[Py

ool
8yLiadl

Gha) Gala 4ls

Z\.GUAJU%\S&J\?S;JJ&A
dosaldl) B palaall

M\gﬁ;\g‘gmﬂ\ QLS )

Organic Compounds in the Cell

J}«A.'\Ag.b.d

https://manara.edu.sy/




Dy

oyl_aJl

Introduction 4eia

o ol IS5 (5080 peaie e e i b gstall LSl (b &y puiasl) LS )

S e el Al 5 ilinalil) g Ay il m ganll s Ol g i s ol g by Sl Lilial

Al AN 4 o Ll il

Organic compounds contain, basically, carbon in their structures.

Examples of organic molecules include: carbohydrates, proteins, lipids,

nucleic acids and vitamins (that are considered basics in building

organisms).

Carbohydrates <l Sl (1
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Carbohydrates are the most abundant organic compounds in nature. They

include sugars and starches and contain C, H, and O in a ratio of 1C:2H:

10. The number of CH20 units in a carbohydrate can vary from as few
as three to as many as several thousand.

There are three basic kinds of carbohydrates:
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Monosaccharides: they are simple sugars with backbones
consisting of three to seven carbon atoms. Among the most
common monosaccharides are glucose (CgH1,06) (figure 1-A) and
fructose (figure 1-B), which is an isomer of glucose. Isomers are
molecules with identical numbers and kinds of atoms, but with
different structures and shapes. Accordingly, fructose, which is
found in fruits, has the same CgH;,0¢ formula as glucose, but the
different arrangement of its atoms gives it different properties, such
as a slightly sweeter taste. Glucose which is produced by
photosynthesis in green plant cells, is a primary source of energy in

the cell of all living organisms.

Glucose Fructose
CH,OH
0 CH,OH 0
HO OH CH,0OH
OH OH

glucose ciadl jSw 3 (1-A) Jsa fructose 4s)sdll Su:(1-B) Jsi
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Disaccharides: they are formed when two monosaccharides become
bonded together by dehydration synthesis. The removal of a
molecule of water during the formation of a larger molecule from
smaller molecules is referred to as a condensation reaction. Sucrose
Is the form in which sugar is usually transported throughout plants
and is also the form of sugar stored in the roots of sugar beets and

the culms (stems) of sugar cane.
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Polysaccharides are formed when three or more monosaccharides bond
together. Polysaccharide polymers sometimes consist of thousands of

simple sugars attached to one another in long, branched or unbranched
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chains or in coils. For example, starch, which is the main reserve of
energy in plants, is polysaccharide sugar that usually consists of several
hundred to several thousand coiled a-glucose units. The basic structural
unit of starch is a-glucose in formula (CsH1006)" in long branched
chains. Throughout the world, starches are major sources of
carbohydrates for human consumption-the principal starch crops are

potatoes, wheat, rice, and corn in temperate areas.

CH,OH CH,OH CH,OH
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! dom !
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0
OH OH
CH,+1:6 LINKAGE
CH,OM CH,OH CH.OH CH,OH CH,OH
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Fig. 9.8. Structure of starch,

figure 2: structure of starch st 43 :(2) Js&
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Cellulose, the basic structural polymer in plant cell walls, is a
polysaccharide sugar consisting of 3000 to 10,000 molecules of B-
glucose in unbranched chain. Although cellulose is very widespread in
nature, its glucose units are bonded together differently from those of
starch, and most animals digest it much less readily than they do with

starch.

Organisms that do digest cellulose, such as the protozoans living in
termite guts, caterpillars, and some fungi, produce special enzymes
capable of facilitating the breakdown of bonds between the carbons and
the glucose units of the cellulose; the organisms then can digest the
released glucose.

In animal kingdom, glucose is stored in form of glycogen in their livers:

Chitin is an example of structural sugars that cover insects’ bodies.

