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Amino acids are organic molecules that consist of a basic amino group (-NHy), an acidic carboxyl group (-COOH) and a

side chain that is unique for each amino acid. When hydrolysed byacids, alkalis orenzymes, proteins yield a mixture of
amino acids.

% The number ofaminoacidssofarobtainedfromproteinsappearstobe abouttwenty-five.

% Tenoftheaminoacidsareessentialacids,i.e.adeficiencyinanyonepreventsgrowthinyounganimalsandmay even cause
death.

+ Therearetwentyaminoacidsofgeneraloccurrence,i.e., theseareusuallyfoundinall proteins.

Preparationofamino acids

1) Gabrielphthalimidesynthesis

The Gabriel phthalimide synthesis for converting halides to primary amines is based on the following reaction.

Thehalide is treated with potassium phthalimide and the product got hydrolyzed.
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2) Streckersynthesis

Acyanohydrin is treated with concentrated ammonia, and the resulting amino-nitrile is then hydrolysed with acid to
obtain amino acid. In practice, amino-nitrile is usually prepared from the oxo compound in one step by treating the
latter with equimolar mixture of ammonium chloride and potassium cyanide. This method is useful for preparing the

following amino acids: glycine, alanine, serine, valine, leucine, glutamic acid, phenylalanine etc.
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Name

Systematic name Formula
Neutral Amino-acids (one amino-group and cne carboxyl group)
EAl e
. Glyeine () Aminoacetic acid CH,(NH,)CO,H
o Alanine (¢) x-Aminopropionic acid CH,;CH(NH,)CO,H

. Valine (4, ¢)
~ 4 Leucine (g, ¢)
S Isoleucine (9. ¢)
6. Norleucme” (/)
7. Phenylalanine (u. )
8. Tyrosine (¢)

9. Scrine (g)
10. Cysteine (¢)
L1, Cystine (g)

U2 Threonine (g. ¢)
13. Methionine (¢. )
14, Todogorgic acid t (/)

15. Thyroxinet (/)

16. Tryptophan (g, ¢)

17 Proline ()

18. Hydroxyproline (9)

a-Aminoisovaleric acid

a-Aminoisocaproic acid
2-Amino-g-methyl-n-valeric acid
u-Amino-n-caproic acid
2-Amino-f-phenylpropionic acid
x-Amino-f-(p-hydroxyphenyl)propionic acid

2-Amino-f-hydroxypropionic acid
1-Amino-f-mercaptopropionic acid
Bis-(x-aminopropionic acid)-f-disulphide
2-Amino-f-hydroxy-n-butyric acid
2-Amino-y-methylthio-n-butyric acid
3.5-Di-iodotyrosine

f-3,5-Di-iodo-4-(3',5'-di-iodo-4'-hydroxy)-
phenyl-a-aminopropionic acid

2-Amino-f-indolepropionic acid

Pyrrolidine-x-carboxylic acid

7-Hydroxypyrrolidine-x-carboxylic acid

(CH,),CHCH(NH)CO,H
(CH,),CHCH ,CH(NH,)CO,H
CH,CH,CH(CH,)CH(NH)CO,H
CH,(CH,),CH(NH,)CO,H
C¢H,CH,CH(NH,)CO,H

HO</ \>CH2CH(NH;)COZH

HOCH,CH(NH,)CO,H
HSCH,CH(NH,)CO,H
[—SCH,CH(NH,)CO,H],
CH,CHOHCH(NH,)CO,H
CH,SCH,CH,CH(NH,)CO,H

I
HO@CH;CH(NH;)COZH

i
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J N .
HO NCH,CH(NH,)CO,H
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(UI H,CH(NH,)CO,H
N
H
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N
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CO,H
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Acidic Amino-acids (one amino-group and two carboxyl groups)
19. Aspartic acid (9) a-Aminosuccinic acid HO,CCH,CH(NH,)CO,H
20. Asparagine (/) 2-Aminosuccinamic acid H,NOCCH,CH(NH,)CO,H

21. Glutamic acid (g)
22. f-Hydroxyglutamic acid
23. Glutamine (/)

a-Aminoglutaric acid
z-Amino-f-hydroxyglutaric acid
2-Aminoglutaramic acid

HO,CCH,CH,CH(NH,)CO,H
HO,CCH,CHOHCH(NH,)CO,H
H,NOCCH,CH,CH(NH,)CO,H

Basic Amino-acids (two amino-groups and one carboxyl group)

24. Ornithine §
25. Arginine (9. @)

\/.é. Lysine (¢, ©)

27. Histidne (4, ¢)

o,0-Diamino-n-valeric acid
2-Amino-é-guanidino-n-valeric acid

2,e-Diaminocaproic acid
2-Amino-f-imidazolepropionic acid

H,NCH,CH,CH,CH(NH,)CO,H
NH,

NH=CNH(CH,),CH(NH,)CO,H
H,N(CH,),CH(NH,)CO,H

'—_T_-ICH,CH(NH;)COzH

HN___N

* The occ
+ See also §5. X
+ The occurrence of

urrence of norleucine in proteins is uncertain.

