applied , diffevent amino acids migvate “towavds cathode ox anode
ot diffexent ~rates mn_stmmjm wpon their Isoelectric Points and 0.:94.@& dens m&. As o

cesult , omino acids can be cepavated . The hozoca.,.!m ﬁr&Smﬁm occur *

3) The QMIND Ocids, Lhose isoelectyic point (e the below pH of +he buler, etarwt <So<..5m towards
onode because ¢$nu exist )30...55 in the aniomic foem.

@) The QN0 acids | whose isoelectsic point (s the above pH of +he buHfer, etawt woving towards
cathode because *..Ynu exist mau 3@ in the catiomic foym.

i) The omino acids, whose (soeleckic point Covvesponds to +the pH of the buffer, do nol i;ﬂmao.wn -

the Od..m..j because .m.sou have mo met Pfo,d&m,
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— Aftew the sepoxohon s ovex, the papew strip s dried and .w_ua.oann. with o developer Such as
5.35&.":‘_5 when different amino acids become visible.
» Example:- sepavation of wixture of Gilycine (pl=5-97), Aspavtic acid (p1=2-93) and ysine
(pT=9-7).
- The pH of buffer solutien is s-97
- At this pH , asparbic acid will wove fowards andoe, lgsine  will move towards cathode
while m_mﬁusm will Mot S.mmdn.mm at alll and hence YvYemains gt +he 0&.._m._3 point.

| N —bk —vww r\_\llﬂ:wﬂd paper soalked in bubfer
Solution.
by
. T .
Cathode Spot ot the mixtuye 1 _Ancde
- of amine acids —

_,._..r ) we L Oxe P-._. | | 4 ) VY ._ J O\ »..n‘).,” &
Amino acid caamnal Amion acid
.hhmeou,\o}nm g ! M,o b I sepaya m.RJ\

[ \ V )
| I

]

L)

5 . " ) )
)
S | [ .

(b) A+tTeY owpplying voit _.fifu e
| ( J .

b_.m“; sepavotion of amino acid wixtuse dd popey ﬁ_mnﬁ.-d@{oﬁ,mmu.
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» Miethoas O P EE ___._...p yaton

Fsom | TOTEeINsS.=»

— Psoteins +vom Vvowvious sousces ave extvocted with watex , saline, acid |, alkali and etrhano\

— These extracts so oObtained ave subjected +o %Eam.,w +o frvee fvom ionic impusities-
— They they ave evapovated to dsyness.

- The —wesidue Is Tan_,qn;dmmm by %D__orv._.)m ™Mmethod s-

(@) Acidic medium:- By Tefluxing with 6N Ha +or several hours.

() Alkaline Medium:- By welluxing with SN Ba(oH),.

(<) ?qounnoﬁuin enzymes:- Since , in acidic o%¥ basic wWediums , some of +the amino acids are
n_mmwdodnn_. So  the ydm.u.o..dm.,m. of +these proteins is better a ccomplished _oa the use of cevtun

pvoteoclytic enzymes. This process, though quite slow, but 643 et Indole diratisclian of
any of the constituent amine acias.

The wixture of awine acids ohbhtained altey Sum.ﬁo_dm._m. s estevified ond the mixtuve o eabans
s sepavaked by fyactiona| distillation.

—  Another Mnethad is Dakins procedure. ITn this method, butanol- Watex wixture ie used for selechive

extraction of amino acids: The Tesidue 1S then M.m_vb%ﬁwmn_ U&. C.m;:m spedial ,.dbmm._:_uw auch as
phosphotungstic acid.

- The sepaxation of awinoe ocids 339& also achieved ,om electrophoxesis | jon mxnrQ.SmPnrxuéng-
geophy onad popex nr«%pgmdo.wrm.
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-~ The easiest wethods for the w«_ﬁi..mw._m of - amino acids 1nvolves the introduction of an amino

gwoup through nucleophilic displacement in o-haloacids oy thelx esters _om <Q.ﬁmfm of TMitsogen
nucleophiles.

- The o-haloacids

. 0¥ estexs oaxe pDbtained _um_ Hell- <o_704n_|Nm._._3m_Am ~Yeaction ov¥ +740Cm5 alonic
estex .w&j.Igmm_w,

- some important methods oave listed below-

o . aymyias om oY A Nalogenatea A 1A s
(

y )
lZCn.nva.._..nmF_OmI?ondmbnig_

b W Excess NHs @ e® IwO@
NHy mzm.nooI o HyN— CH,— COONH, >  HyN— CH_ - CooH
Cs O:mn,_sn
oL -holoacid

by (habviel phthalimide syntnes
’ J
— Phthaolimide is a Very geood veagent fox the introduction of a n«..?pqm QmiNo group into the molecule

— This .a‘mnrmmsru has ru._mn.m been wused “or the m,dﬂwsmm._m of - avwine Acds.

0
. wxu ] s OH m:u
@ N _ xo\4Sis co
N @ + €H — coac,Hy — N—CH-Co0GH Hydwolgsis @\/ + NH,— CH — CooH
=KB¥
X s gy \ COOH Alanine
Pot. Salt of ol -Byomoestex

Phthalimide
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0
i | COOGHe
@ 3 |
K ., s VP H—COOC, He
o * BY o
: f vomomalonic -
k- vy » . Phthalimidomalonic ester
0 0
COOGHg COOGHe
| |
N—C— CO0oc. H < N—-—C — CO0¢c.H
R _ e CeHg™ CH—CA S a
o CHi-GeMs w o Cavbanion
Substituted phthalimidomalonic ester .
® A)
I,wo
0 0 0
COOH COOH CH;GHs
| A . ZIP..ZIﬁ NH |
- N—C— COOH —> N—CH — | + NH.- CH - COOH
_ B o _ NH 2
o CHI CGgHs o CHCGgHg o vfm:agoﬁ..sm

Phtholazine
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- b.+md5ﬁicm,m. base hydwolysis of phthalimidomalonic estex(a) followed by decavboxylation gives +he

came o - aYmno acid-

0 0
COOGHg U) KoHn, D CH;-&GHe
| . : N
. ) Dil- rncl H |
N—C— cooce,He > | -+ NH,- CH-COOH
o i Sehs o vfmsarwfoﬁ..an
Substituted phthalimidomalonic ester Phtholazine
A)
StyvecKey SHntr es\s 1>

— This 1s one of the wmmost convenment method fox synthesis of &- amino acids and involves the

v eackion between on O,Qmjamn‘ ommonium chloside and potassium n&nj,_n_ﬂ.

NH4Cl + KON = NH, + HCN + Kc| © uH
.\n.n.. - - r— — m
oM o " CN _
R-¢=0 + NH, > R-C—NHz ——— R-CH=NH —— wln.nnz
_ .
H H APldimine H
NH2 NH,
. no* _ HO |
R— C— CooH 4 W= 6 =N
_ \
H H

oA— amine add o/- aNIMo Mitrile
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NH NH,
i ! Ha/ Pa |
R-C—- COOH « NH , S——— R— C — COCH —— R- CH— COOH
of IIU-O
. - Imino acid - AMino acd.
o«£- Keto acdd o . _ « _ -
H,504
o i B m,:nPDOnp:m_ “+  HN, . — CWE§ = W= n__xnnoonviw
. R Hydwazoic - - R
. adid Schmidt
b:«.m_, aocetoacetic estey ¢l ctien

Hgot - CoHgOH
- CH,CO0H

T
R—- CH — COOH

o/~ PMino aciid
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©

\DOOﬁNIW ﬁ:ﬁPImOZD \ﬁGOthm.. KOH ? mole) g OOk ZI»IZIP \hOG_A
H=CH _—3 R-CH ~p » R-CH > R-CH
N COOGH 1) 9 e .. - = ~ e -
,Hs @) R COOCH 7&.__«05«0.5 CooGHg ONH-NH,
Malonic eStex
Co.Hs0H o®
_ CooH HO, & - COCH o _ COOK HNO,
R— cH < R1 Oflf..__ f Cuvtius = ﬁ/..rL
N NH Hydzolysis NHCOOGHg CONg
< .«B:qxpsmnﬁﬁﬁﬁ F -

Lo ambes st Uvelhahe Pot- salt of Malonic acid Mmonoazide

— hanﬁocnmtn estes con

olso be used in place oF malonic ester.

_ N
H-CH P = R—-CH s 5 K- CH
™ coogHg ay R-% NCO0CHe N CONH-NH,
napjoohﬂmn este¥
C,Hs0OH
R— € € e mw,.. . Cuvtius s /_..L
N NH, Hydzolysis NHCOOGHg CONg

ol- aNDd achd

qupjmmiﬁ_i



Learn Chemistry Online

: d 4 bl | N
m_u_ .\FZ \\hlz ru.\z___ o C
R-C—H 4+ H—cH — wthHO/ ﬂnﬁIlﬂ/I
NcoogHs COOGHg CoOGH s
naQSOOnn.T.ﬁ estev
ZIHIZIP ln”PI.wo_—.—
HeOH N e
r il ﬁ”uo“s \n. HNO a2 S
R~ h.lP\ﬁI < : wln.f_ulﬁ./I VT R— ﬁ.Il.nn/_,A
/ZIanaNIm. Curtius CoN, OBy
4mbi‘bjmm3m5¢
CoOoH
Hel b ¥ g i y
R—CH,;— €H od— amine acrd.
Hydwolysis S NH,
T__..._;..m__.., ANTNES\S . ? H~ H
= = y
M/ V.Ho |||||.v X _ Sc=0 iy SN __ Sc=o
H...o_o_muw..o:mmramn Iao_o..._ﬁo_s .
I!l
N L
- Hydwolysis

T ml..o phan
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- i NOH
i I+ "

\
hlehln_.Il COOGHgs + RONO — R-C—-CoO0GHgs C Hco0H

o ALKy ‘
p,xa__ aceto acetate .__ a oxime
Nitvite
/—\xp}um
_/__IP H3OT WH.
4 R-CH - hOO&IW

R— CH—COOH v Iam«o_um,_m

X - amno acid

i a o v
e N COOGHs + GHe—N= NCI G Ety R= C— COOGHg
_Dfxaa QMN«wg acetate Diazomium Salt _urmsaﬂfmn_.ﬁopﬂuﬂm.
zn/
— CgHsNH
CH,co0H e s
NHa NH,
H 0t \
\ 3
R— CH— cooH & =~ R-CH—-COOG H
I&n_do_,&m._m

o — amine acid

=

+ RoH

CHZCO0H



| >
COOH ZCISw
Q__an,.:n

CeHg CH = C- COOH
|
NHCOC Hg

|
ol - _wms.hom_bg._ﬁon.:gjb«j._n acd

/_\Zo&Im

Eom—C, - w: — CooH

NHCOGH

—
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It is used Hor mmj,nrmm..m of avomabtic amino adds-

HeC( C(H
56 \
DIPI ZInOnaIm. nmImDIO n_.l J -0
| >
COOH (CHyco),0/ W)
mmzwoa_.m__mn._.jm CHcoONG = n_\
(Hippurvic acid) o (Hp) &GHs
Azlactone
Tautomexiswm _ : .
B, nn:wnxlmlnoo: iy Dl NaOH , (wawm (¥ing
N=C-OH < an Iwo._.

