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3 1% FOHLTF &

Chapter 24 Amino acids and proteing U S-henists =

% Introduction

v'Proteins
polyamides with a-amino acids as monomer
(~20 different a-amino acids)

o H
\ amide linkage

v'Primary structure
the sequence of a-amino acids
further folding - secondary and tertiary structures



v Most natural c-amino acids are L form

COOH Ct. CHO
H2N+H HOJﬁH
R CH,OH
L-a-amino acid L-glyceraldehyde
E lon:
xception (|3H2COOH

Glycine (+ "=g&
\H, y (H P=pL)



v'20 a-Amino acids for protein synthesis
8 a-amino acids are essential — acquired from diet

Five sub-groups

R: neutral R L \/( @

H,N~ "COOH COOH H,>N COOH o COOH
glycine alanlne valine proline
HZNJiZOH H,N~ S COOH H,N~ “COOH
leucine isoleucine phenylalanine
(F)
NH
~ CONH
Lol
HN- "COOH H,N~ “COOH COOH
tryptophan asparagine glutamlne

(W) (N) Q)



-OH

-COOH

basic

OH

L

H,oN COOH
serine

L

H,oN COOH
cysteine

L

H,N~ “COOH

aspartic acid

(D)

SH

COOH

N
D
N
H
H,oN COOH
histidine

OH

H,oN COOH H,>N COOH
tyrosine

(Y)

threonine

f s
COOH

methionine

fCOOH

H,N~  "COOH
glutamic acid

(E)

/E\/ T 2 /E\/\NHZ
COOH HoN COOH
arginine lysine

(R) (K)
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3% The dipolar ion structure NTU @ heniin S
HO _
R—(F—C—O Amphoteric — both an acid and base
. NH;
H 9 Ka1 N 2 P Ka HO _
R—C—C-OH R-C=C-0 R-C-C-0
NHj . NH; NH,
+ H” + H”
P Z N
(positive) (neutral) (negative)
[Z][H] [N]J[H]
Ka1 = Ka2 =

[P] [Z]



O INJHT

Ka2 = 7 Titration curve

When [Z] = [N] P"
2 Ka2 = :H+]

[Z][H"]
[P] pl

When [Z] = [P]
2 Kal = [H+]
-2 pKal = pH--—---- g

Ka1 =

0.5 1.0 1.5
equivalent of base (HO )



% Isoelectric point

H O Ka1 HO _ Kao HO _
R—(l.:—C—OH R—(ll—C—O R—(l.:—C—O
+NH3 +NH3 NH,

+ H* + H*
_ [Z][H"] _ [N]J[H']
al — a2 —
[P] [Z]

pK,, = —log[H™] - log 7
P /
[P] N

[P]
When [N] = [P] & pK,, + pK,, = 2pH
The net charge of amino acid is neutral
—= The Isoelectric point
(the dipolar ion has the highest concentration)

pKal + pKaZ
2 = P

pKa1 = —log[H'] - log

PKa1 + PKy2 = 2pH - log

—= Atthis point  pH =

% different amino acid has different pl



v'In general:
When R is neutral

H (”) PKa1 ~2-3 H cl? —  PKy2~9-10 H cl? —
R-C-C-OH = = R-C-C-O0 = = R-C-C-O
.NH; NH; NH,
+ H* + H*
pl ~6
When R is acidic
+ HY
H O PK,; = 2.09 HQ _ pKy=3.86 HO _
HO,CH,C—~C~C~OH = = HO,CH,C-C-C-0 = = "0,CH,C—C—C-0
. NH; M . NH; NH3
aspartic acid PK,3 = 9.82 H
pl =2.87 e
I -
"0,CH,C—C-C-0
NH,

+ HY



When R is basic

+ H'

H Q PKag = 2.18 HOQ _ pKy =895 HQ _
H2(F(H2C)3_(|3_C_OH ~ = H2(|3(H2C)3_(|:_C_O ~ = H2(|3(H2C)3—(|3—C—O
H3N, . NH;3 HaN, . NH;3 H3N, NH,

. +
lysine +/ pKagle.SB”
HO _
pl =9.74 HzG(HzC)s~CC~0
HoN NH,

v' Electrophoresis

lys gly asp
9.74 6.0 2.87
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% Lab synthesis S hemisTr

