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Biochemistry

Biochemistry is a science that deals with chemical components of living matter and the chemical
changes that occur to the matter during the various life processes. Biochemistry can be defined

more broadly as a chemical analysis of biological phenomena.

Biochemistry as an independent science is distinguished by its relatively newness, and in fact, the
term biochemistry did not come into existence until 1903 by the German chemist Carl Neuberg.
Nevertheless, many biochemical phenomena have been associated since ancient times with organic
chemistry, physiology, biology and medicine. Studies that led to the emergence of chemistry have
progressed. Vitality as a science important in daily life by many prominent scientists starting from

the seventeenth century to be now side by side with other sciences that are interested in scientific

development in the world.
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PLANT CELL

The term cell is derived from the Latin ‘cella’” means storeroom or chamber.The term cell was first
used by the English botanist Robert Hooke in 1665, to describe the individual units of the
honeycomb-like structure in cork under compound microscope. Plants are multicellular organisms
composed of millions of cells with specialized function. All plant cells have the same basic eukaryotic

organization.
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The Cell Wall

A fundamental difference between plant and animal cells is that the plant cell is surrounded by a
rigid cell wall, mostly made of cellulose, hemicellulose, pectin and lignin. Plants have two types of
cell walls, primary and secondary. Primary cell walls are thin and characteristic of young, growing
cells. Secondary cell walls are thicker and stronger, and they are deposited when most cell
enlargement has ended. Secondary cell walls have their strength and toughness due to lignin; a glue
like material. The lignified secondary walls provide the plants the structural reinforcement necessary
to grow vertically above the soil. Bryophytes which lack the lignified cell walls are unable to grow
more than a few centimeters above the ground. In plants, the neighboring cells are cemented

together by a middle lamella (intercellular layer). The main functions of the cell wall are:

1. Protecting the cell against physical damage and invading pathogens.
2. Regulates and controls the direction of cell growth.
3. Providing the strength, structural support and maintaining the shape of the cell.

4. Functions as a storage unit by storing carbohydrates for use in plant growth, especially in seeds.
5. It allows entry of smaller molecules through it freely.
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Plant Cell Structure
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Plasma Membrane

All cells are enclosed in a membrane that serves as their outer boundary, separating the cytoplasm
from the external environment. This plasma membrane allows the cells to take up and retain certain
substances while excluding others. Thus, plasma Membrane accounts for selective traffic of solutes
across membrane. All biological membranes consist of a double layer (bilayer) of phospholipids in
which proteins are embedded. The membrane is not a static structure, but it is a dynamic structure.
Both lipid and protein molecules are free to move and are usually in a constant motion. However,
these molecules readily move in the plane of membrane, a process known as lateral diffusion. The
cell membrane is also known as the plasma membrane. It is a semi-permeable membrane composed
of lipids and proteins. The main functions of the cell membrane include:

1. Protecting the integrity of the interior cell.

2. Providing support and maintaining the shape of the cell.

3. Helps in regulating cell growth through the balance of endocytosis and exocytosis.

4. The cell membrane also plays an important role in cell signalling and communication.

5. Control of voluntary permeability, that is, it controls the regulation of entry and exit of various
substances into cells and also organelles, meaning that it allows certain compounds to enter and
prevents the entry of other substances at a specific time and also allows compounds to leave the cell
or enter the vacuole in specific quantities and at different rates according to the degree of their
dissolution in Different regions of the membrane according to the needs of the cell. Polar materials
such as groups of CHO, NH2, OH, COOH and mineral salts enter the cell slowly, and non-polar
compounds such as alcohol and chloroform that dissolve in fat quickly penetrate. The membranes
are impermeable to polysaccharides, phospholipids and proteins.

6. Mineral salts are transported across membranes by inactive transport (passive) and active
transport that needs energy through the method of carriers and protein pumps, while, passive
transport, which is a natural or physical transport that is subject to physical phenomena, and ions
are accumulated against the concentration slope without invoking Metabolic energy from the cell,
and the negative transport takes place in the form of ion exchange - Donnan equilibrium - Solvent
stream - Chemical transformation. It will be explained in the absorption and transfer of elements or
ions within the plant.

