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Bio-Chemistry

I8d) Jaiaill
Metabolism
Food
JsY
Anabolism Catabolism
oLy add

sling atd clilas (pa (Al Al JA1 a8 Al 4 gaad) cilland) JS 4 13D Jfadl)



JY
Food
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Carbohydrates
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Carbohydrates C:(H,0)
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Monosaccharides

Disaccharides
Oligosaccharides

Polysaccharides
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Monosaccharides

Polyhydroxy aldehyde or ketone
ose

)
| |

Aldoses Ketoses

According to no. of carbon atom

)
| | | |

Tri Tetra Penta Hexa
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Trioses

A

|

Aldotriose

Glyceraldehyde
2 Al sl

|

Ketotriose

(IDHZOH

G=0

CH,OH
Dihydroxy acetone
Ol (oS g pp (AL
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Tetroses

A

|

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

D-Ribulose D-Xylulose
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Hexoses

Aldohexose Ketohexose
CHO CHO CHO CIBHZOH
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
. @ )94 .'D
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Ho .0

C Al al Sl e dilid adi

s
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-{-)-threose
I—L‘CJ}D cha;c' H. Cgﬁ’ H. Cf;,':'
H—iIE—DH HD—(|3—H H—EIE—CIH HD—Cll—H
H —0OH H—é—DH HD—&—H HD—&—H
H—(I)—DH H—(J)—DH H—(J)—CIH H—(J)—DH
éHfoH éHfDH éHrDH éHfDH
D-{-)-ribose D-{(-)-arabinose D-(+)-xylose D-{-)-yxose
cede-. —eieo S Lo
Hx?éo Hx?ﬁD Hx?ﬂﬁ Hx?40 Hx?ﬁﬂ Hx?ﬂﬁ Hk?ﬁn Hm?ﬁﬂ
H—C—0OH  HO—C—H H—C—0OH  HO—C—H H—C—0OH HO—C—H H—C—OH  HO—C—H
H—C—0OH H—C—OH  HO—CG—H HO—&—H H—G—OH  H—CG—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—DH H—#—DH H—#—GH H—#—DH H—¢—DH H—¢—DH H—#—DH
CH,-OH CH-0H CHx-0H CH.-OH CH.-0OH CH.-0OH CH-0OH CHx-0OH

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

D-{+)-glucose D-{+)-mannose D-{-)-gulose D-{-)-idose D-{+)-galactose D-{+)-talose
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Optical activity of monosaccharides
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Aiaal) palaal) g el al Sl B Jadl g LS active
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I CHO C2 epimers I CHO I CHO
HO—*+—H H--—OH H--—OH
HOL_H HO_X_H C4 epimers HO_z_H

H——OH H—+—OH HO—+—H

H-—OH H-—OH H-—OH
°CH,OH °CH,OH °CH,OH

D-mannose D-glucose D-galactose

Epimers

VOHO o epimes  “CHO
H-—OH HO—-+—H
H——OH H——OH

*CH,OH *CH,OH
D-erythrose D-threose

L 3aa) 5 58 53 b o2l LelE 8 Calias ) ey Sl o
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Chair Conformation for Glucose

JeSslall e S Jsi

C1 is the only carbon atom
bonded to 2 oxygens

OH

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

alies A LS danhhie 4l gl 4y gine (555 Y drgadall 3 il Sl clalal el 3ga sl of bl all < yelal adl o

) Sy S sl adla U5 8 aa i Jr oy sla Adean
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N

H—f—OH
Ao CHzOH
HO——H 0
H——OH | o
H——0~" OH OH
CHzOH OH
1 2
—
1 HO-{IZ- H
2 H-CI:-OH
3 HO-C-H :
4 H-%-UH
5 H-{}: -0—
6 CH,0H

|} -D-glucose jgSuis D-f3
() W il doiila, yid diva
Représentation de Fisher
cyclique,anomére béta (|} )

OH
k ;EJR__J.DH
HO - HO™ ™" "OH
OH [
OH

3 4

6 CHz0H 6 CHa0H

[* -D-glucose jsSls-D- 3
ﬁﬂ'l_hj%ud gﬁ I { W Y
|5 -D-glucopyranose, représentation

de Haworth
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Anomers of Glucose

anomeric carbon

ﬁ]/H
OH

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

JisY¥  hemiacetal diaiall e (s Sl o 33sasall JenS s snel) Ao sana ()5S o
sl B (i) el o a5l B (sme)

