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Course outline 

• Water, pH, Weak Acids, Weak Bases, and buffers. 

• Macromolecules, structure and function 

– Amino acids and proteins, carbohydrates, Lipids, nucleic acids. 

• The cell: Prokaryotic and eukaryotic   cells. 

• Microscopy  (principles of magnification and resolution). 

• Eukaryotic cell compartmentalization, endomembrane system and  organelles structure and function; 

Animal vs plant cell 

• The cytoskeleton: Microtubules,  microfilaments , & intermediate filaments. 

• Extracellular components and connections between cells. 

– Cell Walls of Plants  ( primary and secondary  cell wall and the middle lamella) 

– The Extracellular Matrix (ECM) of Animal Cells   

– Cell Junctions Cells in   animal (Tight Junctions, Desmosomes, and Gap Junctions in Animal Cells )and 

plant cells  (Plasmodesmata in Plant Cells). 

• Biological Membranes and Transport 

– Cell membrane structure and function  (fluid mosaics model in details)  

– The Fluidity of Membranes  

– Membrane Proteins and Their Functions  

– Traffic across membranes including  exocytosis and endocytosis   

• The cell cycle and cell divisions 

–  Mitosis and Meiosis (gametogenesis and nondisjunction) in details   

• DNA replication  

 

 



Water and life 

• Water is the molecule that supports all of life 

• Water is the most abundant substance in 

living systems, making up 70% or more of the 

weight of most organisms. 

• The attractive forces (cohesion) between 

water molecules and the slight tendency of 

water to ionize are of crucial importance to 

the structure and function of biomolecules and 

hence biological systems.  
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Structure of water molecule 

• The water molecule is not as simple as its structure looks 
like. 

 

• It is shaped like a wide V, with its two hydrogen atoms 
joined to the oxygen atom by single covalent bonds. 

 

• Oxygen is more electronegative than hydrogen, so the 
electrons of the covalent bonds spend more time closer 
(unequal sharing) to oxygen than to hydrogen; these are 
polar covalent bonds.  

 

• This unequal sharing of electrons and water’s V-like shape 
make water a polar molecule. 

 

• Unequal sharing of electrons results in the oxygen region of 
the water molecule has a partial negative charge (δ-), and 
each hydrogen has a partial positive charge (δ+).  

 
• The H-O-H bond angle is 104.5o, slightly less than the 109.5o 

of a typical tetrahedron because of crowding by the 
unshared pairs of electrons  of the oxygen atom   

104.5°



Hydrogen Bonds between water molecules  

• As result of the partial negative charges (δ-), 

and  the  partial positive charges (δ+), of each 

water molecule , there is an electrostatic 

attraction between the (δ-) of  oxygen atom 

of one water molecule and (δ+) of the 

hydrogen of another water molecule which is  

called a hydrogen bond (Hydrogen bonds are 

relatively weak bond).   

• Hydrogen bonding is a special type of dipole-

dipole attraction between molecules. 

• Hydrogen bond results from the attractive 

force between a hydrogen atom covalently 

bonded to a very electronegative atom such as 

a N, O, or F atom and another very 

electronegative atom. 

• Bond strength and  bond length ? 

 



Cohesion of Water Molecules 
• Water molecules stay close to each other as a result of hydrogen bonding.  

• Hydrogen bonds between water molecules provide the cohesive forces that make water a 

liquid at room temperature and that favor the extreme ordering of molecules that is typical 

of crystalline water (ice). 

• the arrangement of molecules in a sample of liquid water is constantly changing (flickering 

clusters), however at any given moment many of the molecules are linked by multiple 

hydrogen bonds. These linkages make water more structured than most other liquids .  

• Collectively, the hydrogen bonds hold the substance together in a strong molecular 

interactions, a phenomenon called cohesion. 

 

• One result of cohesion of water molecules due to hydrogen bonding is high surface 

tension, a measure of how difficult it is to stretch or break the surface of a liquid. 

• At the air-water interface is an ordered arrangement of water molecules, hydrogen-bonded to 

one another and to the water below, but not to the air above, which gives water an unusually 

high surface tension, making it behave as though it were coated with an invisible film. 

 

• Cohesion also contributes to the transport of water and dissolved nutrients against gravity 

in plants 

• Cohesion  attraction forces between molecules of the same substance 

• Adhesion is attraction forces between molecules of different  substances  

 

 









Hydrogen Bonding Gives Water Its Unusual Properties 

• Water has a higher melting point, boiling point, and heat of vaporization than most other 

common solvents. 

• These unusual properties are a consequence of attractions between adjacent water molecules 

that give liquid water great internal cohesion. 

• Hydrogen bonds are relatively weak. Those in liquid  water have a bond dissociation energy 

(the energy required to break a bond) of about 23 kJ/mol, compared with 470 kJ/mol for the 

covalent ــــOH bond in water or 348 kJ/mol for a covalent CـــC bond. 

• *The heat energy required to convert 1.0 g of a liquid at its boiling point, at atmospheric pressure, into its gaseous 

state at the same temperature. It is a direct measure of the energy required to overcome attractive forces (cohesion) 

between molecules in the liquid phase.  

 



Liquid water, ice, and the flickering cluster  
• Hydrogen bonds between water molecules provide the cohesive 

forces that make water a liquid at room temperature and that 

favor the extreme ordering of molecules that is typical of 

crystalline water (ice).  

• In ice, each water molecule forms the maximum of four 

hydrogen bonds, creating a regular crystal lattice. This crystal 

lattice makes ice less dense than liquid water, and thus ice 

floats on liquid water 

• However, at any given time, most of the molecules in liquid 

water are engaged in hydrogen bonding ( an average of 3.4 with 

other water molecules), but the lifetime of each hydrogen bond 

is just 1 to 20 picoseconds (1 ps  10-12 s) 

• Upon breakage of one hydrogen bond, another hydrogen bond 

forms, with the same partner or a new one, within ~ 0.1 ps. 

• The  “flickering clusters”  is the phrase that has been applied to 

the short-lived groups of water molecules interlinked by 

hydrogen bonds in liquid water.  

• The sum of all the hydrogen bonds between H2O molecules 

gives great internal cohesion on liquid water.  



Water Forms Hydrogen Bonds with Polar Solutes 

• Hydrogen bonds are not exclusive to water.  

• Hydrogen bonds readily form between an electronegative atom (the hydrogen 

acceptor, usually oxygen or nitrogen with a lone pair of electrons)  and a hydrogen 

atom covalently bonded to another electronegative atom (the hydrogen donor) in the 

same or another molecule 

• Hydrogen atoms covalently bonded to carbon atoms do not participate in hydrogen 

bonding, because carbon is only slightly more electronegative than hydrogen and thus 

the C-H bond is only very weakly polar. 

• Why butanol (CH3(CH2)2CH2OH) has a relatively high boiling point of 117 oC than 

butane (CH3(CH2)2CH3) which has a boiling point of only 0.5 oC. 



• Polar biomolecules dissolve 
readily in water because they can 
replace water-water interactions 
with more energetically favorable 
water-solute interactions. 

• In contrast, nonpolar biomolecules 
interfere with water-water 
interactions but are unable to form 
water-solute interactions—
consequently, nonpolar molecules 
are poorly soluble in water. 

 

• Uncharged but polar biomolecules 
such as sugars dissolve readily in 
water because of the stabilizing 
effect of hydrogen bonds between 
the hydroxyl groups or carbonyl 
oxygen of the sugar and the polar 
water molecules.  

• Alcohols, aldehydes, ketones, and 
compounds containing N-H bonds 
all form hydrogen bonds with water 
molecules and tend to be soluble in 
water. 



Relatively strong and weak Hydrogen bonds 

• Hydrogen bonds are strongest when the bonded molecules are oriented to 

maximize electrostatic interaction and minimize charge  repulsion  

which occurs when the hydrogen atom and the two atoms that share it are 

in a straight line—that is, when the acceptor atom is in line with the 

covalent bond between the donor atom and H. 

• Hydrogen bonds are thus highly directional and capable of holding two 

hydrogen-bonded molecules or groups in a specific geometric arrangement.  



Water Interacts Electrostatically with Charged Solutes 

• As a polar solvent, water readily dissolves most biomolecules, which are generally 

charged or polar compounds 

• Compounds that dissolve easily in water are hydrophilic (Greek, “water-loving”).  

• Nonpolar solvents such as chloroform and benzene are poor solvents for polar 

biomolecules but easily dissolve those that are hydrophobic—nonpolar molecules such 

as lipids and waxes. 



Water dissolves salts such as NaCl by hydrating and stabilizing the Na+ and Cl- ions, 

weakening the electrostatic interactions between them and thus counteracting their 

tendency to associate in a crystalline lattice 

 The same factors apply to charged biomolecules, compounds with functional groups 

such as ionized carboxylic acids (-COO-), protonated amines (-NH+
3), and phosphate 

esters.  

Water readily dissolves such compounds by replacing solute-solute hydrogen bonds 

with solute-water hydrogen bonds 



Entropy :  It is a measure of randomness or disorder of the system: the 
greater is the randomness, the higher is the entropy. 
 

As a salt such as NaCl dissolves, the Na+ and Cl- ions leaving the crystal 

lattice acquire far greater freedom of motion (increase entropy).  

 

The resulting increase in entropy (randomness) of the system is largely 

responsible for the ease of dissolving salts such as NaCl in water. 
 
Melting of the ice is accompanied by an increase of entropy.  
 
Molecules of H2O in ice have fixed position but as soon as it changes into 
liquid , the molecules of H2O began to move about freely i.e the randomness 
increases . 

 

Entropy increases as Crystalline Substances Dissolve 



Nonpolar Gases Are Poorly Soluble in Water 
• The molecules of the biologically important gases CO2, O2, and N2 are nonpolar. 

•  In O2 and N2, electrons are shared equally by both atoms.   

• In CO2, each C=O bond is polar, but the two dipoles are oppositely directed and cancel each other. 

• The movement of molecules from the disordered gas phase into aqueous solution constrains their motion 

and the motion of water molecules and therefore represents a decrease in entropy. 

• The nonpolar nature of these gases and the decrease in entropy when they enter solution combine to 

make them very poorly soluble in water . 

• water-soluble carrier proteins (hemoglobin) that facilitate the transport of O2.  

• CO2 forms carbonic acid (H2CO3) in aqueous solution and is transported as the HCO3
-  (bicarbonate) ion, 

either free—bicarbonate is very soluble in water (~100 g/L at 25 C)—or bound to hemoglobin.  

• Two other gases, NH3 and H2S, also have biological roles in some organisms; these gases are polar and 

dissolve readily in water. 



Transport of CO2 as Carbonic Acid 

 

• When CO2 enters the erythrocyte, it combines with water to form carbonic acid (reaction catalyzed by carbonic anhydrase 

CAH) 

• The carbonic acid (H2CO3) then dissociates to form hydrogen ions (H+) and bicarbonate (HCO3–) 

• Bicarbonate is pumped out of the cell in exchange with chloride ions (exchange ensures the erythrocyte remains uncharged) 

• The bicarbonate in the blood plasma combines with sodium to form sodium bicarbonate (NaHCO3), which travels to the lungs 

• The hydrogen ions within the erythrocyte make the environment less alkaline, causing hemoglobin to release its oxygen 

• The hemoglobin absorbs the H+ ions and acts as a buffer to maintain the intracellular pH 

• When the red blood cell reaches the lungs, bicarbonate is pumped back into the cell and the entire process is reversed. 



Nonpolar Compounds Force Energetically Unfavorable 

Changes in the Structure of Water 

• When water is mixed with benzene or hexane, two phases form; neither 

liquid is soluble in the other.  

• Nonpolar compounds such as benzene and hexane are hydrophobic—they 

are unable to undergo energetically favorable interactions with water 

molecules, and they interfere with the hydrogen bonding among water 

molecules. 

• All molecules or ions in aqueous solution interfere with the hydrogen bonding 

of some water molecules in their immediate proximity or neighborhood. 

• polar or charged solutes (such as NaCl) compensate for lost water-water 

hydrogen bonds by forming new solute-water interactions. 

• Hydrophobic solutes, however, offer no such compensation, and their 

addition to water may therefore result in a measurable decrease in entropy. 

 

• Water molecules in the immediate proximity or neighborhood of a nonpolar 

solute are constrained in their possible orientations as they form a highly 

ordered cage-like shell around each solute molecule. 



Amphipathic compounds  

• Amphipathic compounds contain regions that are polar (or charged) and 

regions that are nonpolar. 

• When an amphipathic compound is mixed with water, the polar, hydrophilic 

region interacts favorably with the solvent and tends to dissolve, but the 

nonpolar, hydrophobic region tends to avoid contact with the water 



Amphipathic interaction with water 

• The nonpolar regions of the amphipathic molecules cluster together to present the 

smallest hydrophobic area to the aqueous solvent, and the polar regions are 

arranged to maximize their interaction with the polar solvent, thus forming 

relatively stable structures of amphipathic compounds in water, called micelles. 

• The forces that hold the nonpolar regions of the molecules together are called 

hydrophobic interactions.  

• The strength of hydrophobic interactions is not due to any intrinsic attraction 

between nonpolar moieties. Rather, it results from the system’s achieving greatest 

thermodynamic stability by minimizing the number of ordered water molecules 

required to surround hydrophobic portions of the solute molecules. 

• Many biomolecules are amphipathic, e.g. proteins, pigments, certain vitamins, and 

the sterols and phospholipids of membranes all have polar and nonpolar surface 

regions.  

• Hydrophobic interactions among lipids, and between lipids and proteins, are the most 

important determinants of structure in biological membranes. 

Hydrophobic interactions between nonpolar amino acids also stabilize the three-

dimensional structures of proteins. 

  

 



Long-chain fatty acids have very hydrophobic alkyl chains, each of 

which is surrounded by a layer of highly ordered water molecules. 





• Hydrogen bonding between water and polar solutes also causes some ordering 
of water molecules, but the effect is less significant than with nonpolar solutes.  

• Part of the driving force for binding of a polar substrate (reactant) to the 
complementary polar surface of an enzyme (both are separate entities)  is the 
entropy increase as the enzyme displaces ordered water from the substrate. 

 

Release of ordered water favors formation of an enzyme-substrate complex 



Solutes Affect the Colligative Properties of Aqueous 

• Solutes of all kinds alter certain physical properties of the solvent, water: its 
• vapor pressure 

• boiling point 

• freezing point 

• osmotic pressure. 

• These are called colligative (“tied together”) properties, because the effect of solutes on 
all four properties has the same basis: the concentration of water is lower in solutions 
than in pure water.  

• The effect of solute concentration on the colligative properties of water is independent 
of the chemical properties of the solute; it depends only on the number of solute 
particles (molecules, ions) in a given amount of water.  

• A compound such as NaCl, which dissociates in solution, has twice the effect as does 
an equal number of moles of a nondissociating solute such as glucose.  

• E.g the tendency of water molecules to move from the aqueous phase to the 
surface of a forming ice crystal is reduced when some of the molecules that collide with 
the crystal are solute, not water. In that case, the solution will freeze more slowly than 
pure water and at a lower temperature. 

 

• For a 1.00 M aqueous solution of an ideal, nonvolatile, and nondissociating solute, the 
freezing point is 1.86 oC lower (- 1.86) and the boiling point is 0.543 oC  (100.543) 
higher than for pure water.  

• For a 0.100 M solution of the same solute, the changes are one-tenth as large  



Pure Water Is Slightly Ionized 

• Water molecules have a slight tendency to undergo reversible ionization to yield 

a hydrogen ion (a proton) and a hydroxide ion, giving the equilibrium 

•   

 

•  

The position of equilibrium of any chemical reaction is given by its equilibrium 

constant, Keq (sometimes expressed simply as K ).  

 



The Ionization of Water Is Expressed by an equilibrium Constant 

The concentration of pure water at 25 oC is 55.5 M (grams of H2O in 1 L divided by its gram 

molecular weight: (1,000 g/L)/(18.0 g/mol)).  

Kw = the ion product of water at 25 °C. 

The value for Keq, determined by electrical-conductivity measurements of pure water,  

Keq  = 1.8 X 10-16 M at 25 oC .  



pH 
• What does pH mean? 

 
• power of hydrogen             Denmark 

• potenz (also meaning power)          German 

• puissance                 French 

• pondus hydrogenii (meaning quantity of hydrogen)            Romans  

• potentia hydrogenii (capacity of hydrogen)              Romans  

• potential hydrogen              British 

• p = -log “mathematicians”  

 

• The initials pH stand for "power of hydrogen" or "Potential of Hydrogen” The pH 
of a solution is nothing more than that, the potential of Hydrogen  

• pH= - log [H+]                    for pure water pH =-log [10-7] = 7 

 

• pOH = - log [OH-] 

• [H+] [OH-]= 10-14 

• pH + pOH= 14 
 

  





Strong and weak acids and bases 

• Strong acids such as: Hydrochloric (HCl), sulfuric (H2SO4), and nitric acids 

(HNO3), are completely ionized in aqueous solutions 

                    HCH               H+    + Cl- 

• Strong bases NaOH and KOH are also completely ionized. 

                   NaOH                  Na+    +  OH-  

• However, weak acids and bases are not completely ionized when dissolved in 

water, they  partially ionized .Therefore, their behavior in aqueous solution is 

characterized by an equilibrium reaction, and equilibrium constant, Keq 

• According to Brønsted-Lowry definition, acids are proton donors and bases 

are proton acceptors 

 

 

 

 

• Equilibrium constants Keq  for ionization reactions are usually called 

ionization or dissociation constants, often designated Ka 

 

 

 



The dissociation constants of some acids: monoprotic, diprotic, polyprotic 

pKa = - log Ka; The stronger the tendency to dissociate a proton, the 

stronger is the acid and the lower its pKa.  



Weak Acids have Characteristic titration curves 

• Titration is used to determine the 

amount of an acid in a given solution.  

• During titration, a measured volume 

of the acid is titrated with a solution 

of a strong base, usually sodium 

hydroxide (NaOH), of known 

concentration.  

• The NaOH is added in small 

increments until the acid is consumed 

(neutralized), The concentration of the 

acid in the original solution can be 

calculated from the volume and 

concentration of NaOH added. 

• A plot of pH against the amount of 

NaOH added (a titration curve) 

reveals the pKa of the weak acid  

 The titration curve of acetic acid 





Buffers Are Mixtures of Weak Acids and Their Conjugate Bases 

• Almost every biological process is pH dependent; a small change in pH produces a 
large change (unfavorable) in the rate of the process. 

• Cells and organisms maintain a specific and constant cytosolic pH, keeping 
biomolecules in their optimal ionic state, usually near pH 7. 

•  In multicellular organisms, the pH of extracellular fluids is also tightly 
regulated. Constancy of pH is achieved primarily by biological buffers. 

 

• Buffers are aqueous systems that tend to resist changes in pH when small amounts 
of acid (H+) or base (OH-) are added. A buffer system consists of a weak acid (the 
proton donor) and its conjugate base (the proton acceptor). 

 



Henderson-Hasselbalch equation relates pH, pKa, and Buffer Concentration 



Biological Buffers protect Cells and Tissues against pH Changes 

• The intracellular and extracellular fluids of multicellular organisms have a characteristic and 

nearly constant pH. 

•  The organism’s first line of defense against changes in internal pH is provided by buffer 

systems.  

• The cytoplasm of most cells contains high concentrations of proteins, which contain many 

amino acids with functional groups that are weak acids or weak bases.  

• Weak acids and its conjugate base provide best buffering power around (±1)  the pKa. 

• Two especially important biological buffers are the phosphate and bicarbonate systems.  

• The phosphate buffer system, which acts in the cytoplasm of all cells, consists of H2PO-
4 as 

proton donor and HPO4
-2 as proton acceptor  

• The phosphate buffer system is maximally effective at a pH close to its pKa of 6.86 and thus 

tends to resist pH changes in the range between about 5.9 and 7.9.  

 

 
 

• Blood plasma is buffered in part by the bicarbonate system, consisting of carbonic acid 

(H2CO3) as proton donor and bicarbonate (HCO3
-) as proton acceptor:  

 



Titrantion curve of polyprotic (triprotic)  acid  



Macromolecules: The Chemical Building Blocks of Life 

• The frameworks of biological molecules consist predominantly of carbon atoms 
bonded to other carbon atoms or to atoms of oxygen, nitrogen, sulfur or 
hydrogen.  

• Because carbon atoms possess four valence electrons and so can form four 
covalent bonds, molecules containing carbon can form straight chains, 
branches, or even rings, generating a wide range of molecular structures and 
shapes. 

• Organic molecules consisting only of carbon and hydrogen are called 
hydrocarbons. Covalent bonds between carbon and hydrogen are energy-rich 
making hydrocarbons as good fuels.  

• Carbon and hydrogen atoms both have very similar electronegativities, so 
electrons in C—C and C—H bonds are evenly distributed, and there are no 
significant differences in charge over the molecular surface. For this reason, 
hydrocarbons are nonpolar.  

• Most organic molecules (biological molecules) that are produced by cells 
contain C—H core to which specific groups of atoms called functional groups 
are attached. These atoms that often have different electronegativities giving 
biological molecules their polar characteristics 



Functional Groups  





Biological Macromolecules 
• Some organic molecules in organisms are small and simple, containing only one or a few 

functional groups. Others are large complex assemblies called macromolecules. 
 

• In many cases, these macromolecules are usually polymers, molecules consisting of 

many similar or identical building blocks (called monomers) linked by covalent bonds. 
 

• In addition to forming polymers, some monomers have functions of their own. For 

example, complex carbohydrates like starch are polymers of simple ring-shaped sugars, 

proteins are polymers of amino acids, and nucleic acids (DNA and RNA) are polymers of 

nucleotides.  

• Biological macromolecules are traditionally grouped into four major categories:  

Proteins                 Nucleic acids             Lipids                Carbohydrates 







The Synthesis and Breakdown of Polymers 
• Although each class of polymer is made up of a different type of monomer, the chemical 

mechanisms by which cells make polymers (polymerization) and break them down are 

similar for all classes of large biological molecules and, these processes are facilitated by 

enzymes that speed up (catalysis) chemical reactions.  

• The reaction that connects a monomer to another monomer or a polymer is a condensation 

reaction, a reaction in which two molecules are covalently bonded to each other with the loss of 

a water molecule so it is known as a dehydration reaction. For every subunit that is added to a 

macromolecule, one water molecule is removed. Energy is required to break the chemical 

bonds when water is extracted from the subunits, so cells must supply energy to assemble 

macromolecules. 

For example, carbohydrate and protein 

polymers are synthesized by dehydration 

reactions. Each reactant contributes part of 

the water molecule that is released during 

the reaction: One provides a hydroxyl 

group (—OH), while the other provides a 

hydrogen (—H). 