API.W.

o CcHe—CH,~ CH— COOH
H< |

NHA
vrmsm—nyfbs., ne

Oop Qﬁ..je

+ CHZC00H
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— AMINO acuds arve colourless salt like ndmmwc.:sm solids.-

They have high welting points cnd decompose before wetting -
— They ave soluble in polax Solvents but inscluble in ¥ ganic solvents.
— Thei¥x oqueous solution exhibit Jdipele momewnts.

Chemical eac

— Amino acids show thryee types of chewical weactions-
(® Reactions due to awino gsowp: (B Reactions due to Cavboxylic group.
© Reactions due to both coxboxylic and camino gwoup-

— Amino acids act as Wweak bases and hence zeact wWith Strong wineval Qcids

7__Ip @wzun..w
R— CH— COOH + HOY —m—m——— R—CH—cOOH
Alkglation ! Fosmation ¢ F Betaine
wrul CH,— Coo® — s CH - wIpl CH,C00° —— i nn.:wwm — CH,— CO0®

Betaine
(N,N,N- wd..Bmms%mJn..s&
Zwitterion |ike chavockew

to o salks.
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ACTIOM .q Y Lo

NH 2 n_uI
|
Dlﬁ.Il.h.nvOI |TIZON .w ﬁl.ﬁIlﬁOOI +ZP+IPO

Imﬂ_do x N ac d

— This veaction fowms a basis of well -known Van SlYke wmethod for estimation of amine adds.

4 W S o ) o~ ” - X o). Y €
IV n g .....|..J. CNIOB 1O C -l =09 NN S

NH, )
I |
R— CH—CooH + NOC) —> R— CH—COOH <+ Ny, + H,0

o~ halo ac\d

Hna

— Acyglamino acds oxe obtained uwpon treatment with acdd chlovides and Djr&m«,imm.

®
(CH3c0),0 + NHyCH-CO0S 5 (|, CONHCH,COOH

D.nm*u,m__mn._s.m

@

CHs€OCI  + NHyCH-Co0® — 5 CgHs CONHCH,CO0H
Benzoylglycine

— These products do not exist in dipolar Porm and awe useful intexmediates in peptide Synthesis.
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TIDY B | mnoosmMalogenla @ ._ TI Tsa

@
CH,0 + NH,— CH— coo® 5 CH,= NCH,COO0H

Me wrm_@:m m_mn,_ ne
OoR

- © coo
2¢H,0 + NH;—CH,— c00® —— (CHOH) NCH, COOH

Q?mw:m_o_m.uﬁ._sn
— This pyocess is simply a  mucleophilic addition of on amwino g¥o up to the carbongl QEoup of
fowmaldehyde . This treatment “ masks" +he amino gyoup omd hence cavboxylic gwoup Can be
easily trveated with alkali (Sovensen foxmol +titration).

Ronctaion SiLen savyn _.... X S Feadent

eac i
2Q J

— 2,4 -dinitso Fluckobenzene (DNFB) is know as Sanger's weagent.

Base
NO,: F + ZINIOIIOOOI S NO,- HN— CH-COOH
| -HF !
R

ZOu R zo»

2,4 -dinityophenylamine acid
- This <teaction is _E,mr_.m useful in mmwmd:.,._v‘_jw the N-Oamino Ocid wesidue 1w o peptide ox protein.

N : | - . : axc
,.r,._ __!.._.....\_.—.(.raflm_u.l .|.__(_,P. _r./r_ _,.F_I._. __n.h!.r.qp...\._.___,rl N O f\.r_.T. >

~ Awino acide Show acidic choavactex due 1o presence of a carboxylic gwoup. This becomes evident
by evolukion of €0, ohen on oqueocus solution ofF amine acid is treated with NoaHCo, .
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— Amino acids seact with base to fosermm salts.
NH,

NH,
| | e ®
R— CH=COOH = NaOH — R—CcH— CoONa + H,0
) ROH @
m_qul CH;~ coo® F ﬁ Z_._wln:wlhoo.._,.— SN i M NH - ﬁIplnoo_u@ ce
HC)Y - H,0

Amino acid Amino acid ester
T&mdon.f_oa._n.m- 5&&40020«..&0

FOTYNAOT 10Y)

aACiad Shlowiaes

— Convevwsion of awmino acids into

nb««mmvoim_.jm acid chlosides is quite Jdifficult because dizect
tsxeatmwent of aminoe acids with PCig , S04, etc- Pails to m._(;m the chlovides due +o presence
of awine group.

- To ovexcome this m_.hr.nc;&. amine adids avxe ._u..«mw convexted into Dnd—mnd.,.(Q.T.cmm amna
+then treated with Sod,.

R CONHCH,COOH +

Dnd_ devivative of
amino acid

50¢|, — RCONHCH,cocl - HCQ + S0,

Decayglodx . latiomn

D Bal, &
NHz —cH -co00® e R—CH,— NH, + CO,
R Amine
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* LiAlHg4 »
qu.l cH — coo® -— NH, — CH—CH,0H
) |

R R
Amine alcohol

- The prvoduct Ffowmed without any loss of optical activity

_—p to both Caxboxulic

ol A C - § LK - . -

NCGA S .

— Depending upon Telative position oF oamino and Cavboxylic gr¥oups, amino acids show different
behaviou¥y on heating as discussed bhelow -

(s ]

X -

NH,  OH A
+ —_— HN NRH

HO NH,
, 2 —-2H,0 —
O -
0 2,5-diRetopipevazine

P « = B X
R — CH—CH,— COOH il R—CH=CH — COOH =+ NH,

_,_._In o, p- unsaturated aad
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AnNna \ YT Y Lal V. B

— These owmino acids ©on heating form _n.&n.:.ﬁ omides called lactams.

Y & " A R
R— CH—CH; CH,— COOH 5
| NH lactom

[s)
NH2

— Lactams show a special +N__wm ot tautomesism called lactam - lactm +automexism.

"Y1 )
_—
NH N=—

(] OH
Lactam Lactm

= If the amino gwoup is psesent farther along the Chain, lineax polymerwic amide is the produd

NH;-(eH;) zCoon + NR, (Crg)~ COOH > N en,),~ o= NRE cooH
_uo.mgmd..ﬁ amide

| - O gt
4l HOo 4R O CQL 0T

v Z?rmﬂ_ﬁ,: veacts with amino acd to give dovkR blue orx violet coloused complex .
— This 7veaction is the basis ofF a colour test for o- amino acids.

o 0 0
Ov NH.,— H - CcCooH
on T ™ GRS wm— @Q N =
R
o o) o

z..nrmm«._a Dok blue o violet colouwved complex



Hmonao?u.wn.

|
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B .._ZI_N.

. 0
L :
ﬁmImiznhHO + R- CH-COOH —/@ ﬁmxml ZIlanIl_rI|n001 oY
R
Caxbamide
R-CH-= NH
| |
0= & C =0
/7,_\
Iumosko..z CGHs

— Like other Dodgxa:n oacids .I:mm_ also foxm "metal salts. Bat ther

highly colouved because of the chelate ring structure.

Example.

co - OH

nzhl Z:N.

TiN o=
CuO
|IU-0 I

P

Ha

N—CH;

Cu

-0
ﬂ T ’
e

N MYOo=C=0

Hy

| C=0
|

Cavbarmide

I+_ HC)

salts @ith 5@9/& metals ave

Chelate complex (Deep blue)
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reptigé!

Peptides axe +he pelyomides formed _ON_ the condensation of aminog group of one amino acad
with the cavboxyic gvoup of +the other.

— Secondavy awides having —CO-NH- linkage commonly vefevvred as peptide bond ox¥ Ppephtide
:chﬁm.
i B I =e Sy
NH, InIanoI + I NH— CH—-COOH ||I||vr = NH,- CH-< CO—- NH- qulﬂOOI
|||||||| \ = | fe )
_....n R R .ﬁ R

peptide _m_x.,__Arr&m_ ox T.n,_,.__.,Ln, bond
A Jdipeptide

L 1O ..,r_r;hr.:m_a_ H;. .m._._..u_ﬁ._j&ﬁ._”., >

Bﬂﬁnsu.sm upen +the mumber of amino ac'd Tes dues per olecule &Sam ave velewsed as
dipeptides , tripephides , tetrapeptides and ﬂO,Janﬁnvnm
pvoteins are also ﬂuoﬂmpﬁa.&ﬁm

- The compounds having woleculay weight of (0,000 o¥ less asve called polypeptides while the

compounds which have wmolecular (oeight higher than 10,000 ave called proteins.