A 1Y) a8l sall a4l mres e HSelallanomer B ssisy o

e A g 4o Cipal (K ol ya i1 S0 and Qo asel) (30 S0 e (31l o
OpaasSY) (e (il Adai yall B ) (5 S 30
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CH,OH

D-Fructose

H\C /O—H

| -G
iy

Tautomerization

H\C/IG‘TH
| 5
HO——H
H—t—0OH
H——OH

Ene-diol CH,OH

CH,OH
D-Glucose

23



Tautomerization

R A

H \é\o_/ HOH C_HzOH

M RE N\ ¢ 1nH =

B: H OH B‘H —0 HO——H
HO—+H  —— ~ HO—H == H—OH
base  H——OH H——OH H——0H
H OH H—+—-OH CHzOH

CH,OH CH,OH

0-Glucose - ene-diol o-Fructose -

open chain form open chain form



Bio-Chemistry
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Oxidation and Reduction of monosaccharaides
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Reactions of Monosaccharides
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Oxidation m——) Sygar aCifis

Reduction m—) S“Eirﬁ ‘a[i?i\d?ls

) 4aN
JF2) Or De-oxy sugar

Reaction With NH; ) Sugar amine
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ei),d\ e lay 5ausSY)

aldehyde acid
0) N " _H O N ” _OH
i Br, |
((|3HOH),1 W ((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

o) ele aladiuls Jil 5 K de gana ) 2aal¥) de gana 328 o3y

Sl Cle gane 3auS] aokiivg Vg datd aaalV) 3008l oty agll clo o

OS] Sle gana Y g
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CiSaby g 3 g8 G oS aladlialy BauwsY)
Tollens and Benedict’s reagents

aldehyde | CHO acid[COO™| NHy
H——OH H——OH
HO——H Ag(NH,)} “OH HO——H
= (Tolle e gent + Ang
H——OH ollens reagent) H——OH
H——OH H——OH Silver
B-p-glucose mirror
i 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.

35 RIS e ey Laie ol alY) Gl ) 5509 (s

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

Al YA Gl S el Yl 68 g CaSany CadIS A Al il Sl e
* Tollens test is used as a qualitative test for the identification of aldehydes.
Sl e il S Ls) sty



aldehyde

alcohol

CHO
|
(?HOHL

CH,OH

aldose

Nitric Acid Oxidation

b yidl) paala aladiuly BawsYl

acid

HNO,
P

acid

COOH
|
(?HOH%

COOH

aldaric acid

(glycaric acid)

Example

CHO

H——OH

HO——H

H——OH

H——OH

CH,OH

glucose

HNO,

COOH
H——OH
HO——H
H——OH
H——OH
COOH

glucaric acid

Saccharic acid

Sl gy A1 ca gl ela (pe (o8l (5 8 AS5e Jale ey jinll (adla ying o

.

& —CH,0H 4 kil Joasll de panay 2alY) Ze gana e IS
Aldaric acid <llal¥! Gaala Jaxd (S i€ g0 S Cile sane
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Reactions of Monosaccharides

>

Reduction mssssss) Sugar alcohols

Or De-oxy sugar

>



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.

32



Reduction of Glucose

H
H 0

1 \c// H e C e OH

2 H—C—0H 2 He=—C=——0H
. — 3 HO = C s H

3 HO c H " o

4 H—C—OH - 4 H—C—OH

NaBH,
5 H——C—O0H 5 H—C—0OH
6 H—C—O0H 6 H——C—OH
H =

D-Glucose D-Glucrtol

(sorbitol)

33



Reduction of Mannose

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

D-Mannose

34



Reduction of Fructose

C|Hon CH,OH CH,OH
C=0 H——OH  HO——H
HOCH, 0. CH,0OH
HO——H ¢ HO——H HO——H
H HO S NaBH,
H OH H——OH H——OH H——OH
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

e Reduction of fructose creates a new asymmetric carbon atom,

which can have either configuration.

* The products are a mixture of glucitol and mannitol.

35



Write the products of the
reductions of D-ribose and

ribulose?



Deoxy Sugars: OH - H

CH,OH OH CH20H
Reduction ~ / \4
ﬁ
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 .



