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Alanine, an amino acid

Their value as building blocks to make proteins stems from the fact that
amino acids can join together into long chains by forming amide bonds
between the —NHj of one amino acid and the —COyH of another. For classifica-
tion purposes, chains with fewer than 50 amino acids are often called peptides,
while the term protein is generally used for larger chains.

Amide bonds
Q H O [R H R H
H,N (l‘l Ill (l“l \C/ | |c|: \C
Many 2 SEF N Z \C\/ X~ \C\/ s
{ VA | I 4 | I
H R HR H O HR H 0




261 SEBRBLEN
- [ER , —KEalpha BRER , (F) BREATRERM alpha L. BHEKBRP —RUSBHFENFE,

We saw in Sections 20.3 and 24.5 that a carboxyl group is deprotonated and
exists as the carboxylate anion at a physiological pH of 7.3, while an amino
group is protonated and exists as the ammonium cation. Thus, amino acids
exist in aqueous solution primarily in the form of a dipolar ion, or zwitterion
(from the German zwitter, meaning “hybrid”).

(uncharged) (zwitterion)

Alanine
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] ]
R C R C
In acid solution \C\/ 0T+ H0t ——= \C\/ SOH  + H-,O
+ 4\ + 4N
HaN H HaN H
0 ]
R C R C
In base solution \/C\/ 0T+ OH =— \/C‘/ ~0T +  H0
+ \

HsN H H,N H
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Table 26.1 The 20 Common Amino Acids in Proteins

pPK, pK, pK, side
Name Abbreviations Mw Stucture a-CO,H a-NH3* chain p/
Neutral Amino Acids
I
Alanine Ala A 89 H5C CH 2.34 9.69 — 6.01
o
XA
AER b
i
Asparagine Asn N 113572 HZN\C Loy 202 8.80 — 5.41
+ 4N
REFRR gHgN H
i
Cysteine Cys @ 121 C 1.96 10.28 8.18 S0
HS/Y o-
FHRRER HaN' H
i i
Glutamine Gln Q 146 _C Cw 281V 91l — SI69
H,N \/Y o-
= + \\
BREE HsN H
i
Glycine Gly & 75 H C 2.34 9.60 - 5.97
o-

jung
il
ID
T
® +
“
e
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[soleucine

oS

===
FFORL

Leucine

SRR

Methionine

pa=i—g
=Sk

5

Ile

Leu

Met

Phenylalanine Phe

Proline

/!

fREUER

Pro

131

131

149

165

115

H CH3f|J|
H4C < \ C\o—
+ 4\
HsN H
I
H3CWC\O_
+ 4N
HsC H3N H
0
s :
HaC” W oo
aF N
HsN  H
0
|
\ C\O_
+ 4\
HsN  H
I
C\O_

2.36

2.36

228

1.83

1.99

9.60

9.60

921

S

10.60

6.02

598

S5.74

5.48

6.30
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pK, pK, pKj, side
Name Abbreviations Mw Stucture a-CO,H a-NH3™* chain p!
Neutral Amino Acids (continued)
i
Serine Ser S 105 €. 220 9.15 — 5.68
HO < o~
AN HaN H
HO /H T
Threonine Thr T 119 ¢ Cw 2.09 9.10 — 5.60
H5C : o
—_— + \\
DRER HsN H
Tryptophan Trp W 204 2188 989 — 5.89
=E
I
Tyrosine Tyr Y 181 € . 2.20 9.11 10.07 5.66
- + 4N
R HsN H
HO
CH3 (ﬁ
Valine Val \% 117 Co 2.32 9.62 — 5.96
HsC : 0~

EER H;N H
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Acidic Amino Acids

0
I
Aspartic acid Asp D 133 N G 1.88 9.60 3.65 2.77
C ¢ o
A |+ %
REZRR OHsN H
(I? I
Glutamic acid Glu E 147 e C 2.19 9.67 4.25 3.22
-0 \/Y o0~
BB HaN| H
Basic Amino Acids
it I
Arginine Arg R 174 _C C 2.17 9.04 12.48 10.76
H2N ITI/\/Y O_
A =L + \\
*%%@'i H HsN H
I
Histidine His H 155 1.82 9.17 6.00 7.59
NI \ “~o-
AR YV i H
\
H
) + |
Lysine Lys K 146 H3N T 2.18 8.95 10.53 9.74
; o~

— ar AN
R HsN H
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(Section 25.3), the naturally occurring a-amino acids are often referred to as
L amino acids.

