ESSENTIAL PLANT BIOLOGY

Plant Cells and Anatomy

This booklet will introduce you to plant cells and the names and functions of their
structures and then go on to look at the internal anatomical structures of dicot and
monocot plants and how they relate to the appearance and management of a plant.
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LEARNING OUTCOMES
On completing this session learners will be able to:

o Describe the difference between prokaryotic and eukaryotic cells

o Describe the internal structures of a plant cell and their functions.

o Describe the structure and function of a range of specialised plant
tissues.

o Describe the arrangement of specialised tissues in stems, roots and
leaves of monocotyledon and dicotyledon plants and relate this to their
appearance and management.
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Cell Basics

There are two main types of cells:

Prokaryotic cells e.g. bacteria and blue green algae. These cells have no
nuclear membrane and the DNA is stored in a region known as the nucleoid.
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Figure 1: Prokaryotic cell (Bacteria)

Eukaryotic cells e.g. protists ( single cell organisms), fungi, plants and
animals. These cells have a true nucleus enclosed in a nuclear membrane and
organelles suspended in cytosol.

Nucleus

Figure 2: Eukaryotic cell (Plant cell)
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Cell size
Cell size is measured in micrometres pum (one thousandth of a mm)

Examples of cell sizes:
e Smallest bacterial cell = 0.1um
e Most bacteria = 10 pm
e Eukaryotes =107 100 pm in diameter
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Figure 3: Cell size
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Plant Cell Structures

The diagram below shows the main structures found in a plant cell. You may find
it useful to refer back to this as you read about the various structures in the next
few pages.
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Figure 4: Plant Cell

The Cell wall

The cell wall is a dynamic structure that can change shape and thickness as
cells grow and develop. It is largely made up of carbohydrates.

Young cells and actively growing cells have primary cell walls that are relatively
thin and flexible. The wall is made of cellulose aggregated into bundles to form
fibres or microfibrils. These are surrounded by hemicelluloses and pectins.
Secondary cell walls contain cellulose microfibrils surrounded by
polysaccharides and lignin.

Cell walls protect the plant cell, maintain its shape and prevent excessive
uptake of water. As water is taken in by the cell the cell contents push out
against the cell wall, the cell wall pushes back and stops the cell from expanding
further or exploding as more water enters. Primary cell walls are usually
permeable to water, and small molecules and the dynamic nature of the wall
allows cell expansion and growth. Lignified secondary walls are waterproof,
give greater strength and act as a barrier to pathogens.

Cells are connected by plasmodesmata where, cell membranes and strands of
cytoplasm, bridge the cell wall allowing movement of substances between cells.
The middlelamellai s a | ayer of pect i ns Towsbparatd
cells a pectinase enzyme can be used. This is sometimes a mechanism used by
plant pathogens to help them attack a plant.
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The Cell Membrane or Plasmalemma

The cell membrane is in close contact with the cell wall and the cytoplasm. It
surrounds the cell and regulates the exchange of oxygen, nutrients and waste in
and out of the cell. All membranes are similar in structure. The structure of
plasma membrane is shown below.
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Figure 5: Structure of a plasma membrane

In 1935 Davson and Danielli proposed the structure of a membrane as a double
layer of phospholipids. The hydrophilic (water loving) heads of the phospholipids
in contact with the water in and around the cell (their charged nature makes
them have an affinity for water); the hydrophobic (water repellent) fatty acid tails
are in contact with each other and a way from the water. This was supported by
the thickness of the membranes, and the triple layer staining, seen under a light
microscope.

In 1972 Singer and Nicolson proposed the fluid mosaic model. This is a
phospholipid bilayer embedded with proteins. The specific functions of the
various membranes in the cell, the cell membrane, and those that make up the
other organelles in the cell, depends on the kinds of phospholipids and proteins
present.

The Nucleus

This contains most of the cell®& DNA, the genetic material, in the form of
chromosomes. These are surrounded by a double membrane, perforated by
pores, that regulates the movement of large molecules between the nucleus and
the cytoplasm. The nucleolus is a specialised region of the nucleus where
components of ribosomes are made.

