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Carbohydrates
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Disaccharides
Oligosaccharides

Polysaccharides



Monosaccharides daslal) il <l

Gl Sl oy Al Jadl) dbul g Wgia pual claag ) el o) e ¥ Al cl Sl A

duuladlly Tetroses 4ebilly Trioses (G508 @il &N o (g giad) ASDAN @l Sall Jadd

Aaadl cladal) ‘,A Juadll) (pa (o agd 2 208 G g 9 hexoses douwlad) s Pentoses

Osl @3 Agly Lady A gaje Ayl e Aasije (908 B3 (A8 2l Jiign S A8 gada o (g gia
S g o1h s gana Jaad dgalal Jay) g s Adas yall

3 Ao Algs B S S 30 a9 03] aldose sl S g agd) i Al Sl e
Ketose (HsiS (ouS g il 23e aniid g AY) g0 Sl il )3 gaa) Ao a9 13) Lal ¢y gn Sl



Monosaccharides

Polyhydroxy aldehyde or ketone
ose
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Aldoses Ketoses

According to no. of carbon atom
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Trioses
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Aldotriose

Glyceraldehyde
3 A el

|

Ketotriose

(IZHzOH

G=0

CH-,OH
Dihydroxy acetone
Ggina) (onuS gy A
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Tetroses

A
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Aldotetrose

H
H

CHO ~

OH

*

OH
CH,OH

Erythrose

Assym.Catom=N -2

Assym.Catom=N-3

|

Ketotetrose

Erythrulose
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Pentoses

|

Aldopentose

CHO CHO
H——OH H——OH
H——OH HO——H

(H——0H) (H——0H]

CH,OH CH,OH

D-Ribose D-Xylose

CHO CHO
H——OH H——OH
H——OH HO——H

(HO——H] (HO——H]

CH,OH CH,OH

L-Ribose L-Xylose

\

Ketopentose

CH,OH CH,OH
C=0 C=0
H——OH  HO——H
(H—r~OH) H—-OH
CH,OH CH,OH

D-Ribulose D-Xylulose
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Hexoses

Aldohexose Ketohexose

CHO CHO CHO CH,OH

H——OH HO H H——OH C=0
HO——H HO H HO——H HO——H

H——OH H OH HO——H H——OH
H——OH H——OH H——OH H——OH

CH,OH CH,OH CH,OH CH,OH
D-Glucose D-Mannose D-Galactose D-Fructose
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Ho .0
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%
H—i::—DH
CH,-OH
D-{+)-glyceraldehyde

H“C LS Tttt H. D¢D
H—C—OH HO—C—H
H—C—0OH H—C—0H
CH,-OH éH?DH
O-(-}-erythrose D-{-1-threose
H.,‘CJ}D I-LRC,:,O H. Cgﬁ" H. C{*D
H—iIE—DH HD—(|3—H H—(_lJ—CIH HD—Cll—H
H —0OH H—é—DH HD—&—H HD—&—H
H—(I)—CIH H—(J)—DH H—(J)—CIH H—(J)—DH
éHfDH éHfDH éHrDH éHrDH
D-(-)-ribose D-{-)-arabinose D-(+)-xylose D-{-)-yxose
e —eieo S Lo
quﬁo Hx?ﬁD Hx?ﬂﬁ Hx?¢0 Hx?ﬁﬂ Hx?ﬂﬁ Hx?ﬂn Hm?ﬁﬂ
H—C—0OH  HO—C—H H—C—0OH  HO—C—H H—C—0H HO—C—H H—C—OH  HO—C—H
H—C—0OH H—C—OH  HO—G—H HO—&—H H—G—OH  H—G—OH  HO—C—H HO—&—H
H—C—OH H—C—OH H—C—OH H—&—OH HO—C—H  HO—C—H HO—C—H HO—C—H
H—¢—DH H—é—OH H—#—DH H—#—GH H—#—DH H—¢—DH H—¢—DH H—#—GH
CH,-OH ZH-0OH CHx-0H CH.-OH CH.-0OH CH.-0OH CH,-0OH CHy-0OH

D-{+)-allose D-{+)-altrose

D-{+)-glucose D-{+)-mannose D--)-gulose D-{-)-idose D-{+)-galactose D-{+)-talose
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Epimers