/Z-hy(lroxyglumnﬁc acid in proteins is uncertain.

§ Ornithine is probably not present in proteins, but is formed by the hydrolysis of arginine.
N
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Peptidesandproteinsarepolymersofaminoacidslinkedtogetherbyamidebonds

Aminoacid == Peptides =2 Polypeptides == Proteins

O
+ | + | + |
HNCHCO™ + HiNCHCO™ + HNCHCO

amide bonds R R’ R”
o) 0 o)
|| u || |

— NH(IZHC— NHCIHC— NHCHC—

R RI RII
amino acids are linked together by amide bonds H ;ItICHg—NHCHg—NHCHIC'O_ + 2H,0
N I
R R
peptide bonds
[ the N-terminal amino acid the C-terminal amino acid ]
a tripeptide

Structureofprotein:

Theprimarystructureofaproteinisthesequenceofaminoacidsinthechain.Also,thewayinwhichtheatomsofprotein molecules are joined

to one another by covalent bonds to form chains.

Thesecondarystructuredescribestheregularconformationassumedbysegmentsof protein’sbackbone.
Thetertiarystructuredescribesthethreedimensionalstructureof theentire polypeptide.

The quaternary structure of a protein is the way individual protein chains are arranged with respect to each other. If a protein
has more than one polypeptide chain, it has quaternary structure.



Various types of bonds and/or forces are responsible for the stabilisation of these protein structures other than the

primary structure such as H-bond, electrostatic forces, inter and intramolecular chemical bonds, and hydrophobic
bonds etc.

Disulfidebond

I ild oxidati | I
2 HSCH, (IZH Co- mild oxidation y -OC ClHCHZS—SCHzcllHCO'

*NH; *NH; *NH;4
cysteine cystine

mechanism for oxidation of a thiol to a disulfide

oxidation
—_—

reduction

polypeptide disulfide bridges
cross-linking portions
of a nolvbentide

;n intrachain disulfide bridge l

S—S

S ; T : S
IS‘< interchain disulfide bridges >—

/
S

B-chain

insulin



Secondarystructureofprotein:

Threefactorsdeterminethechoiceofsecondarystructure:
% Theregionalplanarityabouteachpeptidebond,whichlimitsthepossibleconformationsofthepeptidechain.
% Maximizingthenumberof peptidegroupsthatengageinhydrogenbonding.

% Adequateseparationbetweennearbytoavoidsterichindranceandrepulsionof likecharges.

a-Helix: H ,._Q

In a-helix, the backbone of the polypeptide e (N

coils around the long axis of the protein &G‘( " 3

molecule. The helix is stabilized by hydrogen H >

bonds- each hydrogen attached to an amide oy - . 1

nitrogen is hydrogen bonded to a carbonyl @ 0 i ‘»- H bonding
c+= N ;

oxygen of an amino acid four residues away. h

The substituents on the a-carbons of the “ ’ C""‘
Y w AT
amino acids protrude outward from the helix, - -
e e . . _ . N - c
thereby minimizing steric hindrance. Each 3 : 3
turn of the helix contains 3.6 amino acid ' M ‘ 3.6 residuesfturn
|
residues, and the repeat distance of the helix e‘ N “) 7
is5.4 A. e N\'.,
@ 1o
c



B-Pleatedsheet: N-terminal  N-terminal N-terminal C-terminal
_ / / % X
In B-pleated sheet, the polypeptide backbone R—C{I R—C{I R—C\I\-I §C—R
isextendedinazigzagstructureresemblinga /C=O-..‘ pe=0 pE O N
ies of pleats. A B-pleated sheet is al Sy A= il P
series of pleats. A B-pleated sheet is almost I}C—R }/IC—R HC—R R_CE
fully extended- the average two residue 0= 0=C 0=cC N—H
A BN A
repeat distance is 7.0 A. The hydrogen L phl=H /N—H""O:C\
bonding in a B-pleated sheet occurs between R_C{{ R_C{{ R_C{I (/:H_R
g0 Bt C=0-+-H—N
neighbouring peptide chains. The adjacent i " e No—o
hydrogen bonded peptide chains can run in IEC_R }EC_R IEC_R R_Cé
the same or opposite direction. : . - .
C-terminal C-terminal C-terminal N-terminal
Parallel Antiparallel

Coil conformation:

The coil conformation is unlike a-helix, very flexible and change from
one form into another can be effected by change in pH or

temperature.