COy CO5™ COy CHO
+ + +
H3N+H H3N+H H3N+H HO+H
CHs CH,OH CH,SH CH,OH
L-Alanine L-Serine L-Cysteine L-Glyceraldehyde

(S)-Alanine (S)-Serine (R)-Cysteine
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Problem 26.1
How many of the a-amino acids shown in Table 26.1 contain aromatic rings? How many
contain sulfur? How many contain alcohols? How many contain hydrocarbon side chains?

Problem 26.2
Eighteen of the nineteen L amino acids have the S configuration at the « carbon. Cysteine

is the only L amino acid that has an R configuration. Explain.

Problem 26.3

The amino acid threonine, (25,3R)-2-amino-3-hydroxybutanoic acid, has two chirality
centers.

(a) Draw a Fischer projection of threonine.

(b) Draw a Fischer projection of a threonine diastereomer, and label its chirality centers as

R or S.
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a
FEBNEFER L, o
I
12 ——— | HaneHeo"
pK.o = 9.69
32\ / CH3
10 ~ ﬁ ﬁ
(  +
/ H3N(|3HCO_ + H2N(|3HCO_
8 Isoelectric CHs CH3
point = 6.01 (|3|
+
pH 6 \\\L H3NC|:HCO_
/ CH1
0] 0]
4 :
pKy1 =2.34 + + Il
" | HaNGHCOH + HaNCHCO
5 | CH3 CH3
0]
+
0 H3N(|3HCOH
|
0.0 0.5 1.0 1.5 2.0 CHs

Equivalents of HO™

Figure 26.1 A titration curve for alanine, plotted using the Henderson-Hasselbalch equation. Each of the
two legs is plotted separately. At pH <1, alanine is entirely protonated; at pH = 2.34, alanine is a 50: 50 mix
of protonated and neutral forms; at pH = 6.01, alanine is entirely neutral; at pH = 9.69, alanine is a 50:50 mix
of neutral and deprotonated forms; at pH > 11.5, alanine is entirely deprotonated.
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CHj O CHj O CHj O
| ] 1. Bry, PBra | I NHa | 1
CH3CHCH,CH,COH CH3CHCH,CHCOH ———— CH3CHCH,CHCO
2. H,0 | (excess) |
4-Methylpentanoic acid Br *NH3
2-Bromo-4-methyl- (R,S)-Leucine (45%)

pentanoic acid

Problem 26.5

Show how you could prepare the following a-amino acids from the appropriate carboxylic
acids:

(a) Phenylalanine (b) Valine
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The Amidomalonate Synthesis

CO5Et O CO5Et
HeC—CO.Et  Ne* OE! FOCCH —C—COoet 897~ CCHACHEO
| - 2. BrCH,CO5Et - | - Heat - - | -
N CH N CH NH
H/ \C/ 3 H/ \C/ 3 . 3
y) y) (R,S)-Aspartic acid (55%)
Diethyl

acetamidomalonate

Problem 26.6

What alkyl halides would you use to prepare the following a-amino acids by the
amidomalonate method?

(a) Leucine (b) Histidine (c) Tryptophan (d) Methionine




203 SERNER
* alpha FIER B & [R AR

Reductive Amination of a-Keto Acids

Yet another method for the synthesis of a-amino acids is by reductive amina-
tion of an a-keto acid with ammonia and a reducing agent. Alanine, for instance,
is prepared by treatment of pyruvic acid with ammonia in the presence of
NaBH4. As described in Section 24.6, the reaction proceeds through formation
of an intermediate imine that is then reduced.

