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What does biochemistry deal with?

(2 Jeed))
e Metabolism:

— Anabolism v )
— Catabolism reo o

* Foods:

eS8 T \S—‘L"”<_‘”“‘$L‘U J

—Ox@zable carbohydrates I|p|ds proteins
Bl b6 e

— Non-oxidizable: mmerals vitamins, water
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 Carbohydrates ¢are organic compounds
composed of carbon, hydrogen, and oxygen.

* Carbo=carbon, hydrates=hydrogen and oxygen
in their proportion in water H20

* They generally have the common formula
(CH20)n where the least number of n=3



GUeat | SSugars ]
Definition of carbohydrates

(labdy ,Gw: Sucrose
* Simple sugars or its derivatives

* Simple sugars are considered as
polyhdroxyketones or polyhydroxyaldehydes




O

| | Carbonyl

group
2 C N

Tt T
|
C C

sl w:*—Aldehyde sl s Ketone
Makes Aldose (aldo sugar) Makes Ketose (keto sugar)
Alddu’de Sugav ketowne Suqxfs

*Ketones and aldehydes are simple compounds that contain
a carbonyl group (a carbon-oxygen double bond).

J
*where R can be a carbon-containing substituent.



&CIassmcatlon of Carbohydrates (accordlng to
hydrolysis):

- $
Xl L Al

 Monosaccharides: contain one sugar unit
050 58 sl e gy DU P G el unih N3O T G o |

— E.g. quIgwose b o s g e N
* Disaccharides: contain two sugar units | S
— Maltose: (seose e =

L@r,ﬁ\}jm.

» Oligosaccharides: contain 3-10 sugar units “ =~
— E.g. Raffinose

* Polysaccharides: contain more than 10 sugar
UnItS /mOWOSo(Cc%owdeS

— Starch or glycogen.




. Monosaccharides

* Definition: They are simple sugars that cannot be
. > 31 SV D s w \Q\J'~\A
hydrolyzed into smaller one. 7 e

Classification of monosaccharides:

l. According to the number of carbon atoms: e.g.

1) Trioses: containthree carbonatoms. Qui‘”
2) Tetroses: contain four carbon atoms. Qmm@
3) Pentoses:contain five carbon atoms. @%
4)'Hexoses: containsix:carbonatoms. (H;c-,lifi‘:::m.ug.ftf.:'igi“




Classification of monosaccharides:

Classification of monosaccharides:

Il. According to function group:

* Aldose
* Ketose



et <— 3C (triose) Glyceraldehyde - Dihydroxy acetone
>la\yceose) (mekabolic pabhuny for glucose) alucolysis |y Crape
4C (tetraose) Erythrose Erythrulose
5C (pentose) AI(I%P&@& Ribulose

6C (hexose) Glucose Fructose



* Glyceraldehyde and dihydroxyacetone.(They

. slewrs // Lhlus .
are intermediates in the break down of
glucose).
Wiiif (O o CH,OH
subterminal carbon
»/( enulbimate)
H—C—OH HO—C—H L
| CH,0OH
s —CH,OH 2 CH,OH

Primarygroup

Gle Sg=w lo: (OupL= w”—“"j

chirel corbon

[ D- Glyceraldehyde ] [L-Glyceraldehyde ] Dihydroxya etonel]

w tetels 1o D/L Contiouabion
J

Dihydroxyaldose e Cban Dihydroxyketose

D & L denote the absolute configuration. i.e. D means that OH group on the
subterminal carbon atom is at the right but L means OH group on the subterminal
carbon atom is at the left.
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 Examples of Tetroses are:

= g\ﬁ)sﬂ—{
* Ketotetrose: Erythulose Erythrulose/DHA reacts with

the amino acids in the
proteins of the first layers of
skin (the stratum corneum
and epidermis)

* Aldotetrose: Erythrose |
! —4|_>+\AQV€/S DR L Cov@ioswa’r.\on

Erythrose was first isolated
in 1849 from rhubarb

H—C=0 CH-0OH
| -

H — C— OH O
| H——OH

H — ff‘ OH CH-OH
CH20H

D-Erythrulose

D-Erythrose D-Erythrulose

You can 'w\oﬂ b in the laujer"s oF the skin



Most physiologically important isomers that can be
utilized in the body are the D form

Some sugars occur naturally in their L-forms:

suoo e (carb) ar (carb)

L-arabinose and Lifucose (C6H1205) which are
components of glycoprotein]— . .o

L-xylulose (pentose) is an intermediate in metabolism
and can be utilized by isomerization into D-form

L- arabinose is an aldopentose present |n some frwts

Ssdp

such as cherries, grapes, plums, and prunes. Ingestlon
of large quantaties of these fruits leads to the
appearance of L-arabinose in the urine, a condition

q_): Vel Sewgnidl

called @\Ilmentary pentosuria.}— v i

vabinose J! 52 <" U

cliel ledb
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 Examples of pentoses are:

* aldopentoses: ribose and deoxyribose,
ketopentose: ribulose

L.
22> chyyckre i —\L

H—C=0
H—é—DH
H—é—DH
- ¢ —on
CH20H

wedls oH Ut

H—C=0
|
H - C— e
| CZE
H —C— OH
|
H— C— OH
|
CH20H

D- deoxyribose

CHz0H
c=0
H —I.'ll—DH
4= C— O
Crz0m

D-Ribulose



DMQ:Deoxgribanmde'\c Acid
RUA: Rbonucleic Ocidl

@ Functions of pentoses:

* Ribose and deoxyribose enter in the structure of
nucleic acids|RNA and DNA | the shucture of Life

e Ribose enters in the structure of ATP, GTP and

Olewss o OG0

otherlhigh energy phosphate compoundsl->wi=i5G 2=

S Cstb
53 the Oolosjo!

e Ribose enters in the structure of coenzymes

2 FAD ( Flavin adlenine olinucleotide)

NAD;NADP and flavoproteins;- ..

Colawss S S tule Jouly e Claws> AUd ¢ Jouls joloily ¢

*| Ribose phosph

ate | and ribulose phosphate| are

intermediates in pentose phosphate pathway”(a

|—>( HMP Shunt)

minor pathway for glucose oxidation). v
* They are components of some vitamins (ribitol in

Oups ¢ P wan Slusluall wes) «

_vitamin B2)

Vitamin

B, (riboflavin)

Major Dietary Sources

Dairy products, meats, enr

grains, vegetables

iched

coenzymes I\ LTy ol 9 \am

Major Functions in the Body Symptoms of Deficiency

mekabolic pahwatysJ! ess ST b 5
Coenzyme used in removing CO Beriberi (tingling, poor coordina . "I o lédl
from organic compoundas tion, reduced heart function) . -
Camponent of coenzymes Skin lesions, such as cracks at
FAD and FMN corners of mouth



Phosphaée group

Aolenosine H;pbosphqée

O
I

O
il

H{.'..‘rli'

OH

O

1
0

b 50 J Opeme «—[Nitrogenous bases ] 0

i rl'w’ -— gyr_'imidine
o g ?
e H,}‘J:\ﬁ,t:ml ml,,é\,ﬁ.ﬂ
o-f‘c‘-\.N/cH D-fc\.N/cH D-fc*\"/c“
H H H
Cytosine Thymine Uracil
© (T, in DNA) (U, in RNA)
‘Z'-ﬂu%; «— Purin A
N,/ N E
N ~
MN~c=n MN~c"">nu
HC_ g L HC I |

[Adenine (A)]  Guanine (G)

Nucleoside

Nitrogenous
base

Phosphate 3¢ f
group “e/ Sugar
4 (pentose)

OH OH

’me SHucHe op ATP

Aolenine

)\ Q,(eninc
seuBopt) T
'ﬁéﬁ"r'\bzse

nucleoside
(adenOS\(\e

b) Nucleotide 7"
O
KalivE g

Kibose

e Pdenine ) Jp Guanine 3(1(59)'
Guonosine Hiphospho:h «— [6TP] seml

Guomosine = Guanine + T1oosed! 5.



Asymmetric carbon atom:

* |t is the carbon atom to which four different
groups or atoms are attached. Any substance
containing asymmetric carbon atom has
optical activity & optical isomerism

CHO

H B (=i OH

CH-OH



e A polarimeter is a scientific instrument used to

measure | the angle of rotation| caused by

passing polarized light through an optically
active substance.

Light Light
PRINCIPLE
e Reflection of light off of non-metallic
e surfaces resulis in some degree of
“31{6-3 polarization parallel to the surface.

analyzer z
viewer




Optical activity

* |t is the ability of substance to rotate plane polarized
light (P.P.L) either to the right or to the left.

* |f the substance rotates plane polarized light (light
vibrate in one direction) to the right it is called:
dextrorotatory or d or (+):cst@ e s capitat ovaiss; smaw s 052 ¢4

» |f it rotates plane polarized light to the left it is called
Pt levorotatory or | or (-).

w,‘:h Glucose contains 4 asymmetric carbon atoms. It is
R dextrorotatory so it is named |dextrosel Fructose

W..,,L\’
contains 3 asymmetric carbon atoms! It is levorotatory
so it is called levulose. €08 LB oluen
L S5 (A-CA)
op:::(itciﬁg;j:s optical o\cl'c ik 9::&

(ppL) I eVle k> W (p-p) I ule Lk> Wy
shadl 0p OLs> Jas Ol 9pll O3> Jas



Right
AV

- Dextrorotatory

>
R

| Plane polarized -
light > Solution of optically B 1oft

tive substance
PR Levorotatory
(I or-)