Tertiarystructureofprotein:

CHZ—QOH 1110=C
0

Il H H

Helical Structure

) Q.¢

D

NHIIIO
*HO'HOHD

/
HO

Pleated Sheet
Structure

)‘Hrll Y(THD)

‘HO—S—S—HD
I
0

“HODO0

Proteins fold spontaneously in solution in order to maximize their stability. The stabilizing interaction that occur in folding are
covalent bonds, hydrogen bonds, electrostatic interactions and hydrophobic interactions. The interactions can occur between
peptide groups, between side-chain groups, and between peptide and side-chain groups. Disulfide bonds are the only covalent
bonds that can form when protein folds. Most proteins exist in aqueous environment. Therefore, they tend to fold in a way that

exposes the maximum number of polar groups to the aqueous environment and that buries the nonpolar groups in the interiorof

the protein, away from water.



Met ‘“O,A’gr val gy lle L"'S( val Asp Leu
3 S, ¥ A0 SRTTIR -

Nterminus O §50 C-terminus
Phe AlaLeu Gin Ser Leu lV‘(S Leu Ala .

Quaternarystructureofprotein:

Proteins that have more than one peptide chain are called oligomers. The

e s
—— WA

B-Sheet (3 strands) a-helix

individual chains are called subunits. The subunits are held together by
the same kinds of interactions that hold the individual protein chains in a
particular three dimensional conformation- hydrophobic interactions,
hydrogen bonding and electrostatic attractions. The quaternary structure

of a protein describes the way the subunits are arranged in space.




Determinationofthe primarystructureofprotein:

The first step in determining the sequence of amino acids in a peptide or a protein is to reduce any disulfide bridges in a protein.

Acommonlyused reducingagent for thispurpose is2-mercaptoethanol, which isoxidizedtoadisulfide.To prevent
bridges from reforming, the thiol group of the protein reacts with iodoacetic acid.

cleaving disulfide bridges
| I
—NH(|3H—C— —NH(IZH—C—
(|3H2 (IZHz
S SH SCH,CH,0OH
| + 2HSCH,CH,OH —> +
Sl 2-mercaptoethanol SIH SCH,CH,0H
T ey
—NHCH—C— —NHCH—C—
Il
ICH,COH
iodoacetic acid
i
—NH(I',‘H—C—
™ g
SCH,COH
+ 2HI
T
SICHQCOH
CH,

thedisulfide



Thenextstepistodeterminethenumberandkindsofaminoacidsinthe peptideor protein

6NHCI
protein »aminoacids 100°C

24h

Themixture ofaminoacidsisthen passedthroughanamino acidanalyzertodeterminethenumberandkind ofeachaminoacid
inthe peptideorprotein.
This is not a general method for peptide bond hydrolysis because strongly acidic or alkaline conditions destroy

several amino acid residues.There are several ways to identify N-terminal or C-terminal amino acid of peptide or a protein.

N-terminalamino aciddetermination.TheEdman method:

The basis of this method is the reaction between phenyl isothiocyanate (PITC) and the peptide or protein. Phenyl isothiocyanate
reagent is more commonly known as Edman’s reagent. It reacts with N-terminal amino group and the resulting thiazolinone
derivative is cleaved from the protein under mildly acidic conditions. The thiazolinone derivative is extracted into an organic

solventand in presence of acid, rearranges to a more stable phenythiohydantoin (PTH).

Because each amino acid has a different substituent (R), each amino acid forms a different PTH. The particular
PTH can be identified by chromatography using known standards. Several successive Edman degradations can be carried out

on a protein.



D . |
Q\JC S HoNCHC—NH(IIHC—NH(IJHC—

phenyl |soth|ocyanate
ITC

Edman s reagent l

Ne R

SN A

N AN

Crirglugyopd-wed- = Oy Yisly
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CO RI Rll

~
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\
H/C (||) |
HN. S
AN +  H,NCHC—NHCHC—

O T

peptide without the original

thlaz-olm_one N-terminal amino acid
derivative

PTH-amino acid



C-terminalaminoacid determination:

Themostwidelyusedmethodishydrazinolysisofprotein. Thepeptideisheatedwithanhydroushydrazineat1002C.This converts all amino

acid residues except the C-terminal one into amino acid hydrazides.