" { - - .
Nomenclatuxe O IYe p o wlrl;l )

— The one end of peptide which have fyee amine Q¥oup is called N-tevminus ond Other end

of peptide which hove dvee covboxylic gsowp s C- tewminus.
@u convention, peptides ave D_Epmm written WIth N-tevminus on left Side and the C- tevminus
on the wight side.
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I.:;n.,m are named fryom N-terxminus to C— tewyminus .ZB.‘OC.&.) the sequential _.,mijm of the names

of amino acids- This 1s domne fm dmv-gn._sm the m:mwjm -ine Jm |m_ in the names of all amino
aads mxn.m,.:w:m the C— tevyminus.

— The names of polypeptides ave abbreviated by using thvee letter obbreviation {or awino
Dh.,n_ﬂ.

Exam mrn

dipe tde \i. ?n __vr._ de N r.rfum,
® _ - o

L HN —CH,— CO— NH{— CHy— COO

- L " & ~

N=tesminus

QFMOM_m_MﬁNSN hn_.._dm:_m_v C~terminus

CHa CH_OH

® g 1\ ,_ - o

IuZlﬁqu..l,n.OlZIflu CH— CO—- NH+- CH-CO0O
_ _ I -

D.:.mnm_p_mb:a’ se¥ine h 0..’& - Ala - nU.m,qV

R R R

® | | \ -
H.N—CH — CO NH—-CH —CO NH—CH—C00
3

n
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— Studies on sStyucture detesmination of peptides have vwevealed that the avmide group is Llat ond the
hodwosm__ ond amMino g¥oups lie in one plane TOc_::w H of NH and O of Co t¥ans With vespect +to

each other

X—Ray studies (dene by Linus _muc:_:@u of peptides show +hat +he c-—nN bond _nsm:., of —CO-NH-—

s 132 pm which is shovter than +the usual 147 pm showing slight double bond charwactex.

’ fU 147 pmMm o =24 ¥ m
125 I J 120" ™
c AN I
\.. //

23 Al @ Ve
fz& "s \ﬁl\/ o .ﬂ..m\.;/ OA:._
e . 123" e ﬂ .M /
" {32 p™ _
1S3 p™

Since, Cavbon-nit¥ogen has soy. double bond chavacter

, thevetoxe the
in the peptide bond is delocalised over c=o gsoup as shown below -
-of Y :0:°©
//D .hl..—.a\ frm———— /n ”w\
/ ~H r'4 ~h

Resonating sStyuctuse of a peptide bond

lone paiv on the N-atom

Due +o double bond Chavactes iIn C-N bond, +he wotation about C-N bond is westvicted . Theve fove
the pepkide bond can  show dnogudﬁnﬁ_ | soMexism .
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i~ o)
_ Mxm. _
Nen- =y~ WO _H
_ | L
R' H R' CHR"
txans (mowe stoble) cis (\ess Stoble)

- Tvans foxm 1s mose stable than cis fowm becavse of much lavger stewic Tepulsion between R'
il mdoc.wm. Thus ,the atoms ho,q«j‘.jm peptide bond |ie In o plane with O and H atems in
tsang oxientation.

— Fysee votobvon of o peptide con occurs only avound the bonds ,mo._s._jm Hhe 5094@ R —r
JEEE e & - Earans. Hones , confoemation of o protein molecule ox¥ the Polypeptide Chean coan be
described n texms of angle between R'-CH-NH bends ond +the angle between R'-cH-co bonas.
T Djm_mw G3e Seled Famcntint Dja_n.mcj the name of &:N‘A- RamchandTan, Indian bjo-
-pysicist)

a¥ouno o - Larooy)
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— w,nw‘i.:nm..wﬂnvﬂ peptide g impostant fvom two viewpoints -

() The synthesised peptides ave identical with the natural orne.

@) Sygnthetic peptides ove useful model compounds Fov C:n_md.wwdjmgm the styuctuval featuves of

psoteins -

— Peptides ave polyamides ond can be gynthesised by the stepwise condensation in wWhich +he amne
qwoup of one oamino acid is condensed with carboxylic grounp of 00 second amino acid: The
condensation veaction tokes place until a desived polypetide chain is obtained-

— The pwsocess of peptide synthesis is complicated because self condensation of +two Molecules
of same amino adds toake place- To ovevcome this mzﬁncr:..m. the omino gq¥woup o <arboxylic

groups ave pvoctected oY blocked by convexsted into substituted amino or cavboxylic gwoup.

— The peptide synthesis consists of +hyee cteps -
() Pyotection of omwino ox nbdfox&:n group

(b) Conden sation
) Removol of protecting gwoup.

Wl : TLr.\M__ F\p\.r.p..w\f.,{.r,. _.vr\lu_ aTYn Y ul..,\._ .&u...:..»,_..‘ $

(A) Peptiae S 20 thes

caynino L

c = ¥ O ) A\ YTnNo cha '’ -
Protection oi m%rr p of armno aca’

— This is dene by treating the amino acid , which wil foxm N-texmius of the peptide with pﬂﬂaﬁm}sm
agent - This oagent condenses With amino geoup of acid and Fexms N - Protected aminoe acid.-

PR]—x + HyN— CHR—Co0™ — [PR]—NH - chR— cooH

ﬁ?«O*mnT:m Qroup N-pyotected amino wcid
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@
[PR]—NH —CHR — COOH + H,;N — CHR'_ co0®

\S

[PR] — NH — CHR - CO —NH — CHR' — COOH
pvotected dipeptide
This sStep 18 <Yepeated sevewal ¥ime using desived amino acids one by one +ill
the pxotected ?u,&ﬂmﬂimm of ayppropriate fn;:@f: is obtained.

— The pyotecting gwoup is )_.‘m<50<mL Cm..:m any usual method &DT..:m caxe +to chose such nq_mnpmﬁirn
that do not affect the peptide chain.

Elleoxmnho — NH — CHR' — COOH
@

BRI-H + HaN — CHR — CO— NH—CHR' - c0o0®

OR
PR |—%
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— This 15 done Um &‘.&ijm amine acid, which wil) Lovm the C-terminus of the 1mv.~...n_m AN
_odo*mnr.sm Or&mﬁé - This Dmmjw condenses (with DO#UOY&,:.n &dofu of this acid and +0§m
C-protected amwine acid.

®©
HeN— CHR — c00® + [PR}-x > H,;N— CHR— co —[PR]
quowrmnmj& guoup C-p¥otected amino acid

Jdensation -~ X e MmN Guovqr OF the PEC tectead A TYUNO 1Cl1a Wirth CQIDOoXylic ; SOWD O thn
J (i J i

TN INO : - I @
HN — CHR' — cod® 4 H,N— CHR —CO -[pR]

d

H,N -CHR'_ co-wNH— CHR— co—[PR
pyotected dipeptide
This step is wepeated severxal time +to obtain desived protected polypeptide -

moval 4 rotecting qv

— The protected gwoup is ~Yemoved £m..§m Ny of the usual "nethods taking cave to choose Such
dgmquwm that do net affect +he peptide chain.
H,N -CHR'_ co-wH- CHR— co—[PR

® N

H,N -CHR'_ co-wH—- CHR— coo® + |[PRI-H o¥ |PR|—X
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— A nuwmber of protecting agents have been developed {5x synthesis of peptides.

— A good pvotecting agent 1s that which can wveact with the amino o nbdrvoxa:n an;m and can
be ¥emoved , at the end of the synthesis , without Dfnmm.ujm the peptide bond-

— sSome impovtant pyotecting  ogents axe-

A "\ 5% ..._ — cotecting NE 4 ¢
(A) J rtesEmMinu 1] 1 ,,_i..;ﬂ .f.a.q..z:..

(V) ,.lfruhuur“_n.._._,wu,,u chloside oY Nz .“_ axbo TL__ Chlorwiae fﬁ.o;un.__.._bﬁ.uof:_.

— T4+ s Oon esteryr as wel as acd Dfﬁﬁmm of caxbonic acid(H ,C0,).

— I+ s obtained by .Tnnol..sm .om.JN&_ alcohol with .n,D,..Wosm. <hlozid e Aﬂrommms.&

— It Tveacts with amino compound +o Fowm ﬂodﬂmwﬁojm_jm substituted amde. Thics amide on
noﬁp_.ajﬁ seduchion o treatment (ith T&Lﬂoru«o«s.n ocid in aeetic acid, ﬁmnSn.«o.wnn the amine
via n..n_,dgg_h. acid -

Teluene
CcHs CH 0K + COC, »  CgHsCH0COC)

—HcC)
Bewn Nmfoxm nbdﬁo«d, chlo¥ide

wz:p% (R —CHR- COOH)

\IE
L HB¥/Ch oo CeH o CH,0 CONH-R

,F__W /.“
&—— R-NH —CO—-O-H

i 1 < i
0 Ha/t Substituted armde

Cavbarnic acid —GHgCH 4

RNH
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(1) Phthoal OYMAaTIac

— The an__.nqmo:-oh Fyee amine gvoup con be done UN_ ¢qmn,¢_.sm it with phthalic oﬁsama.&m.

— The wesulting N - substituted phtholimide on tveatment wth I&mqbu._jn fovms phthalazine and librates
the omne.