Lipids <) (2
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Lipids are fatty or oily substances that are mostly insoluble in water
because they have no polarized components. They typically preserve
energy about twice as much as similar amounts of carbohydrate and play
an important role in the long terms energy reserves and they are important
structural components of cells. Like carbohydrates, lipid molecules
contain carbon, hydrogen, and oxygen, but there is proportionately much

less oxygen present in lipids. Lipids can be divided into four groups:

oS G @3l Wil e o(Triglycerides) ol sudadl 4336 calagll) -]
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Triglycerides: examples include fats which are solid at room
temperature, and oils which are liquid, and they are used as energy
stores. This type of lipids is formed from binding glycerol molecule
with three molecules of fatty acid. Most fatty acid molecules consist
of a chain with 16 to 18 carbon atoms. If hydrogen atoms are
attached to every available bonding site of these fatty acid carbon

atoms, as in most animal fats such as butter and those found in
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meats, the fat is said to be saturated. If there is at least one double
bond between two carbons and there are fewer hydrogen atoms

attached, the fat is said to be unsaturated.

sliadl Oy A ) SOal 3 o(phospholipids) <ol s il 22
o e 2 s sl o5 il AN el s
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ol A 55 8 g iy Ll s Alal) il oS0 Agem Bl 030 (g5 Ll J slaal
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Phospholipids make up the basic structure of a cell membrane. A
single phospholipid molecule has two different ends: The head end
contains a phosphate group and is hydrophilic. The tail end is

called fatty acid chains, and these chains are hydrophobic.

The phospholipids of a cell membrane are arranged in a double
layer called the lipid bilayer. The hydrophilic phosphate heads are
always arranged so that they are near water. Watery fluids are found
both inside a cell (intracellular fluid) and outside a cell
(extracellular fluid). The hydrophobic tails of membrane
phospholipids are organized in a manner that keeps them away from

water (see figure 3).
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figure 3: structure of cytoplasm membrane (awdh sisudl sLial) 435 :3 &
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Steroids: examples of steroids include cholesterol which is the basic
unit in building up important components of human body such as

testosterone and androgen hormones, D vitamin, and cortisone.
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Waxes are lipids consisting of very long-chain fatty acids bonded to
a very long-chain alcohol than glycerol. Waxes, which are solid at

room temperature, are found on the surfaces of plant leaves and
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stems. They are usually embedded in a matrix of cutin or suberin,
which are also lipid polymers that are insoluble in water. The
combination of wax and cutin or wax and suberin function in
waterproofing, reduction of water loss, and protection of human ear
against microorganisms and small insects. ,=waxes are also found
in honeybee cells.
proteins <l gl (3
Gyl 3a3 AdliAal) Clisig ) e YT B3 ) Gilie 33e dall Gkl WA aad
Oe AR 5 Ao 5 oa S IS i G o s L gea s Al AT oy 8 Al S
e Baal) Apial) bl Gl (JBa o e e b jaal Aue 53 il gy ASDY WY AL
as SLie ) o g st Jaad Gl i g pall (s a5 15 S yidiall daSLE) iy )
Ay shill CliMall agd e il clale cligipydl Jalad aele My 5 AT glgl (e
Aliall Gl s S 4y gy Sl p Gl ) aliasy Adbiaal) clalsll 430 )l
Alall 4 s il clelal ppen A A gad) Laila ) cile 3VIS Aid g iy g
()
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The cells of living organisms contain from several hundred to many

thousands of different kinds of proteins. Each kind of organism has a

10
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unigue combination of proteins that give it distinctive characteristics.
There are, for example, hundreds of kinds of grasses, all of which have
certain proteins in common and other proteins that make one grass
different from another. Analysis of proteins helps evolutionary scientist to
sort out relationships and heredity between different organisms. Proteins
regulate chemical reactions in cells, and comprise the bulk of protoplasm

apart from water.

Proteins consist of carbon, hydrogen, oxygen, and nitrogen atoms, and
sometimes sulphur atoms. Protein molecules are usually very large and
consist of one or more polypeptide chains with, in some instances, simple
sugars or other smaller molecules attached.

Polypeptides are chains of amino acids. There are 20 different kinds of
amino acids. Each amino acid has two special groups of atom plus an R
group. One functional amino acid group is called the amino group (-
NH2); the other, which is acidic, is called the carboxyl group (-COOH).
The structure of an R group can vary from a single hydrogen atom to a

complex ring.