© From potassium phthalimide

P 0
COEt  g2-85% CO,E
NK +  Br—( . N—(
CO,Et COLEt
© 0

NaOEt
CICH,CH,SCH3
92 co,
H =2 NaOH SCHs
N—C—CH,CH,SCH;
Co,”
O
E:COZEt

HCI i 84-85%

- CO,H
CHgSCHCH,CHCO, (o
. NHj
CO,H



© Strecker synthesis

O H;O" _
J 4+ NHz + HCN  — RCHCN RCHCO
R H NH,, A +NH3
Mechanism:
O T %" —H50
J_ + NH; == RCHNH; === RCHNH;, RCH=NH
R™ H o
H oN-

H* N
RHC—NH, RHC—NH
CN CN
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| . . NTU € hemistry = 3
¢ Resolution of b,L.-amino acids =

v' An enzymatic method

D,L.-amino acid —— D,L-N-acylamino acid

deacylase
(hydrolyze L form only)

L-amino acid + b-N-acylamino acid

S _/
YT

separate
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3% Biosynthesis of amino acids NTU @ heniin =
v Reductive amination
NADH + H0
HOOCCHZCHz(l“TCOZH + H* + NHj # HOOCCHZCHZCFHCOZ_
O NAD* +NH3
a-ketoglutaric acid L-glutamic acid

from carbohydrate

v’ Transamination
transaminase

HOOCCHZCHZ(FHCOZ‘ + HOOCCHZQCOZH - HOOCCHZCHZC&COZH
+NH3 ') I
L-glutamic acid oxaloacetic acid N
HOOCCH2C|:HC02H
+NH3

L-aspartic acid
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. - : : NTU & hemistry
¢ Determination of protein sequence

v Nomenclature

Proteins and polypeptides
polyamides with MW < 10000 -> polypeptides
polyamides with MW > 10000 -> proteins

dipeptide
PEP 9 9
H,NCH,~C~NHCH—C—OH
.- ch)\CH:g
amino end glycylvaline " carboxy end

(N-terminal) (GlysVal) (C-terminal)



O O

I I
Hzl\f\l—l—C—NHCHZ—C—OH valylglycine
H,C™ “CHs (ValGly)
0 " 7
HoNCH,—C~NHCH-C—NHCH-C-OH  glycylvalylphenylalanine
H,C o\/ale
e e, (Gly*ValsPhe)
v 9 I
H3N—CH—C—NHCH—-C~OCHjs
H2C H,C

aspartylphenylalanine methyl ester
(aspartam; NeutraSweet) — — f& i~ #&



v' Detection

. 6 M HCI L . .
protein >~ Individual amino acids
24 h |
amino acid analyzer
(using cation-exchange resin)
SO3” Different amino acids are

ot
O

RCHCOOH - absorbed differently

NH .
so;  t o - separation



O O

OH + Hzo
= = @)
OH ~ H,0
O O
ninhydrin Indane-1,2,3-trione

@) 0
RCHCO,
ninhydrin + K 2. N CO + RCHO
+ 3 + CO;
O @

purple color



Mechanism:

H
0
g O y—~H
RCHCO,” - H,0 = F>LO
o + i — N"CH
NH;
N \
@) O R
0 OHl
NH, + i Te =
2 R™ “H ‘ N_C\
R
0 0
o
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< Sequence determination =

Covalent structure of protein — primary structure

—= The amino acid sequence

v'Composition information } exact number of amino acids
MW information can be determined

terminal residue analysis
v' Sequence determination

partial hydrolysis



© Terminal residue analysis
v’ Sanger method

N O Q  Hcos
O,N F +  HyN-CH-C—NHCH—C—+
R R’

NO,

2.4-dinitrofluorobenzene @) @)

[ [
(DNFB) O,N N-CH-C—NHCH—C—+
H R R’

NO,
l H;O"
O +
O,N N-CH-C-OH + HgNCHCO,"
H R R'
Y NO mixture of

Separate and identified amino acids



v Edman method

;9 . HO L pHO
N=C=S +  HgN-CH-C—NHCH-C— j

R R’
phenyl isothiocyanate

Ph\ @) O
Nﬁ ~ rearrange Q S N
- .
s%\N R N/QN R
H i H H |
phenylthiohydantoin

’47
-

partial hydrolysis occurs
can not repeat too many times
(60 AA Is about the limit)

one amino
acid less



v Carboxypeptidase method
Hydrolyze C-terminal one by one
Follow the progress of growing amino acids
Becomes more complicate as the time goes