This reaction is repeated as monomers are 

added to the chain one by one, lengthening 

the polymer 



The Synthesis and Breakdown of Polymers 

• Polymers are disassembled to monomers by hydrolysis, a process that is 

essentially the reverse of the dehydration reaction during which the bond 

between monomers is broken by the addition of a water molecule, with a 

hydrogen from water attaching to one monomer and the hydroxyl group 

attaching to the other.  

• Hydrolytic reactions release the energy that was stored in the bonds that were 

broken. 



Carbohydrates  

• Carbohydrates serve as fuel and building material and include sugars and 

polymers of sugars.  

• Carbohydrates are polyhydroxy aldehydes or ketones, or substances that yield 
such compounds on hydrolysis. 

• Many, but not all, carbohydrates have the empirical formula (CH2O)n; 

• There are three major size classes of carbohydrates: 

– monosaccharides,  

– oligosaccharides,  

–  polysaccharides 

• The simplest carbohydrates are the monosaccharides, or simple sugars; these 

are the monomers from which more complex carbohydrates are built. 

• Disaccharides are double sugars, consisting of two monosaccharides joined by 

a covalent bond (glycosidic bond) 

• Polysaccharides are carbohydrate  polymers composed of many sugar 

building blocks. 



Sugars 
• Monosaccharides (from the Greek monos, 

single, and sacchar, sugar) generally have 
molecular formulas that are some multiple 
of the unit CH2O.  

• Glucose (C6H12O6), the most common 
monosaccharide, is of central importance in 
the chemistry of life 

 

• Depending on the location of the carbonyl 
group, a monosaccharide is either an aldose 
(aldehyde sugar) or a ketose (ketone sugar). 

• Glucose, for example, is an aldose; fructose, 
is a ketose.  

• Another criterion for classifying 
monosaccharides is the size of the carbon 
skeleton, which ranges from 3 to 7 carbons 
long.  

• Glucose, fructose, and other sugars that have 
six carbons are called hexoses. 

 

•  Trioses (three-carbon sugars) and 
pentoses (five-carbon sugars) are also 
common. 

The simplest monosaccharides are the 
two three-carbon trioses: 
 
• Glyceraldehyde, an aldotriose 

 
• Dihydroxyacetone, a ketotriose 





Monosaccharides Have Asymmetric Centers 

• All the monosaccharides except 

dihydroxyacetone contain one or more 

asymmetric (chiral) carbon atoms 

(carbon attached to four different atoms 

or groups of atoms and thus occur in 

optically active isomeric forms.  

• All pure chiral compounds are 

optically active 

• Many of the carbon atoms to which 
hydroxyl groups are attached are chiral 
centers, which give rise to the many 
sugar stereoisomers found in nature. 

 

• The simplest aldose, glyceraldehyde, 
contains one chiral center (the middle 
carbon atom) and therefore has two 
different optical isomers, or enantiomers 

• By convention, one of these two forms 
is designated the D isomer, the other 
the L isomer. 



Stereoisomers of monosaccharides 

The stereoisomers of monosaccharides of each carbon-chain length can 

be divided into D and L  as they  differ in the configuration about the 

chiral center (asymmetric carbon atom) most distant from the 

carbonyl carbon 







Linear and ring forms of monosaccharides  

• In aqueous solutions, glucose molecules, as well as most other five- and six-carbon 

monosaccharides, form rings, because they are the most stable form of these sugars 

under physiological conditions. 

• In these cyclic (ring) structures, the carbonyl group has formed a covalent bond with 
the oxygen of a hydroxyl group along the chain. 

• The formation of these ring structures is the result of a general reaction between 
alcohols and aldehydes or ketones to form derivatives called hemiacetals or 
hemiketals. 

• When an alcohol adds to an aldehyde, the result is called a hemiacetal; when an 
alcohol adds to a ketone the resulting product is a hemiketal.  

• Groups pointing to the right in the Fisher (linear)  straight chain form, they point 
down in the ring form, while those to the left are point up in the ring 

 



 and β and anomers 

• Isomeric forms of 

monosaccharides that differ only 

in their configuration about the 

hemiacetal or hemiketal carbon 

atom (anomeric carbon) are called 

anomers.  

 

• The  and β  anomers of D-

glucose interconvert in aqueous 

solution by a process called 

mutarotation.  



Classes of carbohydrates 

• There are three major size classes of carbohydrates: 

– Monosaccharides 

– Oligosaccharides,  

– Polysaccharides  

• Monosaccharides, or simple sugars, consist of a single polyhydroxy aldehyde or 

ketone unit. The most abundant monosaccharide in nature is the six-carbon 

sugar D-glucose, sometimes referred to as dextrose. 

• Oligosaccharides consist of short chains of monosaccharide units, or residues, 

joined by characteristic linkages called glycosidic bonds. The most abundant are 

the disaccharides, with two monosaccharide units. 

• In cells, most oligosaccharides consisting of three or more units do not occur 

as free entities but are joined to nonsugar molecules forming glycoconjugates 

(lipids: glycolipids or Proteins glycoproteins). 

• The polysaccharides are sugar polymers containing more than 20 or so 

monosaccharide units, and some have hundreds or thousands of units.  

• Some polysaccharides, such as cellulose, are linear chains; others such as 

glycogen, are branched.  

 

 

 



Monosaccharides are Reducing Agents 
• Monosaccharides are Reducing Agents they can be oxidized by relatively 

mild oxidizing agents such as ferric (Fe3+) or cupric (Cu2+) ion.  

• During this reduction activity, the carbonyl carbon (anomeric carbon) is 

oxidized to a carboxyl group.  

• Sugars capable of reducing ferric or cupric ion are called reducing sugars. 

• Oxidation is loss of electrons, loss of hydrogen or gain of oxygen  

• Reduction is gain of electrons, gain of hydrogen, or loss of oxygen. 



A disaccharide consists of two monosaccharides joined 

by a glycosidic linkage 

• A disaccharide consists of two monosaccharides joined by a glycosidic 

linkage (dehydration reaction), a covalent bond formed between two 

monosaccharides with a  hydroxyl group of one sugar  and the anomeric 

carbon of the other 

• For example: 

• Maltose is a disaccharide formed by the linking of 2 molecules of D-

glucose. 

• Sucrose, the most prevalent disaccharide is formed by linking 2 different 

monomers: D-glucose and D-fructose 

• Lactose, the sugar present in milk, is another disaccharide, in this case a 

D-glucose joined to a D-galactose .  

• Disaccharides must be broken down into monosaccharides to be used for 

energy by organisms. 

 



The bonding of two D-glucose units 

forms maltose.  

 

The 14 glycosidic linkage joins the 

number 1 carbon of one D-glucose to the 

number 4 carbon of the second D-glucose. 

 

Joining the glucose monomers in a 

different way would result in a different 

disaccharide. 

Dehydration reaction in the synthesis of maltose. 



The disaccharide maltose 

contains two D-glucose 

residues joined by a glycosidic 

linkage between C-1 (the 

anomeric carbon) of one 

glucose residue and C-4 of the 

other.  

Because the disaccharide 

maltose preserves a free 

anomeric carbon C-1 of the 

glucose residue on the right, 

maltose is a reducing sugar. 

The configuration of the anomeric carbon atom in the glycosidic linkage 

is α, so the linkage is α(14). 

 The glucose residue with the free anomeric carbon is capable of existing 

in α and β forms (anomers) 



Disaccharide Sucrose 

• Sucrose is a disaccharide formed from D-glucose and 

D-fructose.  

• Notice that fructose forms a five-sided ring, though it 

is a hexose like glucose. 

• The sucrose molecule is exceptional among the 

common disaccharides in having an α-1, β-2-

glycosidic (head-to-head) α1↔ 2β linkage.  

 

• Because this glycosidic linkage is formed by the OH 

group on the anomeric carbon of α-D-glucose and the 

OH group on the anomeric carbon of β-D-fructose, 

it ties up the anomeric carbons of both glucose and 

fructose. 

• In contrast to maltose and lactose, sucrose contains 

no free anomeric carbon atom; therefore,  sucrose is 

a non-reducing sugar 

Nonreducing disaccharides are named as glycosides; in 

this case, the positions joined are the anomeric carbons.  

In the abbreviated nomenclature, a double-headed arrow 

connects the symbols specifying the anomeric carbons 

and their configurations. 

The abbreviated name of sucrose is 

either: 

•  Glc(α1 ↔  2β)Fru    

•  Fru (β2 ↔  1α)Glc  



Disaccharide Sucrose 



• The disaccharide lactose, which yields D-galactose and D-glucose on 

hydrolysis, occurs naturally only in milk.  

• The anomeric carbon of the D-glucose residue is available for oxidation, and 

thus lactose is a reducing disaccharide.  

• Its abbreviated name is Gal β(1→ 4)Glc.  

Disaccharide Lactose 



Polysaccharides 
• Most carbohydrates found in nature occur as polysaccharides, polymers of medium 

to high molecular weight. 

• Polysaccharides, also called glycans, differ from each other in: 

– The identity of their repeated monosaccharide units 

– The length of their chains 

– The types of bonds linking the units 

– The degree of branching. 

• Homopolysaccharides contain only a single type of monomer. 

• Heteropolysaccharides contain two or more different kinds. 

• Some homopolysaccharides serve as storage forms of monosaccharides that are used as fuels; 

e.g. starch and glycogen. 

• Other homopolysaccharides serve as structural elements in plant cell walls and animal 

exoskeletons; e.g. cellulose and chitin. 

• Heteropolysaccharides provide extracellular support for organisms of all kingdoms. For 

example, the rigid layer of the bacterial cell envelope (the peptidoglycan) is composed in 

part of a heteropolysaccharide built from two alternating monosaccharide units. 

• The extracellular space of animal tissues is occupied by several types of 

heteropolysaccharides, which form a matrix that holds individual cells together and 

provides protection, shape, and support to cells, tissues, and organs 





Storage Polysaccharides 

• The most important storage polysaccharides are starch in plant cells and 

glycogen in animal cells.  

• Organisms store the metabolic energy contained in monosaccharides by 

converting them into disaccharides, such as maltose, which are then linked 

together into insoluble forms that are deposited in specific storage areas in their 

bodies. These insoluble polysaccharides are long polymers of 

monosaccharides formed by dehydration reaction. 

• Both polysaccharides (starch  and glycogen) occur intracellularly as large 

clusters or granules .  

• Starch and glycogen molecules are heavily hydrated, because they have many 

exposed hydroxyl groups available to hydrogen-bond with water. 

•  Plants store starch as granules within chloroplasts and other organelles which 

provides a reservoir of energy available for future needs. Energy for cellular 

work can be retrieved by hydrolyzing the links that bind the glucose subunits 

together. 

• Most plant cells have the ability to form starch, but it is especially abundant in 

tubers, such as potatoes, and in seeds.  



Storage Polysaccharides: Starch and Glycogen  

• Starch contains two types of glucose polymer, amylose and amylopectin. 

The amylose consists of long, unbranched chains of D-glucose residues 

connected by  (14) linkages. Such chains vary in molecular weight from 

a few thousand to more than a million. 

•  Amylopectin also has a high molecular weight (up to 100 million) but 

unlike amylose is highly branched. 

• The glycosidic linkages joining successive glucose residues in amylopectin 

chains are ( 14); the branch points (occurring every 24 to 30 residues) 

are ( 16) linkages. 

• Glycogen is the main storage polysaccharide of animal cells. 

•  Like amylopectin, glycogen is a polymer of ( 14) -linked subunits of 

glucose, with ( 16) –linked branches, but glycogen is more extensively 

branched (on average, every 8 to 12 residues) and more compact than 

starch.  

• Glycogen is especially abundant in the liver where it may constitute as much 

as 7% of the wet weight; it is also present in skeletal muscle. 







Some Homopolysaccharides Serve Structural Roles 

• Cellulose, a fibrous, tough, water-insoluble substance, is found in the cell walls 
of plants,  

• Like amylose and the main chains of amylopectin and glycogen, the cellulose 
molecule is a linear, unbranched homopolysaccharide, consisting of 10,000 
to 15,000 D-glucose units, but in the  configuration ( 14) glycosidic 
linkage). 

• Chitin is a linear homopolysaccharide composed of N-acetylglucosamine 
residues in  linkage. The only chemical difference from cellulose is the 
replacement of the hydroxyl group at C-2 with an acetylated amino group. 

• Chitin forms extended fibers similar to those of cellulose, and like cellulose 
cannot be digested by vertebrates.  

• Chitin is the principal component of the hard exoskeletons of nearly a million 
species of arthropods—insects, lobsters, and crabs,— many fungi, and is 
probably the second most abundant polysaccharide, next to cellulose, in nature. 

 

• Dextrans are bacterial and yeast polysaccharides made up of ( 16) -linked 
poly-D-glucose; all have ( 13 ) branches, and some also have ( 12) or 
( 14) branches. 

 

 

 



Starch and cellulose structures. 



Chitin is a linear homopolysaccharide 

composed of N-acetylglucosamine 

residues in - linkage. 

The only chemical difference from 

cellulose is the replacement of the 

hydroxyl group at C-2 with an acetylated 

amino group 





Structural Heteropolysaccharides: Bacterial Cell Wall 

(Peptidoglycan or murine  ) 

• The rigid component of bacterial 

cell walls (known as 

peptidoglycan or murein) is a 

heteropolymer of alternating 

(β14)-linked: 

 N-acetylglucosamine and 

 N-acetylmuramic acid residues. 

• The linear polymers lie side by 

side in the cell wall, crosslinked 

by short peptides that join or 

interfuse the polysaccharide chains 

(glycan)  into a strong sheath that 

envelops the entire cell and 

prevents cellular swelling and lysis 

due to the osmotic entry of water.   

The enzyme lysozyme (notably present in tears ) kills bacteria by hydrolyzing the 

(β14) glycosidic bond between N-acetylglucosamine and Nacetylmuramic acid  





Amino Acids Are the Building Blocks of Proteins 
• Proteins are polymers of amino acids, with each amino acid residue joined to its 

neighbor by a specific type of covalent bond: the peptide bond 

• Although proteins are complex and multipurpose molecules, they are all polymers 

of only 20 amino acids (α-amino acids) , in a specific order. 

•  An amino acid is a molecule containing an amino group (—NH2), a carboxyl 

group (—COOH), a hydrogen atom, and a variable group symbolized by R.  

• All four components are  bonded to a central asymmetric carbon atom called the  

carbon (C#2), except glycine . The R group, also called the side chain, differs with 

each amino acid. 

R groups may be simple as hydrogen atom, or it 

may be a carbon skeleton with various functional 

groups attached.  

The physical and chemical properties of the side 

chain determine the unique characteristics of a 

particular amino acid, thus affecting its functional 

role in a polypeptide. 







Stereoisomers of amino acids 
• For all the common amino acids except 

glycine, the  α carbon is bonded to four 

different groups: a carboxyl group, an 

amino group, an R group, and a hydrogen 

atom.  

• The α-carbon atom is thus a chiral center 

for all amino acids, expect glycine, and 

have two possible nonsuperimposable 

mirror images stereoisomers called 

enantiomers. 

• L-amino acids are those with the α-amino 

group on the left,  

• D-amino acids have the α-amino group on 

the right. 

• The amino acids that make up the proteins 

in our bodies are all L-amino acids.  



Classification of amino acids  

• The 20 common amino acids are grouped into four chemical 
classes, based on their R side groups: 
 
– Group I:  Hydrophobic (nonpolar) amino acids: alanine, 

valine, tyrosine, leucine, isoleucine, phenylalanine, 
methionine, and tryptophan. 
 

– Group II: Hydrophilic (polar uncharged) amino acids: are 
serine, threonine,, asparagine, and glutamine. 
 

– Group III: Hydrophilic (polar charged) amino acids 
(Ionizable amino acids: acidic –ve [aspartic acid and 
glutamic acid] and basic +ve [arginine, histidine, and 
lysine]). 
 

– Group IV: Special amino acids have distinctive individual 
properties: cysteine, glycine proline  









          Special amino acids  



Reversible formation of a disulfide (S-S) bond by the oxidation of two 

molecules of cysteine.  

Disulfide bonds between Cys residues stabilize the structures of many 

proteins. 



Amino Acids are Amphoteric act as Acid and Base 



Amino Acids are Amphoteric act as Acid and Base 

• When an amino acid is dissolved in water, it exists in 

solution as the dipolar ion, or zwitterion (German for 

“hybrid ion) 

•  A zwitterion can act as either an acid (proton donor) 

or a base (proton acceptor)  



A simple monoamino monocarboxylic α- amino acid, such as alanine, is 

a diprotic acid when fully protonated—it has two groups, the COOH 

group and the NH3
+ group, that can yield protons 

monoamino monocarboxylic α-amino acid  



Peptides Are Chains of Amino Acids  

• Two amino acid molecules can be covalently joined through a 

dehydration reaction resulting in a covalent bond  termed a peptide 

bond, to yield a dipeptide.  

• Such a peptide bond is formed by removal of the elements of water 

(dehydration) from the α-carboxyl group of one amino acid and the 

α-amino group of another. 

 

• Three amino acids can be joined by two peptide bonds to form a 

tripeptide; similarly, amino acids can be linked to form 

tetrapeptides, pentapeptides, and so forth.  

 

• When a few amino acids are joined in this fashion, the structure is 

called an oligopeptide. 

 

• When many amino acids are joined, the product is called a 

polypeptide.  

• Proteins may have thousands of amino acid residues 

الببتیدات ھي سلاسل من الأحماض الأمینیة

 یمكن أن ترتبط جزیئین من الأحماض الأمینیة تساھمیًا من خلال تفاعل إزالة الماء مما ینتج عنھ رابطة
.تساھمیة تسمى الرابطة الببتیدیة، لإنتاج ثنائي الببتید

.یتم تشكیل ھذه الرابطة الببتیدیة عن طریق إزالة عناصر الماء (الجفاف) من المجموعة الكربوكسیلیة ألفا لحمض أمیني واحد والمجموعة الأمینیة ألفا لحمض أمیني آخر

.یمكن ربط ثلاثة أحماض أمینیة بواسطة رابطتین ببتیدیتین لتكوین ثلاثي الببتید؛ وبالمثل، یمكن ربط الأحماض الأمینیة لتكوین رباعي الببتیدات، وخماسي الببتیدات، وما إلى ذلك

.عندما یتم ربط عدد قلیل من الأحماض الأمینیة بھذه الطریقة، یسمى الھیكل بالببتید الأولیغوبي

.عندما یتم اتحاد العدید من الأحماض الأمینیة معًا، یُطلق على المنتج اسم بولي ببتید

قد تحتوي البروتینات على آلاف بقایا الأحماض الأمینیة
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N and C terminals 

• In this oligopeptide (pentapeptide)  the end with a free α-amino group is the 

amino-terminal (or N-terminal); while the other end, which has a free carboxyl 

group, is the carboxyl-terminal (C-terminal). 

• This pentapeptide is : 

 serylglycyltyrosylalanylleucine, or Ser–Gly–Tyr–Ala–Leu. 

• Peptides are named beginning with the N-terminal, which by convention is 

placed at the left 

C و N محطات

 في ھذا الببتید الأولیجوبتیدي (خماسي الببتید)، تكون النھایة التي تحتوي على مجموعة أمینیة ألفا حرة ھي الطرف الأمیني (أو
 الطرف الأمیني)؛ بینما الطرف الآخر، الذي یحتوي على مجموعة كربوكسیل حرة، ھو الطرف الكربوكسیلي (الطرف
.(الكربوكسیلي

.سیریل جلیسیل تیروزیل ألانیلیوسین، أو سیر-جلیسیل تیروزیل ألانیلیوسین

یتم تسمیة الببتیدات بدءًا من الطرف الأمیني، والذي یتم وضعھ على الیسار حسب الاتفاقیة
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Characteristic of peptide bond: Rigid and Planar 

• Planar: The six atoms of the peptide group lie in a single plane, with the 
oxygen atom of the carbonyl group and the hydrogen atom of the amide 
nitrogen trans to each other. 

 

• Rigid, Unable to rotate around its axis. The two amino acids linked by such a 
bond are not free to rotate around the N—C linkage because the peptide bond 
has a partial double-bond character, unlike the N—C and C—C bonds to the 
central carbon of the amino acid. 

• Longer than double bond but  shorter than a single bond  

خصائص الرابطة الببتیدیة: صلبة ومسطحة

.المستوى: تقع الذرات الستة للمجموعة الببتیدیة في مستوى واحد، مع ارتباط ذرة الأكسجین في مجموعة الكاربونیل وذرة الھیدروجین في مجموعة النیتروجین الأمیدیة ببعضھما البعض

أطول من الرابطة المزدوجة ولكن أقصر من الرابطة المفردة •

 شرح للذرات المشاركة في
 تكوین الرابطة الببتیدیة
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صلب، غير قادر على الدوران حول محوره. لا يستطيع الحمضان الأمينيان المرتبطان بمثل هذه الرابطة الدوران بحرية حول الرابطة N—C لأن الرابطة الببتيدية لها طابع الرابطة المزدوجة الجزئية، على عكس الروابط N—C وC—C مع الكربون المركزي للحمض الأميني.
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الالفا كربون تبعت الحامض الاميني الأول و الكربون تبعت الكربوكسيل جروب للحامض الأميني الاول هيك صار عنا 2 

والاوكسجين تبعت الكربوكسيل جروب تبعت الحامض الاميني الاول هي ثلاث ذرات 

 والنيتروجين تبعت الامين جروب تبعت الحامض الاميني الثاني 

والهيدروجين تبعت الامين جروب تبعت الحامض الاميني الثاني

والالفا كربون تبعت الحامض الاميني الثاني
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عندي 4 صفات 

Planar 

الاكسجين تبعت الكربونيل الهيدروجين تبعت الامين 

موجودين trans postion 

انها ااطول من الرابطة من المزدوجة واقصر من 

المفردة

رابع شغلة انها صلبة 



A Protein’s Function Depends on the its Shape   

• Proteins consist of long amino acid chains folded into complex shapes 

• The shape of a protein is very important because it determines the protein’s 

function.  

• a general principle about proteins structure and the folding of the polypeptide 

chain (s): essentially all the internal amino acids are nonpolar ones, amino 

acids such as leucine, valine, and phenylalanine. Water’s tendency to 

hydrophobically exclude nonpolar molecules pulls the nonpolar portions of 

the amino acid chain into the protein’s interior.  

• This situation positions the nonpolar amino acids in close contact with one 

another, leaving little empty space inside. 

• Polar and charged amino acids are restricted to the surface of the protein 

except for the few that play key functional roles. 

• When a cell synthesizes a  protein, polypeptides folding is driven and 

reinforced by the formation of various bonds and forces  between parts of the 

chain, which in turn depends on the sequence of amino acids.  

• Many proteins are roughly spherical (globular proteins), while others are 

shaped like long fibers (fibrous proteins). 