0  ONH ] H NH;
| NH3 | \ /
/C\ NaBH /C\ /C\ —
H3C CO-H 4 HaC CO-H H3C CO
Pyruvic acid Imine (R,S)-Alanine

intermediate
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EEBEHRON , SEEF—MEAAEHE , SR —HNNRFHE, B8 ZNEER I B 76 H
B}, MUEFH. ROV EF A AE% | BRI EFHERE,

ARG, KE2001 FHENRUFE,

H COoH
\ /
C:C\
CO,~
NHCOCH3 1. Hy, [Rh(DIPAMP)(COD)I* BF~ 4
2. NaOH, H,0 HsN  H
A (Z) enamido acid (S)-Phenylalanine
Ph An
\//
F)\+
P ) OCH
/N 3
An Ph

[Rh(R, R-DiPAMP)(COD)]* BF,;~
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HaC H
3N/

g N
HaN" "> c”

| |
O " =

Alanine (Ala) HsC H H 0
A7 | I
Hgl-{l/C\C/N\C/C\

-+ L —_—
o0

9] ” /\\
A [ O H CH»,OH
HSN\C/C\O_

\

VAN
H CH,OH Alanylserine (Ala-Ser)

Serine (Ser)
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HOCI\-Iz,H
+ C 0O~
o)

Serine (Ser)

ot - —>

@)
+ I
HSN\C/C\O_

AN
H CHs

Serylalanine (Ser-Ala)

Alanine (Ala)
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Restricted rotation

:0: R H
(||: \C/’
NN ] _
VAN | -
H R H (l) \ /
N
I\\\ |
VAN N
0! B
é . \C | Planar I
LN T N
VAN |
H R H
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[EM BB RAVERT IR, REREZERTHREREIUIN , EEEMERX | LMFREMEFLK S-S( =

) 8
va 0 va
|\|| SH + HS N7L |l| S
;i \\\ | _____ ” ;i \S N;i
HN H H N
@) N O HN H H
) . Disulfide bond '}Q]
Cysteine Cysteine
MBEER i
Gly
ye
A chain (21 units) Val
! S
Glu |
GIn-Cys-Cys-Thr-Ser-Ile-Cys-Ser-Leu-Tyr-GIn-Leu-Glu-Asn-Tyr-Cys-Asn
~ |
7 S
S ;
ITIis-Leu-Cys-GIy-Ser—His-Leu-VaI-GIu-AIa-Leu-Tyr—Leu-VaI-st/
(|3Iu (|3Iy
B chain (30 units) Asn (|3Iu
Val Arg
Phe Thr-Lys-Pro-Thr-Tyr-Phe-Phe-Gly

Insulin [EB=
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SMEEARBMRENSEH , RMNEBEELEZ =1 EE  ABEIER |, EN&8EZ O, UREEIRFER,
THXMNMRMNARERNSERRENCEY , BT F2MTATER,

0O _
oo D .
OH 3 2
+ ~o” _NaOH | ' + RCH + CO,

OH VAN H20
H R N
)
Ninhydrin a-Amino (purple color)

acid
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* 1972 FFENRUZFRIZF William Stein M Stanford Moore , UREMIVEIER FH 5T HEATER, X
B A ARBENRNFHLIEARIEMREDRKE K SRSER. RAEBEIETH , GEICTHMRABE,

Lys
— Asp .
le
- Thr Ser Leu Tyr "
is

7 Glu Phe

7 Met

m NH3 A
2 GlY) pjla V@ &
% —
Q Cys
5 -
n
o]
< A Pro

J\ U UL L~
_—-‘.\,\_JL_ U UUUUU U v

| | | | | | | | |
0.0 100 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0

Elution time (minutes) ——————
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T— 1 5%E) HEWEHIT N —RERE
El ... which expels the chain-

N
H—A . .
CS O%C/NH sh<‘)'rtenefj peptlde and forms an Bu

T | anilinothiazolinone (ATZ)
pITC C“ . _C. derivative.

