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Protein and Amino acids

Amino Acids are the chemical units or "building
blocks" of the body that make up proteins.

Protein substances make up the muscles,
tendons, organs, glands, nails, and hair.

Growth, repair and maintenance of all cells are
dependent upon them.

Next to water, protein makes up the greatest
portion of our body weight.
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group group
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R group (20 kinds, each
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Fig. 3-1b, p.59
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model tetrahedral structures
Fig. 3-1a, p.59
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D-00| =&k L-0F0| S &F

(a)

HO -——(ij—-l H H --—(ij--- OH
éHQOH éH2OH
L-Glyceraldehyde D-Glyceraldehyde
COOH COQH
HggliT--—(i--lH H-—»(i:-—IiIH%
CH, CH,

IL-Alanine

Fig. 3-2a, p.59
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amino carboxyl

group group
Major Types of AA ’ r c">
— Nonpolar S @ 5
— Polar HH7N e
— Acidic
— Basic R

R group (20 kinds, each
with distinct properties)

a
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OOl 42 ==

7}. Non polar amino acids---Leu, Pro, Ala,
Val, lle, Met, Trp, Phe, Gly

L}, Polar, uncharged A.A.---Ser. Thr.
Asn, GIn, Cys, Tyr,

o} Acidic A.A.---Asp, Glu

2}. Basic A.A.---Lys, Arg, His

o} Aromatic A.A.---Phe, Tyr, Trp
(cyclic compound)

v}, 13} o}n| = A}F--- Cys, Met




polar amino acids

COO™

l
\ HgN*—(l‘. —H

| H
Glycine (Gly, G)

(I:oo-
HgN*—C —H
J |

CH,

) //(: <

O NH,
Asparagine (Asn, N)
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COO~

I
H,N*—C —H
I
CH,

OH

Serine (Ser, S)

COO~
|
H,N*—C —H
|
I
(:!‘12
l
C
7 N\
(o) NH,

Glutamine (GlIn, Q)

Fig. 3-3a2, p.60



polar amino acids

(iOO'

HyN*—C —H
I
H —(lz —OH

CH,

Threonine (Thr, T)

cloo-
H,N*—C —H

I

CH,

OH

Tyrosine (Tyr, Y)
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o

Y

)

COO~

HyN*—C —H

CH,
|

SH

Cysteine (Cys, C)

COO~

|
HyN*—C —H

Histidine (His, H)

Fig. 3-3b2, p.60



Non polar amino acids

COO~ COO~
G I |
H,N*—C —H HoN+—C—H
I
) CHy HyC CH,
) | e
/CH 2
N
J J H,C CH,
Leucine (Leu, L) Proline (Pro, P)
(|:()()‘ (I:()(r
HsN*—C —H HsN+—C —H
| |
) CH, J /(Il{
Alanine (Ala, A) Valine (Val, V)
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aromatic amino acids (&

?oo-

HyN*—C —H
|
CH,
|

CH,

S

CHg
Methionine (Met, M)

?oo-

HyN*—C —H
|
CH,

Phenylalanine (Phe, F)

COO~

HyN*—C —H

CH,

Al

Tryptophan (Trp, W)

CO0"
|

HyN*—C —H
|

Hﬂ—?—u

CHq

-

CI‘IS

Isoleucine (Ile, I)

Fig. 3-3b1, p.60
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Basic A.A (8|4 Ot0| =4t

Lysine (Lys, K)
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p

!
0

COO"

HN*—C —H
z o

CH,

|
CH,

|

CH,

NH;*

?OO'

HN'—C —H

|
CH,

|
CH,

NH,

Arginine (Arg, R)

Fig. 3-3b3, p.60



Ot0l=&F 0| Jl=

Table 3.1

Names and Abbreviations of the Common Amino Acids

Amino Acid Three-Letter Abbreviation One-Letter Abbreviation
Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartic acid Asp D
Cysteine Cys C
Glutamic acid Glu E
Glutamine Gln Q
Glycine Gly G
Histidine His H
[soleucine Ile I
Leucine Leu L
Lysine Lys K
Methionine Met M
Phenylalanine Phe F
Proline Pro P
Serine Ser S
Threonine Thr A &
Tryptophan Trp w
Tyrosine Tyr b
Valine "al V

© 2006 Brooks/Cole - Thomson

Table 3-1, p.62
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ydroxyproline) =ctd 24 Ot0| =&k
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Thyroxine &8s ==
Serotonin ¢l M E =&
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Hydroxyproline