LOHO: o © GEG 'CHO
HO-*—H H—-—OH H—-—OH
HO-1—H HO-—H ¢4 epimers HO-T—H "CHO' oo gpimers - CHO
H-—OH H-—OH HO-*—H H-—OH HO—-—H
H-1—OH H-—OH H-1—OH H-1—OH H-1—OH
°CH,OH °CH,OH °CH,OH *CH,OH *CH,OH
D-mannose D-glucose D-galactose D-erythrose D-threose
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Chair Conformation for Glucose

JeSslall o Sl JSd

C1 is the only carbon atom
bonded to 2 oxygens

OH

H OH
chair conformation (all substituents equatorial) chair conformation (OH on C1 axial)
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N

H——OH
A oA CHoOH
HO——H o
H——0OH Ko+ p
H——0-" OH OH
CHzOH UH
1 2
—
1 HO-{IZ:-H
2 H-{IS-DH
3 HO-C-H :
4 H-{:Z-DH
5 H-{;.:-D—
§ CH,0H

|} -D-glucose jssals-D-J3
() W il doiila pdid diva
Représentation de Fisher
cyclique,anomére béta (|} )

OH
K -0._~0OH
HO - HO™ T 'O
OH I
OH

6 CHp0OH 6 CH20H

|5 -D-glucose jgsls-_D-|3
rﬁiﬂ\—hi‘iﬁd %.,3 3 |t gmialS D)
|5 -D- glucopyranose, représentation
de Haworth
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Anomers of Glucose

anomeric carbon

k’],H
OH

o-D-glucopyranose open-chain form -p-glucopyranose

Jis¥  hemiacetal Jiladl e 05 S o b3 ga sl iS5 nell Ao gana (585 o
sl B (i) ety o s B (o)

AL 51V a8l sall 8 ably ares Je j Solallanomer B ssisy o

o s adde Capail) Sy el o 81 G0 SN ) Jliasl sl 0 S e sllah o
SV (e il Ui all B ) (5 S 350 4

21



s &l lldl o Interconversion (23 (Mutarotation) (sl il 3l
Salall S il LSl axy Anomere B Ly Jbliidll s Anomere o W e sl
OIS A 5 elld J8 Laade (S A il Sl @ gl il GV zsal ey Sl
) Jeaky Gl ¥l ol d al HSlall Saaall peaill a0 iy (sl
Ala I Jgeasl in DAY KA 1 Jgladll b 55Ssla - Bl 5 o Wl o<l
%65 5 Wl JS (e L8 %35 s ecn il (he g e (o5 o5 Lagiar o 5V
zsiall baillh e Bosesi¥ly o sesiY) Gw Jeadll o) X el Ly JSEN (o

(ol



CH,OH

D-Fructose

H\C /0—H

_l-—_ o)
e,

Tautomerization

H\C//GJ—H
L_'g‘_)_.
HO——H
H——OH
H——OH
Ene-diol  CH;OH
H\ /5/
H O—!
HO H
H OH
H OH
CH,OH

D-Glucose

|
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Tautomerization

&) “A
H 0 / H._OH CH,OH
- N\ ¢ 1nH =
B,/\ HEH-0H gH O o
HO H — HO—1—H - - =i OH
base  H——OH H——OH H——OH
H OH H__OH CHon
CH,OH CH,OH
D-Glucose - ene-diol o-Fructose -

open chain form open chain form
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Reactions of Monosaccharides
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JF2) Or De-oxy sugar

Reaction With NH; Sggqr amine
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aldehyde acid
O \C _ H O \C _ OH
i Br2 |
((|3HOH),1 o ((liHOH),,
CH,OH CH,OH
aldose aldonic acid

(glyconic acid)

Example

CHO
H——OH

HO——H
H——OH
H——OH

CH,OH

glucose

Br2

COOH
H——OH
HO—H
H——OH
H——OH
CH,OH

gluconic acid
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CiSaiy g i g (A oS aladialy BausY)
Tollens and Benedict’s reagents

aldehyde | CHO acid [COO™| NHy
H——OH H——OH
HO——H Ag(NH,)? “OH HO——H
_s 32
- (Tollens reagent) - L Ag‘L
H OH H OH
H——OH H——0OH Silver
B-p-glucose mirror
. CH,OH CH,OH
open-chain form gluconic acid

(+ side products)

* Aldoses have an aldehyde group, which reacts with Tollens reagent to give
an aldonic acid and a silver mirror.

Ol s adlS ae Jelity Laie @by gl (ada ) 5 5al¥) Jsay o

e Sugars that reduce Tollens reagent to give a silver mirror are called reducing
sugars.