تعتمد وظیفة البروتین على شكلھ

تتكون البروتینات من سلاسل طویلة من الأحماض الأمینیة مطویة في أشكال معقدة

.یعتبر شكل البروتین مھمًا جدًا لأنھ یحدد وظیفة البروتین

.یؤدي ھذا الوضع إلى وضع الأحماض الأمینیة غیر القطبیة في اتصال وثیق مع بعضھا البعض، مما یترك مساحة فارغة صغیرة في الداخل

.تقتصر الأحماض الأمینیة القطبیة والمشحونة على سطح البروتین باستثناء القلیل منھا الذي یلعب أدوارًا وظیفیة رئیسیة

.(العدید من البروتینات لھا شكل كروي تقریبًا (بروتینات كرویة)، في حین أن بعضھا الآخر یكون على شكل ألیاف طویلة (بروتینات لیفیة
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•  The structure of proteins is 
traditionally discussed in 
terms of four levels of 
structure: 

• Primary,  

• Secondary, 

• Tertiary,  

• Quaternary 

 

Levels of Protein Structure 
مستویات بنیة البروتین

:تقلیدیا، تتم مناقشة بنیة البروتینات من حیث أربعة مستویات من البنیة

اساسي

ثانوي

ثالثي

رباعي
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Protein Primary Structure  

• Protein Primary Structure refers to the specific amino acid sequence (type, 

number and order of amino acids)  

• This sequence is determined by the nucleotide sequence of the gene (DNA) that 

encodes the protein.  

• Because the R groups that distinguish the various amino acids play no role in the 

peptide backbone of proteins, a protein can consist of any sequence of amino 

acids. 

التركیب الأساسي للبروتین

 یشیر الھیكل الأساسي للبروتین إلى تسلسل الأحماض الأمینیة المحدد (النوع وعدد وترتیب الأحماض
(الأمینیة

.الذي یشفر البروتین (DNA) یتم تحدید ھذا التسلسل من خلال تسلسل النوكلیوتیدات في الجین

 التي تمیز الأحماض الأمینیة المختلفة لا تلعب أي دور في العمود الفقري الببتیدي للبروتینات، یمكن أن یتكون البروتین من أي تسلسل من R نظرًا لأن المجموعات
.الأحماض الأمینیة
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Protein Secondary Structure 

• Secondary structure  is about the arrangement of the polypeptide chain in space  

• Most proteins have segments of their polypeptide chains repeatedly coiled or folded in 

patterns that contribute to the protein’s overall shape.  

• These coils and folds (pleats), collectively referred to as secondary structure, are the 

result of hydrogen bonds between the repeating constituents of the polypeptide 

backbone (not the amino acid side (R) chains). 

 

• The folding of the amino acid chain by hydrogen bonding into these characteristic coils 
and pleats is called a protein’s secondary structure. 

• The α—COOH and α —NH2 groups of the main chain form quite good hydrogen 
bonds. 

• Two patterns of H bonding occur:  helix and β-pleated sheet patterns. 

•    

• In one, hydrogen bonds form along a single polypeptide chain (intrachain), linking one 
amino acid to another farther down the chain, and thus  tends to pull the chain into a 
coil called an  helix.  

 

• In the other pattern, hydrogen bonds occur across two polypeptide chains (interchain), 
linking the amino acids in one chain to those in the other. Often, many parallel chains 
are linked, forming a pleated, sheet-like structure called a β-pleated sheet. 

 

 

تتعلق البنیة الثانویة بترتیب سلسلة البولي ببتید في الفضاء

.تحتوي معظم البروتینات على أجزاء من سلاسل البولیببتید الخاصة بھا ملتفة أو مطویة بشكل متكرر في أنماط تساھم في الشكل العام للبروتین

 ھذه الملفات والثنیات (الثنیات)، والتي یشار إلیھا بشكل جماعي باسم البنیة الثانویة، ھي نتیجة الروابط الھیدروجینیة بین المكونات المتكررة للعمود الفقري للبولیببتید (ولیس سلاسل
.((R) الأحماض الأمینیة الجانبیة

 یُطلق على طي سلسلة الأحماض الأمینیة عن طریق الروابط الھیدروجینیة في
.ھذه اللفات والتجاعید الممیزة اسم البنیة الثانویة للبروتین

.في السلسلة الرئیسیة روابط ھیدروجینیة جیدة جدًا α—NH2و α—COOH تشكل مجموعات

.β ونمط صفائحي مطوي  یحدث نمطان من الروابط الھیدروجینیة: نمط حلزوني

 في الأولى، تتشكل الروابط الھیدروجینیة على طول سلسلة بولي ببتید واحدة (سلسلة داخلیة)، وتربط حمض أمیني بآخر أبعد في السلسلة، وبالتالي تمیل إلى سحب السلسلة إلى ملف
. یسمى حلزون

 في النمط الآخر، تحدث الروابط الھیدروجینیة عبر سلسلتین من البولي ببتید (سلاسل متداخلة)، حیث تربط الأحماض الأمینیة في سلسلة واحدة بتلك الموجودة في السلسلة الأخرى. غالبًا ما
.ترتبط العدید من السلاسل المتوازیة، لتشكل بنیة مطویة تشبھ الصفائح تسمى صفائح مطویة بیتا
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 helix and β-pleated sheet 



The  Helix Is a Common Protein Secondary Structure 

• The simplest arrangement the polypeptide 
chain could assume with its rigid peptide 
bonds (but other single bonds free to rotate) is 
a helical structure called the  helix. 

•  In  helix structure the polypeptide backbone 
is tightly coiled  around an imaginary 
longitudinal axis, and the R groups of the 
amino acid residues protrude or extend 
outward from the helical backbone. 

• A tightly coiled backbone forms the inner part 
of the rod and the side chains extend outward 
in a helical array 

• The  helix is a coiled Structure stabilized by 
intrachain hydrogen bonds. 

• The screw sense of a helix can be right-handed 
(clockwise) or left-handed (counterclockwise).  

• However, right-handed helices are 
energetically more favorable because there is 
less steric clash between the side chains and 
the backbone. 

•  Essentially all  helices found in proteins are 
right-handed. 

ھو بنیة ثانویة شائعة للبروتین  الحلزون

.الموجودة في البروتینات ھي حلزونات یمینیة  في الأساس، جمیع حلزونات
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In the a helix, the C=O group of residue n forms a hydrogen 

bond with the N-H group of residue n+ 4. 

Hydrogen-Bonding Scheme For an  helix.  

تتشكل رابطة ھیدروجینیة بین الامايد والكرونیل قبل او بعد 4

PC
Highlight



Amino Acid Sequence Affects   Helix Stability 
• Not all polypeptides can form a stable  helix. Interactions between amino acid side chains 

can stabilize or destabilize this structure.  

 

• If a polypeptide chain has a long block of Glutamic acid residues, this segment of the chain 

will not form an  helix at pH 7.0. The -ve carboxyl groups of adjacent Glutamic acid residues 

repel each other so strongly that they prevent formation of the  helix.  For the same reason, 

Lysine and/or Arginine  residues (+ve). 
 

• The bulk and shape of Tyr, Trp, Phe, Met Ile, Val, Thr residues can also destabilize an  

helix if they are close together in the chain. 

 

• In Asp, Asn, Ser, H-bonding side chains compete directly with backbone H-bonds. 
 

• A constraint on the formation of the  helix is the presence of Pro or Gly residues.  
 

• In proline, the nitrogen atom is part of a rigid ring, so free rotation is not possible. Thus, a 

Pro residue introduces a destabilizing kink in an  helix. In addition, the nitrogen atom of a 

Pro residue in peptide linkage has no substituent hydrogen to participate in hydrogen bonds 

with other residues. For these reasons, proline is only rarely found within an  helix. 
•   

• Glycine occurs infrequently in  helices for a different reason: it has more conformational 

flexibility than the other amino acid residues. Polymers of glycine tend to take up coiled 

structures quite different from an  helix. 

یؤثر تسلسل الأحماض الأمینیة على استقرار الحلزون

لا یمكن لجمیع البولیببتیدات تكوین حلزون مستقر. یمكن للتفاعلات بین السلاسل الجانبیة للأحماض الأمینیة أن تعمل على تثبیت أو زعزعة استقرار ھذا الھیكل

.إلى زعزعة استقرار الحلزون إذا كانت قریبة من بعضھا البعض في السلسلة Thو Valو Met Ileو Pheو Trpو Tyr یمكن أیضًا أن یؤدي حجم وشكل بقایا

.تتنافس السلاسل الجانبیة الرابطة للھیدروجین بشكل مباشر مع الروابط الھیدروجینیة الأساسیة ،Ser و Asn و Asp في

.إن أحد القیود التي تمنع تكوین الحلزون ھو وجود بقایا البرو أو الجلایسین•
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• A final factor affecting the stability of an  helix in a 
polypeptide is the identity of the amino acid residues 
near the ends of the -helical segment.  

 

• Normally, a small electric dipole exists in each peptide 
bond. These dipoles are connected through the hydrogen 
bonds of the helix, resulting in a net dipole extending 
along the helix, with partial positive and negative 
charges of the helix dipole actually exist near the amino-
terminal and carboxyl-terminal ends of the helix, 
respectively.  

 

• The four amino acid residues at each end of the helix 
do not participate fully in the helix hydrogen bonds.  

 

• For this reason, negatively charged amino acids are 
often found near the amino terminus of the helical 
segment, where they have a stabilizing interaction with 
the positive charge of the helix dipole. 
 

• a positively charged amino acid at the amino terminal 
end is destabilizing.  

 

• The opposite is true at the carboxyl-terminal end of the 
helical segment. 

.العامل الأخیر الذي یؤثر على استقرار الحلزون في البولیببتید ھو ھویة بقایا الأحماض الأمینیة بالقرب من نھایات الجزء الحلزوني

.لا تشارك بقایا الأحماض الأمینیة الأربعة الموجودة في كل طرف من الحلزون بشكل كامل في الروابط الھیدروجینیة الحلزونیة

.حمض أمیني مشحون إیجابیا في الطرف الطرفي الأمیني یسبب عدم الاستقرار

.والعكس صحیح في الطرف الكربوكسیلي للجزء الحلزوني
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5 kinds of restrictions affect the stability of an  helix 

• (1) the electrostatic repulsion (or attraction) between 
successive amino acid residues with charged R groups. 
 

• (2) the bulkiness of adjacent R groups 
 

• (3) the interactions between R groups spaced three (or four) 
residues apart. 
 

• (4) the occurrence of Pro and Gly residues 
 

• (5) the interaction between amino acid residues at the ends of 
the helical segment and the electric dipole inherent to the  
helix.  

• So, the tendency of a given segment of a polypeptide chain to 
fold up as an  helix therefore depends on the identity and 
sequence of amino acid residues within the segment. 

 

أنواع من القیود تؤثر على استقرار الحلزون 5

.المشحونة R التنافر (أو الجذب) الكھروستاتیكي بین بقایا الأحماض الأمینیة المتعاقبة ذات المجموعات

المجاورة R ضخامة المجموعات

.متباعدة بمسافة ثلاثة (أو أربعة) بقایا R التفاعلات بین المجموعات

حدوث بقایا البرو و الجلایسین

.التفاعل بین بقایا الأحماض الأمینیة في نھایات القطعة الحلزونیة والثنائي القطب الكھربائي المتأصل في القطعة الحلزونیة

.وبالتالي، فإن میل جزء معین من سلسلة البولیببتید إلى الانطواء على شكل حلزوني یعتمد على ھویة وتسلسل بقایا الأحماض الأمینیة داخل الجزء
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• The  pleated sheet  differs markedly from the rod like  helix. 
 

•  A polypeptide chain, called a  strand, in a  sheet is almost fully extended rather 
than being tightly coiled as in the  helix. 
 

• The side chains of adjacent amino acids point in opposite directions. 
 

•  A  sheet is formed by linking two or more  strands by hydrogen bonds (inter-
chain hydrogen bonds) 
 

•  Adjacent chains in a  sheet can run in opposite directions (antiparallel  sheet) or 
in the same direction (parallel  sheet). 

 pleated Sheets Are Stabilized by [inter-chain] H- Bonding Between Polypeptide Strands 

یتم تثبیت الصفائح المطویة عن طریق الرابطة الھیدروجینیة [بین السلاسل] بین خیوط البولي ببتید

.تختلف الورقة المطویة بشكل ملحوظ عن الورقة الحلزونیة على شكل قضیب

 سلسلة البولي ببتید، والتي تسمى خیطًا، في ورقة ممتدة بالكامل تقریبًا بدلاً من أن تكون
.ملتفة بإحكام كما ھو الحال في الحلزون

.تشیر السلاسل الجانبیة للأحماض الأمینیة المتجاورة إلى اتجاھات متعاكسة

(یتم تشكیل الورقة عن طریق ربط سلسلتین أو أكثر بواسطة روابط ھیدروجینیة (روابط ھیدروجینیة بین السلاسل

.(یمكن للسلاسل المتجاورة في ورقة أن تعمل في اتجاھین متعاكسین (ورقة متوازیة) أو في نفس الاتجاه (ورقة متوازیة
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Tertiary Structure 
• Tertiary structure  is the overall 3D arrangement of all atoms in a protein.  

• Amino acids that are far apart in the polypeptide sequence and that reside in 
different types of secondary structure may interact within the completely folded 
structure of a protein. 

• Interacting segments of polypeptide chains are held in their characteristic 
tertiary positions by different kinds of weak bonding interactions (and 
sometimes by covalent bonds such as S-S bridges) between the segments. 

.البنیة الثلاثیة ھي الترتیب الشامل ثلاثي الأبعاد لجمیع الذرات في البروتین

 یتم تثبیت الأجزاء المتفاعلة من سلاسل البولیببتید في مواضعھا الثلاثیة الممیزة من خلال أنواع مختلفة من تفاعلات الترابط الضعیفة (وأحیانًا عن طریق الروابط التساھمیة مثل جسور
S-S) بین الأجزاء.
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Forces and factors and stabilize protein tertiary structure 

• Hydrophobic interaction between 

hydrophobic (nonpolar) side chains usually 

end up in clusters at the core of the protein, 

out of contact with water. 

• Once nonpolar amino acid side chains are 

close together, van der Waals interactions 

help hold them together. van der Waals 

interactions are nonspecific, nondirectional 

attraction and  occur when adjacent atoms 

come close enough that their outer electron 

clouds just barely touch. 

• Hydrogen bonds between polar side chains 

• Ionic bonds between positively and 

negatively charged side chains also help 

stabilize tertiary structure.  

• Covalent bonds called disulfide bridges (S-S 

bonds) may further reinforce the shape of a 

protein.  

• Temperature and pH 

 

All of these different kinds of 

interactions can contribute to the 

stability of protein tertiary 

structure  

القوى والعوامل واستقرار البنیة الثلاثیة للبروتین

الروابط الھیدروجینیة بین السلاسل الجانبیة القطبیة

.على تعزیز شكل البروتین بشكل أكبر (S-S قد تعمل الروابط التساھمیة المسماة بجسور ثاني كبریتید (روابط

كل ھذه الأنواع المختلفة من التفاعلات یمكن أن تساھم في استقرار البنیة الثلاثیة للبروتین
بتیجي بالامتحان ما ھي العوامل المؤثرة بنقول الحرارة و البي اتش
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Protein Quaternary Structure 

• Some proteins contain 
two or more separate 
polypeptide chains, or 
subunits, which may be 
identical or different.  

 

• The arrangement of 
these protein subunits 
in three-dimensional 
complexes constitutes 
quaternary structure. 

 

 
The subunits need not be the same. Hemoglobin, 
for example, is a protein composed of two α-chain 
subunits and two β- chain subunits.  

.یشكل ترتیب ھذه الوحدات الفرعیة من البروتین في مجمعات ثلاثیة الأبعاد بنیة رباعیة

.لا یلزم أن تكون الوحدات الفرعیة متماثلة. على سبیل المثال، الھیموجلوبین عبارة عن بروتین یتكون من وحدتین فرعیتین من سلسلة ألفا ووحدتین فرعیتین من سلسلة بیتا
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Lipids 

• Lipids are a diverse group of hydrophobic molecule. 

 

• Lipids are a somewhat loosely defined group of molecules with 

one main chemical characteristic: they are insoluble in water. 

 

• The most familiar lipids are fats, oils and phospholipids. 

•    

• Other lipids include: Terpenes, Prostaglandins, Steroids and 

Waxes  

 

• Lipids have a very high proportion of nonpolar carbon-hydrogen 

(C—H) bonds which serve as long-term energy storage. 

.الدھون ھي مجموعة متنوعة من الجزیئات الكارھة للماء

.الدھون ھي مجموعة من الجزیئات غیر محددة بشكل واضح ولھا خاصیة كیمیائیة رئیسیة واحدة: فھي غیر قابلة للذوبان في الماء

.الدھون الأكثر شیوعًا ھي الدھون والزیوت والفوسفولیبیدات

تشمل الدھون الأخرى: التربینات والبروستاجلاندینات والستیرویدات والشمع

.والتي تعمل كمخزن للطاقة على المدى الطویل (C—H) تحتوي الدھون على نسبة عالیة جدًا من الروابط غیر القطبیة بین الكربون والھیدروجین
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Fats consist of complex fatty acids attached to glycerol 

• Fats are lipid molecules built from a simple skeleton made up of two main kinds 

of molecules: fatty acids and glycerol.  

• Fatty acids are long-chain hydrocarbons (hydrophobic) with a functional  

carboxyl group (COOH) at one end that gives them the name fatty acid. 

• Fatty acids are carboxylic acids with diverge hydrocarbon chain length ranging 

from 4 to 36 carbons long (C4 to C36), but the most common are even-

numbered chains of 14 to 20 carbons.  

• Glycerol is a 3-carbon polyalcohol (three —OH groups). 

 

• Fats are lipid molecules consist of a glycerol molecule with three fatty acids 

attached through an ester linkage, one to each carbon of the glycerol backbone 

producing fat and commonly called a triglyceride (the more accurate chemical 

name is triacylglycerol).  

 

• The three fatty acids of a triglyceride need not be identical, and often they are 

very different from one another.  

• The many C—H bonds of fats serve as a form of long-term energy storage. 

تتكون الدھون من أحماض دھنیة معقدة مرتبطة بالجلسرین

.الدھون ھي جزیئات دھنیة مبنیة من ھیكل بسیط یتكون من نوعین رئیسیین من الجزیئات: الأحماض الدھنیة والجلسرین

.ولكن الأكثر شیوعًا ھي السلاسل ذات الأرقام الزوجیة من 14 إلى 20 ذرة كربون ،(C36 إلى C4) الأحماض الدھنیة ھي أحماض كربوكسیلیة ذات سلسلة ھیدروكربونیة متباعدة یتراوح طولھا من 4 إلى 36 ذرة كربون

.(OH الجلسرین عبارة عن بولي كحول مكون من ثلاث مجموعات كربون (ثلاث مجموعات

 الدھون ھي جزیئات دھنیة تتكون من جزيء جلسرین مع ثلاثة أحماض دھنیة مرتبطة من خلال رابطة إستر، واحد لكل ذرة كربون من العمود الفقري للجلسرین تنتج الدھون وتسمى عادة ثلاثي الجلیسرید
.(الاسم الكیمیائي الأكثر دقة ھو ثلاثي أسیل الجلسرین(

 لیس من الضروري أن تكون الأحماض الدھنیة الثلاثة المكونة للدھون الثلاثیة متطابقة، وغالبًا ما تكون مختلفة جدًا عن بعضھا
.البعض

.العدیدة الموجودة في الدھون بمثابة شكل من أشكال تخزین الطاقة على المدى الطویل C—H تعتبر الروابط
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 كونت رابطة  استر
 وھي بتتكون ما بین مجموعة كحول

ومجموعة حمض
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Nomenclature of fatty acids 
• A simplified nomenclature for fatty acids compounds specifies the chain length and 

number of double bonds, separated by a colon (:) 

• e.g: The 16-carbon saturated palmitic acid is abbreviated 16:0 

• e.g: The 18-carbon oleic acid, with one double bond, is 18:1.  
 

• Positions of any double bonds are specified by superscript numbers following Δ (delta). 

 

• A 20-carbon fatty acid with one double bond between C-9 and C-10 (C-1 being the 

carboxyl carbon) and another between C-12 and C-13 is designated 20:2(Δ 9,12).  

 

• There is also a common pattern in the location of double bonds; in most 

monounsaturated fatty acids the double bond is between C-9 and C-10 (Δ9), the other 

double bonds of polyunsaturated fatty acids are generally Δ 12 and Δ 15.  

 

• The double bonds (C=C) of polyunsaturated fatty acids are almost never conjugated 

(alternating single and double bonds, as in -CH=CH-CH=CH-), but are separated by a 

methylene (CH2) group: -CH=CH-CH2-CH=CH-. 
 

• In nearly all naturally occurring unsaturated fatty acids, the double bonds are in the cis 

configuration. 

تسمیة الأحماض الدھنیة

(:) تحدد التسمیة المبسطة لمركبات الأحماض الدھنیة طول السلسلة وعدد الروابط المزدوجة، مفصولة بعلامة النقطتین

.(دلتا) Δ یتم تحدید مواضع أي رابطة مزدوجة بأرقام علویة بعد

           

 Δ وتكون الروابط المزدوجة الأخرى للأحماض الدھنیة المتعددة غیر المشبعة عمومًا ،C-10 (Δ9)و C-9 یوجد أیضًا نمط مشترك في موقع الروابط المزدوجة؛ ففي معظم الأحماض الدھنیة الأحادیة غیر المشبعة تكون الرابطة المزدوجة بین
.Δ 15و 12

                    

.في جمیع الأحماض الدھنیة غیر المشبعة الموجودة بشكل طبیعي تقریبًا، تكون الروابط المزدوجة في تكوین سیس

ھو عدد الكربون 16
عدد الروابط الثنائیة 0

رقم الروابط الثنائیة بنحطھ فوق شعار الدلتا

لو عندي 20 فاتي اسید ووحدة دبل بوند بین كربونة 9 وكربونة 10 وكمان دبل بوند بین كربونة 12 و 13 بتصیر التسمیة كتالي.ااااااااااااااااااااااااااااااااااااااااااااا

بنفعش الدبل بوند یكونوا متتالیین لا ینفصل بینھم برابطة احادیة
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Saturated and unsaturated fatty acids  
• If all of the internal carbon atoms in a fatty acid chain are bonded to two hydrogen atoms, 

we call this saturated 

• Most animal fats are saturated and the flexibility  hydrocarbon chains allows the fat 

molecules to pack together tightly. 

• A fatty acid with double bonds between one or more pairs of successive carbon atoms will 

have fewer hydrogen atoms, and thus is said to be unsaturated. Monounsaturated (one 

double bond)  polyunsaturated (> one double bond).  