Bio-Chemistry

Reactions of monosaccharaides — Part-2
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Reactions of Monosaccharides

Oxidation —— Sugar acids

RedUCtion — Sugar aICOhOIS
Or De-oxy sugar

Reaction with NH; =) Sugaramine

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

39



Reaction with NH,

OH OH

HO Q NH3 HO O

HO R HO
OH -HOH OH

Glucose Glucosamine

40



Ruff Degradation

CHO COOH E0, T
H——0OH H——OH CHO
HO——H HO——H HO——H
Br, H,0,
H——OH HZ—O> H——OH Fe,(S0,); H——OH
H——OH H——OH H——O0OH
CH,OH CH,OH CH,OH
D-glucose D-gluconic acid 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.

41



Kiliani—Fischer Synthesis

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

(C|HOH)n e ((IJHOH)” 04 ((lfHOH)n ((|:H0H),,

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.

* This synthesis is useful both for determining the structure of

existing sugars and for synthesizing new sugars.
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Formation of Osazone
091 08Y) (eSS

OH
CHO ("HE{.'.'-*H CHO OH
Ca(OH), Ca(OH), HO —
HO HO— HOr=— HO
' [ —C 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 -NH; _ oH
CH,OH CH,0H CH,OH

43



Methyl Ether Formation

R—O IO, VP S | “Sop, 2 B
— O T ey g—0—Ag — —CH;, —Q—CH;,4
H H
sugar hydroxyl group polarized CH,l ether
Example H H
CH20H excess CHZOCH3
HO = CHl A0 CH30 Q
HoJ\H H CHLO H
OH CH,0
H OH H " OCH,
o-D-glucopyranose methyl 2,3,4,6-tetra-O-methyl-o-p-glucopyranoside

e 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

10 :0: :OF (9] _0: O 0
s >
1> < i cH—c? .| _O [
CH;—C—0—C—CH; &= CH;—C Q—C—CH, — | D—E—CHy — CH—C + HO—C—CH,
, , TS A ar A S ,
‘\" ot R/ k’\H‘) R—O:
R R H
sugar acetate ester
Example (0] 0
0 I 0 I
HOCH, OH . CH,—C—O0—CH, 0 0—C—CH,
€XCESS . = I 0 5
o - (CH;C0),0 CHH;—C\O I
2 Ty
H CHOH ™+ fidine H CH,0—C—CH;
OH H 0 H

B-p-fructofuranose I

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

[,B glycosidic homl]

H H
CH,OH 0 CH,0OH 0
HO CH,OH, H* HO
HO H HOH HO H OCH,
OH OH OH
H OH H OCH, H /
a-D-glucopyranose [w glycosidic bond / aglycone

either a or
( B aglycone

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

* 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.

46



aglycone

ethyl a.-p-glucopyranoside

Aglycones

aclycone (K
o | N

HOCH, o N ~O

H H
H H
OH OH

cytidine, a nucleoside

HO

HO

aglycone

CH,OH
0
H
H
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.

47




Nonreducing Sugars

Examples of nonreducing sugars

HOCH, o. CH,OH
A 2
H HO>1
H OCH,CH;4
Gl “acetal
methyl B-p-glucopyranoside ethyl o-p-fructofuranoside
(or methyl B-p-glucoside) (or ethyl a-pD-fructoside)

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

* Disaccharides and polysaccharides are also acetals,
nonreducing sugars.
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Di- and polysaccharides



Disaccharides 4l cil <)

Ay cily Sl Gl Ja dlal) e Al il Sud) A

Jadi Eua ¢G5S g Jilladl g 598l Lgadly Cp,H,, 0 W pladl S
A il Kl e oian g ) Lila

L) LaS Culnd) g o) S Jia ALl dSlaall B daslid) cily Sl Cra (-
ulal) 2 aa g
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Important Disaccharides

 Maltose
e Lactose

e Sucrose



maltose : (ird) jSw) J gillall

MALTOSE
i e SeSslall G Ol e Jsillall (Shy o
CH,OH CH,OH Gbafia JeSelall Ga Gt (e Skl 06
=—0O 3,0l 5 (e Zgzu a:":‘“JS.-.‘h ;Uﬁe\ J adal &
1y () d s 53 g (V) fy s
O y L4 2 P
. OH \ SHOH sl g2 38 I A 128 Ge @il g AY) (5500

«a-1-4-Glycosidic Bond

&

4

sally Gl Ll ada e gilladl gl o

L)

OH slaa¥) g lall) B 3ga gall Sulia¥) an3i) ddacd g
HO O OH SeSslall Ga G e
HO
HDD 0 o
HO AR B (Ao Adlgial JiAa S jsillal) ey o
HO

OH A Juid
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Lactose : (<l jSw) 5 gasSU)