Al yiae S e il 35 <oy CadlS J s il il Sl e
* Tollens test is used as a qualitative test for the identification of aldehydes.
Sl e o patll Sl 5 L) padiey e



Nitric Acid Oxidation g
é%)%ﬁ“(mehaéﬂéilu$934uﬁyw

Example
CHO COOH
H——OH H——OH
aldehyde | CHO acid | COOH
| HNO, | HO——H HNO, HO——H
(CHOH), —> (CHOH), —
! | H——OH H——OH
alcohol | CH,OH acid | COOH
H——OH H——OH
aldose aldaric acid
(glycaric acid) CH,OH COOH
glucose glucaric acid

Saccharic acid

Sl 253y 1A (ol sle (e (5 81 (5 98 S5 Jale Gl iall (cadla jriny o
Aldaric acid <l Al Gasla Jhed (S ol 5 S e sans
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Reactions of Monosaccharides

>

Reduction mssssss) Sugar alcohols

Or De-oxy sugar
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Reduction of Simple Sugars

C=0 of aldoses or ketoses can be reduced to C—OH by

NaBH, or H,/Ni.

Name the sugar alcohol by adding -itol to the root name of

the sugar.

Reduction of D-glucose produces D-glucitol, commonly

called D-sorbitol.

Reduction of D-fructose produces a mixture of D-glucitol

and D-mannitol.
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Reduction of Glucose

2 H—C—O0H
3 HO—C—H

4 H—C—OH
5 H—C—OH

6 H—C—O0H

H
D-Glucose

Reduction

NaBH,

D-Glucrtol
{sorbitol)
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Reduction of Mannose

O
|| CH,OH
C—H
HO ——H
HO——H Reducti HO H
| eduction B
HO——H
> H——OH
H——OH
H——OH
H——OH
CH,OH
CH,OH
D-Mannitol

D-Mannose
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Reduction of Fructose

C|Hon CH,OH CH,OH
=0 H——OH HO——H
HOCH, Oo. CH,OH
HO——H ' HO——H HO——H
H HO s NaBH,
H OH H——OH H——OH H——0OH
OH H
a-D-fructofuranose H——OH H——OH H——OH
CH,OH CH,OH CH,OH
open-chain ketone D-glucitol +  D-mannitol

a mixture of alditols

* Reduction of fructose creates a new asymmetric carbon atom,

which can have either configuration.

* The products are a mixture of glucitol and mannitol.
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Write the products of the
reductions of D-ribose and

ribulose?



Deoxy Sugars: OH - H

CHy0H CH,OH OH

/ (0

H\l Reduction ~

—_—— H H
OH OH OH H

B=-D-Ribose p=-D-2-Deoxyribose
(RNA) (DNA)

- Reduction (via reductases) of an OH group to H generates the corresponding
deoxy sugar

- Nomenclature based on simply prefixing the sugar with n-deoxy-, where n is
the position of OH reduced or replaced

- For example, reduction of the OH groug at C2 of ribose generates 2-

deoxyribose—a component of DNA .
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Bio-Chemistry

Reactions of monosaccharaides — Part-2
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Reactions of Monosaccharides

Oxidation ——) Sugar acids

REdUCtion E——) Sugar aICOhOIS
Or De-oxy sugar

Reaction with NH; =) Sugar amine

Ruff Degradation =) aldose with one less carbon atom
Kiliani—Fischer Synthesis =) aldose with one more carbon atom

Reaction with phenylhydrazine =) Osazone

Esterification and etherification

Formation of Glycosides

40



Reaction with NH,

OH OH

HO Q NH; HO Q

HO > HO
OH -HOH OH

Glucose Glucosamine
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Ruff Degradation

CHO
H——OH

HO——H
H——OH
H——OH
CH,OH

D-glucose

Br2
HzO

COOH
H——OH
HO—H
H——OH
H——OH
CH,OH

H,0,

D-gluconic acid

Fe,(SO,);

€07
CHO

HO——H
H——OH
H——OH

CH,OH

D-arabinose

 The Ruff degradation is a two-step process that begins with
the bromine water oxidation of the aldose to its aldonic acid.