------ NHCHR'CONHCHR2CONHCHR3CO,H

N,H,

...... + H,NCHR!CONHNH, + H,NCHR?’CONHNH, + H,NCHR’CO,H

The mixture of products is subjected to chromatography on a column of a strong cation exchange resin. On elution, the strongly

basic hydrazides are retained, but the free amino acid is eluted and can be identified.

Another widely used method that makes use of the enzyme carboxypeptidase. Carboxypeptidases are
exopeptidases that catalyzes the hydrolysis of apeptide bond atthe endof a peptide chain.Thisenzyme attacks proteins onlyat the
end which contains free a-carboxyl group.When this terminal amino acid residue is liberated, the new terminal free carboxyl
group is attacked by the enzyme. Thus, after a given time of hydrolysis, a number of successive terminal amino acids will have

been liberated.Thus, by identificationand quantitative determination of the amino acids, their sequence can be established.

site where carboxypeptidase cleaves
I (II) (II)
—NHCHC—NH(|3HC—NH(|JHCO'

|
R RI RII



Synthesisof simplepeptides:

Becauseaminoacidshavetwo functionalgroups,aproblemariseswhenoneattemptstomakeaparticularpeptide.

| +

+ | I |l |
H,NCH,CO~ + H,NCHCO™ —> H3NCH2C—NHC|HC0’ + H3NC|HC—NHCIHCO‘

CH; CH; CH; CH;
glycine alanine Gly-Ala Ala-Ala

| ll |
+ H,0 + H;NCH,C—NHCH,CO™ + H3IJ(I(|3HC—NHCH2CO‘

CH;
Gly-Gly Ala-Gly

If the amino group of the amino acid that is to be on the N-terminal end is protected, it will not be available to form a peptide
bond. If the carboxyl group of the same amino acid is activated before the second amino acid is added, the amino group of the

added amino acid will react with the activated carboxyl group of glycine in preference to reacting with a nonactivated carboxyl

group of another alanine molecule.

StrategyforMakinga SpecificPeptideBond

glycine alanine

protect O’ (H)
H,NCH,CO™ H2NC|3HCO_

activate \ A CH;

peptide bond is formed
between these groups




The reagent mostoftenused to protect the amino groupof anamino acid isdi-tertbutyl dicarbonate (t-BOC). Its popularityis due to

the ease with which the protecting group can be removed when the need for protection is over.

S S SO0 AU, SR G o

CHg?—O—C—O—C—O—$CH3 + H,NCH,CO™ — CH3(|3—0—C—NHCH3CO‘ + CO; + HO—CCH;
CH; CH, CH;, CH;
di-tert-butvl dicarbonate alvcine N-protected alvcine

ThepreferredmethodforactivatingthecarboxylgroupofanN-protectedaminoacidistoconvertitintoanimidatebyusing

dicyclohexylcarbodiimide(DCC). DCC activates a carboxyl group by putting a good leaving groupon the carbonyl carbon.

CH; O (") Iﬁl proton (|:H 3 (") /\ ”
transfer
CH;C—O—C—NHCH,COH + S

CH3(|3 0—C— NHCHoCO”

CH; N CH, C:NH
N-protected amino acid

dicyclohexylcarbodiimide l
DCC

CH; O ON

I I
CH;,C—0—C— NHCH2C0 c

I
CHj
protected
activated

an imidate




After the amino acid has its N-terminal group protected and C-terminal group activated, the second amino acid is added to form
thenewpeptide bond.The C-O bond of the tetrahedral intermediate is easily broken, and dicylcohexylurea is formed as a stable

diamide.

CH; O O N CH; O O+H. N
CH3C—0CNHCP§2|C|—O—C"? r— CH3C—OéNHCH2éi£;g
b, W
0 CH3C|H
Hzﬁ(I?HgO‘ _O|C|
CH; tetcr)ahedral intermediate

amino acid

l

i SO G O &
CH3C|—()CNHCH2C—NH?HCO‘ % o=c|
CH; CH; NH

new peptide bond

dicyclohexylurea
a diamide

Aminoacidscanbeaddedto thegrowingC-terminalendbyrepeatingthesetwosteps.



CH; O O ? CH; O (")

1. DCC | | I
CH3(|:—OC—NHCH2C—NH(|:HCO_ 0 > CH3(I:—OC—NHCH2C—NH(I:HC—NH(EHCO_
CH, CH;  2mNeulo  CHy CH, R
N-protected dipeptide ||‘ N-protected tripeptide

When the desired number of amino acids has been added to the chain, the protecting group on the N-terminal amino acid is
removed. t-BOC is an ideal protecting group because it can be removed by washing with trifluoroacetic acid and methylene

chloride. The protecting group is removed by an elimination reaction, forming isobutylene and carbon dioxide. Beause, these

products are gases, they escape, driving the reaction to completion.

