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QUESTION SHEET




Eukaryotic cells

Eukaryotic cells are typical of plants and animals. They have a nucleus surrounded by a nuclear envelope, so that the genetic material is separated from the rest of the cytoplasm. In the cytoplasm, there is a complex system of internal membranes and membrane-bound organelles. Plant and animal cells vary widely in their structure and functions, but in this section of the specification a leaf palisade cell and a liver cell are used as examples. You are expected to be able to recognise and identify the structure of these cells as revealed by light and electron microscopy.

Light and electron microscopy

It is important to understand the differences between the magnification and resolution that can be achieved using light and electron microscopy. Most good student microscopes will enable a magnification of about × 400 using high power objective lenses. The resolution (sharpness of the image) depends on the resolving power of the objective lens. At the highest magnifications, using oil immersion lenses, it is possible to distinguish features which are 0.25 µm apart. Using electron microscopy, greater magnification and resolution are possible. You are expected to be able to interpret electronmicrographs and identify organelles. This could involve working out the magnification used or calculating the actual size of a structure using measurements and a knowledge of the magnification.
Structure and roles of organelles
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Typical plant cell
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Typical animal cell

Nucleus: dense, spherical structure in the cytoplasm, consisting of the nucleoplasm, containing the chromosomes and one or more nucleoli, surrounded by a nuclear envelope. The outer membrane of the nuclear envelope is continuous with the endoplasmic reticulum and bears ribosomes. The space between the two membranes is very small and is continuous with the cisternae of the endoplasmic reticulum. At intervals the inner and outer membranes are fused, giving rise to nuclear pores. Functions: to control activities within the cell through the regulation of the synthesis of proteins and enzymes. The nuclear envelope regulates the movement of molecules between the nucleus and the cytoplasm; it also separates the reactions taking place in the nucleus from those which take place in the cytoplasm.

Nucleolus: appears as a circular, granular structure within the nucleus. It does not have a membrane surrounding it. Function: to make ribonucleic acid (RNA) and to assemble ribosomes. In the early stages of nuclear division, nucleoli disperse and reappear after separation of the chromatids has occurred.
Endoplasmic reticulum: a complex system of membrane-bound flattened sacs or tubules, called cisternae. The rough endoplasmic reticulum (RER) has ribosomes on the outer surface of the membranes. The smooth endoplasmic reticulum (SER) has no ribosomes attached and the cisternae are more tubular. Functions: proteins are transported in the RER and it is extensive in cells that make and secrete proteins. The SER is involved in lipid synthesis and is well-developed in liver cells.

Golgi apparatus: also known as the Golgi body, consists of a stack of flattened cisternae and associated vesicles. Functions: involved with the modification of proteins. Vesicles containing proteins are pinched off from the endoplasmic reticulum and fuse with the cisternae of the Golgi apparatus. The contents of the vesicles have carbohydrate molecules attached to them, forming glycoproteins. Vesicles containing the modified proteins bud off from the Golgi apparatus and are secreted out of the cell.

Lysosomes: membrane-bound organelles containing a variety of enzymes. They have few characteristic features and are difficult to identify in electronmicrographs. Functions: responsible for intracellular digestion of material taken up by endocytosis. They break down cell components (worn out organelles) and remove faulty proteins. The breakdown of macromolecules is achieved by digestive enzymes inside the lysosome. The products pass out of the lysosome through the membrane.

Chloroplasts: present in large numbers in the cells of photosynthetic tissue in plants, especially the palisade cells. They are disc-shaped membrane-bound structures containing the pigment chlorophyll. Each chloroplast is surrounded by a double membrane forming the chloroplast envelope. Inside is the stroma in which there is a system of flattened membranous sacs called thylakoids or lamellae. Grana are formed from several thylakoids stacked together. Chlorophyll molecules are situated on the thylakoids. Small ribosomes, circular DNA molecules, starch grains and lipid droplets are present in the stroma. Functions: the light-dependent reactions of photosynthesis occur on the thylakoids. The chlorophyll molecules trap light energy and the enzymes necessary for the conversion of carbon dioxide into carbohydrates (the light-independent reaction) are located in the stroma.

