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Amino  Carboxyl " Ball'and-stick Amino acids are
group -group . - - model tetrahedral structures

Anatomy of an amino acid. Except for prdlin‘e and its derivatives, all of
the amino acids commonly found in proteins possess this type of strucmre.
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Molecular Melting Boiling Physical Properties of Some
- ., Structural ; Mass Point Point - g Organic Amines and

Compound . Formula (Da) (°C) o Carboxylic Acids.

o — CH,COOH 60.05 16.7 118

Propanoic acid CHCH,COOH 74.08 —21.5 141.1

Butanoic acid CH,CH,CH,COOH 88.1 ~7.9 163.5

1-Aminoethane CH3;CH,NH, 45.08 -80 16.6

1-Aminopropane CH,CH,CH,NH, 59.11 -83 48

1-Aminobutane CH4{CH,),NH, 73.14 ~50 78
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H* ions dissociated per molecule
’ (a)

COOH . (lzoq‘ )
—g* '_Hf 3
HN*~P—H === HN'—C—I ==
| +HY | +H*
H
K, . ) K,

Titration Curve for Glycine.,
(a) Glycine, a monocarboxylic
ém’c_i and monoeamino amipo acid,
has two dissociation constants, K,
and K. (b} The equation for gly-
cing digsociation. The dissociation
constants, K, and K, correspond
‘to the loss of the proton from the
carboxyl group and the amino
group, respectively. The titration
curve has two distingt stages. The
values of K; and K; are obtajned
from the midpoints’ of the first
and: second stages, respactively.
(s, Redrawn' from Meister, A.,
Biochemistry of Amino Acids
(2nded.}, vol. 1, p. 30, 1965, Aca-
demir Press,) :

pH= P + tog (Zfﬁ%)

PI=§ (ke pity)
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0, COOH k.76
alifarths auind  ~ 407

«COOH pK,
i&luanin,e 24 ' o997 .
 Arginine 2.9 9.0 12,5
Agpa:aginc 2.0 88 -
"Aspartic acid 2.1 © 98 3.9
“Cysteine 1.7 10.8 - 83
Glutamic acid 2.2 9.7 4.5
Glutamine - ‘224 91
Glycine 23 9.6
Histidine 1.8 9.2 60
Isoleucine’ 2.4 9.7 ‘
Epicine . | , 24 96" of L
Lysing - 23 9.0 105
Methionine 2.3 9.2 '
- Phenylalanine 18 . 191
Proline 2.1 " 10.6
Serine : 2.2 9.2 5 o ~13
Threonine. - 26 104 ~13
Tryptophan ' ™ W gLt F T B : _
" Tyfosine o2y ; 9,1 ' 10.1
“Valine 23 o S




pK values of ionizable groups in proteins

Group Acid = base + H* Typical pK*
Terminal carboxyi —COOH — —CO0~ + H* 3.1
Aspartic and —CO0OH —= —CO0O™ + H* 4.4
glutamic acid
Histidine —CH, = —CH, + H* 6.5

*HN\/NH N\\\/NH
Terminal amino —NH;* == —NH, + H* 8.0
Cysteine —SH =— —5~ + H* 8.5
Tyrosine OOH —_ Oo- gt 10.0
Lysine —NH;" == —NH, + H"* 10.0
N H /NHZ H //NH
Arginine —N—C\ —= —N—C\ +H* 12.0
NH, NH,

*pK values depend on temperature, ionic strength, and the microenvironment of the
ionizable group.



Amino Acids with Nonpolar
Side Chains. COO™
mﬁ—?—H

H
{a) Glycine (Gly or G)

COO~

:
HN—C—H

A
CH, CH,
{d} Leucine {Leu or L)

CI:OO-
HN— (i: —H
CH
3
B
4
N
|
H
{(g) Tryptophan (Trp or W)
R = walcbua 3,

coo” mN—f—H
P
HN—C— CH
7 ? = N
CH CH, CH,
3
{b) Alanine (Ala or A} (c) Valine (Val or V)
CO0™ COO™
HN—C—H HN—C—H
| !
H—?~cm CH,
CH,
|
CH,

(e) Isaleucine (Ile or I} {) Phenylalanine {Phe or F)

Coo”
.
H,N—~C—H
|
CO0™ H CH,
N |
CII,
+/2\ , E
H,N1 3CII, .
4 I
cm—%m CH,

(h) Proline (Pro or P)
R=piroistinsta s,

{i) Methionine (Met or M)
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coo™ H,N— (|: —H
Hﬂﬁ—(lj—H H—C—O0H
|
CH,OH CH,
{a) Serine (Ser or 5} {b) Threonine (Thr or T}
CIJOO'
HN—C—H
I
CoO~ CH,
HN—C—H (!3
I # N
CH,SH 0" 'NH,

{d) Cysteine (Cys or C) (e} Asparagine (Asn or N)

CllOO‘ Coo”
I
wi—c—n L2
I
CH,SH
cysteine

H_;I{I—(lj—H HN—C—H

Coo~

+ I Amino Aeids with Polar bhut
H,N— (I: —H Uncharged Side Chains.
CH,

OH
{c) Tyrosine (Tyr or Y)

(F:oo*
H,N —(’: sl
CH,
I
CH,
I
5
P2
0" “NH,

{f) Glutamine (Gln or Q}

COO~
! Oxidation of Cysteine to
Form Cystine.