• Having double bonds changes the behavior of the molecule because free rotation cannot 

occur about a C=C double bond as it can with a C—C single bond thus affecting melting 

point of the fat.  

• Fats containing polyunsaturated fatty acids have low melting points because their fatty acid 

chains bend at the double bonds, preventing the fat molecules from aligning closely with one 

another.  

• Most naturally occurring unsaturated fatty acids have double bonds with a cis configuration, 

that creates a kink in the hydrocarbon chain wherever it occurs. 

• When fats are partially hydrogenated industrially, this can produce double bonds with a 

trans configuration resulting in the so-called trans fats  

•  trans fats have been linked to elevated levels of low-density lipoprotein (LDL) and lowered 

levels of high-density lipoprotein (HDL) which is thought to be associated with an increased 

risk for coronary heart disease. 

الأحماض الدھنیة المشبعة وغیر المشبعة

إذا كانت جمیع ذرات الكربون الداخلیة في سلسلة الأحماض الدھنیة مرتبطة بذرتي ھیدروجین، فإننا نسمي ھذا مشبعًا

.معظم الدھون الحیوانیة مشبعة، ومرونة سلاسل الھیدروكربون تسمح لجزیئات الدھون بالتجمع معًا بإحكام

 كما یحدث مع الرابطة C=C یؤدي وجود روابط مزدوجة إلى تغییر سلوك الجزيء لأن الدوران الحر لا یمكن أن یحدث حول الرابطة المزدوجة
.وبالتالي یؤثر ذلك على نقطة انصھار الدھون C—C المفردة

 ،تتمتع الدھون التي تحتوي على أحماض دھنیة متعددة غیر مشبعة بنقاط انصھار منخفضة لأن سلاسل الأحماض الدھنیة الخاصة بھا تنحني عند الروابط المزدوجة
.مما یمنع جزیئات الدھون من التوافق بشكل وثیق مع بعضھا البعض

.تحتوي معظم الأحماض الدھنیة غیر المشبعة الطبیعیة على روابط مزدوجة ذات تكوین سیس، مما یخلق عقدة في سلسلة الھیدروكربون أینما حدثت

عندما یتم ھدرجة الدھون جزئیًا صناعیًا، یمكن أن یؤدي ھذا إلى إنتاج روابط مزدوجة ذات تكوین متحول مما یؤدي إلى ما یسمى بالدھون المتحولة

 والذي یُعتقد أنھ مرتبط بزیادة خطر ،(HDL) وانخفاض مستویات البروتین الدھني عالي الكثافة (LDL) وقد ارتبطت الدھون المتحولة بارتفاع مستویات البروتین الدھني منخفض الكثافة
.الإصابة بأمراض القلب التاجیة
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• Saturated animal fats, such as lard and butter, are solid at room temperature.  

• In contrast, the fats of plants and fishes are generally unsaturated (Usually liquid at 

room temperature), meaning that they are composed of one or more types of 

unsaturated fatty acids.  

• The kinks where the cis double bonds are located in plant and fish fats prevent the 

molecules from packing together closely enough to solidify at room temperature.  

 

• The phrase hydrogenated vegetable oils on food labels means that unsaturated fats have 

been synthetically converted to saturated fats by adding hydrogen, allowing them to 

solidify.  

.تكون الدھون الحیوانیة المشبعة، مثل شحم الخنزیر والزبدة، صلبة في درجة حرارة الغرفة

 في المقابل، فإن الدھون الموجودة في النباتات والأسماك تكون عمومًا غیر مشبعة (عادةً سائلة في درجة حرارة الغرفة)، مما یعني
.أنھا تتكون من نوع واحد أو أكثر من الأحماض الدھنیة غیر المشبعة

.إن العقد التي توجد فیھا الروابط المزدوجة السیس في الدھون النباتیة والأسماك تمنع الجزیئات من التكدس معًا بشكل وثیق بما یكفي للتصلب في درجة حرارة الغرفة

 تعني عبارة "الزیوت النباتیة المھدرجة" الموجودة على ملصقات المواد الغذائیة أن الدھون غیر المشبعة تم تحویلھا صناعیاً إلى دھون مشبعة عن طریق إضافة
.الھیدروجین، مما یسمح لھا بالتصلب
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Fats Provide Stored Energy and Insulation  
• The major function of fats (Triacylglycerols or Triglycerides)  is energy storage. 

The hydrocarbon chains of fats are similar to gasoline molecules and just as rich in 

energy.  

• A gram of fat stores more than twice as much energy as a gram of a 

polysaccharide, such as starch. 

• Because plants are relatively immobile, they can function with bulky energy 

storage in the form of starch. (Vegetable oils are generally obtained from seeds, 

where more compact storage is an asset to the plant.). 
•  5 

 

• Animals, however, must carry their energy stores with them, so there is an 

advantage to having a more compact reservoir of fuel—fat. 

 

• Humans and other mammals stock their long-term food reserves in adipose cells, 

which swell and shrink (☺)  as fat is deposited and withdrawn from storage.  

• In addition to storing energy, adipose tissue also cushions such vital organs as the 

kidneys, and a layer of fat beneath the skin insulates the body.  

• This subcutaneous layer is especially thick in whales, seals, and most other marine 

mammals, insulating their bodies in cold ocean water. 

الدھون توفر الطاقة المخزنة والعزل

 الوظیفة الأساسیة للدھون (الجلیسرولات الثلاثیة أو الدھون الثلاثیة) ھي تخزین الطاقة. وتشبھ سلاسل الھیدروكربونات في الدھون جزیئات البنزین وھي غنیة
.بالطاقة بنفس القدر

 یخزن جرام واحد من الدھون طاقة تزید عن ضعف الطاقة التي یخزنھا جرام واحد من السكارید المتعدد، مثل
.النشا

 ولأن النباتات غیر قادرة على الحركة نسبیاً، فإنھا تستطیع العمل باستخدام مخزون ضخم من الطاقة في صورة نشا. (عادة ما یتم الحصول على الزیوت النباتیة من البذور، حیث یعتبر التخزین
.(الأكثر إحكاماً من الأصول المفیدة للنبات

.ومع ذلك، یجب على الحیوانات أن تحمل مخزوناتھا من الطاقة معھا، ومن ثم فإن وجود خزان أكثر إحكاما من الوقود ـ الدھون ـ یمثل میزة

.یخزن البشر والثدییات الأخرى احتیاطیاتھم الغذائیة طویلة الأمد في الخلایا الدھنیة، والتي تنتفخ وتتقلص )☺( مع تراكم الدھون وسحبھا من المخزن

.بالإضافة إلى تخزین الطاقة، تعمل الأنسجة الدھنیة أیضًا على حمایة الأعضاء الحیویة مثل الكلى، كما تعمل طبقة من الدھون تحت الجلد على عزل الجسم

.تكون ھذه الطبقة تحت الجلد سمیكة بشكل خاص لدى الحیتان والفقمات ومعظم الثدییات البحریة الأخرى، حیث تعمل على عزل أجسامھا في میاه المحیط الباردة
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Phospholipids are Structural Lipids form Membranes  

• Phospholipids are among the most important molecules of the 

cell, as they form the core of all biological membranes. 

• An individual phospholipid is a composite molecule, made up of 

three kinds of subunits: 

• 1. Glycerol 

• 2. two Fatty acids, Two fatty acids are attached to the glycerol 

backbone   

• 3. Phosphate group (—PO4
2−), attached to one end of the 

glycerol. The charged phosphate group usually has a charged 

organic molecule linked to it, such as choline, ethanolamine, or 

the amino acid serine. 

• The phospholipid molecule can be thought of as having a polar 

“head” at one end (the phosphate group) and two long, very 

nonpolar “tails” at the other 

الفوسفولیبیدات ھي دھون بنیویة تشكل الأغشیة

.تُعد الفوسفولیبیدات من أھم جزیئات الخلیة، حیث أنھا تشكل جوھر جمیع الأغشیة البیولوجیة

:الفسفولیبید الفردي ھو جزيء مركب، یتكون من ثلاثة أنواع من الوحدات الفرعیة

یمكن تصور جزيء الفسفولیبید على أنھ یحتوي على "رأس" قطبي في أحد طرفیھ (مجموعة الفوسفات) و"ذیلین" طویلین غیر قطبیین للغایة في الطرف الآخر

.متصلة بطرف واحد من الجلسرین. عادةً ما یكون لمجموعة الفوسفات المشحونة جزيء عضوي مشحون مرتبط بھا، مثل الكولین أو الإیثانولامین أو حمض السیرین الأمیني ،(−PO42—) مجموعة الفوسفات





Terpenes and  Prostaglandins  
• Organisms contain many other kinds of lipids besides fats and phospholipids. 

•  Terpenes are long-chain lipids that are components of many biologically  

important pigments, such as chlorophyll and the visual pigment retinal. 

Rubber is also a terpene.  

• Terpenes are linear (acyclic)  or cyclic compounds  largely found as constituents 

of essential oils    

• Prostaglandins are a group of about 20 lipids that are modified fatty acids, with 

two nonpolar “tails” attached to a 5-carbon ring.  

• Prostaglandins act as local chemical messengers in many vertebrate tissues. 



Steroids 
• Steroids, another class of lipid that chemically different,  are carbon skeleton 

consisting of four-fused  carbon rings.  

•  Different steroids are distinguished by the particular chemical groups attached to this 

group of rings. 

• Cholesterol, a type of steroid, is a crucial and common component of animal cell 

membranes and is also the precursor from which other steroids, such as the vertebrate 

sex hormones, are synthesized. Most animal cell membranes contain the steroid 

cholesterol. 

• In vertebrates, cholesterol is synthesized in the liver and is also obtained from the diet.  

• Other steroids, such as testosterone and estrogen, function as hormones in 

multicellular animals.  



Waxes Serve as Energy Stores and Water Repellents 
• Biological waxes are esters of long-chain (C14 to C36) saturated and unsaturated fatty 

acids with long-chain (C16 to C30) alcohols (fatty alcohols). 

• Their melting points (60 to 100 C) are generally higher than those of triacylglycerols.  

• In plankton, the free-floating organisms, waxes are the chief storage form of metabolic 

fuel. 

• Waxes also serve a diversity of other functions related to their water-repellent properties 

and their firm consistency.  

• Certain skin glands of vertebrates secrete waxes to protect hair and skin and keep it 

elastic, lubricated, and waterproof.  

• Birds (waterfowl) secrete waxes to keep their feathers water-repellent.  

• The shiny leaves of many tropical plants are coated with a thick layer of waxes, which 

prevents excessive evaporation of water and protects against parasites. 



Nucleic Acid Chemistry: Structure of nucleic acids DNA & RNA 

• The Nucleic Acid chemical information was well known to Watson and Crick 

during their investigation and served as the basis of their model building. 

• Nucleotides (Sometimes called Mononucleotides) are the monomers (building 

blocks units) of all nucleic acid (DNA and RNA) molecules. 

• Nucleotides have three essential components: a nitrogenous base, a pentose 

sugar (a five-carbon sugar), and a phosphate group. 

 

• The pentose sugars found in nucleic acids give them their names.  

• Ribonucleic acids (RNA) contain ribose sugar 

• Deoxyribonucleic acids (DNA) contain deoxyribose sugar.  

 

• Each carbon atom in the ribose (pentose) sugar is distinguished by a number with a 

prime sign (ˊ)  

• Compared with ribose, deoxyribose has a hydrogen atom rather than a hydroxyl group 

at the (C-2ˊ) position, thus distinguishes DNA from RNA.  

• In the absence of the (C-2ˊ) hydroxyl group, the sugar is more specifically named      

2ˊ-deoxyribose. 

كانت المعلومات الكیمیائیة للحمض النووي معروفة جیدًا لواتسون وكریك أثناء تحقیقاتھما وكانت بمثابة الأساس لبناء نموذجھما

(RNAو DNA) النیوكلیوتیدات (تسمى أحیانًا أحادیات النیوكلیوتیدات) ھي الوحدات البنائیة (وحدات البناء) لجمیع جزیئات الأحماض النوویة

.تتكون النیوكلیوتیدات من ثلاثة مكونات أساسیة: قاعدة نیتروجینیة، وسكر خماسي الكربون (سكر مكون من خمس ذرات كربون)، ومجموعة فوسفات

السكریات البنتوزیة الموجودة في الأحماض النوویة تعطیھا أسمائھا
على سكر الریبوز (RNA) تحتوي الأحماض النوویة الریبونوویة

على سكر الدیوكسي ریبوز (DNA) تحتوي الأحماض النوویة الدیوكسي ریبوزیة

(ˊ) تتمیز كل ذرة كربون في سكر الریبوز (البنتوز) برقم یحمل علامة أولیة

.وبالتالي یمیز الحمض النووي عن الحمض النووي الریبي ،(ˊC-2) بالمقارنة مع الریبوز، یحتوي الریبوز منقوص الأكسجین على ذرة ھیدروجین بدلاً من مجموعة ھیدروكسیل في موضع

یتم تسمیة السكر بشكل أكثر تحدیدًا باسم ،(ˊC-2) في حالة عدم وجود مجموعة الھیدروكسیل
دیوكسي ریبوز-ˊ2
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Ribose             vs.                 2`-deoxyribose. 



Nucleoside              vs.                 Nucleotide  

Nucleoside 

 =  

 Pentose sugar + Nitrogen base  

Nucleotide 

 =  

 Pentose sugar + Nitrogen base+ Phosphate group   





Bases and Sugars (Nucleosides)  in DNA and RNA 

• In DNA: 2ˊdeoxyribose + A, T, G or C 

– dA 2ˊdeoxyadenosine 

– dT 2ˊdeoxythymidine 

– dG 2ˊdeoxyguanosine 

– dC 2ˊdeoxycytidine 

• In RNA: ribose + A, U, G, or C 

– A adenosine 

– U uridine 

– G guanosine 

– C cytidine 

 



Nitrogenous bases in nucleic acids 
There are two kinds of nitrogenous bases: 

 

 Purines : nine-member double ring (A, G) 

Pyrimidines: six-member single-ring (C,T, U). 

 

Both DNA and RNA contain A, G, and C 

only DNA contains the base T  

only RNA contains the base U.  

 

Each nitrogen or carbon atom of the ring 
structures of purines and pyrimidines is 
designated by a number (NO prime sign 
(ˊ). 

 

. 

 

القواعد النیتروجینیة في الأحماض النوویة





Highly specific bonding between components of nucleotide 

• The bonding between the components of a nucleotide is highly specific.  

 

• The (C-1ˊ) atom of the sugar is involved in the chemical linkage to the 

nitrogenous base (purine or pyrimidine). 

 

• For purine, the N-9 atom is covalently bonded to (C-1ˊ) of the sugar. 

 

• For pyrimidine, the N-1 atom is covalently bonded to (C-1ˊ) of the sugar.  

 

• In ribonucleotides, the phosphate group may be bonded to the (C-2ˊ) or (C-3ˊ) or 

(C-5ˊ) atom of the sugar. 

 

• However binding of phosphate to  (C-5ˊ) atom of the sugar is the most prevalent 

one in biological systems and the one found in DNA and RNA. 

 

رابطة عالیة التحدید بین مكونات النوكلیوتیدات

إن الرابطة بین مكونات النوكلیوتید محددة للغایة

(من السكر في الارتباط الكیمیائي بالقاعدة النیتروجینیة (البیورین أو البیریمیدین (ˊC-1) تشارك ذرة

من السكر (ˊC-1) مرتبطة تساھمیًا بـ N-9 بالنسبة للبیورین، فإن ذرة

من السكر (ˊC-1) مرتبطة تساھمیًا بـ N-1 بالنسبة للبیریمیدین، تكون ذرة

أو (ˊC-3) أو (ˊC-2) في الریبونوكلیوتیدات، قد ترتبط مجموعة الفوسفات بذرة
(C-5ˊ) من السكر

.من السكر ھو الأكثر انتشارًا في الأنظمة البیولوجیة وھو الموجود في الحمض النووي والحمض النووي الریبي (ˊC-5) ومع ذلك فإن ارتباط الفوسفات بذرة

PC
Highlight

PC
Highlight

PC
Highlight

PC
Highlight

PC
Highlight

PC
Highlight

PC
Highlight



Nucleotide: nucleoside monophosphate (NMP) 

• Nucleotides are also described by the term nucleoside monophosphate (NMP).  

• The addition of one or two phosphate groups results in nucleoside 

diphosphates (NDPs) and triphosphates (NTP), respectively. 

 

• The 2ˊdeoxyribonucleotide triphosphate (2ˊ dNTPs: 2ˊ deoxyribonucleotide 

triphosphate) are the precursor molecule during DNA synthesis.  

 

• The ribonucleotide triphosphate (NTP) adenosine triphosphate (ATP) and 

guanosine triphosphate (GTP) are important in cell bioenergetics because of the 

large amount of energy involved in adding or removing the terminal phosphate 

group.  

 

• The hydrolysis of ATP or GTP to ADP or GDP and inorganic phosphate (Pi) is 

accompanied by the release of a large amount of energy in the cell. 

 

•  When these chemical conversions are coupled to other reactions, the energy 

produced is used to drive them. 

(NMP) یتم وصف النوكلیوتیدات أیضًا بمصطلح أحادي فوسفات النوكلیوسید

على التوالي ،(NTP) وثلاثیات الفوسفات (NDPs) تؤدي إضافة مجموعة أو مجموعتین من الفوسفات إلى تكوین ثنائیات فوسفات النوكلیوسید

دیوكسي ریبونوكلیوتید ثلاثي الفوسفات) ھو الجزيء السابق أثناء تخلیق الحمض النوويˊdNTPs: 2 ˊثلاثي فوسفات 2ˊدیوكسي ریبونوكلیوتید (2

مھمة في الطاقة الحیویة للخلایا بسبب كمیة الطاقة الكبیرة المشاركة في إضافة أو إزالة مجموعة الفوسفات الطرفیة (GTP) وثلاثي فوسفات الغوانوزین (ATP) وثلاثي فوسفات الأدینوزین (NTP) تعتبر ثلاثي فوسفات الریبونوكلیوتید

إطلاق كمیة كبیرة من الطاقة في الخلیة (Pi) والفوسفات غیر العضوي GDP أو ADP إلى GTP أو ATP یصاحب تحلل

عندما یتم ربط ھذه التحویلات الكیمیائیة بتفاعلات أخرى، یتم استخدام الطاقة المنتجة لتشغیلھا



3ˊ to 5ˊ Phosphodiester Bonds Make the Sugar-Phosphate Backbone 

• The linkage between two mononucleotides 

involves a phosphate group linked to two 

sugars. 

• What is an ester bond?? 

 

•  A phosphodiester bond is formed as 

phosphoric acid is joined to two alcohols 

(the hydroxyl groups on the two sugars) by 

an ester linkage on both sides.  

• Two joined nucleotides (through A 

phosphodiester bond) form a dinucleotide. 

• Three nucleotides (through two 

phosphodiester bonds), form a 

trinucleotide. 

• Short chains consisting of up to 20 

nucleotides or so are called 

oligonucleotides 

• longer chains, like nucleic acids, are 

polynucleotides. 





Notes about Nucleic acids  
• Nucleotides are linked by phosphodiester bonds to form Polynucleotides. 

 

• Phosphodiester bond: Covalent bond between the phosphate group (attached to 5ˊ 
carbon) of one nucleotide and the 3ˊ carbon of the sugar of another nucleotide. 

 

• This Phosphodiester bond is very strong, and for this reason DNA is remarkably 
stable. DNA can be boiled and even autoclaved without degrading! 

 

• 5ˊ and 3ˊ :  The ends of the DNA or RNA chain are not the same.  One end of the 
chain has a 5ˊ carbon (C-5ˊ)and the other end has a 3ˊ carbon (C-3ˊ). 

• Long polynucleotide chains account for the large molecular weight of DNA and 

explain its most important property—storage of vast quantities of genetic 

information. 

• Each nucleotide position in this long chain can be occupied by any one of four 

nucleotides giving rise to an extraordinary possible variations.  

• e.g. a polynucleotide only 1000 nucleotides in length can be arranged 41000 different 

ways, each one different from all other possible sequences. 

• This potential variation in molecular structure is essential for DNA to store the vast 

amounts of chemical information necessary to direct cellular activities, traits and 

phenotypes. 



1. Two long polynucleotide chains are coiled around a 

central axis, forming a right-handed double helix. 

 

2. The two chains are antiparallel; that is, their C-5ˊ to 

C-3ˊ (5ˊ→ 3ˊ) orientations run in opposite directions. 

 

3. The bases of both chains are flat structures, lying 

perpendicular to the axis; they are “stacked” on one 

another, 3.4 Å (0.34 nm) apart, and located on the 

inside of the structure. 

 

4. The nitrogenous bases of opposite chains are paired 

as the result of hydrogen bonds; in DNA, only A=T 

and C≡G pairs occur (complementarity).  
 

5. Each complete turn of the helix is 34 Å (3.4 nm) 

long; thus, 10 bases exist per turn in each chain. 

 

6. In any segment of the molecule, alternating larger 

major grooves and smaller minor grooves are 

apparent along the axis. 

 

7. The double helix measures 20 Å (2.0 nm) in 

diameter. 

Major features of Watson–Crick double helical Model  



The diameter of the B-from DNA double helix is 2 nm and is uniform throughout. This 

is achieved only and only if the complementary base  pairing occur between a purine and 

pyrimidine. 

Therefore, at any base paring location along the DNA molecule, the two sugar phosphate 

backbones are always separated by a combined length of three rings, two from a purine 

and one from a pyrimidine. 

Uniform diameter of DNA double helix   



Alternative forms of DNA exist 
• The DNA molecule that Watson and Crick described was in the B-form and was 

based on X-ray studies of B-DNA performed by Roslaind Franklin, which is 

present under aqueous, low-salt conditions. 

 

• The B-DNA  form is believed to be the biologically significant conformation, that 

is found in the cell, at 92 % relative humidity. 

 

• Under different conditions of isolation, several conformational forms 

(A,B,C,D,E,P, and Z) of DNA have been recognized. The primary difference 

between the forms is the direction that the helix spirals. 

• A, B, C, D, E, and P forms of DNA are  right-handed helices 

 

• Z form is a left-handed double helix (found in vitro (synthetic), very rich in C-G 

base pairs, under high salt). The left-handed helix is 18 Å (1.8 nm) in diameter, 

contains 12 bp per turn, and assumes a zigzag conformation (hence its name). 

 

•  A-DNA, is prevalent under high-salt or dehydration conditions, slightly more 

compact, with 11 bp in each complete turn of the helix, which is 23 Å (2.3 nm) in 

diameter. 