Ll slés

LA 138 L3O eli oy Al Al G o33 sndl Juaiys « A 4 350a8 Jany Ly dlalae LAY anen
e A3 ol gall AlEnl AS s ey Lo Bl elie old ¢ (Ml s oAl o e alaiin) ma Lgy LAY 5 o sl any sl
sl Lead i s pall rad Wy i) ol gl (g (405 Adika) a3 e Adada (e dus ol gl Bl V) mien o 5SE o LER))
gos B aine AS a (b () 5Si Le Bale  AS jall (85 a Clisig ol g srall Dl ja e JS (Saeliny JSaa 43S ¢ A Ay
Al ol Al eliny TCae el HLEEYL oyt Adee a5 ¢ eliall (5 sia 8 A s @ At iy el o4 (8 ¢ elld

Do Lo el eliad Gl Caills gl Jadd U gl s saall (e o 5Sh Mie 4l slie e ke s Ly clie

AN S8 e Blially sl a2 AAI AdAN Gl Sa ea ]
DA 2105 (5180 AV (515 A e LDAD el i 3 el 3

Jamti¥l g gl LAY ) i Log |50 Ll Al ol i 4,

sl ey Clazmal) Ly UAD 1) Aaliaall sl oy a5 530 il 3 oS Lt o 3y JLaa) 40 3 Sl 5

¥ arars Baane ey dsadll ) Ledsas ol Ly Gume <5 (8 s AT alse Jsdo qialy Abme S e JA mand
pelae o Bl dpals L) AdA) Aala cua AR sLaal 3Rl 3 Ll dan) cue Al

07801377208 iila 5 puayl) daals - A3 4418 - giland) duaia g Aliunl) and - (g jalal) 8 Jas ) giSAl
https://faculty.uobasrah.edu.iq/faculty/572/certificates




gJ.ALd\ oelis B a3 uJJY\ 5_yalaall Jibalal) m - ‘5‘)233\ :\,\3,)53\ s Laasl

s A a5 5 SISy Sl sl Jie el sl LS Hall 5 ¢ o 41A)) Jasi diaxall #3LeY) s COOH,0H2,NH,CHO
i gyl 5 <l ghos sall g Baaed) iy Sl 33810 e A5 Y O LS Ao 263 caal) b

Jal sall 485l e dilal pling o3 Jadall Jaill 5 (b)) o yull Jall g sk oo 082 Y) e dsseall Z3WY) 08 a4 6

ke e LY oS 5 Aty s Al ) a)shall acady oads JUE g s(aladl) Jadis pad) Jall Laiy (gl Cliican
Joailim cudall i -lis )5l A a1 JOLl o gems bl JEI) oy 5 280 (e Al A8l ) L ¥) (g0 Sl

(el
CELL MEMBRANE [§BYUS
Carbohydrate
——— Glycolipid
Globular Protein

Channel Protein
Peripheral Protein

Extracellular Fluid Carbohydrate

Alpha-Helix protein

Filaments of
/ (Integral proten)

cytoskeleton

Cytoplasm

07801377208 iila 5 puayl) daals - A3 4418 - giland) duaia g Aliunl) and - (g jalal) 8 Jas ) giSAl
https://faculty.uobasrah.edu.iq/faculty/572/certificates




chAhJ\ oelis B a3

) [ 1
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in humans, animals, plants,

Present in all types of cells,
bacteria, etc.

It is the outermost part of the plant cell

It is the outermost covering the animal cells

It is made up of pectin, chitin, lignin, glycoproteins,
glycolipids, sugar, and cellulose.

It is a lipid bilayer. And is composed of lipoproteins and
carbohydrates.

The cell wall is 0.1 pm to several pm in thickness

The cell membrane is 7.5-10 nm in thickness

It is the thick and rigid structure with a fixed shape.

It is a thin and delicate structure. It is flexible to change the
shape as needed.

It protects the cell from the external environment.

It protects and maintains the internal environment of the
cell.

The cell wall is metabolically inactive

The cell membrane is metabolically active.

The cell wall grows in thickness over time.

It is of the same thickness for the lifetime of the organism.

The cell wall is fully permeable to smaller molecules
with the size of 30-60 kDa.

The membrane is selectively permeable and controls the
movement of the substance into and outside the cell.