The Vacuole

The vacuole may occupy up to 90% of the cell volume and is surrounded by a
membrane the tonoplast. As a cell expands much of the expansion is the
vacuole. The vacuole can store molecules, such as sugars and amino acids,
and ions, such as potassium (K+), and can also hold poisonous and waste
materials that can then be lost at leaf fall. The pigments that colour flower petals
are held in the vacuole.
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The Cytoplasm

This is the region between the nucleus and the cell membrane. It contains
organelles such as chloroplasts and mitochondria as well as storage bodies. The
cytoplasm is where many of the chemical reactions that take place in a cell
happen.

You may see reference to the term protoplast and perhaps confuse this with the
cytoplasm. The cytoplasm is just part of the protoplast which is defined as the
contents of the plant cell excluding the cell wall. That is, the cell membrane and
everything inside it.

There are a number of important structures within the cytoplasm which are
described below:

The Endoplasmic Reticulum

Much of the cytoplasm is taken up by the Endoplasmic reticulum (ER). This
consists of a network of tubes and flattened sacs (the cisternae) enclosed by
plasma membranes. The part of the cytoplasm outside the ER is known as the
cytosol. The endoplasmic reticulum membranes are continuous with the outer
nuclear membranes and form a transport network throughout the cell.

The Rough Endoplasmic Reticulum, Rough ER. has many ribosomes attached
to the membraneds surface where they manuf
proteins for export from the cell.

The Smooth ER has no ribosomes and is the site of fat, phospholipid and
hormone synthesis
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Figure 6: Endoplasmic reticulum
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Ribosomes
These are the sites were the cell assembles proteins. They are found in two
places in the cytoplasm:

e Free ribosomes are suspended in the cytosol of the cytoplasm. They
make proteins to function within the cytosol.

e Bound ribosomes are attached to the endoplasmic reticulum and make
proteins for inclusion into membranes or for export from the cell.

The bound and free ribosomes are structurally identical consisting of protein and

RNA.

The Golgi Apparatus or Golgi Body vesicles

The golgi apparatus consists of a stack of (L -
flattened membranous sacs. A cell may have f
several of these stacks all interconnected. The

membranes separate the internal space from the C‘g
cystosol. Again, the membranes of the golgi body are @
o}

7

connected to those of the endoplasmic reticulum.

Figure 7: Golgi 5 o

apparatus endoplasmic reticulum

The golgi apparatus takes in the products of the endoplasmic reticulum and

helps direct them to specific parts of the cell. It also modifies some of them, for

example by adding phosphates or by changing the carbohydrate groups on

proteins. Proteins for export from the cell are packaged in vesiclest hat &ébud of f
from the golgi body and move to the outside of the cell.

Mitochondria

These organelles within the cytoplasm are the site of cellular respiration. The

number found in the cell depends on the ti
10006s. These rod shaped bodies are surroc
convoluted inner membrane has in foldings called cristae which create a large

surface area and enclose the
mitochondrial matrix. Some of
the steps of cellular respiration
take place in the matrix and e A e Lo
some in the inner membrane. A ARDEN ol o~ inner membrane
Cells which use a lot of energy SR IRV R TS matrix
have large  numbers  of TR e R U crista
mitochondria so that large
amounts of energy can be
produced from sugars by
respiration. Mitochondria have
their own DNA and can divide
themselves.
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Figure 8: Mitochondria
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Chloroplasts

These organelles are the site of photosynthesis. They contain the green
pigment chlorophyll so vital in photosynthesis. They are surrounded by two
membranes, the inner one enclosing a fluid called stroma. The stroma surrounds
the thylakoid membranes which consist of flattened membranous sacs called
thylakoids stacked to form grana. The grana are interconnected by membranous
tubes.
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Figure 9: Chloroplast

Microtubules

These are small tubes made of protein and found in the cytoplasm. They pull the
chromosomes apart during cell division and are involved in production of a new
cell wall during cell division.