 



Helix 

Diameter 

Base pairs/ 

360o Turn 

Helix rise per bp 

/bp apart 
Direction Form 

23A 11.0 2.6 Å (0.26 nm)  Right A 

20 A 10.0 3.4 Å (0.34 nm)  Right B 

19A 9.3 3.3 Å (0.33 nm)  Right C 

18A 12.0 3.7 Å (0.37 nm)  Left Z 

Average structural parameters for some DNA forms 



Left-handed and Right- handed DNAs 



Optical density @ OD260:  Melting Point Curve of DNA 

Tm= temperature at which 50% the bp in a double stranded DNA sample have denatured 

Tm is proportional to %GC 

• If DNA is subjected to heat, the double 

helix is denatured and unwinds. During 

unwinding, the viscosity of DNA 

decreases and UV absorption 

increases (called the hyperchromic 

shift).  

• A melting profile, (optical density 

@260nm: OD260 ) vs. temperature. 

• The midpoint at which 50 percent of the 

strands have unwound is called the 

melting temperature Tm. 

• The molecule with a higher Tm has a 

higher percentage of C-G base pairs than 

A-T base pairs 



• The structure of RNA molecules resembles DNA, with several 

important exceptions.  

• Ribose sugar  in RNA, instead of 2ˊ deoxyribose in DNA 

• Nitrogenous base uracil in RNA, instead of thymine in DNA 

• RNA is single stranded (single stand of polynucleotides, only one C-

5ˊ end and C-3ˊ end), while DNA is double stranded  helix (two C-

5ˊ ends and two C-3ˊ ends).  

• RNA molecules often fold back on themselves to form double- 

stranded regions of complementary base pairs (only one C-5ˊ end 

and C-3ˊ end). 

• Some animal viruses that have RNA as their genetic material contain 

double-stranded helices (two C-5ˊ ends and two C-3ˊ ends). 

• There are 3 major classes of cellular RNA molecules function during 

the expression of genetic information: ribosomal RNA (rRNA), 

messenger RNA (mRNA), and transfer RNA (tRNA). 

The structure of RNA is chemically similar to DNA, but ?? 

• Other unique RNAs exist that perform various genetic and cellular roles, especially in eukaryotes. 

• Telomerase RNA is involved in DNA replication at the ends (telomeres) of eukaryotic chromosomes 

• Small nuclear RNA (snRNA) participates in processing (splicing) mRNAs 

• Antisense RNA, microRNA (miRNA), short interfering RNA (siRNA), and long noncoding RNA 

(lncRNA) are involved in gene regulation. 
• Small nucleolar RNA (snoRNA) and small cytoplasmic RNA (scRNA) are other minor forms of RNA 



  

Secondary Structure of tRNA 



Prokaryotic vs. Eukaryotic Cells 
• All cells (prokaryotic and eukaryotic) share certain basic features:  

– bounded by a selective permeable cell membrane 

– Cytosol, in which subcellular components are suspended.  

– Centrally located genetic material or chromosomes, which carry genes in the 

form of DNA.  

– Have ribosomes for  making proteins 

• A major difference between prokaryotic and eukaryotic cells is the DNA location   

• In a eukaryotic cell, most of the DNA is in the nucleus,  

• In a prokaryotic cell, the DNA is concentrated in a nucleoid region. 

• Eukaryotic cells are characterized by compartmentation  they have internal 

membranes that compartmentalize their functions. 

 

• Two distinct types of cells : prokaryotic and eukaryotic. 

• Organisms of the domains Bacteria and Archaea consist of prokaryotic cells. 

 

• Organisms of the domain Eukarya—protists, fungi, animals, and plants—all consist of 

eukaryotic cells.  





Prokaryotic vs. Eukaryotic Cells 

• The interior (area) of either type of cell is called the cytoplasm; in eukaryotic cells, 

this term refers only to the region between the nucleus and the plasma membrane. 

•  Eukaryotic cells are generally much larger than prokaryotic cells.  

 

• Size is a general feature of cell structure that relates to function. The logistics of 

carrying out cellular metabolism sets limits on cell size.  

 

• At the size lower limit, the smallest cells known are bacteria called mycoplasmas, 

which have diameters between 0.1 and 1.0 μm.  

• These mycoplasmas ( lack a cell wall around their cell membranes) are perhaps the 

smallest packages with enough DNA to program metabolism and enough enzymes 

and other cellular equipment to carry out the activities necessary for a cell to 

sustain itself and reproduce.  

 

• Typical bacteria are 1–5 μm in diameter, about ten times the size of mycoplasmas. 

 

• Eukaryotic cells are typically 10–100 μm in diameter. 



Cell size is limited 

• Most cells are relatively small for reasons related to the rate of transport of 

substances into and out of them that mainly affected by: 

– (1) surface area available for transport  

– (2) the distance over which transport must occur. 

• As the size of a cell increases, the length of time for transport from the outside 

membrane to the interior of the cell increases as well. 

• Larger cells have higher metabolic rates (anabolism and catabolism)  

• Molecules needed by the cell must be transported through the membrane. Any 

metabolic waste produced must be removed, also passing through the 

membrane. 

• The rate at which this transport occurs depends on both the distance to the 

membrane and the area of membrane available. 

 

• This is one reason, an organism made up of many relatively small cells has 

an advantage over one composed of fewer, larger cells. 



Surface area-to-volume ratio limit 
• Another reason for small cell size is the surface area-to-volume ratio limit.  

• As a cell’s size increases, its volume increases much more rapidly than its surface 

area. For a spherical cell, the surface area is proportional to (r2), whereas the 

volume is proportional to (r3). 

 

• Thus, if the radii of two cells differ by a factor of 10, the larger cell will have 102, or 

100 times, the surface area, but 103, or 1000 times, the volume of the smaller cell. 

 

• The need for a surface area large enough to accommodate the volume helps 

explain the microscopic size of most cells  

• Larger organisms do not generally have larger cells than smaller organisms—they 

simply have more cells. 

 

• A sufficiently high ratio of surface area to volume is especially important in cells 

that exchange a lot of material with their surroundings 

• Such cells may have many long, thin projections from their surface called 

microvilli, which increase surface area without an appreciable increase in volume. 

 

• Because small cells have more surface area per unit of volume than large ones, 

control over cell contents is more effective when cells are relatively small. 





Microscopy: magnification and resolution  
• Microscopes allow visualization of cells and components 

• Microscopes  magnify small objects to appear bigger.  

• The magnification power of a light microscope is up to 1500 X its original 
size.  

• The magnification power of electron microscopes can reach up to 1 million 
X. 

•   

• Magnification is not all about getting details. At greater magnifications, 
additional details may not be seen clearly. The resolution problem. 

 

• Bigger is only better when more details are revealed. 

• The fineness of detail that a microscope can reveal is its resolving power. 

• Resolution is a measure of the clarity of the image.  

• Resolution: is the minimum distance two points can be apart and still be 
distinguished as two separate points.  

• Resolution power of human eye : > 100 μm which allows our eyes to resolve 

them as two distinct objects rather than one. 



Microscope resolution formula 

• Where λ is the wavelength of light used to 

image a specimen (a green light of 514 nm) 

• Where n is the refractive index of the imaging 

medium (air or oil). 

• If using a ‘dry’ (non-immersion) objective lens 

the air has a refractive index of 1.0. 

• If using an immersion objective lens with oil 

the  a refractive index of the  imaging medium is 

1.52 

• Where α is half of the angular aperture of the 

objective (The maximum angular aperture of an 

objective is around 144º, so max α = 72º). 

• Using standard techniques, the light 

microscope cannot resolve detail finer than 

about 0.2 μm, or 200 nm, regardless of the 

magnification 

 



Prokaryotic Cells 

• When cells were visualized with microscopes, two basic cellular architectures were 

recognized that reflects the presence or absence of a membrane-bounded nucleus that 

contains genetic material.  

 

• In addition to lacking a nucleus, prokaryotic cells do not have an internal membrane 

system or numerous membrane-bounded organelles. 

 

• Prokaryotic cells have relatively simple organization, therefore are the  simplest 

organisms.  

 

• Prokaryotic cells are small, consist of cytoplasm surrounded by a plasma membrane 

and are encased within a rigid cell wall.  

 

• Prokaryotic cells have no distinct interior compartments. 

• Prokaryotes are very important in the ecology of living organisms.  

• Some harvest light by photosynthesis, others break down dead organisms and recycle 

their components.  

• Still others cause disease or have uses in many important industrial processes.  

• Prokaryotes have two main domains: archaea and bacteria, the other is Eukarya 

which includes all eukaryotes  





Prokaryotic Cells 
• Prokaryotic cells contain organelles like ribosomes, which carry out 

protein synthesis, but  most lack the membrane-bounded organelles 

characteristic of eukaryotic cells.  

 

• The plasma membrane of a prokaryotic cell carries out some of the 

functions organelles perform in eukaryotic cells. 

•   

• For example, some photosynthetic bacteria, such as the cyanobacterium 

Prochloron, have an extensively folded plasma membrane, with the folds 

extending into the cell’s interior. These membrane folds contain the 

bacterial pigments connected with photosynthesis.  

 

• Because a prokaryotic cell contains no membrane-bounded organelles, the 

DNA, enzymes, and other cytoplasmic constituents have access to all parts 

of the cell.  

• Reactions are not compartmentalized as they are in eukaryotic cells, and the 

whole prokaryote operates as a single unit. 



Bacterial cell walls consist of peptidoglycan 

• Most bacterial cells are encased by a strong cell wall. 

This cell wall is composed of peptidoglycan, which 

consists of a carbohydrate matrix (polymers of sugars) 

that is cross-linked by short polypeptide units.  

•  Cell walls protect the cell, maintain its shape, and 

prevent excessive uptake or loss of water.  

• The susceptibility of bacteria to antibiotics often 

depends on the structure of their cell walls. The drugs 

penicillin and vancomycin, for example, interfere with 

the ability of bacteria to cross-link the peptides in their 

peptidoglycan cell wall, this destroys the integrity of the 

structural matrix, which can no longer prevent water 

from rushing in and swelling the cell to bursting. 

• Some bacteria also secrete a jellylike protective capsule 

of polysaccharide around the cell. Many disease-causing 

bacteria have such a capsule, which enables them to 

adhere to teeth, skin, food—or practically any surface 

that can support their growth. 



Archaea have unusual membrane lipids 
• The cell walls of archaea are composed of various chemical compounds, 

including polysaccharides and proteins, and possibly even inorganic 

components.  

• A common feature distinguishing archaea from bacteria is the nature of their 

cell membrane lipids which composed of glycerol linked to hydrocarbon 

chains by Ether linkages, not the ester linkages seen in bacteria and eukaryotes 

• These hydrocarbons may also be branched, and they may be organized as 

tetraethers that form a monolayer instead of a bilayer.  

• The cellular machinery that replicates DNA and synthesized proteins in 

archaea is more closely related to eukaryotic systems than to bacterial 

systems. Even though they share a similar overall cellular architecture with 

prokaryotes, archaea appear to be more closely related on a molecular basis 

to eukaryotes. 

• Archaea and bacteria are similar in that both have a prokaryotic cellular 

structure; however, they vary considerably at the biochemical (metabolic) and 

molecular levels. 

• Archaea and bacteria differ in four key ways: plasma membrane structure, cell 

wall structure, DNA replication, and gene expression. 





Some prokaryotes move by means of rotating flagella 

• Flagella (singular, flagellum) are long, 

threadlike structures (protein fibers) protruding 

from the surface of a cell that are used in 

locomotion. There may be one or more per cell, 

or none, depending on the species.  

• Bacteria can swim at speeds of up to 70 cell 

lengths per second by rotating their flagella 

like screws.   

• The rotary motor proteins are anchored in the 

plasma membrane and uses the energy stored in 

a gradient (Proton-Motive Force) that transfers 

protons across the plasma membrane to power 

the movement of the flagellum (the movement 

of protons through channels across the 

membrane is coupled to the rotation of 

flagellum). 

• This coupling of an electrochemical gradient to 

mechanical rotational work is another 

fascinating feature of the bacterial motor. 





A Panoramic View of the Eukaryotic Cell 
• Eukaryotic cells are far more complex than prokaryotic cells. 

• The hallmark of the eukaryotic cell is compartmentalization and the presence of  extensive 

endomembrane system through the cell interior and numerous membrane-bounded organelles 

that form compartments within which multiple biochemical processes can proceed simultaneously 

and independently. 

• Plant cells often have a large, membrane-bounded sac called a central vacuole, which stores 

proteins, pigments, and waste materials. 

• Inside the nucleus, the DNA is coiled tightly around proteins and packaged into compact units 

called chromosomes. 

• All eukaryotic cells are supported by an internal protein scaffold, the cytoskeleton.  

• The nucleus is the largest and most easily seen organelle within a eukaryotic cell. 

• Nucleus is roughly spherical in shape, and in animal cells, it is  typically located in the central 

region of the cell, in some cells, a network of fine cytoplasmic filaments seems to support the 

nucleus in this position. 

• The nucleus contains the genetic information that enables the synthesis of nearly all proteins of a 

living eukaryotic cell. 

• Most eukaryotic cells possess a single nucleus, although the cells of fungi and some other groups 

may have from several to many nuclei. Mammalian erythrocytes (red blood cells) lose their nuclei 

when they mature.  

• Many nuclei exhibit a dark-staining zone called the nucleolus, which is a region where intensive 

synthesis of ribosomal RNA is taking place. 

 

 







The nuclear envelope and nuclear pores  
• The nuclear envelope is  a two phospholipid bilayer 

membranes, the outer membrane is continuous with the the 

endoplasmic reticulum. 

• Nuclear pores are structures scattered over the surface of the 

nuclear envelope and 50 to 80 nm apart at locations where the 

two membrane layers of the nuclear envelope come together.  

• The structure of the Nuclear pores consists of a central 

framework with eightfold symmetry that is embedded in the 

nuclear envelope.  

• This framework is bounded by a cytoplasmic face with 

eight fibers, and a nuclear face with a complex ring that 

forms a nuclear basket beneath the central ring. 

• Nuclear basket coordinates the function of several 

multiprotein complexes involved in chromatin regulation, 

transcription regulation, proofreading and mRNA export 

• The Nuclear pore allows ions and small molecules to diffuse 

freely between nucleoplasm and cytoplasm, while controlling 

the passage of proteins, RNA and RNA–protein complexes. 

• The inner surface of the nuclear envelope is covered with a 

network of fibers that make up the nuclear lamina that 

composed of intermediate filament fibers called nuclear 

lamins. 





Chromatin: DNA packaging 

• In eukaryotes, the DNA is divided into multiple linear chromosomes, which are organized with 

proteins into a complex structure called chromatin. 

• The very structure of chromatin affects the function of DNA. Changes in gene expression that 

do not involve changes in DNA sequence, so-called epigenetic changes, involve alterations in 

chromatin structure. 

• Chromatin is usually in a more extended form that is organized in the nucleus. 

•  When cells divide, the chromatin must be further compacted into a more highly condensed 

state that forms the chromosomes visible in the light microscope. 

• interphase chromosomes presents as Heterochromatin or Euchromatin. 

• Heterochromatin (less diffuse structure) 

– Tightly compacted regions of chromosomes, Transcriptionally inactive 

• Euchromatin (more diffuse structure), Less condensed regions of chromosomes 

– Transcriptionally active 

 

 









The nucleolus: Ribosomal subunit manufacturing 

• Hundreds of copies of the genes encoding the ribosomal RNAs are clustered together 

on the chromosome, facilitating ribosome construction by producing RNA molecules 

from  transcribing  the cluster. The clusters of ribosomal RNA genes, the RNAs they 

produce, and the ribosomal proteins all come together within the nucleus during 

ribosome production.  

• These ribosomal assembly areas are easily visible within the nucleus as one or more 

darkstaining regions called nucleoli (singular, nucleolus). Nucleoli can be seen under 

the light microscope even when the chromosomes are uncoiled. 

• Ribosome is complex molecular assembly and composed of two subunits (large and 

small) each of which is composed of a combination of rRNA and proteins.  

• The large and small subunits join to form a functional ribosome only when they are 

actively synthesizing proteins. 

• Ribosomes are found either free in the cytoplasm or associated (bound) with internal 

membranes (Endoplasmic reticulum). Both free and bounded ribosomes and 

interchangeable  

• Free ribosomes synthesize proteins that are found in the cytoplasm, nuclear proteins, 

mitochondrial proteins, and proteins found in other organelles not derived from the 

endomembrane system. 

• Bound  ribosomes synthesize membrane proteins, proteins found in the endomembrane 

system, and proteins destined for export from the cell. 

 



Ribosomal Structure 

• Ribosomes can be thought of as “universal organelles” because they are 

found in all cell types from all three domains of life. 

• Life is protein-based, and ribosomes are the factories that make proteins. 

• Ribosome consists of two subunits, one large and one small. 

• The subunits and rRNA components are most easily isolated and 

characterized on the basis of their sedimentation behavior in sucrose 

gradients, which is a measure of their rate of migration when centrifuged, 

abbreviated S for Svedberg coefficient, which reflects their density, mass, 

and shape.  

•  In prokaryotes, the monosome (whole ribosome composed of small and 

large subunits)  is a 70S particle, and in eukaryotes it is approximately 80S. 

• Sedimentation coefficients, which reflect differences in the rate of migration 

of different-sized particles and molecules, are not additive.  

• For example, the prokaryotic 70S monosome consists of a 50S and a 30S 

subunit 

• The eukaryotic 80S monosome consists of a 60S and a 40S subunit. 

 



Prokaryotic and Eukaryotic Ribosomes 



The Endomembrane System 

• The interior of a eukaryotic cell is packed with 

membranes that form an endomembrane system. 

This endomembrane system fills the cell, dividing 

it into compartments, channeling the passage of 

molecules through the interior of the cell, and 

providing surfaces for the synthesis of lipids and 

some proteins. 

• The endomembrane system in eukaryotic cells is 

one of the fundamental distinctions between 

eukaryotes and prokaryotes. 

The endomembrane system is composed of: 
• Nuclear envelope 

• Endoplasmic reticulum (ER) 

• Golgi apparatus 

• Lysosomes 

• Vacuoles and Vesicles 

• Cell membrane  
 
The largest of the internal membranes is the endoplasmic reticulum (ER).  



The endoplasmic reticulum (ER) 

• The ER is composed (like membranes) of 

a phospholipid bilayer embedded with 

proteins, and may also be connected to the 

cytoskeleton, which can affect ER 

structure and growth.  

• The two largest compartments in 

eukaryotic cells are the space inside the 

ER, called the cisternal space, or lumen, 

and the region exterior to it, the cytosol, 

which is the fluid component of the 

cytoplasm containing dissolved organic 

molecules and ions. 

• The ER is a network of flattened sacs and branching tubules that extends throughout 
the cytoplasm in plant and animal cells. 

• These sacs and tubules are all interconnected by a single continuous membrane so 
that the organelle has only one large complexly arranged lumen (cisternal space).  

• The membrane of ER is continuous with the outer nuclear membrane. 

• Two regions can be recognized in most cells, known as smooth ER and rough ER. 

• The basic difference is that the RER is covered in ribosomes, which give it its rough 
appearance in the electron microscope. 



The smooth ER (SER) 
• Smooth ER (SER) refers to the regions of the ER with no or relatively very few bound ribosomes. 

• The ratio of SER to RER is not fixed and can vary greatly depends on a cell’s function. 

• Cells that carry out extensive lipid synthesis, such as those in the testes, intestine, and brain, have 

abundant SER. Cells that synthesize secreted proteins, for example, antibodies, have much more 

extensive RER. 

• The membranes of the SER contain many embedded enzymes, involved in the synthesis of a 

variety of carbohydrates and lipids. 

• Steroid hormones are also synthesized in the SER of ovaries, testes, and the adrenal gland. 

• Synthesis of phospholipids. The majority of membrane lipids are assembled in the SER and then 
sent to whatever parts of the cell need membrane components.  

• Store intracellular Ca2+ (sequestering calcium), which keeps the cytoplasmic level low, allowing 

Ca2+ to be used as a signaling molecule. Ca2+ ions are pumped from the cytosol into the lumen of 

the smooth endoplasmic reticulum to more than 100 times the concentration found in the cytosol. 

In muscle cells, for example, Ca2+ is used to trigger muscle contraction. In other cells, Ca2+ release 

from SER stores is involved in diverse signaling pathways. 

• SER modifies foreign substances to make them more soluble and less toxic. In the liver, enzymes 

in the SER carry out this detoxification which involves adding hydroxyl group to drug making 

them more soluble and easer to flush from the body.  

• The  SER is responsible for some carbohydrate metabolism. In the liver, for example, the cell 

breaks down the glycogen. First Glycogen is broken into glucose-6- phosphate, an ion that, if 

released would harm our blood cells. So, enzyme  found in the membrane of the SER can remove 

the phosphate, allowing pure glucose to be released  

 

 



The rough ER (RER) 

• The rough ER is a site of protein synthesis 

• The rough ER (RER) gets its name from the rough appearance of its surface because 

of the bound ribosomes. 

• The proteins synthesized on the surface of the RER are destined to be exported from 

the cell, sent to lysosomes or vacuoles, or vesicles or embedded in the plasma 

membrane. These proteins enter the cisternal space as a first step in the pathway that 

will sort proteins to their eventual destinations. This export pathway also involves 

vesicles and the Golgi apparatus. 

• The sequence of the protein being synthesized determines whether the ribosome will 

become associated with the ER or remain a cytoplasmic ribosome. 

• In the RER, newly synthesized proteins can be modified by the addition of short-chain 

carbohydrates to form glycoproteins. 

• Proteins bound for secretion are separated from other products and packaged into 

vesicles that move to the Golgi for further modification and packaging for export. 

• After secretory proteins are formed, the ER membrane keeps them separate from 

proteins in the cytosol, which are produced by free ribosomes.  

• Secretory proteins depart from the ER are wrapped in the membranes of vesicles 

(transport vesicles)  that bud like bubbles from a specialized region called transitional 

ER.  

 



Signal sequence 
• Proteins to be exported contain special amino acid sequences called signal 

sequences.  
 

• New protein is made by a free ribosome, the signal sequence of the growing 
polypeptide attaches to a recognition factor that carries the ribosome and its partially 
completed protein to a “docking site or receptor” on the surface of the ER. 

 
• As the protein is assembled it passes through the ER membrane into the interior 

ER compartment, the cisternal space, from which it is transported by vesicles to the 
Golgi apparatus 





• Membranes have distinct inside and outside faces.  

• The phospholipid bilayers may differ in lipid composition, and each protein has 

directional orientation in the membrane.  

• Membrane sidedness is the asymmetrical arrangement of proteins, lipids, and their 

associated carbohydrates in the plasma membrane  

• Membrane sidedness is determined as it being built. 