O O ()
NH,=NH. NH
+ R-NH, > N — R > |+ R-NH,
H
b 3 ¢
R—> —CHR-COOH N- Sulbstituted phthalivmide Phthalazine

AliphatC INMNHasIiaco
/

— .ﬂ.q._rco%oonmin.. DSs&mdn_o_.m is used fox g.r:o«ona&f.nism +he amno m«oc._v.
— The amide So obtaimed i$ c<onverted into amine wm .T.nD.I:& it with dil- NaOH.

o

(& ] __..w .
—NH ] il NaOH
ﬂunlﬂlonnlﬁﬂmt FaC-C—=NH—R ; > R-NH,

(B) C— reymnus prvotecting _.....&.\..._._..,.m

- Estesifaction of cavboxylic group with szum, olcohol s most common wethod of fﬁqp.m&sm this
qeoup-

- The estes s So obtoined 1S convested into the fee hoqua:n acia eithex U,m h.n..d,ain veduction
o% Samdd&m..m of dilute alkali.
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Hudwolysis
RCOOH + CHCH,-OH ——— CgHs CH,OCOR ke » RCODH
- CgHgCHOH
Estex
Ha/Pd

CgHg-CH,+ RCOOH



Learn Chemistry Online

— Fox the

.w._L..__m_rL.ﬁ. = ”.;_*_.“—....r

Fowmation

of o peptide bond, activation of Hree nDdona:h oxX aynmno qroup of Ahe pyotected
omine odd or peptide 1S Necessary: This activation can be done by convevking the protecting

species Into  the covvesponding acid chlovide befove the condenscation step.
= Explame~ Synthesis of m_m_na—ﬂp?:m ( dipeptide)

h i - | Y il sl 1 1) -4 ¢
LN reo 01 2T D QO 4 &L_

CcHg CHLO COCT
hbioo_n.mﬁwoxm chlovide O:_an..jn

Jation O+

CgHgCH0C0 - H N CH, COoH

CoNaeNsSo ﬁ.?: N orT COBYesS .._.\U NnNaily _&

CgH 5 CH, OC O - HNCH,COC!

Removal ©4 pyotecting

Jroup
cHa

oy Treatng | 1 O Th

H,N - CH, — COOM

,__ e -y 0D o’ b 8 1

——>  CgHsCH,0CO = HNCH,COOH

hbdﬁowmsgx&nm—,mn,_jm

cCavoploenzo && _&.. \ne:-

tH3
B PN —CH = CODH e

IP\._UL

C
S0Cl, ! CeHs CH,0CO —HN CH,cOC\
—HcV ,-50,
cowresponding acid chloxide
AaACi1a chlox 1acs Lo vty Qlanin e

G
- - CH~-
— QeHg CH0 CO-HN CH, CONH H—- COOH
Casbobe nzoxy mJna—OEi._ ne
CH3

_
>  H,NCH,CONH - CH- COOH

|ﬁﬁImh.Iu
- CO,

O:an&—bfn.,:.m ne ﬁn:-& - D_OV
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ledivication of classS\col peptiac Al :
— Step &) o the classical peptide .m&jtbww..w can be avoided _om +.qnn,¢3m the protected amino aad
with the second Wolecule of fyee amino acid in presence of n:nmn_osm&_no«wom_.._qa.&m (Dcc)-
— DCC s o a_msmmdbijm agent which s used fox divect conversion of acds into esters and awides.
— Example- Synthesis of Alanglglycine

sotection ofF amino gvoup of alanine:
, _
nh_n—m.lﬁIb.Ionon.. e IFZ'DI'“DOT& —_— nmImnIN‘.l OCO-HN —CH— COOH
peotecting agent Alanine pvotected alamnine
s Condensation OF Pe oTecteé€a agmino acida (Wwith .N‘.__m..l,_?m | h presence of ™CC
GHa : n_I... o
| e ——
h.,va.wnIN.\ Oﬁ.OIIZlﬁ.IIﬁOImuIlf O\Z"ﬁ"zo - ZIP|DI.N|. cooH — ﬂﬁIm-h-leoﬁCiZIi CH—-C-NH lﬁIMhOQ.-
e i ine protected Q_Dﬁm__m_mn._:m
(L) KRemoval of pPprotec 0 _:",f..w e G DL P ﬁI_lw 0

Lo
CeHs CH- OCO—NH — CH — € — NH—= CH, —COOH

/?Iu.\ﬁ.n_

¢ 8
CeHsCH; + CO;, + HN-CH —-C€ — NH-CH, -COoH

P_Qsm_ﬂ_.mﬂ.. ne
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Mo phase pPeptide | nthes:

— Clossical peptide mas?nm._m has some limitations such as-

() Method woxkK well for swmalley wWolecules suckh as foc._jm less thaon 10 amino acds TFesidues but
lavgew wiolecules ave difficult to synthesise-

M) kime consuming.

(W Pooxer yields-

-~ To ovescome +these |imitations K Mewxifield and Co-woxkers (1964) developed o mew technique known
as Solid-phase peptide synthesis ow Mexxifield solid-phase peptide synthesis o¥ J;ommu.) ethed

- With the help of this webthod | the enzyme ~ibonucleage ﬁnu.ﬁ,n.nr._s._:m 124 aMmino acid yesidues)
in time span of only 8iX Weeks. This is why this technique is alseo Yefexred to as protein
450:..5@ wachine .

— The wain featuve of +this technique consist of Cm._:m insoluble ﬂo_a:ﬁq supposts such as Snfﬂogm?m_
desivative of wo,amﬁjm ( Abbyeviation PS-CH;X) in presence of Sn¥e.

— Solid-phase peptide synthesis involves .wo:oﬁ.,j& steps : —

L _.h.“&-.__:\.ﬁru_....u of _«._r_,_,U Y Gﬁ:&_ ae ﬁ.,.‘__n»ﬁl,,.uﬁ O _,..u,u.._,_hu S fm.ﬂ._ ene:

X

Sn¥Xge
(V) mn vthe q..... — - m N P¥0otTecvTed QYN salt:
~ R R
@ ! i _ OH™ _ "
CeHgCH,0C0CI + HN— CH=COO™ —> CHCH,0COCI-NH~ CH-cOOH ———>  CHsCH, 0 CO-NH-CH-C00
Cavbobenzoxy amine acid N- pyotected amine acid z-eqownhfnn_ amno salt

chlowide
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AL
-

benzglic centes of polymer cuppoxt-

— R .
) | DMFE OY

[PS]—cH,- ¥ + D0CCH NHOCOCH,CHs >
\J Ethyl acetate

¥* DMF - Z\Znn.:«jmwg_hsgnv«.j._n.n

DOWUNG Aayy INno QOCiad ey

N.

I |
—CH,-00CCH — NH, + HOOCCH NHOCOCH,CHs
N- pyotected amino acid

,_« dcc’ catal ammm

PS

= This yeaction involues nuclegphilic displacement of ha

..e\...w... dexivax € A m..._ B .__ L En

lide _um ﬂh.iuoxm__n}m ion talkke place at the

R

|
PS|—CcH,— OOCCHNHOCOCH,CHg

N-texminal pyotected amino acid devivative

OIWn,Voﬁw‘\ ?Do?ocﬁ of wqo+mn+..;w gooup
R
PS|— CH,— 00 nmI NH, + COo, + CgHgCH,BY
polystysene bound cmine
acid devivative

wilth VE Protected AcIa -~

YTOLECTE aOmmMmino

x DCC » n—_.nun_.ormxm_noioon__..,_ﬂs._n.n.

condensation
R R' .
: : dil- HRY iy y
PS| - CH,~ OOCCHNHCOCH NHOCOCH,CHg e——— Hlnxp.. OOCCHNHCOCHNH, + CO, + CHCH,By
ﬂo_.mmf54n5n bound Zlvd.o.mmnw.bh_ _.h.u.nnnI:m Pol u...dﬂﬁ.sn bound
dipeptide dewivative greup 4

dipeptide



Learn Chemistry Online

d N -p sotected
_"_r __ﬂ Dg.Mo acid seveval steps
PS|—CH,— OOCCHNHCOCH NH, > > > > |PS]|—C€H;00C .- NHCOOCH, (cH
DCC
_uo,amw.anmﬁn bound .uo_a.unvjn_n chain
dipeptide
eynoval o1 po \.#_,;_,._._ rene swuwbstrate
” HBY, )
PS|—cHjo0c ... HCOOCH, C¢H < > Polypeptide
) ﬁﬂuﬁOOI
vo_aval..n_m <chain

Hdvantaqes PE pthiac SN The Na

— This Solid-phase technique has mMmow been automated. Computey compotible peptide cynthesising
machines haove ho:o:u..sm Dru<0.5¢9amm\
() High ygield

Giy Side prvoducts can be Qﬂmm—m_ washed DEDM with 5&@:@.:54_N loss of 4the degixed product -

S P o e pralacke: ahtes. Sk Dnc.vﬁf@ s not 5mnmmmbq& S\h¢ce insoluwble ﬂa#d.?.n.q bound
amino Qdd o¥ peptide is .T.SOJ&C&S_N usaahed il  Suilakie
dmpmm:nm‘

Solvents +o yemove excegs of— the
(v) Since the whole process is automated , it Saves a lot of +ime.
¥ Mewsifield ~vecevied the Nobel Prize Hor this woxk.
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— Styucturxe of peptide can be estabilised by mmgd::..?zm the wvumbery of amino acds 83WI+C¢3M
the peptide chain owd Sequence of +hese awino acids in the peptide chain.