Mitochondria: rod-shaped structures, each surrounded by a double membrane (envelope). The outer membrane is smooth. The inner membrane is folded into cristae. The inner membrane encloses the mitochondrial matrix. There are small ribosomes and circular DNA present in the matrix. Functions: the reactions concerned with aerobic respiration occur within the mitochondria. The matrix contains enzymes involved with the Krebs cycle and the reactions producing ATP take place on the cristae.

Ribosomes: small, dense structures composed of ribosomal RNA and protein, shaped like a cottage loaf which may be free in the cytoplasm or attached to the endoplasmic reticulum. Functions: the site of protein synthesis. The proteins that are synthesised by free ribosomes remain within the cell, but those synthesised by ribosomes attached to the RER are modified by the Golgi apparatus and secreted out of the cell.

Centrioles: found in pairs in animal cells, but not in plant cells. They are hollow, cylindrical structures composed of nine triplets of microtubules. They occur close to the Golgi apparatus and are arranged at right angles to each other. 

Functions: they appear to play a role in the organisation of the spindle in animal cells. They separate and move to opposite poles of the cell at the beginning of nuclear division in animal cells.

Microtubules: fine, tubular, unbranched, hollow structures composed of the protein tubulin. Functions: contribute to the cytoskeleton, involved in the structure of centrioles, make up the spindle during nuclear division. They contribute to the maintenance of the shape of organelles and are involved in transport and movement within cells.

Cellulose cell wall: present in plant cells, but not in animal cells. Composed of cellulose microfibrils embedded in a matrix of pectins and hemicelluloses. There are several layers of microfibrils: the microfibrils of each successive layer are orientated at a slightly different angle to the one below. Cell walls are held together by the middle lamella, composed of pectates. There are narrow pores present, through which fine strands of cytoplasm (plasmodesmata) pass. Functions: provide mechanical strength and support to the cell and resist expansion when water enters. 

Structure, properties and roles of the cell surface (plasma) membrane
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Fluid-mosaic model of cell surface membrane

The cell surface membrane is composed of a phospholipid bilayer in which proteins are embedded. In the lipid bilayer, the non-polar tails face inwards and the polar heads face outwards. Some protein molecules completely span the membrane (intrinsic); others are embedded in one half or located on the inner surface (extrinsic). Glycoproteins (proteins with branching carbohydrate portions) are also present in the outer layer. On the outer surface, the glycocalyx consists of branching carbohydrate portions attached to either protein or lipid molecules. Cholesterol is present in the membranes of animal cells. 

The cell surface membrane controls the entry and exit of materials. All respiratory gases, water, food materials, other nutrients and excretory substances must pass through this barrier. The glycocalyx is thought to be involved in cell protection, the uptake of some compounds and as a means of cell recognition and adhesion. Cholesterol has a structural role. Specific details of the passage of materials across the cell surface membrane are dealt with in the next topic.

Aggregations of cells

In living organisms, cells are aggregated into tissues and tissues aggregated into organs. A tissue performs specific functions and contributes to the structure of a body organ. The leaf of a plant is an organ composed of tissues such as mesophyll, epidermis and vascular. The liver is an organ composed of specialised liver cells and other tissues such as blood.

1. How are eukaryotic cells different from prokaryotic cells?

2. How are plant cells different from animal cells?

3. Using a blank (unlabelled) copy of the diagram of the leaf palisade cell, label as many parts as you can.

4. Using a blank (unlabelled) copy of the diagram of the liver cell, label as many parts as you can.

5. Identify the following organelles from a description of their function:

A – intracellular digestion of materials

B – Krebs cycle reactions

C – trapping of light energy

D – organisation of the spindle

E – synthesis of lipids.

6. Identify the following organelles from a description of their structure:

A – inner membrane folded into cristae

B – contain thylakoids

C – a stack of flattened cisternae

D – composed of nine triplets of microtubules

E – composed of cellulose microfibrils.

7. Name the organelles in a cell which are involved in the synthesis and modification of proteins.

8. Which organelles possess small ribosomes and circular DNA?

9. Why is Singer and Nicolson’s model of the cell surface membrane referred to as the fluid-mosaic model?

10. Suggest why organelles such as the chloroplasts and the mitochondria are surrounded by membranes.

11. A nucleus with a diameter of 7.9 µm measures 5.5 cm on an electron micrograph. Calculate the magnification of the electronmicrograph.

12. On an electronmicrograph of rat liver tissue, magnification × 68 500, a mitochondrion 
measures 8 cm long. Calculate the actual length of the mitochondrion.