Synthesis and Sidedness of Membranes 



The Golgi apparatus:  Receiving & Shipping Center 

• The Golgi apparatus is a warehouse for receiving, sorting, packaging,  

shipping, and even manufacturing, of molecules synthesized at one location and 

used at another within the cell or even outside of it. 
 

• The Golgi apparatus, named after its discoverer, 1906 Nobel prize winner an 
Italian physician named Camillo Golgi. 
 

• Golgi apparatus  is a distinctive stack of flattened sacks called cisternae,  which 
vary in number within the Golgi apparatus from 1 or a few in protists to 20 or 
more in animal cells, and to several hundred in plant cells.  

• Unlike the ER cisternae, the Golgi apparatus sacs are not physically connected. 
 

• The Golgi apparatus is the distribution point of the cell where proteins and 
lipids made within the RER and SER are further processed, modified, stored 
and then directed to their final destination. 
 

•   A Golgi apparatus has a front and a back sides or faces, each with a distinct 

membrane composition.  

• The receiving side is called the cis face and is usually located near the ER. 

Materials arrive at the cis face in transport vesicles that bud off the ER and exit 

the trans face, where they are discharged in secretory vesicles . 

 





• Proteins and lipids manufactured on the RER and SER are transported into the 

Golgi apparatus and modified during their transit from the cis region to the trans 

region.  
 

• The most common alteration is the addition or modification of short sugar chains, 

forming a glycoprotein and a glycolipid. Membrane phospholipids may also be 

altered in the Golgi. 

•  In addition to its finishing work, the Golgi apparatus also manufactures some 

macromolecules. Many polysaccharides secreted by cells are Golgi products. For 

example, pectins (heteropolysaccharide) and certain other noncellulose 

polysaccharides are made in the Golgi of plant cells and then incorporated along 

with cellulose into their cell walls.  

• Like secretory proteins, nonprotein Golgi products that will be secreted depart 

from the trans face of the Golgi inside transport vesicles that eventually fuse with 

the plasma membrane. The contents are released and the vesicle is incorporated 

into the plasma membrane, adding to the surface area. 

• Before a Golgi apparatus dispatches its products by budding vesicles from the trans 

face, it sorts these products and targets them for various parts of the cell.  

• Finally, transport vesicles budded from the Golgi may have external molecules on 

their membranes that recognize “docking sites” on the surface of specific 

organelles or on the plasma membrane, thus targeting the vesicles appropriately. 

The Golgi apparatus:  Receiving & Shipping Center 











Lysosomes contain digestive enzymes 
• Lysosomes are digestive vesicles that arise from the Golgi apparatus and contain 

high levels of a variety of enzymes that can degrade proteins, nucleic acids, lipids, 

and carbohydrates.  

• Lysosomal enzymes work best in the acidic environment found in lysosomes. If a 

lysosome breaks open or leaks its contents, the released enzymes are not very active 

because the cytosol has a near-neutral pH. 

• Throughout the lives of eukaryotic cells, lysosomal enzymes break down old 

organelles (autophagy) and recycle their component molecules, allowing room for 

newly formed organelles. For example, mitochondria are replaced in some tissues 

every 10 days, liver cell, for example, recycles half of its macromolecules each week 

•  Lysosomes carry out intracellular digestion in a variety of circumstances.  

• Amoebas and many other unicellular protists eat by engulfing smaller organisms or 

food particles, a process called phagocytosis. The food vacuole formed in this way 

then fuses with a lysosome, whose enzymes digest the food. Digestion products, 

including simple sugars, amino acids, and other monomers, pass into the cytosol and 

become nutrients for the cell. 

• Some human cells, like macrophages, also carry out phagocytosis. Macrophages, a 

type of WBC that helps defend the body by engulfing and destroying bacteria and 

other invaders 

تحتوي اللیسوسومات على إنزیمات ھضمیة

 اللیسوسومات ھي حویصلات ھضمیة تنشأ من جھاز جولجي وتحتوي على مستویات عالیة من مجموعة متنوعة من الإنزیمات التي یمكنھا تحلل
البروتینات والأحماض النوویة والدھون والكربوھیدرات

تعمل الإنزیمات اللیزوزومیة بشكل أفضل في البیئة الحمضیة الموجودة في اللیزوزومات. إذا انفتح اللیزوزوم أو تسربت محتویاتھ، فإن الإنزیمات المنطلقة لیست نشطة للغایة لأن السیتوزول لھ درجة حموضة محایدة تقریبًا

تقوم اللیسوسومات بعملیة الھضم داخل الخلایا في مجموعة متنوعة من الظروف

 كما تقوم بعض الخلایا البشریة، مثل الخلایا البلعمیة، بعملیة البلعمة. الخلایا البلعمیة، وھي نوع من خلایا الدم البیضاء التي تساعد في
الدفاع عن الجسم عن طریق ابتلاع وتدمیر البكتیریا وغیرھا من الغزاة
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Phagocytosis  



Autophagy 
•  During autophagy, a damaged organelle or small amount of cytosol becomes 

surrounded by a double membrane vesicles and a lysosome fuses with the 

outer membrane of this vesicle where the lysosomal enzymes break the 

inner membrane and the enclosed material, and the resulting small organic 

compounds are released to the cytosol for reuse.  
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Lysosomal storage disorders 

• A number of human genetic disorders, collectively called lysosomal storage 

disorders, affect lysosomes.  

• Lysosomal storage diseases are inherited metabolic diseases that are characterized 

by an abnormal build-up or accumulation of various materials in the body’s cells as 

a result of enzyme deficiencies. 

• Tay– Sachs disease is caused by the loss of function of a single lysosomal enzyme 

(hexosaminidase) that necessary to break down a membrane glycolipid found in 

nerve cells. Accumulation of glycolipid in the lysosomes affects nerve cell 

function, leading to a variety of clinical symptoms such as seizures and muscle 

rigidity. 
 

•  Pompe disease is a lysosomal storage disorder in which alpha-glucosidase is 

deficient or absent. Deficiency of this lysosomal enzyme results in progressive 

expansion of glycogen-filled lysosomes in multiple tissues, with cardiac and 

skeletal muscle, and hepatocytes being the most severely affected. 
 

• Cystinosis: Excessive storage of the amino acid cystine (the oxidized dimer of the 

amino acid cysteine) in all cells of the body results in impaired kidney function, 

increased sensitivity to light, and marked growth retardation.  

اضطرابات تخزین اللیسوسومات

یؤثر عدد من الاضطرابات الوراثیة البشریة، والتي یطلق علیھا مجتمعة اضطرابات تخزین اللیزوزومات، على اللیزوزومات

أمراض التخزین اللیزوزومي ھي أمراض أیضیة موروثة تتمیز بتراكم أو تراكم غیر طبیعي لمواد مختلفة في خلایا الجسم نتیجة لنقص الإنزیمات

 یحدث مرض تاي-ساكس نتیجة لفقدان وظیفة إنزیم لیزوزومي واحد (ھیكسوزامینیداز) ضروري لتكسیر جلیكولیبید الغشاء الموجود في الخلایا العصبیة. یؤثر تراكم الجلیكولیبید في اللیزوزومات على وظیفة الخلایا العصبیة، مما یؤدي إلى مجموعة
متنوعة من الأعراض السریریة مثل النوبات وتیبس العضلات

 مرض بومبي ھو اضطراب تخزین اللیزوزومات حیث یكون ألفا جلوكوزیداز ناقصًا أو غائبًا. یؤدي نقص ھذا الإنزیم اللیزوزومي إلى التوسع التدریجي لللیزوزومات الملیئة بالجلیكوجین في أنسجة متعددة، حیث تكون العضلات القلبیة والھیكلیة وخلایا
الكبد الأكثر تضررًا

 داء السیستین: التخزین المفرط للحمض الأمیني السیستین (الثنائي المؤكسد للحمض الأمیني السیستین) في جمیع خلایا الجسم یؤدي إلى ضعف وظائف الكلى، وزیادة الحساسیة للضوء، وتأخر النمو بشكل
.ملحوظ
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Vacuoles 

• Vacuoles are large vesicles derived from the ER and Golgi apparatus.  

• Vacuoles  are an integral part of a cell’s endomembrane system  

• Vacuoles membrane (vacuolar membrane) is selective in transporting solutes; as a result, the 

solution inside a vacuole differs in composition from the cytosol. 

• Vacuoles perform a variety of functions in different kinds of cells.  

• Food vacuoles, formed by phagocytosis.  

• Contractile vacuoles: Many unicellular protists living in fresh water have contractile vacuoles 

that pump excess water out of the cell, thereby maintaining a suitable concentration of ions and 

molecules inside the cell.  

• In plants and fungi, certain vacuoles carry out enzymatic hydrolysis, a function shared by 

lysosomes in animal cells.  

• In plants, small vacuoles (storage vacuoles ) can hold reserves of important organic compounds, 

such as the proteins stored in seeds.  

• Vacuoles may also help protect the plant against herbivores by storing compounds that are 

poisonous or inedible to animals. 

• Some plant vacuoles contain pigments, such as the red and blue pigments of petals that help 

attract pollinating insects to flowers.  

• Mature plant cells generally contain a large central vacuole, which develops by merging or fusion 

of smaller vacuoles. The solution inside the central vacuole, 

called cell sap, is the plant cell’s main storehouse of inorganic ions, including potassium and 

chloride, as well as water.  

 

الفجوات ھي حویصلات كبیرة مشتقة من الشبكة الإندوبلازمیة وجھاز جولجي

الفجوات ھي جزء لا یتجزأ من نظام الغشاء الداخلي للخلیة

غشاء الفجوات (الغشاء الفجوي) انتقائي في نقل المواد المذابة؛ ونتیجة لذلك، یختلف المحلول داخل الفجوة في التركیب عن السیتوزول
تؤدي الفجوات مجموعة متنوعة من الوظائف في أنواع مختلفة من الخلایا

فجوات الغذاء التي تتشكل نتیجة البلعمة

الفجوات الانقباضیة: تمتلك العدید من الكائنات وحیدة الخلیة التي تعیش في المیاه العذبة فجوات انقباضیة تضخ الماء الزائد خارج الخلیة، وبالتالي تحافظ على تركیز مناسب من الأیونات والجزیئات داخل الخلیة

في النباتات والفطریات، تقوم بعض الفجوات بالتحلل الأنزیمي، وھي وظیفة مشتركة مع اللیزوزومات في الخلایا الحیوانیة

 في النباتات، یمكن للفجوات الصغیرة (فجوات التخزین) أن تحتفظ باحتیاطیات من المركبات العضویة المھمة، مثل البروتینات المخزنة
في البذور

یمكن أن تساعد الفجوات أیضًا في حمایة النبات من الحیوانات العاشبة من خلال تخزین المركبات السامة أو غیر الصالحة للأكل بالنسبة للحیوانات

 تحتوي بعض فجوات النبات على أصباغ، مثل الصبغات الحمراء والزرقاء الموجودة في البتلات والتي تساعد في جذب الحشرات
الملقحة إلى الزھور

 ،تحتوي الخلایا النباتیة الناضجة عمومًا على فجوة مركزیة كبیرة، تتطور عن طریق دمج أو اندماج فجوات أصغر. المحلول الموجود داخل الفجوة المركزیة، والذي یسمى عصارة الخلیة
ھو المخزن الرئیسي للخلیة النباتیة للأیونات غیر العضویة، بما في ذلك البوتاسیوم والكلورید، بالإضافة إلى الماء
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Mitochondria and Chloroplasts: Cellular Generators 

• Mitochondria and chloroplasts share structural and functional similarities.  

• Structurally, they are both surrounded by a double membrane, and both contain 

their own DNA and protein synthesis machinery.  

• Functionally, they are both involved in energy metabolism, changing energy from 

one form to another.  

• Mitochondria (singular, mitochondrion) are the sites of cellular respiration, the 

metabolic process that uses oxygen to drive the generation of ATP by extracting 

energy from sugars, fats, and other fuels. 
 

• Mitochondria are found in nearly all eukaryotic cells, including those of plants, 

animals, fungi, and most protists. Some cells have a single large mitochondrion, 

but more often a cell has hundreds or even thousands of mitochondria. The  

number correlates with the cell’s level of metabolic activity. Cells that move or 

contract have proportionally more mitochondria per volume than less active cells. 
 

• Chloroplasts contain the green pigment chlorophyll, along with enzymes and other 

molecules and found in plants and algae, are the sites of photosynthesis that 

converts solar energy to chemical energy by absorbing sunlight and using it to 

drive the synthesis of organic compounds (sugars) from carbon dioxide and water. 

المیتوكوندریا والبلاستیدات الخضراء: مولدات الخلایا

تتشابھ المیتوكوندریا والبلاستیدات الخضراء في البنیة والوظیفة

من الناحیة البنیویة، كلاھما محاط بغشاء مزدوج، وكلاھما یحتوي على آلیة خاصة بھ لتخلیق الحمض النووي والبروتین

من الناحیة الوظیفیة، یشارك كلاھما في عملیة التمثیل الغذائي للطاقة، وتحویل الطاقة من شكل إلى آخر

عن طریق استخراج الطاقة من السكریات والدھون والوقود الأخرى ATP المیتوكوندریا (مفردھا میتوكوندریا) ھي مواقع التنفس الخلوي، وھي العملیة الأیضیة التي تستخدم الأكسجین لدفع تولید

 توجد المیتوكوندریا في كل الخلایا حقیقیة النواة تقریبًا، بما في ذلك خلایا النباتات والحیوانات والفطریات ومعظم الكائنات الأولیة. تحتوي بعض الخلایا على میتوكوندریا كبیرة واحدة، ولكن في أغلب الأحیان تحتوي الخلیة على مئات أو حتى آلاف
المیتوكوندریا. یرتبط العدد بمستوى النشاط الأیضي للخلیة. تحتوي الخلایا التي تتحرك أو تنقبض على عدد أكبر نسبیًا من المیتوكوندریا لكل حجم مقارنة بالخلایا الأقل نشاطًا

 تحتوي البلاستیدات الخضراء على الصبغة الخضراء الكلوروفیل، إلى جانب الإنزیمات والجزیئات الأخرى الموجودة في النباتات والطحالب، وھي مواقع التمثیل الضوئي الذي یحول
الطاقة الشمسیة إلى طاقة كیمیائیة عن طریق امتصاص ضوء الشمس واستخدامھ لدفع عملیة تخلیق المركبات العضویة (السكریات) من ثاني أكسید الكربون والماء
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Mitochondria metabolize sugar to generate ATP 

• Mitochondria (singular, mitochondrion) are typically tubular or sausage-shaped 

organelles about the size of bacteria that are found in almost all types of eukaryotic 

cells 

• Mitochondria are bounded by two membranes: a smooth outer membrane, and an 

inner folded membrane with numerous adjacent /tangent  layers called cristae 

(singular, crista). 

• The cristae divide the mitochondrion into two compartments: a matrix, lying inside 

the inner membrane; and an outer compartment, or intermembrane space, lying 

between the two mitochondrial membranes. 

 On the surface of the inner 

membrane, and also embedded 

within it, are proteins that carry 

out oxidative metabolism, the 

oxygen-requiring process by which 

energy in macromolecules is used to 

produce ATP . 

ATP المیتوكوندریا تستقلب السكر لتولید

المیتوكوندریا (مفردھا میتوكوندریا) ھي عضیات أنبوبیة أو على شكل نقانق بحجم البكتیریا تقریبًا وتوجد في جمیع أنواع الخلایا حقیقیة النواة تقریبًا

تحیط بالمیتوكوندریا غشائین: غشاء خارجي أملس، وغشاء داخلي مطوي مع العدید من الطبقات المتجاورة/المماسة تسمى كریستا (مفردھا كریستا

تقسم القمم المیتوكوندریا إلى حجرتین: مصفوفة تقع داخل الغشاء الداخلي؛ وحجرة خارجیة، أو فراغ بین الغشاءین، تقع بین غشائي المیتوكوندریا

ATP على سطح الغشاء الداخلي، وأیضًا داخلھ، توجد بروتینات تقوم بعملیة التمثیل الغذائي التأكسدي، وھي العملیة التي تتطلب الأكسجین والتي یتم من خلالھا استخدام الطاقة في الجزیئات الكبیرة لإنتاج
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Mitochondria 
• Mitochondria have their own DNA; this DNA contains several genes that 

produce proteins essential to the mitochondrion’s role in oxidative 

metabolism. Thus, the mitochondrion, in many respects, acts as a cell within 

a cell, containing its own genetic information specifying proteins for its 

unique functions. 

• The mitochondria are not fully autonomous. Most of the genes that encode 

the enzymes used in oxidative metabolism are located in the cell nucleus. 

• A eukaryotic cell does not produce brand-new mitochondria each time the 

cell divides. Instead, the mitochondria themselves divide in two, doubling 

in number, and these are partitioned between the new cells.  

 

• Most of the components required for mitochondrial division are encoded by 

genes in the nucleus and are translated into proteins by cytoplasmic 

ribosomes. 

•  Mitochondrial replication is, therefore, impossible without nuclear 

participation, and mitochondria thus cannot be grown in a cell-free culture. 

 تمتلك المیتوكوندریا حمضھا النووي الخاص؛ ویحتوي ھذا الحمض النووي على العدید من الجینات التي تنتج البروتینات الضروریة لدور المیتوكوندریا في التمثیل
 الغذائي التأكسدي. وبالتالي، تعمل المیتوكوندریا، في كثیر من النواحي، كخلیة داخل خلیة، وتحتوي على معلوماتھا الجینیة الخاصة التي تحدد البروتینات لوظائفھا

الفریدة

لا تتمتع المیتوكوندریا بالاستقلالیة الكاملة. فمعظم الجینات التي تشفر الإنزیمات المستخدمة في عملیة التمثیل الغذائي التأكسدي توجد في نواة الخلیة

لا تنتج الخلیة حقیقیة النواة میتوكوندریا جدیدة في كل مرة تنقسم فیھا الخلیة. بدلاً من ذلك، تنقسم المیتوكوندریا نفسھا إلى اثنتین، ویتضاعف عددھا، ویتم توزیعھا بین الخلایا الجدیدة

یتم ترمیز معظم المكونات المطلوبة لانقسام المیتوكوندریا بواسطة الجینات الموجودة في النواة ویتم ترجمتھا إلى بروتینات بواسطة الریبوسومات السیتوبلازمیة

لذلك، فإن تكرار المیتوكوندریا أمر مستحیل بدون مشاركة النواة، وبالتالي لا یمكن زراعة المیتوكوندریا في ثقافة خالیة من الخلایا
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Chloroplasts use light to generate ATP and sugars 
• Eukaryotic autotroph organisms (e.g plants) that carry out photosynthesis typically contain 

from one to several hundred chloroplasts that contain the photosynthetic pigment 

chlorophyll. 

• The chloroplast is surrounded by two membranes. In addition to the outer and inner 

membranes, which lie in close association with each other, chloroplasts have closed 

compartments (third membranous system) of stacked membranes called grana (singular, 

granum), which lie inside the inner membrane. Each granum may contain from a few to 

several dozen disk-shaped structures called thylakoids. On the surface of the thylakoids are 

the light-capturing photosynthetic pigments. 

•  Surrounding the thylakoid is a fluid matrix called the stroma that includes  the enzymes 

used to synthesize glucose during photosynthesis. 

•  All plastids are produced by the division of existing plastids. 

والسكریات ATP تستخدم البلاستیدات الخضراء الضوء لتولید

 تحتوي الكائنات الحیة ذاتیة التغذیة حقیقیة النواة (مثل النباتات) التي تقوم بعملیة التمثیل الضوئي عادةً على من واحد إلى عدة مئات من البلاستیدات الخضراء التي تحتوي على صبغة
التمثیل الضوئي الكلوروفیل

 یحیط بالثیلاكوید مصفوفة سائلة تسمى السدى والتي تحتوي على الإنزیمات المستخدمة في
تخلیق الجلوكوز أثناء عملیة التمثیل الضوئي

یتم إنتاج جمیع البلاستیدات عن طریق انقسام البلاستیدات الموجودة
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تحيط بالبلاستيدات الخضراء غشائين. بالإضافة إلى الأغشية الخارجية والداخلية، والتي تقع في ارتباط وثيق مع بعضها البعض، تحتوي البلاستيدات الخضراء على حجرات مغلقة (نظام غشائي ثالث) من الأغشية المكدسة تسمى الجرانا (مفردها، غرانوم)، والتي تقع داخل الغشاء الداخلي. قد تحتوي كل جرانوم من بضع إلى عدة عشرات من الهياكل على شكل قرص تسمى الثايلاكويدات. على سطح الثايلاكويدات توجد الصبغات الضوئية التي تلتقط الضوء.
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The Cytoskeleton 
• The cytoplasm of all eukaryotic cells is crisscrossed by a network of protein fibers that 

supports the shape of the cell and anchors organelles to fixed locations.  

• This network, called the cytoskeleton, is almost  dynamic system, constantly 

assembling and disassembling. 

• Individual fibers consist of polymers of identical protein subunits that attract one 

another and spontaneously assemble into long chains. Fibers disassemble in the same 

way, as one subunit after another breaks away from one end of the chain. 

Eukaryotic cells may contain the following 

three types of cytoskeletal 

fibers, each formed from a different kind of 

subunit:  

Microtubules (the thickest; about 25 nm in 

diameter). 

Microfilaments, sometimes called actin 

filaments (the thinnest: a about 7 nm in 

diameter) 

Intermediate filaments. (are fibers with 

diameters in a middle range : 8–12 nm 

یتقاطع سیتوبلازم جمیع الخلایا حقیقیة النواة مع شبكة من الألیاف البروتینیة التي تدعم شكل الخلیة وتثبت العضیات في مواقع ثابتة

ھذه الشبكة، التي تسمى الھیكل الخلوي، ھي نظام دینامیكي تقریبًا، یتم تجمیعھ وتفكیكھ باستمرار

 تتكون الألیاف الفردیة من بولیمرات من وحدات بروتینیة متطابقة تجتذب بعضھا البعض وتتجمع تلقائیًا في سلاسل طویلة. تتفكك الألیاف بنفس الطریقة، حیث تنفصل وحدة فرعیة تلو الأخرى عن أحد
:قد تحتوي الخلایا حقیقیة النواة على الأنواع الثلاثة التالیة من ألیاف الھیكل الخلوي، وكل منھا یتكون من نوع مختلف من الوحدات الفرعیةطرفي السلسلة

الأنابیب الدقیقة (الأكثر سمكًا؛ حوالي 25 نانومتر في القطر

(الخیوط الدقیقة، والتي تسمى أحیانًا خیوط الأكتین (الأرق: یبلغ قطرھا حوالي 7 نانومتر

الخیوط المتوسطة. (ھي ألیاف بأقطار تتراوح في نطاق متوسط: 8-12 نانومتر
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Function of the Cytoskeleton: Support and Motility 

• The most obvious function of the cytoskeleton is to give mechanical support to the cell 

and maintain its shape especially important for animal cells, which lack walls. 