* Treatment of the aldonic acid with hydrogen peroxide and
ferric sulfate oxidizes the carboxyl group to CO, and gives an

aldose with one less carbon atom.
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Kiliani—Fischer Synthesis

The Kiliani—Fischer synthesis H H\
i
l(IIN clizNH C| =)
CHO xcn  CHOH H, CHOH H.0* ‘CHOH
| HE Pamaso; [ = |

(C|HOH)n e ((IZHOH)” 50 ((lfHOH)n (C|HOH),,

CH,OH CH,OH CH,OH CH,OH

an aldose a cyanohydrin chain-lengthened imine chain-lengthened aldose

* The Kiliani—Fischer synthesis lengthens an aldose carbon chain

by adding one carbon atom to the aldehyde end of the aldose.

e This synthesis is useful both for determining the structure of

existing sugars and for synthesizing new sugars.
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Formation of Osazone
3108V Cesa

OH
CHO ("HEGH CHO OH
Ca(OH), Ca(OH), HO —
HO HO— HOr— HO
' [ —0Q OH
H OH
CH.OH CH zﬂH CH-0OH CH,OH
D-glucose 1 D-fructose 2 D-mannose 3 enediol 4
1 equiv. - PhNH 3 equiv. 1 equiv.
PhNHNH -NH4 PhNHNH PhNHNH;
FNNHPh 2 equiv. —NNHPh 2 equiv. —NNHPh
— OH PhNHNH —NNHPh PhNHNH HO—
HO— : HO — - HO —
| - PhMNH -
OH NH 2 OH - PhNH , __OH
—OH : —OH -NH3 _ OH
CH,OH CH,0H CH,OH

44



Methyl Ether Formation

R—O S, VP S | S, 2 B8
— QT e epe] e g—0—Ag — —CH; — R—Q—CH;,
| H// \/ H/ 2 o :
H H
sugar hydroxyl group polarized CH,l ether
Example H H
CHZOH excess CH2OCH3
HO HO CH,, AgzO\ CH;0 O
HOJH H CH,0\H H
OH CH;0
H OH H " OCH,
o-D-glucopyranose methyl 2,3.,4,6-tetra-O-methyl-o-D-glucopyranoside

* Reaction of the sugar with methyl iodide and silver oxide will
convert the hydroxides to methyl ethers.

* The methylated sugar is stable in base.
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Acetate Ester Formation

20 20 ()‘ O /() Q (0]
= S
1> < cm—c? . | _0 [
CH;—C—0—C—CH; &= CH;—C{-Q—C—CH; —> | ‘0—C—CH, =— CH,—C + HO—C—CH,
: : = A o -~ , U ,
‘\" /O+\ R/ b\H‘) R—O:
g R H
sugar acetate ester
Example (0] 0
0 | |
HOCH, OH o CH; —C— 00— CH, O—E—H,
€XCESS . = 0 h
" . (CH;C0),0 T
H CHZOH pyridine CH20 —iG—iCH 3

OH H

B-p-fructofuranose

penta-0O-acetyl-p -p-fructofuranoside

* Acetic anhydride with pyridine catalyst converts all the
oxygens to acetate esters.

 Esters are readily crystallized and purified.
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Formation of Glycosides

[,8 glycosidic honcl]

H H
CH,OH CH,OH
HO CH,OH,H"  HO
H H — H H
H,0, H'
HO H _HO HO H OCH,

OH OH

OH
H OH H / OCH, H /
a-D-glucopyranose [Q, glycosidic bond / aglycone

either a or
( B aglycone

methyl a-D-glucopyranoside methyl B-D-glucopyranoside

e React the sugar with alcohol in acid.

* Since the open-chain sugar is in equilibrium with its a- and [3-
hemiacetal, both anomers of the acetal are formed.

* Aglycone is the term used for the group bonded to the
anomeric carbon.
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aglycone

ethyl a.-p-glucopyranoside

Aglycones

HOCH, O

H
H H
OH OH

NH,
aglycone ﬁ%N
|
NS0
H

cytidine, a nucleoside

HO

HO

aglycone

CH,OH
0
o
0
OH
H H

CH,OH

salicin, from willow bark

* The group bonded to the anomeric carbon of a glycoside is

called an aglycone.