The functions it performs include surrounding,

Functions include permeability, signal reception, motility

conduction, cell division, etc.

protecting, and determining cell shape and breadth
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Phospholipids

Phospholipids are a class of lipids in which 2 fatty acids are linked to glycerol, which is linked to a
phosphate group. A head group such as choline is also attached to phosphate group. Phosphatidyl
choline is a phospholipid common to most membranes. The head groups are highly polar
(hydrophilic) whereas the hydrocarbon chains of fatty acids are highly nonpolar (hydrophobic). Thus,
phospholipids display both hydrophilic and hydrophobic properties, hence they are amphipathic. In
the bilayer, the amphipathic lipids are arranged is such a way that their hydrophobic tails point
toward each other and the hydrophilic heads make the surfaces. The bilayer is stable in aqueous
environment because its surfaces readily associate with water. Plastid (chloroplast) membranes are
made of glycosyl glycerides instead of phospholipids. In glycosyl glycerides, the polar head group
consists of galactose, without a phosphate group. The fatty acid chains of phospholipids or glycosyl
glycerides contain 14-24 carbons. One of the fatty acid is saturated (no double bonds), whereas the
other fatty acid chain is unsaturated containing one or more cis double bonds. The presence of cis
double bond prevents the tight packing of phospholipids, hence increase the fluidity of membrane.
Membrane fluidity is also influenced by temperature. Because plants generally cannot regulate their
body temperature, plant phospholipids have a high percentage of unsaturated fatty acids such as
oleic acid (1 double bond), linoleic acid (2 double bonds) and linolenic acid (3 double bonds) which
increase the fluidity of their membranes.
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Proteins

The proteins which are embedded in lipid bilayer are globular. These proteins can be divided into
two types, integral and peripheral. Integral proteins are deeply embedded in the lipid bilayer. Most
integral proteins span the entire width of the lipid bilayer so one part of the protein interacts with
the outside of cell, another part interacts with ‘hydrophobic core and the third part interacts with
interior of cell (cytosol). lon channels are always integral proteins. Certain receptors that participate
in signal transduction are integral proteins. Peripheral proteins are bound to polar surfaces of lipid
bilayer by electrostatic (ionic) or hydrogen bonds. Peripheral proteins can be dissociated from
membrane with high salt solutions or chaotropic agents, which break ionic and hydrogen bonds
respectively. Peripheral proteins are involved in interactions between plasma membrane and the
components of cytoskeleton
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Nucleus

The living cell contains a spherical or amorphous body known as the nucleus and is immersed in the
cytoplasm and is composed of the nuclear membrane, the nucleoplasm and the chromosomes. It
also contains one or more nucleolus, and the chromosomes are the main component of the nucleus
and the nucleus is a repository in which chromosomes are kept and take the form of a network of
fine strings and are composed chemically from nucleoproteins, which consist of DNA, which is also
found few other DNA known as RNA and chromosomes carry the genes that control all the cell’s vital
processes. The chromosomes appear clearly during cell division and the number of chromosomes is
constant and distinct for each type of plant . As for the nucleolus, it is usually spherical in shape and
consists largely of nuclear proteins that contain RNA. Its importance is due to the fact that it plays an
important role in controlling the representation of protein materials in the cell, and some types of
cells contain different numbers of nucleolus. The nucleus is separated from the surrounding
cytoplasm by a nuclear membrane composed of proteins and fatty materials, and this membrane
controls the passage of materials between the cytoplasm and the nucleus. The nucleus is considered
due to the presence of the concentrated genes from which the vital processes that are carried out in
the cytoplasm are directed, and there is a close connection between the nucleus and the cytoplasm
as neither of them can live without the other, the nucleus is the most important part of the cell
because it controls the vital functions of the cell, so it is always present in the growing apex cells
with continuous activity
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Plastids

They are protoplasmic bodies found immersed in the cytoplasm. They are in higher plants, small in
size, of regular shape, and perform important functions. There are three types of plastids. A-
Chloroplast It is usually found in living cells exposed to light in leaves and stems and is the repository
of the green pigment known as chlorophyll on which plants depend for their photosynthetic
function. Green plastids are usually larger and more complex in shape in primary plants such as algae
than in higher plants. In chlamydomonas, which is a single-celled green algae, there is one large
plastid that occupies most of the cell space and takes the form of a hollow cup in which the nucleus
settles. As for higher plants, the plastids are small in size.
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Figure (3) Synthesis of chloroplasts

Many numbers are simple in shape, resembling convex lenses. The pigments that green plastids
contain are represented by chlorophyll pigments, the most important types of which are (chlorophyll
A and chlorophyll b) as well as xanthophyll pigment and carotene. Using an electron microscope, it
was possible to reveal the fine structures of green plastids, and found that each plastid in vascular
plants is composed of a double membrane that contains inside it fine granules known as the Stroma,
and chlorophyll is concentrated inside particles known as grana, which are cylindrical in shape and
arranged in layers known as plates or discs, and each disc is double. It is closed from both sides.