L. Analysis of peptide chain 15

= Imn_dz.ﬂ_m,_m of +he peptide with &N HE Under 5w¢q0mn5 atomsphexe weleases all amino acid except

w«mv.wovrnﬁ which, WD._:m a pywvole, is n_nmﬁqoahm Un,._ this proceduse. The presence of amino odd Com

be determined oy I&mdo_aww of mo_mwnvw._mm with 2N alkali. However , this pyoceduve n_mm.ﬁd.nvmm
asginine , Dmmism. Se¥ine and 4hveonine and Yacemigces many aymne acids. vewy litt\e vacemisation
oCCcUTYs Y acidic medium.
o O
e

@D I
C—NH-—-CH-CO0o

I
HaN —CH,—C— NH — n_II
\
CH, CH-CgH &
Gla.Ala.Phe
/_\ez HCI, N,
CH,CHs
=) ® o ® e @ __ 2%
CIHaN —CH,~ COOH + ClHsN — CH—COOH + CiHN— CH—COOH
CH, )
Alanine ruuaonr.ou.&n _urmsa,o_Dd,.sn 7am«onr_o«.n_m
fyom a Kpown weight of +he m..cms peptide, ;mo:oc&:u

o:an.,:a Immqonr_o.u._mn
- For Nd#._gn..ﬁ:m the amount ofF each awine acd

wethods arve used-
Uy Ton-exchonge chyomategvophy (i) pH dependent pyecipitation (i) Electsophowsesis
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acig End ,_&_m.ﬁ...?#.., ,......_4.:.,.,1 oS .7

e rA_..u- ENCEe ml# LAY

- The sequence of amino acids Iin o peptide chain is deteymined by end gwoup Djo_mw..mm?.u::sp_

sesidue Ojn;&m.ﬂmv coupled with powtial hydwolyeis.
- The peptides (ond proteins) ave bifunctional molecules ro<..5.m fxee amino and Covboxylic gvoups
at the end of the chains whidh axe tevmed as N - teyminus and C- tewyminu s ,a‘mm_gmnicm.#a_

detected by using some vewy specific Yeagents . when the peptide is
to Poym a tagged

— These terminals aTve
treated with a veagent then weagent veacts with o particular tesminus
vm.ﬁim_m.

The tagged peptide weleases .Tu,mmnm amnino ocid on pavwtial ramdodmmﬂmxﬁog_&*ﬁ o¥ md~m_45n_¢pv
and &D@wmn_ amine ocid 15 then identitied.

The wemaining peptide i€ Fogged and Sublected to partial hydvolysis again +o yield amother togged

amine acid which is again fdentified.
This pvocess is vepeated il an the Yogged amino acid aye identified , thus, mmc..:m on \deaof

the amine acid sequence.

. Qm?msnr.:m wpon the moture of terminus , two Jnmw of ¢nmm._5m agents have been developed.

(o) N- Terminol vesidue avnalysis:

._.LA.__JD..d . YMethod" >
— The wost impostant tagging agent for N-tewminus, is 2,4-dinitvoLluovobenzene (DNFB)

— ODNFB is developed Um Fredevick Songew who got Nobkel Prize Lor mn*ﬂnugﬂ.soﬁﬁm ctructuvre of Tnsulin.
Insulin is o peptide hovymone that contwols blood sugax |evel.
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NO2 o o NO2. o o
\ l -HF " ]
NG, A IZIq_.I €C=NH=- CH—= C-=-= —> No; NH-CH-C-NH- *nIin|||

R ! PRS- R R'
DNFB i |
Peptide J.o.mmmm ﬂum_i.u._n_a m/_\m:n:bv

NO2 (e o Iuo@
¢ - Poartial hydrolysi s
NG, NH—CH-C —-0H <+ INZlﬁ.IiﬁlOI.wlli.. & &

: X
Mixture of Cj¢0mm ed

4Dmmmn. amwine acid amino acids

(Yellow)
(i) Dansyl wett
< Reoagent » S-dimethglamino-1- 591r¢ro_njnm¢_ﬁ505&_ chloxide ﬁn.oSmm__ chlo¥ide ov DNS: 1)
50,€\ o o
i ~ 0, ~NH=CH=-C=NH—=CH=C ==—

I I —HCl | \
<+ HN- OI - C—=NH- m‘r —-Cmm ———— u _ R by

rR' AD@mmn_ peptide
nxu n:.w vnvf.mu \z/n (sulponawmide)
DNS.CI 0 cHy  CHs
L 0
mOu.IZII_nIInioI w 7 IOO+
QO o . 2 INZ..M.I il oo YU g vy s Pox¥tial Tamd.o-&.mwm
R ._.Dmmm.n_ - R' Mixtuve of c.«i..D@m ed

Z N aci d . "
CHy ©CH3 aminoe acids
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— The ”UDSwn_, wethod s bettewy than mod)mm«.m method because

r:.;m noq«mmﬂos%jm sulphonamdes ose vesistant to the action of acids as compase to the
dinitvo phenyl substituted amine acids-

d) The dansyl gr¥oup s Zas.& Lluoresent . Thevetore, it allows +the estimation of D_oju&_ aTmng acd
even abt qa vVery lowes concentvation levels-

A AVYY

~ Both the ™ethods descwibed ocbove have a limitaetion that the Tmmdo,a.f,n n.chQ&m po.n._ﬂﬁ about

the complete byeakdown of the peptide to the component amino acids  and .I)&.ﬂnﬂ.oqo. the
omine ocid sequence cannot be mom.._m detexmined . However selective mjﬂugnin o% partial

chemical Sanwdo_m_m._m to Smalley %ﬂpmngnm Lollowed _& fresh N - kerminal gm&.:)m ond fmn__.qo&m._n
has been .mc_nnmabc:& mgfu.o&mn_ +or this puspose.

1) Edman's me thoad J N\
— Developed _D& vmv,ﬂ.‘ mn.:ﬁD,) and modified w&. severval workers. . hI/ ,_\\:o .
=y ﬂ,mnr@&j.ﬁ - vfo@_;mo*r_on&»sn.um CPTC) H—N \..n/ I
o ) __,L/n _\.\m NH—-CH-C—=NH-=-~-~
( 0" 2
CeMg— N=C=5 + H;N-CH—C—NH-CH-C-NH——— — / _r.
pTC peptide CHg—NH . - ‘
R R ADmmnm peptide (_peptide substitued
\ - | _— ¢7.6C4mpv
cH 0 cH \.0
- L W I N
H30 .xm .._ﬂ\ c” + NH=-=CH-C—-=NH=~-- G 7_\ nA .‘._up l_._@__
“ L N/ (ONR-CH-C—NH---
C-5 R K C-S @ | +HO
/ Untaggaed pavt of peptide / R
CeHg - NH having ‘one amino acid less CHe = NH
Thioclezone

+han pavant peptide
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R R -
M.T_ o MT_ N | [
o I ¥
o & R [ Ne# e g W5
N % © - . \ @\ X
=9 C —NH b Ts
A s7 Ne 27 N\
_w R
\
CH o
. 7.\ N2 —HX \nI/n*D
. = H— N »||\._
= / N_®/Ne
VA S —RH
- ﬁmImﬂ S hmIm.

v.:ﬂja_i:rurm dantoin

— The obove process Ccon be Dc&qgoino:.m vepeated on the protein molecule upto 5»91& 40
oamiNoe acid wesidues.

Y M al X C aue inal A= | S
1 b A 5 ﬂ__

— The chemical MmMethod fovr C—terminal ijdam..,m hove Mot been so ,mcﬁmmu._.,c_ os those used Hor
N- tevmimal Yesidue Dﬁo_am;m. Two Wethods used Hfor this purypose:-

| ...r..d..s_.!._r. Y |__.‘,”_r_.‘ elective ari-'n

= Om:mmj mjﬂmgmw axe used .q-oa m_‘umn‘_ﬁ..ﬁ ﬁ_moco,mn of vmv....._n_mm,

= Y OER. e peptiens g they ave used in very small amounts  So that i.mm do wot Intev fere
with the peptide Qso..m&h.
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— Two enzymes, cavboxypeptidase A and B (isolated fxom swine pancreas) ave Used Hox the
catalyhic n_mbcpmo of only that peptide bond which has a fyee Satoiglic geoup at cstewin.
This give wise +o free amino acid and shostened peptide (Which has o mew C-tevminus.
The vew peptide s again wm_mn.f.cm..d. c\leaved +*o &,_m_m a Mew amwino acid and Sfurther
shostened peptide .E..ta Qvother Mew cC—texMinus. This p¥ocess wepeats itseld step K ki

till the whole pephide chain cleaves.

— Example:- In the peptide NH,- A-B-C-D-E-COOH k after certain time ntevval when the
peptide is ownly paztially hydwolysed , o mixtuve of amino acids A, B, C,D and E 1s obtained,
The vwelative awmounts of +these acids wWill be n the osder E>D>C> BPA. The sequernce of
of avino acids detevmined en +he basis of quants tati ve analysis -

1) _«L_J.Lﬂd_.v,m.;._,.,.. ur mMethod: -
— In this ™Method all amino acid except C-teyminus ave converted into Tm&ﬂoﬂ..n*mh wWhen

treated With 5&1#0&5&. at 373 K.

m— m: w-._
\ \ _
373K

"n
' R" -

i : _
N,H— CH=— CONHNH, + N,H-CH — CONHNH, + H;N-CH —COOH

Irmadnﬂﬂlmw Free aming acid
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reaoteins .«

—

— Pryotein > Giveek woxd > pwoteios = first
~ Pxoteins ave cowplex natuval polymers and ave wated fiwst avong the organic compounds essential
fox gwowth ownd Maintenronce of life .

— They oxe present in almost all living cells and found in almost evevy part of every plant ond
animal .

— In human beings , they ave +the wnain constituents of muscles , skin haiv, nals, tendons avteries
and n.Ojsmn.ism_ tissues .

— 1In _ud._mn..u. each \iving shell s vwade up of thousand of diffevent proteins.
— The pwoteins psesent in diffevent plants and animals and even the prvoteins pyesent N

diffevent +tissues ofF a porvticular parxt of plant o amimal ove diffevent from one another
in the composition and biclegical functions.