 Some aglycones are bonded through an oxygen atom (a
true acetal), and others are bonded through other atoms

such as nitrogen.
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Nonreducing Sugars

Examples of nonreducing sugars

HOCH, o. CH,OH
A
H HO>‘
H OCH,CH;4
Gl “acetal
methyl B-p-glucopyranoside ethyl o-p-fructofuranoside
(or methyl B-p-glucoside) (or ethyl a-p-fructoside)

* Glycosides are acetals, stable in base, so they do not react
with Tollens reagent.

e Disaccharides and polysaccharides are also acetals,
nonreducing sugars.
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Disaccharides 4wl il <l
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Important Disaccharides

 Maltose
e | actose

e Sucrose



maltose : (ird) jSw) Jgillall

MALTOSE
Crbaine SSslall G cpiida o Ssillall (igShy o
CH,OH CH,0H ol ja JsSeladl e G Oa Jeilkadl (eSS
=0 83 bl 5 (e 2\431.\' L..".‘.*-“Js.éh Z\-heb :\.h.u‘ﬁ
\ O3H B (4) Ay sl 5,3 za (1) Al Cssd
o = - 2 sla g 288 Jay) il A e il AY) 5 5l
oH \ OH ' ST e ~

«a-1-4-Glycosidic Bond

4

ilaadly ALl LAl akd e jsillal) gl o
OH slaally lalll A 352 sall Jaluall as A ddac g9

OH S5Sstad) Ga G

L)

O
HDHEJ

HO 0
D - & el e “ -

HO WOJJ‘;JQM‘JA:XJJAMJ&AJJAM‘M’

HO

<

4

L)

OH oA Juid
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Lactose : (ol jSw) jgisSU)

JsSels (sa ) AT (Sayg qulal) B Ladh aagy o
CH,OH (s 292 gall S a5 Aaad 3 55 JAT
o_OoH 2ol QUL ol adi a3l gh g slaad)
CH,0H K OH
OH 0. O
OH OH Ad Al Gl Sl e SISO puingy o
OH
OH OH OH
- (] HO» B ol OH
HO - Q-
OH OH
Lactose (8 form)
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CH ,OH
3 0 5CH ,OH
‘NoH ! #—0
. 4
HO OH OH 2‘
OH HO
3
a-D-glucose OH & + H20
6
" ¥ —  HOCH, o. |
HOCH , 0O TOH 5 a-1,3-2-glycosidic
HO linkage
5 2 CH ,0H 9
He CH ,OH » 3
4 e ¢ OH
OH
B-D-fructose Sucrose

OH
HO
OH
HDD 0-
OH
OH

Sucrose : (od.‘d..d\ [l ) oS!

588 Al DSda sia G dlany
Ulal ade Gllayy 5o Sl o33 ddaul 5
AN a ) aae O A a3

eleaY!
A e elall (& Csdg Blaall sla 5 Sl o
las
ol S Sl e DSl S ey o
.M oo

55



polysaccharides  3yasll iy Sl

S Glaa g (e dal g £ g8 dal 5 (e 423U polymer dpdia gl Aafivie dlygh Judlu ¢e 3 Le A
sla dyija dida aa glycosidic bond 4 sSda Aoyl ) daud g3 JiS) o) Sia gala)

) Al LS 5 e Teliy Cppand ) Bapal) il Sl anid
Homopolysaccarides 4wilaiall 3uml) &by Sl (1)

Agdlal) Sy Sl (e dal g £ 53 (A gSa Ay gl Judlw (A
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Polysaccharides

beta-glucose B C1-to-C4 bonds




Polysaccharides

alpha-glucose

T( Amylose ’ (
oA, o %‘
Rt .
"I,

OL- C1-to-C4 bonds ——

-



Gl
Lipids



s A aeal

Ol Lall SN st il 5 osaall Jie g pme oS je 2l
Oo sl osSE il (5 Al daga Jlsal geaall Sy ¢ A8 @y Al
LS e e 3obe Aiaall (aleal) dgaall (mlal) eud 3 S Glasg
2 (e 3le n zs)h Cus «CH, (CH,) COOH 4alall dapall Led 4, puiae

Lo ) Wil 555 28 S

oalaall s daniadl Laaall (alaaly) cdgaall mlaall e le s Sla

."’ .:~ S\ ... ~'... .JM



dadial) Apiaal) (alany)

S 1 am e gonell DY e Sae e 5L s SI 3 dagi
gend (Say olial JRUN 8 prmge sp LS ¢ Aains Dl iy Jall JiS53
S & Al 0 0ah L) mann Lee ¢ 228 AlSal bie dagiied) Jusdlll
A G la dnbad) aaal) palaal) S Cun b 1 daghias

Al (o 533 dandiall dyiaall (alea¥) il gaal) aadius 48zl 5 ) ja

Saturated fatty acid Monounsaturated fatty acid Polyunsaturated fatty acid

arachidic
C20H4002

G C20H3202

sleanc
C1gHa502 M

paimitic oleic linoleic
C16H3202 C1gH2402 C1gH3202
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glycerol
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Agaall aleal) (e il ja A e G malall (10

T 0
ﬁ H—C—0—C—R
HO—C—R 5
" Il
" —_— H—C_O_C_Ru
HO—C—R 5
0
HO—C—R H=C—0—C—R
H
3 fatty acids triglyceride

(triester of glycerol)
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A triglyceride molecule can be formed from any combination of fatty acids.
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Esterification : s_ixY!