• The cytoskeleton provides anchorage for many organelles and even cytosolic enzyme 

molecules. The cytoskeleton is dynamic, it can be quickly dismantled in one part of the 

cell and reassembled in a new location, changing the shape of the cell. 

• Some types of cell motility (movement) also involve the cytoskeleton.  

• The term cell motility includes both changes in cell location and movements of cell 

parts. Cell motility generally requires interaction of the cytoskeleton with motor 

proteins. 

• There are many such examples: Cytoskeletal elements and motor proteins work together 

with plasma membrane molecules to allow whole cells to move along fibers outside the 

cell. 

• Inside the cell, vesicles and other organelles often use motor protein “feet” to “walk” 

to their destinations along a track provided by the cytoskeleton. For example, this is how 

vesicles containing neurotransmitter molecules migrate to the tips of axons, the long 

extensions of nerve cells that release these molecules as chemical signals to adjacent 

nerve cells . 

• The cytoskeleton also manipulates the plasma membrane, bending it inward to form 

food vacuoles or other phagocytic vesicles. 

وظیفة الھیكل الخلوي: الدعم والحركة

الوظیفة الأكثر وضوحًا للھیكل الخلوي ھي تقدیم الدعم المیكانیكي للخلیة والحفاظ على شكلھا وھو أمر مھم بشكل خاص للخلایا الحیوانیة، التي تفتقر إلى الجدران

یوفر الھیكل الخلوي مرساة للعدید من العضیات وحتى جزیئات الإنزیمات السیتوبلازمیة. الھیكل الخلوي دینامیكي، ویمكن تفكیكھ بسرعة في جزء واحد من الخلیة وإعادة تجمیعھ في مكان جدید، مما یغیر شكل الخلیة

تتضمن بعض أنواع حركة الخلایا أیضًا الھیكل الخلوي

یشمل مصطلح حركة الخلیة كلاً من التغیرات في موقع الخلیة وحركات أجزائھا. تتطلب حركة الخلیة عمومًا تفاعل الھیكل الخلوي مع البروتینات الحركیة

ھناك العدید من الأمثلة على ذلك: تعمل العناصر الھیكلیة الخلویة والبروتینات الحركیة مع جزیئات الغشاء البلازمي للسماح للخلایا بأكملھا بالتحرك على طول الألیاف خارج الخلیة

ویقوم الھیكل الخلوي أیضًا بالتلاعب بالغشاء البلازمي، فیثنیھ إلى الداخل لتشكیل فجوات غذائیة أو حویصلات بلعمیة أخرى
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Microtubules 
• Microtubules, the largest of the cytoskeletal elements, are 

hollow tubes about 25 nm in diameter, each composed of a 

ring of 13 protein protofilaments. 

• Microtubules vary greatly in length. Some are less than 200 

nm long (cytosolic MTs); others, such as axonemal MTs (cilia 

flagella) , can be many micrometers in length 

• Globular proteins consisting of noncovalently dimers of α- 

and β-tubulin subunits  (heterodimer) polymerize to form the 

13 protofilaments. 

• The protofilaments are arrayed side by side around a central 

core, giving the microtubule its characteristic tube shape. 

• In many cells, microtubules form from nucleation centers  

(MTOC) near the center of the cell and radiate toward the 

periphery. 

• The two most important types of MTOCs are the basal bodies 

associated with cilia, and the centrosome associated with 

spindle formation. 

• The average half-life of a microtubule ranges from as long as 

10 minutes in a nondividing animal cell to as short as 20 

seconds in a dividing animal cell. 

الأنابیب الدقیقة، وھي أكبر العناصر الھیكلیة الخلویة، ھي أنابیب مجوفة یبلغ قطرھا حوالي 25 نانومتر، وتتكون كل منھا من حلقة مكونة من 13 خیطًا بروتینیًا

.تختلف الأنابیب الدقیقة بشكل كبیر في الطول. بعضھا یقل طولھ عن 200 نانومتر (أنابیب دقیقة في السیتوبلازم)؛ والبعض الآخر، مثل الأنابیب الدقیقة المحوریة (أھداب الأسواط)، یمكن أن یصل طولھ إلى عدة میكرومترات

تتبلمر البروتینات الكرویة المكونة من ثنائیات غیر تساھمیة من وحدات ألفا وبیتا توبیولین (ثنائي غیر متجانس) لتكوین الخیوط الأولیة الثلاثة عشر

تتجمع الخیوط الأولیة جنبًا إلى جنب حول قلب مركزي، مما یمنح الأنبوب الدقیق شكلھ الأنبوبي الممیز

بالقرب من مركز الخلیة وتنتشر نحو المحیط (MTOC) في العدید من الخلایا، تتشكل الأنابیب الدقیقة من مراكز النواة

ھما الأجسام القاعدیة المرتبطة بالأھداب، والجسیم المركزي المرتبط بتكوین المغزل MTOCs النوعان الأكثر أھمیة من

یتراوح متوسط ​​عمر النصف للأنابیب الدقیقة من 10 دقائق في الخلیة الحیوانیة غیر المنقسمة إلى 20 ثانیة في الخلیة الحیوانیة المنقسمة
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Microtubules forms 
Microtubules can form as singlets (13 protofilaments around a hollow lumen), doublets, 

or triplets. 

Doublets and triplets contain one complete 13-protofilament microtubule (the A tubule) 

and one or two additional incomplete (< 13 protofilaments)  tubules (called B and C 

tubules) usually consisting of 10 -11 protofilaments. 

Doublets are found in cilia & flagella; while triplets are found in basal bodies & centrioles. 



Microtubule Polarity 
• The ends of the microtubule are designated as plus (+) (away from the nucleation center) 

or minus (−) (toward the nucleation center). 

• Microtubules grow at each end by the polymerization of tubulin hetero dimers, and  
shrink at each end by the release of tubulin hetero dimers (depolymerization).  

• Both processes (polymerization and de polymerization)  always occur more rapidly at 
one end, the plus end. The other, less active, end is the minus end. 

• Special motor proteins (powered by ATP), move cellular organelles around the cell on 

microtubular “tracks”. 

• Kinesin proteins move organelles toward the “+” end (toward the cell periphery), and 

dynein proteins  move them toward the “−” end. 

 

 

 





Microtubules are build from Tubulin Heterodimers 

• The basic building subunit of a protofilament is a tubulin heterodimer  (α -tubulin & β –

tubulin). MTOCs organize and polarize the MT within cells.  

• Individual  α and β-tubulin molecules are 4–5 nm in daimeter, and they have nearly 

identical 3D structures, and each has a GTP-binding site at the N-terminus. 

• As soon as individual α -tubulin and β -tubulin molecules are synthesized, they bind 

noncovalently to each other to produce an α,β tubulin heterodimer. 

• GTP is required for MT assembly. Each tubulin heterodimer binds two GTP molecules. 

The α -tubulin binds one GTP; the other GTP is bound by β -tubulin 

•  Kinetics of Microtubule Assembly 

• Microtubules form by  the reversible polymerization of α,β tubulin heterodimer at their 

ends. A critical step in the formation of MTs is the aggregation of α,β tubulin 

heterodimer into clusters called oligomers that serve as “nuclei” from which new 

microtubules can grow, and this process is referred to as nucleation or lag phase which 

proceeds at slow rate. 

• Once an MT has been nucleated, it grows by addition of an α,β tubulin heterodimer 

subunits at either end, via a process called elongation, which is faster than lag phase. 

• Finally, MTs increase to a point where the concentration of free tubulin (individual or 

dimers) becomes limiting (critical concentration). This leads to the plateau phase, 

where MT assembly is balanced by disassembly. 



 Kinetics of Microtubule Assembly 



Centrioles and basal bodies are complex MT structures  

• Centrioles are barrel-shaped structures found in the cells of animals and most protists. 

Centrioles occur in pairs, usually located at right angles (perpendicular)  to each other 

near the nuclear membranes in a region referred as a centrosome. 

• Centrioles (each about 250 nm (0.25 μm) in diameter are composed of nine sets of 

triplet MTs arranged in a ring in “9+0” pattern.  

• Nontubulin proteins are present to connect the microtubule triplets to each others. 

• The basal body is structurally very similar to a centriole, with nine sets of triplets MT 

in a “9+0” pattern.  Basal bodies are the cellular structure responsible for anchoring 

cilium or flagellum. 

• In humans and in many animal species  the basal body of the fertilizing sperm’s 

flagellum enters the egg and becomes a centriole. 



Cilia and Flagella 
• Some eukaryotic cells have flagella (singular, flagellum) and cilia (singular, cilium), both 

are cellularextensions that contain microtubules.  

• Eukaryotic cells have a completely different kind of flagellum than prokaryotes, 

consisting of a circle of nine microtubule pairs (doublets) surrounding two central  singlet 

microtubules ( 9 + 2 pattern or structure). Also eukaryotic flagella undulates, or waves up 

and down, rather than rotates. 

• The MTs of cilia and flagellum are derived from a basal body (nine MT triplets), situated 

just below the point where the cilia or flagellum protrudes from the surface of the cell. 

• Many unicellular protists are propelled through water by cilia or flagella that act as 

locomotor appendages. 

• The sperm of animals, algae, and some plants have flagella. 

• When cilia or flagella extend from cells that are attached tightly together in a sheet that is 

part of a tissue layer, they can move fluid over the surface of the tissue, e.g.  the ciliated 

lining of the trachea sweeps mucus containing trapped debris out of the lungs, and in a 

woman’s reproductive tract, the cilia lining the oviducts help move an egg toward the 

uterus. 

• The sensory cells of the vertebrate ear also contain conventional cilia surrounded by 

complex cilia (actin-based stereocilia); so sound waves bend these structures and provide 

the initial sensory input for hearing 

تحتوي بعض الخلایا حقیقیة النواة على أسواط (مفردھا سوط) وأھداب (مفردھا ھدب)، وكلاھما امتدادات خلویة تحتوي على أنابیب دقیقة

 تحتوي الخلایا حقیقیة النواة على نوع مختلف تمامًا من الأسواط عن بدائیات النواة، حیث تتكون من دائرة من تسعة أزواج من الأنابیب الدقیقة (ثنائیات) تحیط بأنبوبین دقیقین مركزیین (نمط أو بنیة 9 + 2(. كما أن الأسواط حقیقیة النواة تتلوى أو تتأرجح لأعلى ولأسفل، بدلاً من
الدوران

یتم اشتقاق أطراف الأھداب والسوط من جسم قاعدي (تسعة ثلاثیات أطراف أھداب)، یقع أسفل النقطة التي تبرز منھا الأھداب أو السوط من سطح الخلیة

تتحرك العدید من الكائنات وحیدة الخلیة عبر الماء بواسطة الأھداب أو الأسواط التي تعمل كملحقات حركیة

تحتوي الحیوانات المنویة والطحالب وبعض النباتات على أسواط

تحتوي الخلایا الحسیة في أذن الفقاریات أیضًا على أھداب تقلیدیة محاطة بأھداب معقدة (أھداب حسیة قائمة على الأكتین)؛ لذا فإن الموجات الصوتیة تنحني ھذه الھیاكل وتوفر المدخلات الحسیة الأولیة للسمع
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• Cilia usually occur in large numbers on the cell surface. Flagella are usually 

limited to just one or a few per cell, but longer than cilia.  

• Flagella and cilia differ in their beating patterns.  

• A flagellum has an undulating motion like the tail of a fish.  

• In contrast, cilia have alternating power and recovery strokes, much like the oars 

of a racing crew boat 

•   



9+2 structure pattern bending movements of cilia & flagella  

• Bending involves large motor proteins 

called dyneins (axonemal dynein) that are 

attached along each outer MT doublet.  

• A typical dynein protein has two “feet” 

that “walk” along the microtubule of the 

adjacent doublet, using ATP for energy. 

• One foot maintains contact, while the other 

releases and reattaches one step farther 

along the MT. 

• The outer doublets and two central 

singlet MT are held together by flexible 

cross-linking proteins (radial spokes).  

• If the MT doublets were not held in place by the radial spokes, the 

walking action would make them slide past each other.  

• Instead, with the holding function of radial spokes, the movements of the 

dynein feet cause the flagellum to bend. 









Microfilaments (Actin Filaments) 
• Microfilaments (MF) are thin solid rods and present in all eukaryotic cells.  

• MF are also called actin filaments because they are built from molecules of G-

actin, a globular protein. 

• Under the right conditions, G-actin molecules polymerize to form 

microfilaments; in this form, actin is referred to as action filament or F-actin 

(filamentous actin ). 

•  A microfilament is a twisted double chain of G-actin subunits. 

• Besides occurring as free actin (G-actin) and linear filaments (F-actin) , 

microfilaments can form structural networks (actin network). 

• A 3D  network formed by microfilaments just to the inside of the plasma membrane 

(cortical microfilaments) helps support the cell’s shape , which gives the outer 

cytoplasmic layer of a cell, called the cortex, the semisolid consistency of a gel, in 

contrast with the more fluid state of the interior cytoplasm.  

• Microfilaments are best known for their role in the contraction of muscle cells. 

• MFs are not limited to muscle cells, and occur in almost all eukaryotic cells and 

are involved in numerous other phenomena, including a variety of locomotory and 

structural functions. 

 



G-Actin Monomers Polymerize into F-Actin Microfilaments 

• G-actin monomers can polymerize reversibly into filaments with a lag phase (filament 

nucleation), which begins with formation of dimers or trimers, called nucleation seeds, 

followed by a more rapid polymer elongation phase.  

• The F-actin filaments that form are composed of two linear strands of polymerized G-

actin wound around each other in a helix. 

• Within a microfilament, all the actin monomers are oriented in the same direction, so 

that an MF, like a microtubule, has certain polarity. 

• In vitro, rate polymerization proceeds much faster at the plus (+) end , than the rate at 

minus (-) end.  

 



 Kinetics of Microfilaments Assembly 



Microfilaments functions  
• Examples of locomotory  function of microfilaments: 

• Muscle contraction: Thousands of actin filaments (some times called thin filaments) and 

thicker filaments made of a protein called myosin interact to cause contraction of muscle 

cells.  

• Cell migration via pseudopodia formation: the unicellular protist Amoeba and some of 

our white blood cells. These cell crawl along a surface by extending cellular extensions 

called pseudopodia and moving toward them. 

• Cytoplasmic streaming movement: In plant cells, actin-protein interactions contribute to 

cytoplasmic streaming, a circular flow of cytoplasm within cells, which speeds the 

movement of organelles and the distribution of materials within the cell. 

• Cytokinesis: MFs also produce the cleavage furrows that divide the cytosol of animal 

cells during cytokinesis. 

• Examples of structural function of microfilaments: 

• Cell cortex: MFs are important in developing and maintaining cell shape. Most animal 

cells, have a dense network of microfilaments within the cell cortex just beneath the 

plasma membrane. The cortex provides structural rigidity on the cell surface and facilitates 

shape changes and cell movement. 

• Microvilli:  Parallel bundles of MFs also make up the structural core of microvilli, the 

fingerlike extensions found on the surface of many animal cells. 



Actin-myosin in Muscle contraction 



Role of Ca2+ in Muscle contraction 





Intermediate Filaments (IFs)  
• IFs have a diameter of about 8–12 nm, which makes them intermediate in size between 

microtubules and microfilaments. 

• Intermediate  filaments are not found in the cytosol of plant cells, but they are abundant 

in many animal cells, where IFs occur singly or in bundles and appear to play a 

structural or tension-bearing role. Intermediate  filaments are the strong element of the 

cytoskeleton in animal cells  

• The basic subunits of IFs are two intertwined  polypeptides forming fibrous dimers 

(not globular like tubulin and G actin). 

•  In contrast to microtubules and microfilaments, IFs are tissue specific so differ 

markedly in amino acid composition from tissue to tissue. 

• The two polypeptides are identical for all IFs except keratin filaments, which are 

obligate heterodimers of type I and type II polypeptides. 

• Intermediate filaments are the most stable and the least soluble constituents of the 

cytoskeleton. Once formed, intermediate filaments are stable and usually do not break 

down 

• Given their stability, IFs likely serve as a scaffold to support the entire cytoskeletal 

framework.  

• In contrast to MTs and MFs, IFs do not appear to be polarized. 

 

 



 

Function of IFs 

 

• Epithelial cells  are rich in keratin 

filaments. 

 

• Nerve cells (nerve axon) 

•   

• The nucleus typically sits within a 

cage made of intermediate filaments. 

 

• Other intermediate filaments make up 

the nuclear lamina, which lines the 

interior of the nuclear envelope 



Extracellular structure of plant cells: Cell Wall  

• The cells of plants, fungi, and many types of protists have cell walls, which 

protect and support the cells. The cell walls of these eukaryotes are chemically 

and structurally different from prokaryotic cell walls. 
  

• In plants and protists, the cell walls are composed of fibers of the polysaccharide 

cellulose, whereas the cell walls in fungi are composed of chitin. 
 

• In plants, primary walls that thin and flexible are laid down when the cell is still 

growing (A young plant cell).  

• Between primary walls of adjacent cells is the middle lamella, a thin layer rich in 

sticky polysaccharides called pectins. The middle lamella glues adjacent cells 

together.  
 

• When the cell matures and stops growing, it strengthens its wall.  Some plant 

cells do this simply by secreting hardening substances into the primary wall. 

Other cells add a secondary cell wall deposited inside the primary walls  (between 

the plasma membrane and the primary cell wall)  
 

•  The secondary cell wall, often deposited in several laminated layers, has a strong 

and durable matrix that affords the cell protection and support. Wood, for example, 

consists mainly of secondary walls. 





The Extracellular Matrix (ECM) of Animal Cells 

• Although animal cells lack walls similar to those of plant cells, but they do have  a 

rich and complex mixture of fibrous proteins, glycoproteins and proteoglycan  

molecules forming the extracellular matrix (ECM).  

• The most abundant protein in the ECM of most animal cells is the fibrous protein 

called collagen (~40% of the total protein in human body). Another but less abundant 

in ECM  is the fibrous protein elastin  which forms strong fibers outside the cells  

• The collagen and elastin  fibers are embedded within a complex  network of 

glycoproteins and proteoglycans secreted by the cells forming  a protective layer 

over the cell surface. 

• Some cells are attached to the ECM by ECM glycoproteins such as fibronectin.  

• Fibronectin and other ECM proteins bind to cell-surface receptor proteins called 

integrins that are built into the plasma membrane and span the membrane and bind 

on their cytoplasmic side to associated proteins attached mainly to microfilaments 

(actin filaments) and sometimes to intermediate filaments of the cytoskeleton.  

• Integrins are in a position to transmit signals between the ECM and the cytoskeleton 

and thus integrate or associate changes occurring outside and inside the cell. 

• By this way of integration  between the ECM and the cells, the ECM can help 

coordinate the behavior of all the cells in a particular tissue. 





• Cells in an animal or plant are organized into tissues, organs, and organ 

systems, where neighboring cells often adhere, interact, and communicate 

via sites of direct physical contact. 

• Plasmodesmata in Plant Cells 

• In plants, the nonliving cell walls separate every cell from all others, however 

many cell–cell junctions occur at holes or gaps in the walls, where the 

plasma membranes of adjacent cells can come into contact with one another. 

• The cytoplasmic connections that form across the touching plasma 

membranes are called plasmodesmata (singular, plasmodesma). 

• The plasma membranes of adjacent cells line the channel (central tubule) of 

each plasmodesma  and connects the endoplasmic reticulum of each two of 

adjacent plant cells together, thus plasmodesmata unify most of the plant 

into one living continuum (a continuous sequence) allowing water and small 

solutes to pass freely from cell to cell . 

• Because the channels of plasmodesmata are filled with cytosol, the cells 

share the same internal chemical environment.  

Cell-to-Cell Interactions: plant cell plasmodesmata  





Animal Cell-to-Cell Interactions: 

 Tight Junctions, Desmosomes,  and Gap Junctions  

• In animals, there are three 

main types of cell-cell 

interaction or cell junctions: 

  

• Tight junctions 

• Desmosomes 

• Gap junctions  

• All three types of cell 

junctions are especially 

common in epithelial tissue, 

which lines the external and 

internal surfaces of the body.   



Tight junctions 
• At tight junctions, the plasma membranes of neighboring cells are very tightly 

pressed or  squeezed against each other, bound together by specific proteins 

thus forming continuous seals or barrier around animal cells that prevents 

leakage of extracellular fluid across a layer of epithelial cells. 

• Tight junctions contain proteins called Claudins  that have the ability to 

occlude or block substances from passing between cells.  

• For example, tight junctions between skin cells make us watertight (no water 

enters or passes through.) . 



Desmosomes : Adhesive or anchoring junctions  

• Desmosomes are adhesive junctions or anchoring junctions that mechanically 

attach the cytoskeleton of a cell to the cytoskeletons of other cells or to the 

extracellular matrix. These junctions are found in tissues subject to mechanical 

stress, such as muscle and skin epithelium. 

• Desmosomes are a cadherin-based junction. Cadherin is a transmembrane 

protein with an extracellular domain that can interact with the extracellular domain 

of a cadherin in an adjacent cell to join the cells together. 

• Desmosomes function like rivets, fastening cells together into strong sheets. 

• Intermediate filaments (strong keratin proteins) anchor desmosomes in the 

cytoplasm. 

 





Gap junctions: a communicating junctions 

• Gap junctions (also called communicating junctions) provide cytoplasmic channels 

from one animal cell to an adjacent cell. 

• Gap junctions are formed by complexes of six identical transmembrane proteins 

extending from the membranes of the two cells and  arranged in a circle creating a 

channel through the plasma membrane where ions, sugars, amino acids, and other small 

molecules may pass, but not proteins.  

• Gap junctions are necessary for communication between cells in many types of tissues, 

such as heart muscle, and in animal embryos. 

Gap junction channels are dynamic 

structures that can open or close (gating) in 

response to a variety of factors, including 

Ca2+ and H+ ions.  

This gating serves at least one important 

function. When a cell is damaged, its plasma 

membrane often becomes leaky. Ions in high 

concentrations outside the cell, such as Ca2+, 

flow into the damaged cell and close its gap 

junction channels. This isolates the cell and 

prevents the damage from spreading 





The 1935 Davson–Danielli model: Sandwich model  

• The first model that attempted to describe the position of membrane proteins within 

the lipid bilayer was proposed by Davson and Danielli in 1935:  (The sandwich 

model) 

• The sandwich model describes a phospholipid bilayer that lies between two layers 

of globular proteins (Sandwich as the lipid layer was sandwiched between two 

protein layers) or vis versa two layers of protein flanked a central phospholipid 

bilayer. 

• Davson–Danielli Sandwich model was the believed and predominated model  until 

1972 when Singer and Nicolson described the correct cell membrane structural 

model: The  fluid mosaic model. 