HO O
\\ \ \
CHy— CHZ —QO CH— CH, C—O
C/ N / " C/ X /
H/ \H H/ \H

Proline Hydroxyproline
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Fig. 3-4a, p.65



Lysine
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CH,

+
NH,

Hydroxylysine

Hydroxylysinel} thyroxine

O

+
H,N—C —H

OH

Tyrosine

+
H,N—C—H

I
O
I
OH
Thyroxine

Fig. 3-4b, p.65



Serotonin

H;N CH,
bR
l‘ < oo Tryptophan
COO N
H

tophan
COO™ N\ N\F

H;N CH. Serotonin
N 2
CH, wOH
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CH | SN—OH 5-Hydroxytryp-

p.64a



Aoy = (otedgéel

COO
H.N—CH
GH, Phenylalanine
COO
H,N—CH
CH, Tyrosine
OH
CcCOO
H &' —CH Dihydroxyphenylalanine
= (Ldopa)
CH,
OH
OH
Co, Dopamine
HAN—(’.H2 H,(‘.—;QHZ Epinephrine

(adrenalin)

(I’.H,_, CH,
Q (I‘.H2
e
OH
OH
© 2006 Brooks/Cole - Thomson

p.64b



S XIALS OF0| = &t (78%)




MNAI =2
o =22

« Acid-base (&H-& D))
INE=IE,

= AL

= —
O O

.



OtO0l = &2 284 (weak acid) O] L.

« IWMUA =2020/LE HAHE Eot=
St

+ COOH > COO" + H+

(&h (890
« NH3* > NH, +H+
(&H) (& 1)

Jon

2 8J18 gtz &Mt
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BAH LHOIA OOl =42 & = EX

« =Moot SR pHO| ek el JF H =t st

« pHOIAM OtOl= 42| & X2 EH = Henderson-
HasselbachZ2 & A/ 2 =2 Z & St

e A AT HlEs2 ZHSH.

(01 pH 70l A alaninel] =S EI =7



OOl =&t & e E 2| RN =
« 25 Ot0| = &H2| pKagt S & 0t0F StLt.

« Henderson-Hasselbach & & A 0l pH 2}
pKaast= 2 J &t @2 &=MHElE=
2 & otH =L

o —
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—

9| pKa gt
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pK, Values of Common Amino Acids
Acid «-COOH «-NHF RH or RH*
Gly 2.34 9.60
Ala 2.34 9.69

7al 2.32 9.62
Leu 2.36 9.68
Ile 2.36 9.68
Ser 2.21 9.15
Thr 2.63 10.43
Met 2.28 9.21
Phe 1.83 9.13
Trp 2.38 9.39
Asn 2.02 8.80
GIn 2.17 9.13
Pro 1.99 10.6
Asp 2.09 9.82 3.86%
Glu 2.19 9.67 4.25%
His 1.82 9.17 6.0%
Cys 1.71 10.78 8.33%
Iy1 2.20 9.11 10.07
Lys 2.18 8.95 10.53
Arg 217 9.04 12.48

Table 3-2, p.67



pH 721 22| S0l Al Alanine2| &M & EX
j:| X‘| Ol—jl

. COOHZ2| pKa 2.34

* pH=pKa+log [ SJ|J/[SS &0l ThE
7 =2.34 + log [COO-]/[[COOH]
4.64 = log [COO-]/[COOH]
[COO-]/[COOH] = 10 464 = 43,600
pH 72 =R 0 A= COO- 0| 2A




pH 79! 22| 80l A Alaninell
=TS EH ZA G|

+ NH,2l pKa 9.69

* pH=pKa+log [ SJ|J/[SS &0 THE
7 =9.69 + log [NH,]J/[NH"]
-2.69 = log [NH,J/[NH,"]
[NH,J/[NH5*] = 10 -2%% =1/ 490
pH 721 U0 M= NH;* 0l Al




OOl =&t (Alanine)2| S EH 2 &6l

()

+1 net charge 0 net charge -1 net charge

Cationic form Neutral Anionic form

Isoelectric zwitterion

COOH H' COO- H' COO~

| | |
HN—C—H = / H,N—C—H = / > H,N—C—H

| pK, = 2.34 | pK, =9.69 |

R R R
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Fig. 3-5a, p.66



= X A
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Ol 2 (pI: Isoelectric point)