Storage Granules
These store starch (starch grains) or oils (oil droplets) in a plant cell and act as
energy stores.

@ Learning Activities

You can now have a go at the &lectron Microscope Photos of Plant Cell Structure

-Label | i ng Idokingiat\Eledironégrdoscope pictures of cells,andthe 6 P1 a n't
Cel | St r u cin terPlnt Qellsiaad®Anatomy 6 | nt er acti ve Lear nin
folder.

Fillinginthe 6 Pl ant Cel (tob&foundasthereyddf this booklet) should also
help you to learn the terminology.

Further Reading

For more information on cell wall structure, plasma membranes and on how the

various structures within the cytoplasm work together you might like to refer to

Campbell ds book on Biol ogy (levdliexplhoeksmay &8) or
also have information on this subject.
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Dicotyledon Stem Structure

Basic Stem Structure

The sunflower (Helianthus annuus) is frequently used to illustrate the basic stem
structure of Dicotyledonous plants. The Sunflower is a member of the
Compositae family. (This is the largest of the families of Angiosperm plants, and
comprises 900 genera and 13000 species). The stem can reach a length of up to
2.5 metres, and will support a very large flower head.

In a young stem the centre is occupied by a parenchymatous pith. This is
surrounded by a ring of vascular bundles (including leaf trace bundles). Then
there is a layer of parenchymatous cortex cells with the epidermis on the
outside. In an older stem the centre of the stem is often hollow.
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Figure 10b: Stem of | Leaf Trace
Helianthus in Cross Bundle
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| Vascular
Bundle
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Vascular bundles

In the dicotyledonous stem the vascular tissues, phloem and xylem are arranged
together in compact masses called vascular bundles. Usually the xylem is
situated in the inner part of each bundle near the stem centre, with the phloem
towards the outer surface of the stem. Between the two is the vascular
cambium producing more of each. The older phloem tissues often become
lignified and turn into sclerenchyma fibres to help support the plant.

Scleranchyma
Fibres Metaxylem Protoxylem

Epidermis Collenchyma  Phloem Cambium

Figure 11: Vascular bundle in the stem

T Sclerenchyma Cambium Protoxylem
Epidermis fibres Phloem Metaxylem

Figure 12: Generalised arrangement of tissues in a Dicotyledon vascular bundle
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In the dicotyledonous stem, the vascular bundles and leaf traces form a girder
system supporting the stem. As in most dicotyledonous plants, the leaf traces
branch from the vascular bundles well below the nodes. The leaf traces are seen
lying within the stem cross section between the main vascular bundles.

Vascular bundles

Leaf traces

Part of the stem\
tissue cut away \

Figure 13: Diagram of stem structure

@ Learning Activity
Now go and try the @icot Stem Anatomy Labelling Activityéto check your

knowledge of the layout of a dicot stem. You can find this in the Plant Cells and
Anatomyo6 |l nt eracti ve Lfelder ni ng Activitieso
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Cell Types and Plant Tissues

So now | et 6s differentl cellotypes that makbd ep a plant and are
specially adapted to do the variety of different jobs that are required in the plant.

A) Xylem
This term describes cells whose function is to carry water and minerals from the
roots to the aerial parts of the plant. There are two types, vessels and
tracheids. Both types of cells are dead at functional maturity, (i.e. only the
cell wall remains) which aids flow. They are both elongated in shape, also an
advantage for flow of water. The primary cellulose cell wall is thickened before
the cell dies. This secondary thickening strengthens the xylem tissue,
preventing collapse and providing support for the plant. This thickening consists
of a chemical called lignin. A dye used in the preparation

of microscope slides means that the lignin strengthened Sloping end wal
walls of xylem appear red on such slides. perforated by

bordered pits

l

Tracheids

These cells taper at one end, have lignified cell walls and

are connected to each other by numbers of pores or pits.

The lignin makes them waterproof, useful in pipes that

carry water!