> Cnorvacrer|istics O 4 Yroteins ' »

1. Elemental Composition >

— The pwoteins ave polyamides of «- amino acids- They genevally contains C,H,N,0 oand s.
— The pevcentage of these elements varies with the Ssouvce.
— The yonge ofF +these elements ave-

S A = Wee—=0w © - l2-30%: N-> |0-32% S -» 0:2-0-37%.
Sometimes ,I..om also contains p, T ond tvaces of metals such as Fe,Cu,Zn and Mn.
<- ,._:N___} moleculay weight >

— They have high wolecular weights, genexally cbove 10,000 and YMay ¥un up to Tnillions.



|
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AmphoteriC Matuvye;
Like amino acids, proteins also have awino and no.a\ruo.xm__.ﬁ group terminal and ave thevefoye |
amphoteric in matuse-

b

1soelectyxiIC _.__,\.._.__.;U

The behave as both cations ond anion undery +he influence of eclectric field. ‘_.rmqmﬂo.qh).rm& sl
have isolectyic points charvactesistic of amino acids-

Optical actvi n.& .

Al pryoteins ave Optically active because of +the presence of chivality Centevrs ot of-position
of amino acid vesidues-

Phusica\ statre
<

Prsoteins awxe colourless and tasteless Tmolecules . I_fnm ave Soluble In wWater and their solutions
ose colloidal! in mature. ._.fmm can be purified am ﬂadmw.n,:mn.mad.

Proteins axe eensitive +o heat ,acids ,alkalies owvd many Q«.mbj,.n Sk itk

Tenaturat on

When protein is coagulated ox precipited g the change In temp of theiv aqueous solubion ov
additien of acids or alkali then this pyocess is coled denatuvation of pyoteins.

It is an ivveversible process . Howevew K in certain cases . Qﬁmma_ psopesties of proteins com be
s estoved by slow DOO...Q@ i€ denaturation has peen affected by heat- such process [s called
senatuyation o% 05500:3@ of +he du.,qnugmj.m.
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Colou® rveactions:
= Pvoteins OGve chavacterised mo.m.._m By the ho:oro.:am colouy Ieactions -

M Ninhydxin vyeacton |

— When pesteins treated with py¥idine solution of 5w5$am«._3.+rm3 .IJanq give colours vamging .ﬁqog
deep blue to Violet pink, ox even Tved in Some cases-

1) Biuset test

— This test is chavactesistic of g compounds _aoc..sm peptide linkage owd indicates the presence
of peptide :5..5&@ in proteins-

— When alkaline sgolution of protein is treated with o dwop of aqueous copper sulphate | bluish
voilet colous is obtdined:

av) Millon's Yeaction.-

— Millon's weagent —» I@Zow N HNO, noswo..;;& a little WNO,

— This test is chovacteristic of phenols and of os_m those proteins which have pheno! Qgyoup (-e.
those Toc,_:m &.mdom,,sm unit-

— Wwhen such protein is tveated with Millop's Yeagent , a white precipitate is obtained in cold which
changes to ved on heating

(iv) Xenthoproteic test

— Pwotein upon tyveatment with "Mitric acsa m..ca geliow o o#D:mm colou¥ . This is Erm our skin tuwns
mm:oE when 1+ comes in contact with Nitvic acia.

(V} Hellexw's test
— Wwhen conc. HNOy 's pouved D.ojm the sides of a test tube containing prvotein solukion , @ ppt is appears
at the junchtion of two layers. This test is commonly used for detecting albuwin in uxine
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o ﬁ;mu ove +thrveadlike shope and form Fibves.

- .?mm ure mnsmdozm insoluble in wateyx ond other common solvents butbt soluble in mwdoj& acid o¥
alKaline solutions .

— €.3- (a) Kezmatin — found in hair, skin, Mails etc.

(b) gaOm.:a - O quor.&._s ho«..ﬂ._@ musculor fibre.

R |

e l=] T e} , “_._I, .
— .ﬂ:mu ave spherical is shape.
- They ove soluble in water and dilute acids o¥ alkalies.
— @3- (@ TInsulin -— Pound in pancreas

() RAlbumin - mgm white

A | fication an e oAS\ S o1 NYa s

= ._.Tn,m are simple vo,&DjJ.-mm.m which give D«;m aymno acds on Sam#ldwmm.
@) Albumins (Wwatev Soluble proteins, eq-, €gg @lburmin , sesum albuymin etc:)
(b) Giobulins ( Wotex insoluble but soluble in dilukre saits, acids oy alkali , e-g:- serum m.og:?
tissue m_.o_oc.:jﬂ etc)
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€) Glutelins (TInsoluble in watey o¥ Salt solution but soluble in dilute alkalies o¥ acids, e.g.,
gluetin from wheat ond oxyze¥in fyom wice)

(d) Albuminoids ox sclezoproteins ((Wwates insoluble but  soluble in sStrong Acid o¥ alkali solutions,
-9, Wewatin , 4ibxomn etc.

") \r_\.ﬂ...._r,m.-;ﬁ.i proteins:-

— They ase pwoteins which have some non-protein wesidue attached to the protein wmelecules.
- Such Mmon- proteins MMoieties Ove called +he prosthetic groups-

— The wain functions of prvosthetic gwoup 8 to contro) the specific biological action of proteins.
— They awe sudivided inte hO:Or.u..SMt

(@) chvomoproteins PTDSSm coloured prosthetic JEOWP e 3., 70030@.0?3 has porphin mMmucleus as
the pyosthetic gwoup)

) ZCDrmo_vu‘0¢mmjm ﬁ.ﬁam& contain Mucleic acid as v«.omi:min mdoc.ﬁv
€)H Q.anov,qo*a_jm ( they contain sugaw ¥esidue as prosthetic group)

@) Phosphoproteins ( they have phosphoric acid vesidue as prosthetic gyoup)
() Lipeproteins

r.____\. LWETIVED Py¥o teinsS ;>

— These o%e lowew proteins o peptides and ave foymed GM degwadation of proteins o¥ enzymes-
— €-9. denaturated proteins, pwoteoses , peptones and polypeptides

Protems —— pyoteoses —» Peptones —> _uo_.uvn—.imhm



Learn Chemistry Online

THUC LWL DEOTEN AaVIad (evelSs Ot BEOTE\Y STYUCTUTE

— Stwvuctute ond shape of protems can be studied at Lous QAiffevent levels:-
) PFyimwary Sty UCtuxe 2

t,a..,Bp,..m styuctuse of proteins contain one or m™ovwe _uo-mvmwia_m chains and each 10_&vmvimm has
amino acids linked with each othesr In a specific sequence. This Sequence is called pP¥imavy

styuctuse of pvotein.
¢« Peptide linkage

| |
——— ln.lnIZl.ln..lln.ll.Illl
" 1 18 9 | M
(o} = o

— In primory stvuctuve of pwoteins every thitd atom of the peptide chain contains o Q¥oup vetexved

40 o ‘side chain’ which s chavacterisktic of the amine aad ﬂﬁnmnqi..
exomple —_H = O._.&n.:gm —CH, CcHe —> mrn.&.o._oi..sm
—NHy > Lycine —coocH - Aspaztic add
_ The difference in Mumber of acidic or basic side chains is vesponsible for wn_upﬂamoso.avﬁoﬁ}m
UM el\ectyop horesis - | ;
- The pvoceduve For detevmination of mumber of amino acid wolecules ond its sequewce 1S Some
as peptides.

- 35& 0505@0 in the sequence of amino acids CyYeates o diffevent proteins.
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— TIn these fxf..m of styuctuves, peptide backbone can Intewact itself .

— These interactions depend upon size of the ‘side chain'.
— Bmﬂmsm::m wpon the size of group R, .ﬂo:ocu..sm diffexent stsuctuves ase vﬁmb._.oﬂmu

ax o ne

— T4 the case of proteins having side chains of smaller size hmna H), the peptide cChains ave
aan«mmm as hc:m extended n N.,m-mnu mannery Wwith altewynate side chans Um._jm_ on the same
Side situated ot a fixed distance.

— Such extended peptide chains lie side vm side and each ove is joined to +wo 3m._mv;oaca‘_ﬁ5¢
chains t:do:m_) _smn_aomms bonds. This wesults in the fowxmation of Lflat Sheet.

O H O H
R
‘ Z " r § ﬁ/ \Z/ > d
NN NN N
/8 | | /A~ |
Repitition ﬂ 0 H Q
of similar 2 Hydsogen bond
ma.cn.EE_ H 0 H
units _ | =~ / _
N o N

| I | I Fig:= Flat sheet mmnoﬁmoqu styucture ol pwotein
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NE

— If the side chain is of wodersate size , the peptide Chain contyxacts o |ittile in order to accovnmaodats
them . ?_m TEeSUWIts n  +the ﬁ#mh—ﬂm& sheet Styucture oY +he B - deﬂojmagmj.—.. n.U.ﬂ the v‘qo*w.—j

The distorce between oltewnate chains becomes shost and ianm oxe held p.ommi.n« Um f&&qo@ms bonds -

Fig:- The p-pleated sheet of protern

lelical StructTuse

— I4 the side chains ove quite lavge . then whole pephide chain is coiled in pasticular helical
Lovm wnown as o helix.

— As oW\ the 393#0:& Onncﬁs& amind acids have L- n.osfmc,qbto*f all pvotein helices have d....mfr
hande d -
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— Each omide gr¥oup is rmmqommj bonded With evesy thivrd amide in eithex divechon D_osm Sl sihaitin

— 36 Oomino acid units Powm one tuwn of helix and the Side chaing extend out away from the

axis of this helix.