(1 Jsan) O nl) el (A il ginsae ol S (S
e el Galea) Ll 5f (e Al o34 5 :(primary structure) 4l sY) dll -]
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sl

11

https://manara.edu.sy/




Table 1: shapes of proteins <isi g sl J&i 1 Jgia

Type of fibrous globular | conjugated

protein

Shape o2

; v A

b

Examplesof | Collagen Enzymes | Haemoglobin
this type of | Keratin Antibodies

protein Hormones

45 A0 )

O Aciaa 5 ol 55 S35 e 4230 (secondary structure): 4 sl aad) -1
Gas Osilite Cumand AiaaY) 5 a0 Can g 5 Al 50 HISH 8 a3l S
(O S g cpa SI i) samiad 4y G ) e ALY

A3y jad A1 A8 e )l ) Jias (tertiary structure): &EN ) -2
) ey 3 Jie i) aawial 2 G diall o 3las g alél) (e Al 5 G5l
Llall e A gipmall & Cy S A dadl g KR e (g 4SSN ol 5,10
AN Al e

Ll i ame i 5 e Al 238 15 (quaternary structure) duel N Al -3
Csle sanglS Bama Bas g JSUIE] Lgaiany aa 45 ghate 44 5 yy JuDls Bac 40
W) il Lk 5 oy i Al 2y 3aaxie Jusdls a )l e ally 30
(4 J88) By Alalag
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« chain 1 « chain 2
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(Haemoglobin ol s sasl) i g sl &l )1 43l 14 Jsil)

Four levels of proteins can be distinguished (table 1):

1-

Primary structure: Amino acids are linked together by peptide
bonds, which are covalent bonds formed between the carboxyl
carbon of one amino acid and the nitrogen of the amino group of
another, a molecule of water being removed in the process.
Consequently, a linear structure is formed.

Secondary structure: A hydrogen bond form between oxygen
atoms of carboxyl groups and hydrogen atoms of amino groups in
different molecules. Examples are the secondary structure of
collagen and keratin.

Tertiary structure: develops as the polypeptide further coils and
folds such as enzymes. It’s maintained by interactions and bonds

among R groups (figure 4).

13
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4- Quaternary structure: this structure is formed as a result of number
and arrangement of multiple folded protein subunits in a multi-
subunit complex. An example is haemoglobin which consists of

four polypeptide subunits; 2 alpha chains and two beta chains.

Nucleic Acids 4l (& gaad) (4

S Dl Sl e xi 5 ) Se Cilaa g (e Ao e Badede Cliy ja (o8 A5l (a ganll
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ool @l (e 2a) 55 (S Y G siiall sl Sl g8 aaly pald S e DNA
Ll (2-3 J88) (T) omeaiills «(C) cuisid) «(G) cuilsall (A) 0ia¥) a5 Al
ol @l Ga aalys cull SAll ey aals pald S (s RNA I clag S

(U) ded ) sall 5 ¢(C) G sind) ((G) ool sad) ((A) i) a5 Ay 5

Nucleic acids are large polymers made of many repeating units called
nucleotides. Each nucleotide is composed of a sugar molecule, a
phosphate group, and a molecule called nitrogenous base (figure 3.1).
There are two main types of nucleic acids: DNA (Deoxyribo Nucleic
Acid) and RNA (Ribo Nucleic Acid). DNA nucleotides contain one
specific sugar, deoxyribose, and one of four different nitrogenous bases:
Adenine (A), Guanine (G), Cytosine (C), and Thymine (T). RNA
nucleotides contain one specific sugar, ribose, and one of four different

nitrogenous bases: Adenine (A), Guanine (G), Cytosine (C), and Uracil

(V).

14
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Figure 5: Structures of DNA and RNA Nucleotides

Vitamins «lislidl (5

¢ What are vitamins <lislidl A L

gaplall 43 V) 8 AL CilaSy aa 65 Al 4 guaall LS ) (e de gane b il
dnall gl V) Gy aadi O (Sars (6 JSE) dpdall CMELY) Cllaal Ll 4
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Vitamin C
CeHgOg

Figure 6: Structure of vitamin C ol 445 16 Jsi

Vitamins are a group of organic compounds that are present in minute
amounts in natural foods. Vitamins are essential to normal metabolism
(figure 6). If we do not take enough of any kind of vitamin, certain
medical conditions can result. This is because the human body either does

not produce enough of them, or it does not produce any at all.

Each organism has different vitamin requirements. For example, humans
need to consume vitamin C, or ascorbic acid, but dogs do not. Dogs can
produce, or synthesize, enough vitamin C for their own needs, but

humans cannot.

16
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There are currently 13 recognized vitamins.

Different vitamins have different roles, and they are needed in different

guantities.