Lsl s, Po|m’ime1le(‘ Ul (2o Hlpd (paa tube 5 Lub= 5 L La Sl 35Ul s o) o
e s 5 (AL 1on 05T 5ol sl ) optical ackivity I 5>l s 91 (u)le
Jeiis (ppl) Yuts bl 5 hube b lphol 1 3oLt , (Glucdl 5) Gl bl s s siadl o wes (ppiL)

o5\ Xy Qlum Sy 2) 5p)l 510 Usyiwr yB58 (3 OsS g/ 210 900 (po3)fokvakion
o5 dlys M/ (Bmy)) 0T sl S0 )y Gy, Sl @1 ophical ackivibydl usin Lol 1 55Ul 45 HT0 0 p UTe

Cotopotionad ) 51 4lp
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N /
—_— —
P

L ETNN
Ordinary light Plane polarized light
(i.e. light vibrates in all (i.e. light vibrates in one
directions) direction)
Right
/)Dextrorotato
. ry
(d or +)
Plane polarized TS '
light Solution of optically A Left
active substance
Levorotatory

(I or-)




* The optical rotation is proportional to the
concentration of the optically active
substances in solution. Polarimetry may

therefore be applied for concentration
measurements

* Concentration and: purity measurements are
especially important to determine product or
ingredient quality in the food & beverage and
pharmaceutical industries.



G sl
Steroisomerism

* |t is the ability of substance to present in more
than one form (isomer).

* A substance containing one asymmetric
carbon atom has 2 isomers.

* A substance containing 2 or more asymmetric
carbon atoms can exist in a number of isomers
= 2" where n is the number of asymmetric
carbon atoms. e.g. glucose has 4 asymmetric
carbon atoms so the number of its isomers
equal 2%= 16 isomers.



lsomers

-~ \.)\

—— com\eC‘vi\:\:?; jd\\’ow;;:{
enantiomer’s  asteveomers - :‘%M*” '°P\:
H—C=0 1 H—C=0
| 5 |
H=—C—OH S @ (|3—H
|
CH;-OH CH,—OH

D-glyceraldehyde

1someN's »~Same connectivibu - mivvor imeoes (eWQﬂ(;iome'fg)

L-glyceraldehyde

Compounds havmg same structural formula,
but differing in spatlal configuration are
kKnown as stereoisomers




JJ
'\SomefS:E\neg)'ve the same moleculour ;jmfmu\ol, bub olitferent structunl Sormula

(A.C.A) \L.c \é‘ ooledl e (o ét.mpgﬂ OP’\'.\COJ comersim D=
o 1/@6.@) __>Q 1ISomevs

. 2 of more A.C.A _,QH (while AN the numher 0? [Q-C-Aﬂ

ex: (ylucose contains 5 (A-CA) | how many isomers does it hawe (

5 o
mswer - 9 =2)  isomers



Possible relationships between two molecules

same molecular
formula?

Y

Non-isomers Isomers same connectivity?
Y

. : non-superimposable
Constitutional Stereoisomers ..o, images ?

iIsomers
Y

Diastereomers Enantiomers




Mirror

——p |
Cannot be
superimposed
=S5

Left hand Right hand
(a) Chiral objects

Mirror

L

| ) |

-* [ ——
: " superimposed ~

Flask Flask

(b) Achiral objects




Epimeric carbon &epimers:

 Epimers: These are sugars which differ only in the
configuration around a single carbon atom. e.g.
Glucose & mannose with respect to C,. Also, glucose
& galactose with respectto C,

* They contain more than one asymmetric carbon atom,
all of which identical but only one is different.

* Epimeric carbon: e.g. carbon number 2 in glucose &
mannose & carbon number 4 in glucose and
galactose.



Aldose (Aldehyde Sugar) Ketose (Ketone Sugar)

Hexoses: 6-carbon sugars (CgH,,04)
(Aldo Kebo isomers)

) \C/o ’ \C/o H —E—OH
H—(!‘,-—OH H-—(IJ—OH (!:=o
HO—C—H  HO—C—H HO —C—H
4-C OH HO—C H H—C—OH
H—(!':—OH H—(!‘,—OH H —é—OH
H—-(|3—0H H-——(‘:—OH H —(_!:—OH
' ' '

Glucose -~ Galactose Fructose




Examples of hexoses are:

* aldohexoses: glucose, mannose and galactose,

e ketohexoses: fructose

H. .0
— CHO CHO
oG | | CH,OH
H—C —0OH HO—C—H H—C—OH C=0
' |
HO—C—H H'D—'?—H HO—C—H HO—C —H
|
H—0C —0OH H—C—0OH —C—
| HO '|3 H H—C—OH
S H—C—OH
: : CH,OH CH,OH
D-Glucose D-Mannose D-Galactose D-Fructose