R
\
_N H 2
. . CeHs S
K} Nucleophilic addition of the CoH % ] +  HoN

peptide terminal amino group to nl NN N~ \R
phenyl isothiocyanate (PITC) gives l | H
an N-phenylthiourea derivative.

' : Anilinothiazolinone (ATZ2)
] The ATZ rearranges in the ' I

A—H‘—\
e o NH presence of aqueous acid to an ke .
7 isomeric N-phenylthiohydantoin u ot
C6H5\N)\NIR (PTH) as the final product.
| H CeHs 0
H he
B3 Acid-catalyzed cyclization of the
phenylthiourea yields a tetrahedral ﬂu CF4CO,H S%\N \"R
intermediate . . . | H
H
OH

N-Phenylthiohydantoin (PTH)
Peptide
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Problem 26.12
The octapeptide angiotensin Il has the sequence Asp-Arg-Val-Tyr-lle-His-Pro-Phe. What
fragments would result if angiotensin Il were cleaved with trypsin? With chymotrypsin?

Problem 26.13
What is the N-terminal residue on a peptide that gives the following PTH derivative on
Edman degradation?
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H3C H H3C H
C/ Protect \C/
4 —_—
HaN” ~ ~CO,~  —NHy w SCOyH
Alanine
O O
+ I S |
HaN C _ _TOtect | HaN._ . C
C 0 ~CO,H /C\

H CH,CH(CH3)s

Leucine

H CH,CH(CHs),

1. DCC HaC
! (form amide) ol
2. Deprotect HBN T
O

C
I e

H

N COy™

AY

VA
H CH,CH(CH3),

Ala-Leu
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CH40H

/ HCI

+
HSN\C/COZ_

/ \
H CHyCH(CH3),

Leucine

\ PhCH,OH

HCI

+
HaN

I

C
\jg/’\\OCHg
H CH,CH(CHs)s

Methyl leucinate

+
H3N

I

C
\}q/'\\OCkah
H \CHQCH(CHg)Z

Benzyl leucinate

1. NaOH

2. H30™* \

+
H3N\C/C02_

™
H CHoCH(CH3)9

Hy/Pd ///ﬁ

Leucine
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H3C CH5 O O HC CH
3 \C/ 3 g |c|: 3 \C/ 3
YN AT NAT Y NAT YN
H CHa HsC™ 07 0707 CHs HaC, /CH3ﬁ H_ CHa
+/b\ Di-tert-butyl dicarbonate _C___C /‘C\
H3N COy (CH3CH5)3N H3C O ||\| CO2
Alanine H
Boc-Ala
0
-
H 0]
O O O H\ CHj3
I N/
CH C . C _
H\ ’ 3 Fluorenylmethyloxycarbonyl 0] N CO»y
y chloride |
+ O - H
H3N COy (CH3CH2)3N
Alanine

Fmoc-Ala
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€@ The amino group of alanine is protected as
the Boc derivative, and

@) the carboxyl group of leucine is protected
as the methyl ester.

€) The two protected amino acids are coupled
using DCC.

@) The Boc protecting group is removed by
acid treatment.

@ The methyl ester is removed by basic
hydrolysis.

O
Ala + (t—BuOyI)ZO Leu + CH30H
o[ glg;alyst
Boc-Ala Leu-OCH3
elocc
Boc-Ala-Leu-OCHs
@lCFgCOzH
Ala-Leu-OCHj
oo

Ala-Leu
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hR /NS FIRF SRS FRIFYIEATIERE , 7BRE+2HE, ZHEZ2BEEAERBEFRET
1963 FIRE , T 1984 FRBENRUZFER, XMFETEB ZEATZHMER , CEAESRE. ERERH
ERLE , MANEHRTERUENEE,

—-CHy—CH—CHy—CH—CH,—CH-% CHy—CH—CHy—CH—3-

Chloromethylated
polystyrene resin

CH,Cl CH,Cl

Resin-bound
amino acid
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@ A Boc-protected amino acid is
covalently linked to the polystyrene
polymer by formation of an ester
bond (SN2 reaction).