© Partial hydrolysis
Use dilute acids or enzyme
—> cut protein into smaller fragments
-> Identify each fragment

Enzyme cuts at specific site
»| trypsin cleaves carboxyl side of arg, lys

%—/

with extra amino group

chymotrypsin cleaves carboxyl side of phe, tyr, trp

—~

with aryl side chain




Examples:

A pentapeptide
Val,, Leu, His, Phe

Sanger method: N-terminal - Val
Carboxypeptidase: C-teminal - Leu

— \Val-(Val, His, Phe)-Leu

Partial hydrolysis
—=  Val*His + HiseVal + ValePhe + PhesLeu

ANS:
ValeHis
HiseVal —= \aleHis*ValePheeLeu
ValePhe
PheeLeu
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o - : : NTU & hemistry 7 3
% Protein and polypeptide synthesis =
O 1) SOCl, O O
H3C—CHC-O —  H3gC—CHC—NHCH,CO;  + HzC~CHC—NHCHCO,"
NH, 2) H,NCH,CO, NH, NH, EH,
+ + +
Ala Ala*Gly Ala*Ala
+ Ala*Ala*Ala + Ala*Ala*Gly + ..........
A mixture Is obtained
Solution:

protection



© Protection

benzyl chloroformate




XOXOK + H,N-R

di-t-butyl carbonate

H
base ') N—R
> >r T + OH
25 °C

N J

t-butyloxycarbonyl
(BOC group)

in acetic acid, 25 °C

>: + CO, + HyN-R

J HCl or TFA



© Activation of carboxyl group

O 1) EtsN Q@ 0
Z—N-CH—C—OH » /—N-CH—C-0O—-C—-OEt
H Il? 2 i i Fl{ ixed anhydrid
EtOJkCI a mixed anhydride
ethyl chloroformate
;9
H3N-CH-C-O
|‘?'
Y
@) @)

[ [
Z-N-CH-C—N-CH-C-OH & =2

H R H ||?' + C2H5OH



© Synthesis

O 0 “OH T
HiC—cHC-0™ + I s oo 1T GHCOH
INF3 Oﬁ/ (Z-Ala)
OBn
1) EtzN
2) ')
Y Cl)J\OEt
O
o (H3C),HCH,C-CHC-O" o 0
I NH; H,C—CHC-O—C—OEt
H3C—CHC—NHCHCO,H < i
Il\IH Oﬁ/NH
@)
ﬁ/ K( OBn
OBn
Z-Ala-Leu Ho/Pd
Q
HsC—CHC-NHCHCO,  + co,
L}'H3 + toluene

Ala-Leu



polystyrene

% Merrifield method — polymer-bonded synthesis

i i
CH,Cl + HO—C—(;HNH—C—O-—
R

~2ase o 0

£—CH,0~C~CHNHC-0

CF3C02H/CH}2% R
0
¢—CH,0—C—CHNH, Q 0
' HO-C- CHNHC 0

R
DC\
> Q Q
§—CH20—C—C|:HNH—C—C|:HNHC—O-—

-
-
-

repeat
s Q Q Q
’ ~ © CH,Br HO—C—CHNH-C—CHNHC—CHNH$ ----etc.
HBr | |' |"
CF,CO,H R R R




Successful for the synthesis of ribonuclease
— an 124 amino acid residues protein

— overall yield: 17%
— average Yield for each step: 99% (in six weeks)
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. : NTU & hemistry
< Protein structure

v Primary structure — the sequence

v Secondary structure: a-helix and B-sheet

transoid



B structure

/ClO L N\
Dn//, V\Dn
\ 1y
LT \N|H____OHPV/ -
o=0 r T Z-T
TN
\\ /\\ //\ l/
H|N //R Rx \PU||/O

\ \ ’ %
) OISR Ly
0 P
/| ZETn0=0
O\/|b \\ / N|\H

//V&H H/L,A\\

‘7 \
Ir-Z - 0 0=0
N v/

-

O
-

O
©
= | —
2
S m
d —
c <
O =

exists as

e
S o

| -
3 9
dS
LT
e
Q0 S
S
= 9

-
@)
=
&)
©
S
()
e
S




o structure: helical

helical axis




v’ Tertiary structure
overall three dimensional structure
determined by stability

~ Hydrophilic part sticking outside
Lipophilic part sticking inside
Disulfide bonding

« Salt bridges




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35