[Galactose and mannose are
not epimers but diastereo-isomers.|




Aldoses and Ketoses

aldo- and keto- prefixes identify the nature of the
carbonyl group

-ose suffix designates a carbohydrate
Number of C’s in the monosaccharide indicated by

root (-tri-, tetra-, penta-, hexa-)

CH,0OH
7Y CH,OH é=o
HeC=OH =0 e 2® HO= C=H

HO-—(IZ—-H HO-—(IJ-H H—(ll-—OH H-—(IZ-'OH
H-—(IZ--OH H——Cl<-OH H——(|3--OH H——é-—-OH
H>C|3-OH H-—C|2<-OH H—(li—-OH H-»(IJ«OH

(|3H20H CIIHZOH (|3H20H (IZHZOH
Glucose Fructose Ribose Sedoheptulose

(an aldohexose)

9 2007 Yhomson Higher Education

(a ketohexose)

(an aldopentose)

(a ketoheptose)



* Importance of hexoses:
D-glucose "grape sugar":
* ltis called dextrose (dextro-rotatory).

* Itis the most important sugar of carbohydrates. .......

* |tis the main sugar in blood, ranging from 7u6jlio./mg/dl.

* |tis one of major sources of energy in the body. > Hementation clular respiatio
* |tis the principle sugar used by the tissues. .

* |t is widely present in fruits & vegetables associated with
fructose.

e [t enters in the formation of disaccharides &
polysaccharides. i)

 In the liver & other tissues, it is converted to all
carbohydrates in the body e.g. glycogen, galactose, ribose
&fructose.

I 50533 221y 6B\ o e Wpoop 9y S Yy Bl S 45

.o(iSucC}’)mo[ES: consist of (2) monosaccharisles

.polysaccbqﬁo(es:consisﬁ of (3 or mofe) monosaccharicles



D-fructose "fruit sugar":
* |tis called Levulose (levo-rotatory).

* Itis the main sugar of semen (Source of ... e
energy for the sperms ). e i i gt

Lhe VYlajoV‘ source -
Secretes gmcéose to nourish sperm.

* |t is sweeter than glucose.

|j>lrbwué's vlllmy howaj is sweeler Ywoan S

* |tis presentin‘honey & fruits.

* |t enters in the formation of sucrose.

* |n the liver, it is converted into glucose.



D-galactose” m|Ik sugar'':

UN—H o)l

e [tis synthe5|zed inlmammary glanoﬂto make

a=Jle 5529l (golod] Gl L— glucose is converted here to gala alactose

Of m I I k.—>Lacéase consist of : glucose+galactose
In the liver, it can be converted into glucose.

it's a Gpi ids with carbo hqo[mfé’s abbached with it these o

R
* |t enters in the structure of glycolipids W,DL%' e
are found in many tissues especially in

>central nevvous system

D- mannose:
It is a constituent of many glycoproteins.






Use the provided material to answer questions 1-2.

Use the following structures to answer the questions.

1. Which of these molecules are enantiomers of each other?
None of them
OnlyAand B
Only Band C

Only Aand C

2. Which of these molecules are diastereomers of each other?
- All of them
 Aand B
AandC

B andC

3. What is the difference between enantiomers and diastereomers?
Enantiomers have all stereocenters opposite, and diastereomers simply have at least one (but not all) opposite,
Diastereomers have all stereocenters opposite, and enantiomers simply have at least one (but not all) opposite.
Enantiomers are chiral and diastereomers are not.

Diastereomers are chiral and enantiomers are not.




Pyranose and furanose are? 7110

Types of sugars (=)
G ' @

Square structures

@ ¢

Ring structures (v)

G 19%

Types of proteins

a 3



Which of the following monosaccharides has 5 6/10
carbon atoms, the penultimate OH group is to

the right and results in rotation of polarized

light towards the left?

L-pentose I(-)

L-tetrose I(~)

D-pentose I(-)

D-tetrose d(+)

L-pentose d(+)

970



Which of the following monosaccharides has 5 ©/10
carbon atoms, the penultimate OH group is to

the right and results in rotation of polarized

light towards the left?

0y 15

() L-pentose I(-)
() L-tetrose I(-)

't:} D-pentose I(-)
() D-tetrose d(+)

() L-pentose d(+)



Mannoheptulose is? 8/10

8 carbon ketose

G 197%

/ carbon aldose

G 6%

7 carbon ketose ()
G :c @

6 carbon ketose

e 31%

6 carbon aldose

GRS 107%



Normal post prandial blood glucose level in blood 5/10
is?

up to 120 mg/dL
. 43 7%

up to 130 mg/dL
G 4

up to 140 mg/dL ()
D 36%

up to 150 mg/dL
G 12

up to 160 mg/dL
- 4