In Gymnosperms, cone bearing trees such as pines and lignified wall
spruce, the water conducting tissues consist almost Strengthened

exclusively of this type of cell. V'f‘th bars of
lignan

Figure 14: Tracheids

Lignified wall
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a) Primary Xylem / Protoxylem
These types of xylem are only found in
Angiosperms i.e. flowering plants. The initial Rim of
secondary strengthening of these cells  Perdered pit
consists of spirals or annular rings of lignin, Torus (valve)
alowingt hese <cells to Abe dAstr
maturity the cell contents die and the end w_aII bofosiiais |
breaks down producing empty tubes which i endmall
allow free flow of water and minerals up the
xylem.
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Figure 15: Vessels
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b) Secondary Xylem / Metaxylem
These cells are heavily lignified with many layers of spiral and annular
thickening, which often gives rise to a reticulate form of strengthening. The
tissue so formed by these cells are non-stretchable and very strong. The
lignin  again makes these water carrying 6pipe

S
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In many trees and shrubs, the non-functioning, oldest xylem tissues at the
centre of the stem become filled with resins and tannins which give additional
strength to the stem. This is known as heartwood.

a) root
Primary
Protoxylem

Secondary
Metaxylem

b) stem

Protoxylem

Metaxylem

Figure 17a & b: Primary and Secondary Xylem in root and stem
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B) Phloem

This term refers to cells modified to carry food manufactured in the
photosynthetic part of the plant (the leaves and stems) to the rest of the plant,
particularly to rapidly growing areas such as shoots, roots, young expanding
leaves and developing flowers or fruit. Transport of sugars in the phloem is
achieved through a process described as translocation. Viruses,
translocatable herbicides and foliar feeds are also transported within the
phloem tissue.

Phloem consists of two cell types sieve tubes and companion cells.

e Sieve Tubes o |
These cells are interconnected by 3
strands of cytoplasm which pass through
the sieve plates that form the end walls
of each tube element. They have no
nucleus at maturity which presumably
helps to allow movement through the
tubes.

nucleus

dense

_ sieve-tube
e Companion Cells elements

These cells lie alongside the sieve tubes
and are characterised by their
prominent nuclei and dense cytoplasm
including lots of mitochondria. Their
precise function is not fully understood
but it is thought that they play an active
role in the translocation of sugars and
other materials within the sieve tube
cells.

Figure 18: Phloem
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The picture below shows a longitudinal section of phloem tissue in Maize (Zea mays).
Metaphloem cells are seen in the region between the two red sclerenchyma cells
(right), and an annular protoxylem element (left). The narrow companion cells can be
seen to alternate with sieve tubes. Two sieve plates can be seen as "blue bars"
which demonstrate the length of a single sieve tube element. The phloem shows blue
on this section due to dyes used in preparation of the microscope slide.
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Figure 19: Appearance of primary phloem in longitudinal section
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C) Cambium

The main function of a cambium is to allow an increase in the girth of a plant stem by
plant cell division. Cambium tissues are known as lateral meristems, where a
meristem is defined as an area where plant cells divide and the cambium allows a
plant to get wider rather than taller. Cambium cells are small with little or no vacuole.
These tissues are mainly seen in dicotyledonous plants and gymnosperms.

The two basic types of cambium are:

1) Vascular Cambium

This tissue generates new phloem and xylem in young stems and is initially found
only within the vascular bundles. As growth progresses in dicotyledonous stems so
the vascular cambium in the vascular bundles becomes connected by the
interfascicular cambium (new cambial cells that differentiate from cortex cells
between the vascular bundles) to form a complete cylinder.

Figure 20: Vascular cambium

2) Cork Cambium (or Phellogen)

The cork cambium develops in a cylinder in the cortex of woody stems, between the
vascular cambium and the epidermis of the plant stem. This produces new secondary
cortex on the inside and cork cells on the outside. The cork cambium, new cortex
and cork layer make up the bark. (More information on this type of cambium is
included in the next section on Secondary Growth in a Dicotyledon Stem.)
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