7 0. 0] —
O o I I
CH,-OH| |[H-O0-C-R,| CH,-O-C-R,
O O
I [
CH-OH + H-0-C-R, ~CH-0-C-R, *+ 8H,0
O )
I I
CH,-OH| |[H-O-C-R;,| CH;-O-C-R,
1 mole of 3 moles of 1 mole of fat @“ '
glycerol ‘% fatty acid ¥
_ Fatty Acid
o
Q o » * 4
g Fatty Acid Cu ) ) CRa
O
Fatty Acid

67



Ester bond Fatty acid talil

Glycerol backbone /
\ : /

H,C—0">
o
HC-O
na
H,C—O

Glyceryl Trioleate
(Major Triglyceride in Olive Oil)
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Saponification reaction : (il Jolds

(@)
H,C- OJ’\/\/\/\/=\/\/\/\/ H2C|I O
| o NaOH [ Na O
(@)
H,C- O'"\/\/\/\/=\/\/\/\/ F G0k
Glyceryl Trioleate Glycerol Sodium Oleate

(Major Triglyceride in Olive Oil)
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Polar
(hydrophilic)

\

Non-polar
(hydrophobic)
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(a) A soap

Polar “head™

- Nonpolar
“tail”

Images from: Organic Chemistry By William Brown

(b) Cross section of a soap
micelle in water

Nat ions
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Soap micelle with
“dissolved™ grease

Grease

Soap

Image from: Organic Chemistry By Willlam Brown
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Triglycerides Base_ Soap

Depending on the base that is used

and the source of triglycerides, the

final soap can have very different

Properties.



(@)
HOJ\/\/\/\/\/\

Lauric Acid (C12)

Fatty acid

j\/\/\/\/\/\/\/\ The most important characteristic
HO

Palmitic Acid (C16)

is the chain length

Soap with long chain fatty acid is
more harder and less soluble in
water

Oleic Acid (C18)
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@) Positive

@ Megative
« Side chain charga at physiciogical pH 7.4
A, Amino Acids with Electrically Charged Side Chains
Positive Negative
— =5 — — 2 —
Arginine Histidine Lysine Aspartic Acid Glutamic Acid
'U!lg:'e {His) 0 iL?S:'e (Asp) @ [Glu) e
;{O PRa 203 ’90 pKa 170 &Onm?_ls &O pKa 195 &O pKa 2,16
O o O
NH, NH, NH,
pkan.00 pangs [:LE] 015 pxavse prad58
plta}.'”
O
a -NH
NH s ©o
HEN —< @®N H pKaL1S
@ NHZ pka 1067
pka 12,10
B.  Amino Acids with Polar Uncharged Side Chains C. Speaal Cases
Serine Threonine Asparagine Glutamine Cysteine Selenocysteine  Glycine Proline
(SEfJo [Thr) o {Asn) m (Gin} @ (Cys) o (Sec) m IGly} @ {Pro) 0
pkazi3 pKaUD plta! 16 oKaz18

@

pka 506 C pK.aa.aa pK!!.M
NH,
HO

D.  Amino Acids with Hydrophobic Side Chain
Alanine Valine

[.‘\Ia]o Mal) 0

Isoleucine

{lle) o

Leucine

(Leu) o

m:a)a?
mz 3

phaZie
e 232
"{Y pa2ie 17"0 Afb

@] NH,
£Ka 9.04 pkas3e
NH. pka a0
NH (] pka 508
O pms;::n BT
Dka o 52
ma 0. :'|

DKHM‘{YO pKa1e ’90 uKa].Hj’,O

A,b pa |.05A/o
o Oi O pKa 1047
kA 500 NH NH NH
m—|2 pKa m:a, pﬁ.ﬂl.l? uka°_§! NH
SH SeH
pras4
NH,

Methionine Phenylalanine

Tyrosine Tryptophan
(Met) @ (Phe) o (Tyr) 0 (Trp) @
pRE 218 pRalld pEazas

40 0

NH, NH,
NH;

OH

pka 10.10
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