Facts on vitamins <ilislidl) Jsa 3l
linelil) e le 5513 sa an sy -1
el Alsia o elally dlaia L) chlinalidll o) 65 -2
el Alaial) el (g puanll (8 T 535 gl pnsally dlaial) cilisalidl] ()55 -3
Mg e Ll Chia g Gl () g S Tails cilinalidl) (g 5ia3 4
Jlarinly (ulill any miaty o Say S5 Clisalidll jaae Juadl 4 o12adl -5
bl J8 e leie Ciladia
o There are 13 known vitamins.
« Vitamins are either water-soluble or fat-soluble.
« Fat-soluble vitamins are easier for the body to store than water-
soluble.
« Vitamins always contain carbon, so they are described as
“organic.”
. Food is the best source of vitamins, but some people may be

advised by a physician to use supplements.
Fat-soluble vitamins awill dlaial) clialidl) -1

i K E <D A clialil) 0665 2l g aveall dyiaall ol & cilinaliall 1aa o 385
Alaiall lisalidll (335 (e Jgend Cilisalildl) (e g i) 138 00335 5535 (2 U il
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1- Fat-soluble vitamins are stored in the fatty tissues of the body and the

liver. Vitamins A, D, E, and K are fat-soluble (table 2). These vitamins
are easier to store than water-soluble vitamins, and they can stay in the
body as reserves for days, and sometimes months. These vitamins are

absorbed through the intestinal tract with the help of fats, or lipids.

Water-soluble vitamins stally Aladiall cilislidl) -2
s Lt 3a5 amall by ¥y sk 5 5 anall (8 il (e gl Va8 ay Y
Oo S il gl 138 (s gat ) Aalay e el Cuna s Jodl (A Vs Lea sk
slall dlaie B opalidll g5 aaen s C Opalial) (g0 IS 0580 L puaally Aniall clipalil)
(2 dsn)
Water-soluble vitamins do not stay in the body for long. The body cannot
store them, and they are soon excreted in urine. Because of this, water-
soluble vitamins need to be replaced more often than fat-soluble ones.

Vitamin C and all the B vitamins are water soluble (Table 2).

Diseases caused by deficiency <lialidll (o gali oo daaldll (i) oY)

of some vitamins

A8 Cilia ) (a5 oA cpal) i plaal 5l LI el A Cpaalidl) Gl o G (S
D8 (a ye BB Gaeliadll s Can () (S el (i o BS (el (i s O S
() a0 BT Gaelial) i Gy o oSy chamall oaanll J3e Y 5 aal)
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Table 2: Names of Vitamins and Their R'éé-ciu'r‘éés

vitamin | Chemical name | Diseases of Good resources
Deficiency
A Retinol night-blindness Liver, carrots, sweet potato,
butter, spinach, some cheeses,
egg, apricot, milk.

Bl thiamine Beriberi, cereal grains, sunflower seeds,
Wernicke-Korsakoff | brown rice, cauliflower,
syndrome potatoes, oranges

B2 Riboflavin ariboflavinosis asparagus, bananas, milk,

yogurt, meat, eggs, fish, green
beans

B3 Niacin Mental disturbance, liver, heart, kidney, chicken,
dermatitis beef, fish, eggs, dates, tomatoes,

carrots

B5 Pantothenic acid | paresthesia meats, whole-grains, broccoli,

avocados

B6 Pyridoxine anemia, peripheral meats, bananas, whole-grains,
neuropathy, vegetables, and nuts

B7 Biotin inflammation of the | egg yolk, liver, some vegetables
intestine

B9 Folic acid Deficiency during leafy vegetables, legumes, liver,
pregnancy birth baker's yeast
defects

B12 | Cyanocobalamin | megaloblastic fish, meat, poultry, eggs, milk
anemia, and dairy products

C Ascorbic acid megaloblastic anemia | fruit and vegetables.

D Ergocalciferol osteomalacia, or Exposure sunlight fatty fish,
softening of the eggs, beef liver, mushrooms.
bones

E Tocopherols hemolytic anemia in | Kiwi fruit, almonds, avocado,
newborns eggs, milk, nuts, leafy green

K Phylloguinone bleeding diathesis leafy green vegetables,

avocado, Kiwi fruit. Parsley

Deficiency of vitamin A may cause night-blindness and keratomalacia, an

eye disorder that results in a dry cornea. Deficiency of vitamin B5 may

cause paresthesia. Deficiency of vitamin B6 may cause anemia,

peripheral neuropathy. Deficiency of vitamin B7 may cause inflammation
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of the intestine. Deficiency of vitamin B9 during pregnancy is linked

for the entire year before becoming pregnant. Deficiency of vitamin

may cause rickets and osteomalacia, or softening of the bones(table 2) .

https://manara.edu.sy/

to

birth defects. Pregnant women are encouraged to supplement folic acid

D
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