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Proteins: & w9y

= Transport : hemoglobin in blood

m Storage: ferritin in liver

= Immune response: antibodies

= Receptors: sense stimuli, e.g. in neurons
= Channels: control cell contents

= Structure: collagen in skin

= Enzymes: catalyze biochemical reactions

= Cell functions: multi-protein machines :
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= Amino Acids as Dipolar Ions
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Amino Acids with Aliphatic R-Groups

. H—T‘.H—COO‘
Glycine | Gly-G | peytral non-polar NHE 24 | 9'8\
3
CHs>-CH—COO" ™
Alanine | Ala-A | neutral non-polar + 24 99| pKa’s
NH3
H3C\
. CH—CH—COO
Valine | Val-V neutral non-polar / | 22 9.7
FaC NH3
3
HsC
Leucine = Leu-L Neutral H—CHz—CH—COO0 23 97
non-polgsC NH;
H3C
neutral \CH2
Isoleucine | Ile-1I non-polar H—CH—COO 23 9.8
aC I!.IH+
3
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Amino Acids with Aliphatic R-Groups cont.

Amino Acids with Sulfur-Containing R-Groups

CHy—CH;—CH—COO

+
Methionine Met-M é NH3 21 93
Hs
neutral non-polar
Proline Pro-P neutral non_p0|ar ?COO_ 2.0 10.6
7
Amino Acids with Polar (uncharged) R-Groups
Amino Acids with Hydroxyl R-Groups
HO—CHs—CH—COO
Serine | Ser-S | neutral 22 92 | ~13
+
polar NH;
HsC.
, wal \cH—CH—COo0™
Threonine | Thr-T “el: ra H | 21 91 | ~13
olar +
P NH3
Amino Acids with Sulfur-Containing R-Groups
HS—CH,—CH—COO
. Neutral
Cysteine Cys-C * 1.9 | 108 8.3
polar NH3
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Amino Acids with Polar (uncharged) R-Groups

Neutral polar

Asparagine  Asn - N HzN— _CHZ_?H_COO 2.1 8.8
NH;
Neutral polar
H2 N—C—CHz—CHg—(]?H—COO_
Glutamine  GIn-Q + 2.2 9.1
NH;
9
Acidic Amino Acids
Acidic polar
Aspartic ) O0C—CHz—CH—CO00 20 99 39
Acid +*
NH3
. “O0C—CH—C H—COO™
Glutamic o, ¢ & HE_T 21 95 41
Acid NH;
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Basic Amino Acids Basic polar
Hz—CHz—CHz—?H—COO
Arginine | Arg-R NHs 1.8 9.0 125
H2N
HaN_CHE_(CHz)g—$H—COO
Lysine | Lys-K NH3 22 92 108
E=T—er?H—COO
Histidine His - H N_N: 1.8 92 60
NH3

Aromatic Amino Acids and Proline

Phenylalanine

Phe - F

Q—CH:—CH—COO
NH3

Neutal non-polar

2.2

9.2

Tyrosine

Tyr-Y

HO—Q—CHZ—?H—COO'

NH3

Neutral -polar

2.2

9.1

10.1

Tryptophan

Trp-W

OU—CHz—tl:H—coo‘
NH3

N
H

Neutral- slightly polar

24

9.4
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Amino acid abbreviations

r
TABLE 3.2 Abbreviations for amino acids

Three-letter One-letter Three-letter One-letter

Amino acid abbreviation abbreviation | Amino acid abbreviation abbreviation
Alanine Ala A Methionine Met M
Arginine Arg R Phenylalanine Phe F
Asparagine Asn N Proline Pro P
Aspartic Acid Asp D Serine Ser S
Cysteine Cys C Threonine Thr T
Glutamine Gln Q Tryptophan Trp W
Glutamic Acid Glu E Tyrosine Tyr Y
Glycine Gly G Valine Val \Y
Histidine His H Asparagine or Asx B
Isoleucine Ile I aspartic acid
Leucine Leu L Glutamine or Glx Z
Lysine Lys K glutamic acid

13

Simplest amino acids
51950 pé
Glycine Alanine
(Gly, G) (Ala, A)
T (|:H3
+H3N—(‘J—COO‘ +H3N—(|Z—COO‘
H H
Glycine Alanine
(Gly, G) (Ala, A)
14
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Valine
(val, V)

CHs
H—C—CHs

*HsN—C—COO0-

Leucine S39y0
(euine %]

CHs

H—C—CHs

CH,

*HsN—C—C0O0~

H H 15
Isoleucine Methionine 3
(lle, 1) (Met, M) 92
I 1) Met
S og & sl 5o
318 Ao
T
I I
\ (|:H2 (|:H2
H—CX—CHs c|H2
*HzN—C—CO00"~ +H3N*C|*COO‘
H H 16
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Proline: cyclic structure
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Arginine
_(Arg, R)