2- Chromoplast They are bodies of different shapes and their colors vary between yellow, red and
orange. The coloris mainly attributed to the two pigments of xanthophyll and carotene. Colored
plastids are found in the roots of some plants, such as carrots and petals of some flowers.

3- Leucoplasts They are found in plant parts far from light, such as the ground organs, for example
they are found in tubers as they convert the dissolved sugars into insoluble starch grains suitable for
storage, and the storage starch granules begin to form inside the colorless plastids and then these
grains gradually enlarge until the plastids are completely filled with them. The wall of the plastid
expands to accommodate the increase in particles. Colorless plastids are small in size from which
starchy and oily plastids are found
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Endoplasmic reticulum

The endoplasmic reticulum is composed of double membranes, between which there is a vacuum,
which makes it transparent under an electron microscope. These membranes are highly branched
and this network connects between the nuclear membrane and other membranes surrounding the
cytoplasm, and it plays an important role in building protein materials. The cavity that permeates its
membranes also helps in the transfer of prepared proteins between parts of the cell, especially from
the cytoplasm to the nucleus and plasma membranes. The endoplasmic reticulum may have a
surface. Smooth or may contain fine granules known as ribosomes.
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Ribosomes

Ribosomes are very fine granules that can only be seen with an electron microscope and are found
connected to the endoplasmic reticulum and scattered in the cytoplasm and inside some of the cell's
organs, especially plastids and mitochondria, but they are not found in the nucleus. Ribosomes are
the main centers for building proteins in a cell.
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Mitochondria

They are found in all plant and animal cells in general and are in the form of a short stick or fine
filaments ranging in length between 0.5 - 2 microns. In which the respiration process takes place.
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Golgi apparatus

(bodies) It was named after its discoverer and it was previously believed to be present in the animal
cell only, but using an electron microscope was able to see it in the plant cell and it is believed that
its function is related to cell secretions as it is linked to the formation of hormones and enzymes in
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the animal cell and it forms molecules of complex substances in some plant cells such as the
formation of calcium pactites secreted by the cells of the root cap
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Central Vacuole

Mature plant cells contain large, water-filled central vacuole (usually one or two). Central vacuole
can occupy 80-90 % of the total volume of cell. Each vacuole is surrounded by a vacuolar membrane
or tonoplast. The vacuole contains water, inorganic ions, organic acids, sugars and enzymes. Like
animal lysosomes, plant vacuoles contain hydrolytic enzymes including proteases, ribonuleases and
glycosidases. Vacuole has storage function as well as to provide rigidity to plant cell.
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Microbodies

Plant cells also contain microbodies, which are spherical organelles surrounded by a single
membrane. The two main micobodies are peroxisomes and glyoxysomes. Peroxisomes are present
in photosynthetic cells of plant leaf. Their function is the removal of potentially toxic hydrogen
peroxide (H202) using the enzyme catalase.

Catalase H202 ---=----—------ >H20 +% 02
Glyoxysomes are present in oil-storing seeds.

They can convert stored fatty acids into sugars that can be translocated in the plant to provide
energy for growth.
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Cytoskeleton

The cytosol in organized into a 3-dimensional network of filamentous proteins called 'cytoskeleton'.
Cytoskeleton serves as scaffolding for the movement of organelles and other components.
Cytoskeleton plays an important role in maintenance of cell shape as well as in cell division. Basically
2 types of cytoskeletal elements are found in plant cells; microtubules and microfilaments.
Microtubules are hollow cylinders with an outer diameter of 25 nm. Microtubules are composed of
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polymers of the globular protein ‘tubulin’. A single microtubule consists of thousands of tubulin
monomers arranged in 13 columns called protofilaments. Microfilaments are solid with 7 nm
diameter. Microfilaments are composed of protein globular actin (or G-actin). A microfilament
consists of two chains of polymerized actin subunits that interwind in a helical fashion.
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