CH,—§—§—CH,

cystine



Amino Acids with Acidic Side
Chains.

Amino Acids with Basic Side
Chains.

Ccoo”

l
coo mﬁ~?-ﬂ
mﬁ—$wﬂ ?m
(iTH2 (fHﬂ
COOH COOH
(a) Aspartic acid {h} Glutamic acid
(Aspor 1)) (Glu or E)
CoO™
COO0~ +
- Repeer=a
HN—C—H |
[ CH, (|:OO—
CH, | .
P L HN—C—H
CH, | 5
[ CH, CH,
?m &H é
i e
CH, C|I Guanidine HC:,/S 4NH | {miduzole
| group U
NH 50 Ny, 3 2 roup
g NH, NH, HN=CH
{a) Lysine (b} Arginine (¢) Histidine

(Lys or K) (Argor R)

{His or H)



Gl



Reaeeu 957 Ao e ok qoh'ciua abhvue.
aslunebudid abl klrolus couter  Clyreluost)
Luouaowmera., diastereomera
speaificue rofaaia Lo 757 +, -
+ oleLstrorctatorua (o) St D thutjn (58330
— Leyorotwtorua (e)
Relatima koufiquracifa
1891 €. Recker ! doloddty retot, kouf: +)Gee (#bbebova /?05‘

Geometri¢ formulas

(?HO E (?HO
HO—C—H | H—é—-on

énzon énon

Fischer |;rojection

CHO., CHO
HO—C—H H—-(:}—OH

CH,O0H ! CH,0H

(~ ) Mirror' plane (+)

1.-Glyceraldehyd p-Glyceraldebyde

The Fischer convention configurations for
naming the i of gl dehyde as rep d by
geometric formulas (fop) and their corresponding Fischer
projection formulas (bottom). Note that in Fischer projection,
all horizontal bonds point above the page and all vertical bonds
point below the page. The mirror planes relating the
enantiomers are represented by a vertical dashed line. (Fischer
projection formulas, as traditionally presented, omit the central
C symbolizing the chiral carbon atom. The Fischer projection
formulas in this text, however, will generally have a central C.)

1906 | Rossaueff, M Fsclerjeve kouvewea )
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CHO
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HO—C—H @ OH

CH,0H o S=glwistrus
- CH,0Hy, R < rectus

L-Glyceraldehyde (S)-Glyceraldehyde

The structural formula of L-glyceraldehyde
and its equivalent (RS)-system representation indicating that it
is ($)-glyceraldehyde. In the latter drawing, the chiral C atom
is represented by the large circle, and the H atom, which is
located behind the plane of the paper, is represented by the
smaller concentric dashed circle,
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Coo~ G ‘\
A
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HN—C—H = @ NH3 W
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L-Alanine  (S)-Alanine

The structural formula of L-alanine and its
equivalent (RS)-system representation indicating that it is (§)-
alanine. ’
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-Some uncommon a.tz;ino acid residues.that-ate 3 YA tidé chain biosynthesis, Those amino acid residucs that

components-of certain pr Alkufth?c idues are - -+ dre deg jzedl at their N, position occur at the N-termini of
medified: from ons.of the 20 “standard? amino acidsafler proteins. . - ; : :
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4+ H + + + - "
H;N—CH, Hyl —CH, HyN —CH, { : HyN—CH—COO
y-Aminobutyric acid (GABA) Histamine Dopamine . Thyroxine
acpivelioss Sualtey  weddoder  Avanclhaus, : Aoruaoy
i) - adang  reake, NH,
I . c\:x—[2 —C=N (|]HZ—CH2—SH A
HN—C—NH, NH. i N,
[ | HN—CH—C00~ . H,N—CH—Co0~ Nk Ty
S
(l:Hz (l:H“ B-Cyanoalanine Homocysteine CHy N ol
(|3H2 ,(lme witruded *ls = o
SR : |
. CH, . CH, ; ] CH, 2 H H 2
HN~=CH—C00~ H;N—CH—C00~ ¢ (IJH,——O'—C—CH =N+=N" Ci, OH OH
y e b 3 -
HyN —CH —C00~ HN—CH — o0~
; Citrulline Oraithine ~Azaserine 8-Adenosylmethionine

beniund v aaiats Unao o o 5
Some biologically produced derivatives of “standard” amino acids and amino acids that are not components of proieins.