SN Vg g\ﬁ»:")

> PH 55 Culo 56 SIS 5T Ym

8 Gl o iy ™
ROV P lPT- NH
. Cpowlys dil> N2
HIN\‘c’yNH)/y :c +
; NN
NH H2N’/ “NH,
CH,
C‘Hz Guanidinium
CH,
+HsN—C—C0O"
H 27
His_tidine SN vrs) g\ﬁ»:")
(F. 1)
L A
e b ) i slsa sl pH el
g J93l ol dil- N
w e _— Hoc? ScH
Vvt \ ]
\CH2 H/N—C\H
+HsN—C—C0O0~ .
Imidazole
H
28

4/16/2018

14



O A gl 3999
Joilows! dil> 31 2185 0999 9

| H®
H;N*(I?*H ]
CH, pK, = 60
y!
1"':4477\\*H
\' 1 H(%

Imidazolium ion
(protonated form)
of histidine side chain

Imidazole
(deprotonated form)
of histidine side chain

Near physiological pH

29

I (9 e 33 (B 1 5T Dlikde

NH,
I NH-
= |
l|\IH CH;
CH2 CH2
CH, CH,

CH

? +HzN—C—C
*HsN—C—C00~
H
H
Sitroline s s Ornitine  (y.i 59
30

4/16/2018

15



Sl Jole b (55U 0 i )

SI9yo p

Aspartate Glutamate
(Asp, D) (Glu, E)

30 (P S el Kol gl
95 30 (el 095 Sl
S

*HzN—C—COO0~ *HzN—C—COO~

H H
31

Carboxamide (sl g 5 (SIS & i3

Asparagine Glutamine
(Asn, N) (GIn, Q)

52950 pé
O c|H2
clH2 cle
+H3N—<|:—c00- +H3N—c|—coo-
H H
32

4/16/2018

16



ol Sl L (5 o9 !
I LWT = 9 1 (81510 disol Al 12 dioT sl Yo 310
(J128 3 50 W86 (s ) il (0 JI 217

SIS 1 90599 Sl 35 50 95 S1510 o9l 9 Cowighyf
iwd Slad g plt

"J199" S g pl OUygo 4 Al S vl (S QTﬁjLaS'

Ngw (0 Ao “ 14 E95 danl (Sl HT“Bos B pigy ©
op@agwb)o “8" é,ﬁ}!&aﬁggﬁjlsorolmo

33

Sl 4w polas

L isomer D isomer

34

4/16/2018

17



Properties and Conventions Associated with the Standard Amino Acids

pK, values
Abbreviated pK, pK; pKa
Amino acid names (—COOH) (—NH3) (R group) pl
Nonpolar, aliphatic
R groups
Glycine Gly G 2.34 9.60 5.97
Alanine Ala A 2.34 9.69 6.01
Valine Val ¥ 2.32 9.62 5.97
Leucine Lleu L 2.36 9.60 5.98
Isoleucine e | 2.36 9.68 6.02
Methionine Met M 2.28 9.21 5.74
Aromatic R groups
Phenylalanine Phe F 1.83 9.13 5.48
Tyrosine Tvr Y 2.20 9.11 10.07 5.66
Tryptophan Tp W 2.38 9.39 5.89
Polar, uncharged
R groups
Serine Ser S 2.21 9.15 5.68
Proline Po P 1.99 10.96 6.48
Threonine Thr T 2.11 9.62 5.87
Cysteine Cys C 1.96 10.28 8.18 5.07
Asparagine Asn N 2.02 8.80 541
Glutamine Gin Q 2.17 9.13 5.65
Positively charged
R groups
Lysine lys K 2.18 8.95 10.53 9.74
Histidine His H 1.82 9.17 6.00 7.59
Arginine Ag R 2.17 9.04 12.48 10.76
Negatively charged
R groups
Asparlale Asp D 1.88 9.60 3.65 2.77
Glutamate Glu E 2.19 9.67 4.25 3.22

Dol B vl Oluo g

axo 3k 9 el S0 Olgas 4 S g5 Jole m

sR- COOH R-COO" + H*

Cuxd gl § 3k &0 Olgis 4 el Jole m
sR-NH,* R-NH, + H*

36
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pHI PH <l sl
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Bovine insulin: AA sequence

A chain ? ?
Gly-lle-Val-Glu-Gln-Cys-Cys-Ala-Ser-Val-Cys-Ser-Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Asn
5 10 15 [ 21

S s
/

B chain 2 ‘S

Phe-VaI-Asn-GIn-His—Leu-éys-GIy-Ser-His— Leu-Val-Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe-Phe-Tyr-Thr-Pro-Lys-Ala
5 10 15 20 25 30

53
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Structure of mixed beta sheet
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