3.6 residues per turn

Fig:i- A vight handed «- helica! styyctuxe of a ﬁuﬁmnb_ peotein

— The +terbiory Styucture of protein constitutes a +hree - dimensional shape due +o Purthes 1_”o_n:3m
BE Jegienlie Sais ety Compoct .T,.&f_a complex ghyucture (Which is choxactesistic of a particular
p¥otein.
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= Tewtiovy stwuctuves of pvotein contain .ﬂo:oru..:m ruosmms..m Intevaction between the amino oacdid chains-

(@) Vewy weak Van dey Waals fovces— €9- intevaction between tryptophan and _ufmSa_o,_Es..g. S s .
(b) Additional Iamdommj bonds - Apart From wusual ones . e-g- Sau_.qommj Wo«.&ms& between side chaing
of sewvine ond histidine.
€) Intvomolecular salt like dipolax bonding > €.9. between extya’ ﬁodrox&__.n and amind g¥oups
of aspawtic acid and lysine , wespectively.
d) Disulphide covalent —ooﬁn__.smlv e g- between +two nmmwn._:m vesidues .

— The *o.u:T.D...M stxucture Ffolds the entive protein wolecule 1n a particular Shape and Stablises
the pyotein Ynolecule - Twis pavticular type of folding is called mative conformation of- peotein.
— (Cnlobulay and Fibyous shape avwe ....m,..r.nﬁ.m styuctures of proteins . Globular proteins ave

Hoeme umi

Sphewical in shope and Fibvous proteins have v¥od-like shape. x
A}

) Quatewnasy stwzuctuse:s»

— Some of +he prvoteins ave composed of 4o or Tnove
1o_u.um_u:mm chains. These avxe called sub-units-

— Tre spatial ovyangement of these subunits with vespect to
each othes is Known as n_‘co?uSDQ styucture -

— Example :- Myoglobin (covrtain haeme umit as p¥osthetic gwoup)

_n_m“- Gmb@,qubmn Yepresentation of

nyoglobin  wolecule.
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F rsotewn aenagtTusation/yvyenartdevarion

— Pwoteins ave sensitive 1o heat , minerval acids , alkalies etc.

When soluble fovm of proteins ave heated oy tyeated with wmineval acids, +7mm undergo coaguation
0¥ precipitation to given Ffibsous protemm (hich ave inscluble in water. The coagulated protein ave
colled denatured proteins awnd +this process is called denatusation of pyoteins.

This noﬁwﬁaioj olso vesults Iin the loss of +the _omo_o&wnp__ panZm of 4he proteins .
nsn:ino:m , denatuvation dees Mot change the primarsy Stwuctuse but Uismm about nrnjmm in the

mmnodenm and ter f.de Styuctuses of proteins.
Random <oil
Ill
ity
—ig i — Wenatuyarion ol .‘u..._,...\._ﬂ.:r_r.ua prot=in
- Examples of denatuvation of proteins ave:-
N ¥ esent n €99 (Wwhite.

) ,ln;..r..,xl,-.;.n_,.,. ot OlDlYN) |8 L da

— The soluble globulox psotein (albumin) present in +he egq \s denatused wWwhen +the egg is boled havd
dmmc_*._sm in the fosmation of insoluble fibvous pvoteins.
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- Z_:m.ﬂ, milk is heated with an acid ((lemon juice o tavtasic acid) +he denatuvraotion of Mmilk leads to
fovmation of cheese. Duwing this denaturation, the glebular milk protein ( lactalbumin) becomes
fibwvous.

— Eavlie¥, denatusation , was consideved to be jvseversible process. However, Mow it has been shoon
that in Some cCases, the pryocess is actually weversible . The -wevevse process is called wenaturation.
Example :- lwhen temp- and pH of denaturved Protein avre _uocmrw bacik to conditions (ohich Stabilize

native protein, wmﬂOd&qu and +m4¢9um_ stwuictures of the protens ave vestowed.
nb:mm@cmszm_, Tenaturvation is a\so Q ccompamied w& dmnocmu& of the U,.o_om._np_
ackivity ﬂoiznc_bqu n case of enzymes .
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- ke Y

Nucleic acids avwe class of _u..omo_ugm,qm composed of ~05m chains of dmnmow.:om . T
called as Mmucleotides:

— Each mucleotide is ™ode up of +thvee constituents-
@) A pentose (wibose o mmou,md.__vommu
&) A hetewocylic base (& pu¥ine or o pyximidine)
(€) Phosphoric acid

- A typical nucleotide ™oy be wepresented as-—

.m_vam 0
\
mvC@Q.NIIO — P—OH

_
OH

— The polymesic chain of mucleic acid (s Loymed by ,._o._:._sm 3’ -oH gwoup of one nucleotide
te 5'—oH of the Mucleokide +hzough o Phosphodiester bond. This constituents +he “ backbone

stvuctuve” of mucleic adds.
- A wolecule contoining two nuclestide units Joined together 15 called o dinucleviiin.
— A nolecule Dos.wb..s._s& thvee +o +en mMucleotide units s called as O:&od:n_maﬁum.
- A Tolecunle ﬁ(05¢9p5.._3m ™ose than ten Mucleotide umits s cCalled ﬂo—aﬁcn_mo.ﬁ._nw.w.
= TIn the polymeric chain one end has a fxee S5'- phosphate & other end has Pree 3 -0H qroup:
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— Polynuclectides nay be Tepresented as-

Base

0
|

e mﬁmpd

- The Ffirst mucleic acid was isolated twsom +the TMucleus of puss cell and was Lound to be

d
oH

Base

mFMQd

|

—= P O ——

oa0\dic n matuse. so, this class of mMacwomolecules

— Nucleic acids ogxe the mmjm.mn Matesial of the cells and axe vespons: ble For transmission of

here LlDd& effects.

- They alse vesponsible for zom&j.rrnm.,_m of proteins.

— The genetic infoxmation ceded In Mmucleic acids contsols the structure of all proteins .:Jn_cm._«,m
enzymes ond thus govesns the entive Metabolic activity in the living ozgamism.

is

_
oOH

called mucleic acid.
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TITUCNTS _r Nlcleic acids

— Hydwolysis of nucleic acids give two diffevent types of products undew different conditions.

— When mucleic acids tyeated with aqueous ommenia at 338K O¥ In the presence of enzgme nuclease,
they give nucleotides. In mucleotides, ~oleculas wvatios, of sugar, base and phospho¥ic acid is |:1:).
The Yucleotide wupon Puvther tveatment with aqueous avmonia at elevated +temp. (448 K) librate
phosphosic acid . Thus , pvoduced a onother class of compounds called as mucleosides, in which

™olecula¥ watie of suga¥ ond base s 1.
— The mucleosides wpon Further T&Ldoﬁam..m with ™ineval acids affoxds Pree sugav and bases.

Nucleic ac\ds Aq- Nra ot 33EW — Nucleotides

ox Nuclease ( mfom._u_so;q,,n acid — suqax - base)

4—\ Aq- NHz at 448K

. ) 1as -
R Nucleosides + Phosphosic acid

n.wc.mD.q + base <«
hmfmoqu hase)

— Cownplete ramdo_xm_.m of all mMucleic acids prvoduce & Mmixtuse of three different Jvmm of Compounds -
M Sugas (1) Phosphozic acid on) Base

.‘ r.l.....ns.
) ...L.ll.fm_f.m( .

— Two pentose sugavw | isolated UM +he T&L«O_mm._m of nucleic acids axe D-(-) - ribose and N-&moxd-

D-(-) vibose.
— Both +theSe sugars ave pyesent in Pusanose foxm.



Learn Chemistry Online

= In these sugaxs, the C; Cavbon s anomMmesic Carvbon due to hich both these sugars ave exist

in both x- and p- foxms.
=1

Iowzp H HOCH, O H
4 L 4 -
RA\H H /oH H\H H /on

o *
OH H

(=~ 2-Deoxy- p-(-)- ¥ibose (1n DNA)

rNOS|PNOOIC

- I+ has thvee omsable -0H group s with pka values of 2-1,7-2 and |2-3. I

— I+t can fowm mono, di ox triphosphoesters with alcohols. Ho— P— OH

_
OH

A0S &

— Twe diHerent types of hetevocyclic mitrogenous bases have been isclated Ua the rm_la.oﬁam,.u
of mucleic acids.
(@) Purines (b) ma«:j..n:_gmw
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FULYING

- Adenire (A) and Guanine (&)

7._4._».»: H Z,..u. ru - O
. o | |
X! N XN NN
LI — (X2 LI —
g N=3 SN2 N N N NH, N NH,
H R H
Ademnine (A) Guanine (&)
(G- Aminopusine) (2 - AMino-6- oxopuvine)
Fisst isolated fxom guane (bizd manu¥e), hence the name
- C__don.._ (V) , .?ms:..._.“am (t) and ﬁmwom_:m (c). NH,
Z\ro OL'/Q o OL./J.
M H H
Uwacil (V) Thymine ﬁ4 ) hm¢om._sm Anv
2.8~ m.rumqox&vu«.:ﬁ.&_.jm S- Methyl-2,4 - Q..sam.qoxm_umu.,g_&.:m 2-0%0 - & - amMino Pyl midine
o% Qi?.z::m%oﬁn o% gm?a_vd«._«s..m..dmmas.m 0¥ QamMinopyrimidinone

— DNA contains Hour bases - Adenine , (huavnimne, nﬁ#ow..sm and J,rag..:m. (AGcT)
- RNA contains four bases > Adenine, (wavnine, Cytosine and Uvacl . (AGCUY)



a £ ANa UuCiegtiaes

o 5,¢«cm050ﬁw base.

~ During formation of mucleosides, N-L o Pysimidine

Learn Chemistr

Online

o0 MUcCiep tigaes:

Nucleosides contain only two constituent molecules of mucleic acids, (.e. a pentose sugay ana

base o¥ N-9 of the purme base is linked

to c-1 of sugav vm a m-Za@_anOw.ﬁw”n linkage .