Cell membrane: The fluid mosaic model 

• Cellular membranes are fluid mosaics of lipids and proteins 

• Lipids and proteins are the major components of membranes, although 

carbohydrates are also important.  

• The most abundant lipids in most membranes are phospholipids (an amphipathic 

molecule). 

• Most membrane proteins are amphipathic.  

• Singer and  Nicolson proposed that the globular proteins are inserted into the 

phospholipids bilayer, with their nonpolar segments in contact with the nonpolar 

interior of the bilayer and their polar portions protruding out from the membrane 

surface, thus  maximizes contact of hydrophilic regions of a protein with water in the 

cytosol and extracellular fluid 

• Structure of cell membrane revealed two categories of membrane proteins based on 

their degree of association with the membrane.  

• Integral proteins are embedded in the membrane,  

• Peripheral proteins are associated with the surface of the membrane 

 



Cellular membranes consist of four component groups 

• Eukaryotic membranes share the same fundamental architecture and in animals are 

assembled from four components: 

• 1. Phospholipid bilayer.  

• 2. Proteins (peripheral and integral) 

– Peripheral proteins: are usually  loosely bound to the membrane surface and   

attached to the hydrophilic part of the Phospholipid molecules or to other integral proteins  

– Integral proteins (partially embedded and totally embedded or transmembrane 

proteins) 

• Many integral membrane proteins are not fixed in position. They can move about, 

just as the phospholipid molecules do.  

• 3.  Cholesterol  

• Animal cell membranes contain cholesterol. Plant cells have other sterols, but little 

or no cholesterol. 

• 4. Carbohydrates  

• Carbohydrates of the membrane are the sugar molecules added by ER and/or Glogi 

apparatus to membrane proteins and lipids, converting them into glycoproteins and 

glycolipids. Different cell types exhibit different varieties of these glycoproteins and 

glycolipids on their surfaces, which act as cell identity markers (Cell-surface markers). 







The Fluidity of Membranes: phospholipids 

• Membranes are not static sheets of molecules locked rigidly in place. A membrane is 

held together mainly by hydrophobic interactions, which are much weaker than 

covalent bonds 

• Most of the lipids and some proteins can shift about sideways—that is, in the plane 

of the membrane. Very rarely, also, a lipid may flip-flop across the membrane, 

switching from one phospholipid layer to the other. 

• Proteins are much larger than lipids and move more slowly, when they do move.  

• Many membrane proteins seem to be held immobile by their attachment to the 

cytoskeleton or to the extracellular matrix. 

• A membrane remains fluid as temperature decreases until the phospholipids settle 

into a closely packed arrangement and the membrane solidifies. 

• The temperature at which a membrane solidifies depends on the types of lipids it is 

made of.  

• As the temperature decreases, the membrane remains fluid to a lower temperature 

if it is rich in unsaturated phospholipids. Because of kinks in the tails where 

double bonds are located, unsaturated hydrocarbon tails cannot pack together as 

closely as saturated hydrocarbon tails, making the membrane more fluid  

  

  

 





The Fluidity of Membranes: Cholesterol  
• Cholesterol, which is stuck between phospholipid molecules in the plasma 

membranes of animal cells, has different effects on membrane fluidity at different 

temperatures. 

•  At relatively high temperatures—at 37°C, the body temperature of humans, for 

example—cholesterol makes the membrane less fluid by restricting phospholipid 

movement.  

• However, because cholesterol also hinders the close packing of phospholipids, it 

prevents the membrane to solidify at low temperatures . Thus, cholesterol can be 

thought of as a “fluidity buffer” for the membrane, resisting changes in membrane 

fluidity that can be caused by changes in temperature.  

• Compared to animals, plants have very low levels of cholesterol; rather, related 

steroid lipids (Phytosterols or Plant sterols)  buffer membrane fluidity in plant cells 



Membrane Proteins: Multifunctional Components   

• 1. Transporters (Transport) . Membranes are very selective, allowing only 

certain solutes to enter or leave the cell, through either channels or carriers 

composed of proteins. 

• 2. Enzymes. Cells carry out many chemical reactions on the interior surface of 

the plasma membrane, using protein enzymes attached to the membrane. 

• 3.Cell-surface receptors for Signal transduction. Membranes are sensitive to 

chemical messages, which are detected by receptor proteins on their surfaces. 

• 4. Cell-surface identity markers. Membranes carry cell-surface markers that 

identify them to other cells. Most cell types carry their own ID tags, specific 

combinations of cell-surface proteins and protein complexes such as 

glycoproteins that are characteristic of that cell type. 

• 5. Cell-to-cell adhesion proteins. Cells use specific proteins to glue themselves 

to one another. Some act by forming temporary interactions, and others form a 

more permanent bond.  

• 6. Attachments to the cytoskeleton and to ECM. Surface proteins that interact 

with other cells are often anchored to the cytoskeleton by linking proteins. 





Traffic across membrane  
• All cells obtain the molecules and ions they need from their surrounding 

extracellular fluid. 

• There is an continuous traffic of molecules and ions  in and out of the cell through 

its plasma membrane e.g: glucose, Na+, Ca2+ 

• In eukaryotic cells, there is also transport in and out of membrane-bounded 

intracellular compartments such as the nucleus, endoplasmic reticulum, and 

mitochondria. e.g : proteins, mRNA, Ca2+, ATP. 

• Two problems are to be considered in traffic across membranes 

 1-Relative concentrations  

• Normally molecules and ions move spontaneously down their concentration gradient or 

downhill  (from a region of higher to a region of lower concentration) 

• Molecules and ions can be moved against their concentration gradient or uphill, but this 

process, requires the expenditure of energy (usually from ATP).  

 2-Lipid bilayers are impermeable to most essential molecules and ions.  

• The lipid bilayer is permeable to water molecules and a few other small, 

uncharged, molecules like oxygen (O2) and carbon dioxide (CO2). These move 

freely in and out of the cell.  

• Lipid bilayers are impermeable to: ions such as K+, Na+, Ca2+ Cl-, HCO3- , small 

hydrophilic molecules like glucose and macromolecules like proteins and RNA. 

 

 

حركة المرور عبر الغشاء

تحصل جمیع الخلایا على الجزیئات والأیونات التي تحتاجھا من السائل خارج الخلایا المحیط بھا

،ھناك حركة مستمرة للجزیئات والأیونات داخل وخارج الخلیة من خلال غشاءھا البلازمي مثل: الجلوكوز

mRNA، Ca2+، ATP ،في الخلایا حقیقیة النواة، ھناك أیضًا نقل داخل وخارج المقصورات داخل الخلایا المحاطة بالغشاء مثل النواة والشبكة الإندوبلازمیة والمیتوكوندریا. على سبیل المثال: البروتینات

ھناك مشكلتان یجب مراعاتھما في حركة المرور عبر الأغشیة

(تتحرك الجزیئات والأیونات عادةً بشكل تلقائي إلى أسفل منحدر تركیزھا أو إلى أسفل (من منطقة ذات تركیز أعلى إلى منطقة ذات تركیز أقل

(ATP یمكن تحریك الجزیئات والأیونات ضد تدرج تركیزھا أو صعودًا، ولكن ھذه العملیة تتطلب إنفاق الطاقة (عادةً من

.تتحرك ھذه الجزیئات بحریة داخل وخارج الخلیة .(CO2) وثاني أكسید الكربون (O2) الطبقة الدھنیة الثنائیة نفاذة لجزیئات الماء وبعض الجزیئات الصغیرة الأخرى غیر المشحونة مثل الأكسجین

والجزیئات الصغیرة المحبة للماء مثل الجلوكوز والجزیئات الكبیرة مثل البروتینات والحمض النووي الریبي -HCO3و -Clو +Ca2و +Naو +K الطبقات الدھنیة الثنائیة غیر منفذة لـ: الأیونات مثل

التركیزات النسبیة

الطبقات الدھنیة الثنائیة غیر منفذة لمعظم الجزیئات والأیونات الأساسیة
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Diffusion vs transport 
• Diffusion is the random movement of  molecules down their concentration 

gradient to spread out into the available space (only its own, without regard to 
other molecules). The direction of the diffused molecule is unaffected by the 
concentration gradients of other substances. 

• Diffusion is spontaneous because it decreases the amount of energy in the 
system and increases disorder or increases the entropy. 

• Diffusion is passive process  because the cell does not use energy. 

• When the diffused molecules pass or move across membrane this is called 

transport  



Passive transport 
• Passive transport is movement of a substance down their concentration 

gradient (downhill) across a biological membrane with no use of  energy. 

• The concentration gradient itself represents potential energy and driving 

force for passive transport, assuming the membrane is permeable for such 

substance or molecule. 

• Biological membranes are selectively permeable and therefore have 

different effects on the rates of transport of various molecules. 



Facilitated transport: Passive Transport Aided by Proteins 

• Many polar molecules and ions blocked by the lipid bilayer of the membrane can 

pass passively (downhill) with the help of transport proteins that span the 

membrane. This phenomenon is called facilitated transport. 

• Most transport proteins are very specific: they transport some substances but not 

others.  

• Transport proteins are either channel proteins or carrier proteins. 

• Channel proteins simply provide hydrophilic corridors /passageway that allow 

specific molecules or ions to cross the membrane e.g water molecules or small 

ions . 

• Aquaporins are specialized channel proteins that facilitate the massive levels of 

movement of water (osmosis) that occur in plant cells and in animal cells 

• Carrier proteins, e.g. glucose transporter, seem to undergo a distinctive 

change in shape triggered by the binding and release of the transported 

molecule. Such changes somehow translocate the solute-binding site across the 

membrane. Sugars and amino acids are also transported by carrier proteins  

• Facilitated transport via channel protein or carrier proteins is a type  of passive 

transport that result in the net movement of a substance down its concentration 

gradient (downhill). 



Saturation of carrier proteins 
• Facilitated  transport through  carrier protein  

is a form of passive transport and therefore 

requires a concentration difference across 

the membrane. 

• Carrier protein  must bind to the molecule 

they transport, so the relationship between 

concentration and rate of transport 

differs from that due to simple passive 

transport. 

• As concentration increases, transport by 

simple passive transport shows a linear 

increase in rate of transport.  

• But with Facilitated  transport through  

carrier protein, as concentration increase 

more of the carriers are bound to the 

transported molecule. At high enough 

concentrations all carriers will be occupied, 

and the rate of transport will be constant. 

This means that the carrier exhibits 

saturation. 



In both cases (channel protein or carrier protein), the protein can transport the solute in 

either direction, but the net movement is down the concentration gradient of the solute. 

Two types of transport proteins that carry out facilitated transport 



Gated Channels 
• Many ion channels (Channel proteins that transport ions) function as gated 

channels, which open or close in response to a stimulus (electrical, 

chemical or mechanical) 

 

• Electrically gated ion channels 

•  e.g. a potassium ion channels of  a nerve cell is an electrically gated ion 

channel that opens in response to an electrical stimulus, allowing a stream of 

potassium ions to leave the cell. 

• Chemically gated ion channels 

• Chemically (ligand) gated ion channels like Na+ channels that opens in 

response to chemical ligand (neurotransmitter acetylcholine) binding 

allowing a stream of  Na + ions move across the membrane.    

• Mechanically gated ion channels: 

• e.g  K+ channels in stereocilia, the movement of cilia opens potassium gated 

channels that starts further steps in generating action potential. 



Osmosis  

• Osmosis is the movement of water across semipermeable membranes 

• In aqueous solution (water + dissolved solutes) both water and solutes tend to 

diffuse downhill (down their concentration gradients). 

• When two regions are separated by a membrane, what happens depends on 

whether the solutes can pass freely through that membrane (selective 

permeability). Most solutes, including ions and sugars, are unable to cross the 

lipid bilayer. So, the concentration gradient of these solutes can lead to the 

movement of water. 

• When a semipermeable  membrane (allows water only) separates two 

solutions with different concentrations of solutes, the concentrations of free 

water molecules on the two sides of the membrane also differ.  

• The side with higher solute concentration has tied up more water molecules 

in hydration shells and thus has fewer free water molecules. 

• As a consequence of this difference, free water molecules move down their 

concentration gradient, toward the higher solute concentration.  

• This net movement of water across a semipermeable membrane toward a 

higher solute concentration is called osmosis   





osmotic concentration (osmolarity/ Osmolality) 
• Osmotic concentration: represents the concentration of all solutes in a solution. 

• Osmolarity number of solute particles in 1 L of solvent 

• Osmolality  number of solute particles in 1 kg of solvent.  

• If two solutions have unequal osmotic concentrations, the solution with the higher 

concentration is hypertonic or hyperosmotic, and the solution with the lower 

concentration is hypotonic or hypoosmotic).  

• When two solutions have the same osmotic concentration, the solutions are isotonic or 

isosmotic.  

• The direction and extent of any movement of water across the plasma membrane is 

determined by comparing the osmotic strength  of the cytoplasm and the extracellular 

fluid. 

• Water moves out of a cell in a hypertonic solution (that is, the cytoplasm of the cell is 

hypotonic, compared with the extracellular fluid). This loss of water causes the cell to 

shrink. 

• The amount of  water that enters  or leaves the cell depends on the difference the 

osmotic concentrations of the cytoplasm and the extracellular fluid. This is measured as 

osmotic pressure. 

• Osmotic strength or pressure: is the tendency of a solution to take in a pure water by 

osmosis. 





Active transport Across Membranes 

• Active transport uses energy (typically from ATP)  to move solutes across a cell 

membrane against their gradients (uphill). 

• Active transport is described as pumping  a solute across a membrane against its 

gradient where the cell must expend energy. The use of energy from ATP in active 

transport may be direct (primary active transport)  or indirect (secondary active 

transport).   

• Active transport involves highly selective protein carriers, not channels, within the 

membrane that bind to the transported substance, which could be an ion or a simple 

molecule, such as a sugar, an amino acid, or a nucleotide. If the carrier protein 

transport a single type of molecule, these carrier proteins are called uniporters  

• If the carrier protein transport two different molecules together, these carrier 

proteins are called symporters or antiporters  

• Symporters transport two molecules in the same direction, and 

• antiporters transport two molecules in opposite directions.  

• Active transport  enables a cell to take up additional molecules of a substance that 

is already present in its cytoplasm in concentrations higher than in the extracellular 

fluid. Active transport also enables a cell to move substances out of its cytoplasm and 

into the extracellular fluid, despite higher external concentrations. 



The Na+ / K+ pump works directly on ATP 

• More than one-third of all of the energy expended by non-dividing an animal 

cell is used in the active transport of  Na+/K+ ions.  

• Most animal cells have a low internal concentration of Na+, relative to their 

surroundings, and a high internal concentration of K+.  

• Animal cells maintain these concentration differences  or gradients by actively 

pumping three Na+ out and two K+ in, generating electrochemical gradient. 

• These gradients of Na+ and K+ are important in the creation of an electrical 

potential across the membrane (action potential) , critical to the function of 

nerve cells. 

• The carrier protein that transports these two ions across the cell membrane is 

known as the sodium–potassium pump (Na+/K+ pump). This carrier protein 

uses  ATP to move these two ions.  

• In Na+/K+ pump, the energy is used to change the conformation of the carrier 

protein, which changes its affinity for either Na+ ions or K+ ions.   

• The Na+/K+ pump works through series of conformational changes in the 

transmembrane protein   

 



The Na+ / K+ pump works directly on ATP 

• Step 1. With sodium-potassium pump opens inward, one ATP molecule is attached (not 

phosphorylated)  three Cytoplasmic Na+ bind with high affinity to the cytoplasmic 

side of the pump protein . 

• Step 2. Binding of 3 Na+ ions stimulates phosphorylation (ATP is hydrolyzed to ADP, 

transferring a phosphate to the pump), the pump protein is now phosphorylated. 

• Step 3. Phosphorylation leads to a change in protein shape (opens outward), 

exposing the three Na+ to the outside. In this conformation (opens outward ), the pump 

has a low affinity for Na+, allowing the three bound Na+ ions to be released into the 

extracellular fluid (outward ). 

• Step 4. The phosphorylated protein that opening outside has a high affinity for K+, so 

after the release of the 3 Na+, two K+ bind to the extracellular side of the pump 

• Step 5. The binding of the K+  triggers  dephosphorylation ( the release of the 

phosphate group),  and a conformational change back to the binding pocket facing the 

cytoplasm (opens inward). 

• Step 6. dephosphorylation restores the protein’s original shape, which has a 

lower affinity for K+ , so the two  K+ are released inward , and again the pump 

returning to a state with a low affinity for K+ and high affinity for Na+ and three new 

Na+ can bind to initiate another cycle. 

• In every cycle, one ATP is utilized,  three Na+ leave the cell and two K+ enter.  





Coupled transport: active transport uses ATP indirectly 

• Some molecules are moved against their concentration gradient by 

using the potential energy stored in a gradient of a different molecule, 

this process, called coupled transport  (cotransport  and 

countertransport)  

• In a mechanism called cotransport, a transport protein                          

(a cotransporter) can couple the “downhill” transport of the solute to 

the “uphill” transport of a second substance against its own 

concentration gradient.  

• e.g a plant cell uses the gradient of H+ generated by its ATP-powered 

proton pumps to drive an uphill transport of amino acids, sugars, and 

several other nutrients into the cell.  

• A cotransporter couples the return of H+ to the transport of sucrose into 

the cell. This protein can translocate sucrose into the cell against its 

concentration gradient, but only if the sucrose molecule 

travels in the company of an H+.(H+/sucrose cotransport)  



Cotransport: Plant H+/sucrose cotransport 



Cotransport and countertransport 
• A cotransporter in animals is the intestinal cells  Na+/glucose transport. Na+ is 

moving down its concentration gradient into the cell.  

• The active glucose transporter uses the Na+ gradient produced by the Na+/K+ pump 

as a source of potential energy to power the movement of glucose into the cell. In this 

system, both glucose and Na+ bind to the transport protein, which allows Na+ to pass 

into the cell down its concentration gradient, and  move glucose into the cell. In this kind 

of cotransport, both molecules are moving in the same direction across the membrane; 

therefore the transporter is a symporter. 

• Sometimes, the inward movement of Na+ is coupled with the outward movement of 

another substance, such as Ca2+ or H+, this is called countertransport  where  both 

Na+ and the other substance (e.g Ca2+) bind to the same transport protein (antiporter) 

because the two substances bind on opposite sides of the membrane and are moved in 

opposite directions.  

• In countertransport, the cell uses the potential energy in the concentration gradient of 

Na+ while moves downhill into the cell to eject/expel  another  substance (Ca2+) against 

its concentration gradient.  

• In both cotransport and countertransport, the potential energy in the concentration 

gradient of one molecule is used to transport another molecule against its concentration 

gradient. They differ only in the direction in which the second molecule moves relative 

to the first. 

النقل المشترك والنقل المضاد

الناقل المشارك في الحیوانات ھو نقل الصودیوم/الجلوكوز في الخلایا المعویة. یتحرك الصودیوم إلى أسفل تدرج تركیزه داخل الخلیة

ضد تدرج تركیزھا (+Ca2) أثناء التحرك إلى أسفل الخلیة لإخراج/إخراج مادة أخرى +Na في النقل المضاد، تستخدم الخلیة الطاقة الكامنة في تدرج تركیز

في كل من النقل المشترك والنقل المضاد، تُستخدم الطاقة الكامنة في تدرج تركیز جزيء واحد لنقل جزيء آخر ضد تدرج تركیزه. ویختلفان فقط في الاتجاه الذي یتحرك فیھ الجزيء الثاني بالنسبة للجزيء الأول
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Cotransport: animal Na+/glucose cotransport 







Bulk transport: exocytosis & endocytosis 

• Large molecules, such as proteins and polysaccharides, generally don’t 

cross the membrane by simple transport or transport proteins. Instead, they 

usually enter (endocytosis)  and leave (exocytosis)  the cell in bulk, 

packaged in vesicles. 

• Exocytosis 

• The cell secretes certain molecules by the fusion of vesicles with the 

plasma membrane; this process is called exocytosis.  A transport vesicle 

that has budded from the Golgi apparatus moves along a microtubule of the 

cytoskeleton to the plasma membrane. When the vesicle membrane and 

plasma membrane come into contact, specific proteins in both membranes 

rearrange the lipid molecules of the two bilayers so that the two membranes 

fuse. The contents of the vesicle spill out of the cell, and the vesicle 

membrane becomes part of the plasma membrane. 

• Many secretory cells use exocytosis to export products. For example, cells in 

the pancreas that make insulin secrete it into the extracellular fluid by 

exocytosis. In another example, nerve cells use exocytosis to release 

neurotransmitters that signal other neurons or muscle cells.  

 لا تعبر الجزیئات الكبیرة، مثل البروتینات والسكریات المتعددة، الغشاء عن طریق النقل البسیط أو بروتینات النقل. وبدلاً من
ذلك، تدخل الخلیة عادةً )البلعمة الخلویة) وتغادرھا (الإخراج الخلوي) بكمیات كبیرة، معبأة في حویصلات

النقل بالجملة: الإخراج الخلوي والبلعمة الخلویة
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Endocytosis: phagocytosis and pinocytosis 

• In endocytosis, the cell takes in molecules and particulate matter by forming 

new vesicles from the plasma membrane, something looks like the reverse of 

exocytosis. 

• First, a small area of the plasma membrane sinks inward to form a deep 

pocket that  pinches in, forming a vesicle containing material that had been 

outside the cell.  

• According to the nature to enclosed material, three types of endocytosis can 

be described:  

• phagocytosis (“cellular eating”): a cell engulfs a particle by extending 

pseudopodia around it and packaging it within a membranous sac called a 

food vacuole.  

• pinocytosis (“cellular drinking”): n pinocytosis, a cell continually 

“swallows” droplets of extracellular fluid into tiny vesicles, formed by 

infoldings of the plasma membrane. In this way, the cell obtains molecules 

dissolved in the droplets. Because any and all solutes are taken into the cell, 

pinocytosis as shown here is nonspecific for the substances it transports.  





Receptor-mediated endocytosis  

• Receptor-mediated endocytosis (e.g. take in 

cholesterol): large molecules are often 

transported into eukaryotic cells through 

receptor-mediated endocytosis.  

• These large molecules first bind to specific 

receptors in the plasma membrane.  

• Different cell types contain a characteristic set 

of receptor types, each for a different kind of 

molecule in their membranes. When binding 

occurs, the cell reacts by initiating 

endocytosis; the process is highly specific and 

very fast. The vesicle is now inside the cell 

carrying its cargo. 

• The portion of the receptor molecule that lies 

inside the membrane is trapped in an indented 

pit /cavity coated on the cytoplasmic side with 

the protein clathrin.  

• Each pit /cavity acts like a molecular 

mousetrap, closing over to form an internal 

vesicle when the right molecule enters the pit. 