JeSsla (s ) Adlad (Say g qudad) 3 a8 aa gy o
CH,OH B 25 sal) S a5 Adacd gy G g3SNa AT
o_oH Lol JUlY) gal lads a3l a5 plaal)
CH,0H K OH
OH 0O O
OH OH A A Gl S Cpa SO puiay o
OH
OH OH OH
0 HOT &gy
HO - o
OH oH
Lactose (3 form)

53



CH ,OH
y 0 CH,0H
‘NoH s—0
2 4
HO 5 OH OH ; 1
OH HO
3
a-D-glucose OH + H0
6
> —>  HOCH, o_ |
HOéH 5 .0 ToH & a-1,B-2-glycosidic
HO linkage
5 2 CH ,OH 9
- CH,OH . 3
2 g T F OH
OH
B-D-fructose Sucrose

OH
HO
OH
HDD 0-
OH
OH

Sucrose @ (oilal) foualll Su) g Sl

558 ATy 5sSsla i ) dlan o

Uoal ade llayy 3 Sadl ) Aol g

@ OEAY) a3 a8 e
elzaY)

e elall (8 sy Glaall sla 5 Sl o

las
ol G SAll e DSl S iy o
.M et o
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polysaccharides el Gy Sl

DS Giaa g (e dal g g gidal 55 e AaSU polymer ddia gl dasfivie dlgh Judlu ¢e B Le A
sla duija dila aa glycosidic bond i sSdla Ayl Aol gy JiSI i Sia s3]

o) (Al LS 5 e Tells cppand ) Bl il )
Homopolysaccarides doadlatial) Bauand) iy Sl (V)

Agalal) @l Sl (e dal g £ g8 (e AdgSa ALy gl Judl (A
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A triglyceride molecule can be formed from any combination of fatty acids.
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Esterification - s_iwY!

“ BN O i —
5 e I I
CH,-OH| ([H-O-C-R,| CH,-0-C-R,
O O
I [
CH-OH +(H-0O-C-R, - CH-0-C-R, +3H,0
O O
I I
CH-OH H-OU-C-R.| CH-0-C-R
1 mole of 3 moles of 1 mole of fat -
glycerol % fatty acid Y
_ Fatty Acid
-
Q . - @ .
g Fatty Acid Sy 9 R
O
Fatty Acid
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Ester bond Fatty acid tail

Glycerol backbone / /

o
H,C—O"
o
HC-0
e
H,C—O

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

H,C- o 10 T T T e HZT Sic
| o NaOH [ Na O
HC- O)’\/\ANM/\N HC OH 3 e'OJ’\/\/\/\/=\/\/\/\/
(@)
H,C O
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 William 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.
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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 chargs at physiological pH 7.4

A, Amino Acids with Electrically Charged Side Chains

Positive Negative
— =5 — — & —
Arginine Histidine Lysine Aspartic Acid Glutamic Acid
fﬂlgﬂe {His) 0 iLYS:'e (Asp) @ [Glu) e
&O pRa 203 IYO pka 170 l"c-"t}nmn_ls Js',() pKa 195 jyo K2 2.16
@) O ) o O
NH, NH, NH, NH, NH,
pEan00 (el i [-LERAT [LERE-Y PRa9.58
— O
@ pKa 3T O‘
NH a NH o
HEN PER 504 O
‘< ® NH, e
@ 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
ﬁme [Thr) o {Asn) m tGh]@ (Cys) o (Sec) 0 1Glyl @ {Pro) 0
pKazi3 pltalm plta!m oKaz18 D.mq _— TR “&fo = |.°5l§fo

%o “o
o O at04
o k& 505 C pma.aa pua.m pka S0 NH UFN;'_;
N‘|2 I"'u'|2 Lt "ﬂﬁ pka 1u pka 0_1!
HO
pma% 1
NH,

D.  Amine Acids with Hydrophobic Side Chain

Alanine Valine Isoleucine Leucine Methionine Phenylalanine Tyrosine Tryptophan
[nla]o tval]o {lle) o [Leu) o (Met) @ (Phe) o (Tyr} 0 (Trp) @
phm pEa 233

Pia 2.3 pli'.rﬂb "K"'B
. e

"{Y pHa 235 17"0
m:anv o O
mzas o NH, NH,
pKaﬂm pka 834
pxa'?[ﬂ
o NH, J::'f& pKl'Hl!
e B0
nkaq\sz
pnca nil -
Ny

pKa 10.10
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