* Net charge (Z W& ohH)JFH0 O] & = pH

s™ pHUI A OO0l = &2 MIIE U A
=50 IKI &= = Lt

Lol_



The titration curve of alanine

/
H,NCHRCOO™

- Alanine2| S& &

H,NCHRCOO™
a H,NCHRCOOT
pl = pKal + pKa2
8 —
pH 2
6 -
4_ —
pl =2.34 +9.69
2 - H,;NCHRCOOH
H,;NCHRCOO™ 2
0 T I
0 1.0 2.0
Moles of OH™ per mole of amino acid — 6.02
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Fig. 3-6, p.66



« pH=pKa +log [SZ2 &S J[]/[SS 4
2.34 =2.34 +log [COO-]/[COOH]
og [COO-|/[COOH] =0

COO ]%7[:”(0:“56Hj é@ﬁi@t@@ﬂ-@l HIE2 1:10ICk

=

SO0 EM 5t A 24710 HISS 1:10IC.
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Peptides &t?
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OOl = &HO| Peptide bond 2
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2 2
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Peptide Bond

Amino acid (2)

Dipeptide



Removal of a
water molecule...

— ...formation of
the CO—NH

Amino end Carboxyl end
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Peptide
bond

\ / = XA
:0 © O3 G
TN (/N N kN
C—N «—> C=N
\(‘/ \II N\ 7/ \”
4 (: O
N Z N

e

Amide
plzme

Peptide group
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Fig. 3-10, p.72



Peptide bonds

o Ry H H O Ry H H O Rg
el | Ly | |
Ja A (Y AR A S
R, H H O Rg H H O Ry H H
£ Y / ﬂ % v 4
N-terminal residue Direction of peptide chain C-terminal residue
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Fig. 3-9, p.69



Polypeptide Bond

Primary peoieln stucture
T EQUence Of & Chan oFf MO BOTN



S EIOIE2 S=
Dipeptide
Tripeptide
Oligopeptide
C|} HH X

Polypeptide -

L T =



dMelgtd(Jls)E Kl Peptides

* Aspartame

« Glutathione (GSH)
* Oxytocin

* Vasopressin



Z0lz OtAIIE

=
|
COO™ =
(le2 O CH, O
Hgﬁ—(le (! N —CH (ljl O—CHgy
b

L-Aspartyl-L-phenylalanine (methyl ester)
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MEZ=zcl H3ES&0 0l
HEAELESS SI U= A

p.73a



HEZH =25 (PKU)

HFHEE Al 2let 28
Phenylalanine hydroxylase2 Z 0 0l 2/ &t CHAFE ZHOH
Phenylpyruvate 2| =& 2 £ mental retardation = 2

R & phenylalanine2| & 3 M st

Phenvlalanine 2H* + 2e ()”
: hvdroxvlase E
Tyrosine o is Phenylalanine —— CH. ( COO~ CH. ( HCOO~
deficiency
in PKU Ph nylpyrt wllactate

a pher nll\ :tone )
j\v CO,
@—(:P{z(:oo-

Phenylacetate
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=FEXl2: &itstA

NH," @) @)

Y | I

|
"0O0C—CH—CH,—CH,—C—N—CH—C

H CH,

Sulfhydryl group SH

GSH (Reduced glutathione) (yGlu— Cys—Gly)
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—ITI—CHQ—COO'

H

SH

2 GSH
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Oxidation
—2H —2¢e

—
T}

+2H +2¢
Reduction

Reaction of 2 GSH to give GSSG

GSSG

Fig. 3-12a, p.74



Oxidation

—2H —2¢e

2 GSH = GSSG
+2H +2e
Reduction

Reaction of 2 GSH to give GSSG
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NHg" O O
Il |

TOOC— CH—CHs— CHys—C —N—CH—GCG—N—CEl;:—COO

H CH, H
|
S
|  Disulfide bond
S
I

NHg" Tl) cH, ©

AOC—CH—CH; —CHs—C —N—CH—C—N—CH;—GCOQO

H H
GSS G (Oxidized glutathione) (vyGlu—Cys Gly)
|
S
I
(vyGlu—Cys Gly)
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9 4.%

2 7 4 .
HgN—Cys—Tyr—Ile

Disulfide S
bond |
S

1

4
Gln

6 33
Cys—Asn

P s

Pro—Leu— Gly—C —NHy

Oxytocin

l) l%

+ y4 K
HgN—Cys—Tyr—Phe

Disulfide
bond

N—N—
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4
Gln

6 5
Cys—Asn

P s

Pro—Arg —Gly—C —NH,

Vasopressin

O

O
|

Fig. 3-13, p.75