O
I

B00—NHCHCOH  + CICH2

R

olBase

O

|
Boc—NHCliHCOCHz

R
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€) The polymer-bonded amino acid is
washed free of excess reagent and [2) 1. Wash
then treated with trifluoroacetic acid 2. CF3CO2H
to remove the Boc group.

]
H2N(|3HCOCH2
. . R
€) A second Boc-protected amino acid (I?
is coupled to the first by reaction 1. DCC, Boc —NHCHCOH
with DCC. Excess reagents are (3] |
removed by washing them from the 2. Wash R

insoluble polymer.
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- 5. RERKFEINSERFY , BZK , NEDFLEI TR, TRE K.
0 0

I I
300 NHCHC—N HC|:HCOCH2

R’ R
@) The cycle of deprotection, coupling,
and washing is repeated as many elﬂepeat cycle
times as desired to add amino acid many times
units to the growing chain.

00
Boc—NH(|3HC—€NH(|3HC$,—1NH(|3HCOCH2
@ After the desired peptide has been R” R’ R
made, treatment with anhydrous
HF removes the final Boc group @lHF
and cleaves the ester bond to the

polymer, yielding the free peptide. @) @) @)
| |

I
HZNCHCANHCHCINHCHCOH  + HOCH2

R" R’ R
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- —ERENSD FHIESE
~5-CHp—CH—CHy—CH-%- ~-CHy—CH—CHy—CH-%-

C o
>—NH(|:H£|IO%—

Wang O PAM NH H 0 R
resin resin

O)S\/ R o) Fmoc-protected
\ amino acid
H NHFmoc R1
O \

H NHFmoc
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Photeo from the Nobel Foundation
archive.

Robert Bruce
Merrifield

Prize share: 1/1

I.ﬂ' -k Ch

Merrlfleld %ﬁzﬂélﬁjl’.jﬁ I
AT (1994)

The Nobel Prize in Chemistry 1984 was awarded to
Robert Bruce Merrifield "for his development of T E
methodology for chemical synthesis on a solid

matrix."
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e The primary structure of a protein is simply the amino acid sequence.

e The secondary structure of a protein describes how segments of the
peptide backbone orient into a regular pattern.

e The tertiary structure describes how the entire protein molecule coils
into an overall three-dimensional shape.

e The quaternary structure describes how different protein molecules
come together to yield large aggregate structures.

SRARN—REIEREZRAFS,
EHRAN—REIHEIA TAERN R BRATERAMNET, alphaiRieiibetairE
=GR T ENEBRD FARGH— IR =4A2K.

Pk zsrafEd © ARRVEHR D FAIREE LA ERRIRELE,
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(a) (b)

540 pm

Figure 26.5 (a) The a-helical secondary structure of proteins is stabilized by hydrogen bonds between the
N—H group of one residue and the C=0 group four residues away. (b) The structure of myoglobin, a globular
protein with extensive helical regions that are shown as coiled ribbons in this representation.
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Chain 1

H
s
5
&

Chain 2

(b)

Figure 26.6 (a) The -pleated sheet secondary structure of proteins is stabilized by hydrogen bonds
between parallel or antiparallel chains. (b) The structure of concanavalin A, a protein with extensive regions of
antiparallel B sheets, shown as flat ribbons.
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O O O (I? (I? (I?

I I | Papain

—(—NH(|3HC—NH(|3HC—NH(|3HC ) e ( NH(|3HCOH + H2N(|3HC—NH(|3HC—)—
2

R R’ R’ R R' R"

Enzymes function through a pathway that involves initial formation of an
enzyme-substrate complex E - §, followed by a multistep chemical conversion
of the enzyme-bound substrate into enzyme-bound product E - P and final
release of product from the complex.

E+S=—EFE.-S=—E.P<=—FES+?P
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Energy

Uncatalyzed
/ y

Enzyme catalyzed

E+S

E+P

Reaction progress >
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