— Exowm m_m £

a_a D= 8159

—Thus, depending upon the type of sugar present,

nogmoq‘_nm«

() Ribomnucleosides hno._.ia,_s..:m *\bose)
(1 deoxyzibovucleosides Pﬁoﬁwgs..jm LmOxu.a.foom.Q

” Adevmwne
>
N2

Mucleosides can be ﬁ.bwm‘_h_.mm in the following
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) @Wﬁ Base Abbreviation Nucleoside Deoxyribonucleoside
Adenine A Adenosine 2'-Deoxyadenosine
Guanine G Guanosine 2'-Deoxyguanosine
Cytosine C Cytidine 2'-Deoxycytidine
Thymine T Thymidine Deoxythymidine
Uracil U Urnidine. —

en C1a@ € >

— Nucleotides contain thvee constituent molecules of Mucleic acids e. pentose sugaw , mitvogenous
base oanad phosphosic acid-

= Huglpokldas ove. UG S0SAeS TD<..5& eithes the s-or 3-on group beondend as este¥ to phosphoric
acid - In othey wosds, mucleotides ase mucleoside monophosphate.

— Like wucleosides, mucleotides con be classified into two categoxies depending upon the ype
of pentose sugos . | |

() Ribonucleotides ﬁn.oﬁﬁo.,g,,sm *ibose) and (i) nvmox,n_iwoﬁcn_moﬁmnm hﬁos_*ntﬁ..sm mmoxaq.sam&

—ExomMmples:-

Base Nucleotide Abbr. Deoxynucleotide Abbr.
Adenine | Adenosine 5'-phosphate | AMP 2-Deoxyadenosine 5'-phosphate | dAMP
Guanine | Guanosine 5'-phosphate | GMP 2-Deoxyguanosine 5'-phosphate | dGMP
Cytosine | Cytidine 5'-phosphate CMP 2-Deoxycytidine 5'-phosphate dCMP
Thymine |— — Thymidine 5’-phosphate dTMP
Uracil Uridinel 5’-phosphate UMP — —
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— Stwicture and TMames of some typical mucleotides ase as undes-

NH2

)
o s}
|
{l s - Il I =
0— P —OCH, 0O— p— OI_,_.I.onxp
' ' . | ._._
_00_ . L Om.w o® ¢
HA\H H/oH |\ H /oM
¥ I
3] 2 3] (>
OH oM ok OH
.. J AT _ -4 = - I ™
Z_.’F
.
7' S
mm | .
- R
o) o) (6] 3
[ I I 5
- p— O=—P—0— P —OCH, O
_ J | NOSIN & - LS _._. .._..,.‘...,_...,_“....._.
—00 Dm ”Um 4+ L [ | C
B\ H /on

(Energy ¥ich molecule o enevgy
mw.o«.#:m go_mnc.mv
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N & O3 NUCIE ¢ AW V& S v

— Depending upon the type of sugas present , nudeic acids oxe classified into .ﬁo:o&.ﬂsm anmmoﬁmm-
) Hmoxm.«._ooﬁcn,m..n acids (DNA) > Contan u_qo_m.uxmualn-v-d:uomm

() Ribomucleic ocids (RNA) - Contain D-(-)-wibose

— Some important points of diffesence between DNA ond RNA gve given in .ﬂo__os._sm table ; -

Deoxyribonucleic acid (DNA) Ribonucleic acid (RNA)

1. The sugar present in DNA is 2-deoxy| 1. The sugar present in RNA is D—~(=)-ribose.
D—(-)-ribose.

2. DNA contains cytosine and thymine as| 2. RNA contains cytosine and wracil as
pyrimidine bases and, guanine and adenine as pyrimidine bases and, guanine and adenine as
purine bases. purine bases.

3. DNA has double stranded a-helical structure. | 3. RNA has single stranded a-helical structure.

4. DNA chiefly occurs in nucleus of the cell. 4. RNA mainly occurs in cytoplasm of the cell.

5. DNA molecules are very large; their molecular| 5. RNA molecules are relatively small with

weights may vary from 6 milliion to 16 molecular weights ranging from 20,000 to
million. 40,000.

6. DNA has the unique property of replication. 6. RNA usually does not replicate.

7. DNA controls the transmission of hereditary| 7. RNA controls the synthesis of proteins.
effects.
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@

(b

(o

Functions _U_.v. DNA 2

It octs as a template Jor

RNA which coaxyies out the protein mdjkrmm..m. (-e- DNA contyols +he
synthesis ot protéins.

1+ contwels the entive stwctsa)l and functional make up of +the cell.

It has unique pvoperty ot self weplication. The self weplication is the akility to build another
molecule of its own Kind and hence ~esponsible £or @Dmm._sa demm._.wm tvait fyom one mnja«pioj
+to0 onother.

lWhen exposed to X-Rags, LV vays,6 Y- vays ond Some chemicals, DNA C.Dn_nq&omm mutation .
Muntotieon weans +that +therve o m.,r.m_.:. Pfhﬁmm occurs In the sequence of ..;.,wqomm:ocn bases
Q_Qam the DNA stvandS. Thie Drnsmm is wefected 'n the gubgequent mmjnﬂnﬁoﬁm.

Functions ol ._..n.Zﬁ,.. ’

It contyols the mﬁﬁ*’mmﬂ_w ot peoteins. These awe +hree ._.A&ﬂumm. of RNA molecules in a cell which
contyols the biosynthesis of specific pyoteins.

messengey RNA (m-RNA):- The Wessenger RNA is o no?m??msgqm copy of one stvand of INA

which cowies the message of DNA FPor sSpecitic protein Synthesis  when requived-

wikosomal RNA( ¥-RNA):- The vwikosomal RNA pyovides the site fox the protein m,vm,sﬁrm.m._h in the
cytoplasm but it does Mot Caxxy ony nessage of DNA-

tsonsfer RNA (1- RNA):- The +transfer RNA is o smeall molecule and it txonsteved on.r.a_o._.,nn_

w- GYnwmo 0cids to the site of proten Mx«.}_:mhﬂm- Thewe ove 22 Yt -RNA molecules u_vnn._h_.h Pox one aming acid.

RNA contyols +the process ot an.u..vm ond ™Memovy m_,uo:qn@n.m.
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Lble ¥ cal stvuctuse of

— DNA have 3._305& , secondary ond high level stsuctuves: -

L) Yo nNovy sLwLctune: .2

= The primary structuve of nucleic acid can be wepresented by the .ﬁo:o&s& styuctuve : -

RBase Base RBase

| \
— ,..}MCmnu — phosphate sugay — phosphate sugoy —
m

) Secongary Styuctuse: >

— Qualitative Qﬁo_um..w of bases in the DNA hydrolysate ( E. nrnqo.mn.h: vevealed +that the base composition
in DNA vasied fyom one species to the Othex, but in all cases the Mela¥x rvatiocs ofF adenine +o
thymine ond guanine to cytosine ave L:1. Iy othey wovrdsS . the total Mmumber of moles of
pu¥ines ove equal to the total mumbes of Moles of pyrimidines, (-e- A+G4 = C+T. Howevey, the
(A+T) (C+@) ¥otio diffeves Prom species +o species. e.g. it is 1's2 Tn man and 0-93 in E.Coli.

— RBased upen avalytical data awnd X-Ray diffrvaction studies, Watson and Cxick pvoposed o dowbl

helical styuctuse of ODONA.
- Twis odel WMot 05.& mxm._P.Smm the base Nn_.ch_cpdmzm bu b othex important chavacteristics Such

as dm_u_..n.n.#._nvﬂ of DNA.
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- Salient features of Watson- Crick wodel ave—

) The DNA wolecule consist of two polynucleotide strvands coiled avound a
common oxis in the Lfoxm of o vight handed helix- These stvands wun
\n  opposite disections, (-e. Fwom sg'_tewrdiinal +o 3'-texminal in case of
one stvond avd from 2L tewminal to 5'- tewyminal Tn the othex stvand-

() The backbone of each stvand consist of mcmﬁ.qnquyo.m_«roﬁm units which
owe Pound on the _umu:vrmd& of the helix. Base ave prvesent in centxe.
The planes of bases ase owsthogonal to the 0xis of the helix o¥ to
the planes of m.L@an mfoh_uro_....m chains-

W) The base pai¥ of +the two stvands ase held +omm¢sma i..qocmf v&mﬁdmj

bonds between gpecific base paiss. This ﬁn.,.a._sm D.Emmm occurs between

adenine and thymine and between mcnj._jm and cytosine. The mcnv._am-

cytosine base paiving tokes place through thvee hydwogen bonds (G:zz:¢)

whexeas aden 5m:¢r&?._1n base _K....u.,_sm takes place iidcmr two rmmdo&mj

bonds (A===T). y
_

CH, Z/z

/wcmﬂ

Thymine Adenine Cytosine Guanine

3.4 nm

20nm

Y @\
~ ,.—.m
Su S
m-.—wwq\z Z/mnn. _ N mwﬂ . _ v . r ’ b L S
FZ “H—N \ T“&, ,.En___,n__ o7 Eu‘:%_nh_h.;..q;_Tv..,.....q DASES
h_ Sugar

Y
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3 — The two stsvands of +he double helix axe nbgv,m§m5¢04& and

not identicel because the sequence of one stvand QC¢od5Ino.,m
.men +that of +he other due +to the Sbmm-vnh.q..jm principle.

— The distance between +two adjacent base pairs is 034 nm

— The distance between any two successive +uwns of +he helix
is 3-4 "M

— The diametex of helix is abost 2:0 nM.

— On heating, twe stvonds of DNA sepavates from each
Othes. This is called gn_.m._sm. Howevey, on ﬁBD:S& these D@E:

7&65&3@. This s called Dsﬁmp_._sm.
FMUI._.:;,l} v — The tempevatuxe at which the two strands gceparate
o)
v
® ®

m~

Completely is called its .«ﬁm_w._jm tevwpeyature (Tw) ohich
is sopecific of each sgpecific sequence.
_/MMV*mmmolAlf — Unlike ONA, RNA has m.:..&_m styand.
(@)
® ®

¥ wo
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