H+
CH; ((') O O O CH;
I [ I [ [ CF;COOH |
CH;?—Q);C—NHCHzc—NH$HC—NH(|JHCOH CH,Cl, CH3("3
CH, CH; R CH,
l|1 N-protected tripeptide +
CE,CO05—/ 0 0 0 quiH (» H* O : :
+
CO, + H3NCH2C—NH(|3HC—NH(IZHCOH — 0=C—NHCH2C—NHCIHC—NHC|HCOH
CH; R CH; R

tripeptide



Sheehanetal.have usedphthaloylgroup asameansofprotectinganendaminogroup.

co CO co
N\ 1 Heat AN PCls \
/o + NH,CHR!CO,H ——» /NCHR COH — NCHR'COCI
co co cé

NH,CHR*CO,H
¥
coO CcO
S i (i) N,H,-C,H,OH AN ,
"+ NH,CHR!CONHCHR*CO,H =" 2" NCHR'CONHCHR2CO,H
NH i} - (i) HCI o,
= co

Solidphasepeptidesynthesis:

In1969,BruceMerrifielddescribedamethodthatrevolutionized thesynthesisof peptidesbecause itprovidesamuchfasterway to
produce peptides inmuchhigher yields. Inthis method, an amino acid orpeptide is bound chemicallyto an insoluble synthetic resin
and then the chain is built up, one amino acid residue at a time, at the free end. When the desired peptide has been synthesized,
it is liberated from the solid support. The method has been automated, i.e., each addition of the appropriate amino acid is carried

out automatically at a predetermined time. Therefore, this method of protein synthesis is called automated solid phase peptide

synthesis.

Some outstanding advantages of this solid phase method are: (i) because of the use of insoluble solid support,
purification of products is not necessary, excess of reagents being removed by thorough washing with suitable solvents; (ii) high

yields; (iii) shorter amount of time.



The solid support is a copolymer of styrene and divinylbenzene and is chloromethylated. This results in the formation of benzyl
chloride groups through which the first amino acid becomes attached as benzyl ester. This first amino acid which is the C-
terminal end of the peptide, is protected at its N-terminal end by t-butyloxycarbonyl group (t-BOC) to prevent the amino group
from reacting with the resin. The C-terminal amino acid is attached to the resin by means of an SN2 reaction- its carboxyl group

attacks a benzyl carbon of the resin, displacing a chloride ion.

CH, O 0
| | |
CHi—0—C—NHCHCO™ + CICH, @

CH; R
N-protected amino acid

™9 0
CH3C|—0—C—NHC|HCO—CH2~®—Q
CH, R

After C-terminal amino acid is attached to the resin, t-BOC protecting group is removed by washing with trifluroacetic acid and

methylene chloride.

CH; O O CH; O
| | | CF3;COOH | |
CH;C—0—C—NHCHCO—CH, o, CHC + CO, + HNCHCO—CH,
2Cl
CH, R CH, R

The next amino acid with its amino group protected with t-BOC and its carboxyl group activated with DCC, is added to the
column. The cycle is then repeated with the N-protected third amino acid, and so on. When the desired peptide has been

synthesized, the peptide can be removed from the resin by treatment with HF under mild conditions.



I
HZN(leCO—CHZ

R
CH; O 0 CH,
| | DCC | | I
CH3(|:—O—C—NH:{(I:HCOH — CHg(I:—O—C—NHCHCO—DCC

N-protected amino acid 'N-protected and

C-activated amino acid

D A
CH3(|3—O—C—NH_,?HC—NH(leCO—CHZ
CH; ‘R R
lCFgCOOH
CH,Cl,
i P 1
CH3(“2 + CO, + H2N(l2_HC—NH(|3HCO—CH2
CH, R R
CH; O (0] CH; O
| | | DCC | | |
CH3C|—O—C—NH(|ZHCOH — CH3C—0— —NH(llHCO—DCC
CH;3 R CH;
N-protected amino acid N-protected and
C-activated amino acid

CH, cl>

o R |
CH3c|:—o—c—NH<|:Hc—NHiHc—NHCIHco—cmO—‘
CH, R

R




CH; O O O O

T | | |
CHC—0—C—NHCHC—NH Hc—NHcl:Hco—CH?_@—.

CH, R R
‘CF3COOH
CH,y(Cl,
o P9 0
CHC  + €O, + HZNCIHC—NHﬁ-[C—NH(IJHCO—CHz—@—‘
CH, R R

lHF
T 7 9
+
H3NCIHC—NHiHC—NH(IIHCOH ‘! HOCH2<®—'

R R



