Unit 1 Principles and Applications of Science 
Structure and Functions of cells and tissues
	B1 Cell structure and function
	 Learners should:
	
	
	

	· Know that cell theory is a unifying concept stating that cells are a fundamental unit of structure, function and organisation in all living organisms
	· understand that differentiation is the process by which cells become specialised for a particular function  of cells from stem cells
· know that tissues are collections of similar specialised cells, performing a specific function/set of functions, to include epithelial, skeletal muscle and nervous tissue
· know that organs are collections of tissues performing specific physiological functions
· understand how organs are organised into systems, to include cardiovascular, respiratory, muscular, nervous systems
	
	
	

	· Understand the ultrastructure and function of organelles, to include:
	· understand the relationship between the ultrastructure and function of cell organelles listed for prokaryotic and eukaryotic (plant and animal) cells

	· 
	· 
	· 

	
	prokaryote cells (bacterial cell) – nucleoid, plasmids, 70S ribosomes, capsule, cell wall
	
	
	

	
	eukaryotic cells (plant and animal cells) - plasma membrane, cytoplasm, nucleus, nucleolus, endoplasmic reticulum (smooth and rough), Golgi apparatus, vesicles, lysosomes, 80S ribosomes, mitochondria, centriole
	
	
	

	
	
eukaryotic cells (plant-cell specific) - cell wall, chloroplasts, vacuole, tonoplast, amyloplasts, plasmodesmata, pits
	
	
	

	· Recognise cell organelles from electron micrographs and the use of light microscopes 
	· recognise prokaryote and eukaryotic organelles (plant and animal cells, plant specific) from electron micrographs 
· know how to use a light microscope to recognise cell organelles 
· understand the advantages and limitations of using a light microscope
	· 
	· 
	· 

	Understand the similarities and differences between plant and animal cell structure and function 
	
	
	

	· Understand how to distinguish between Gram-positive and Gram-negative bacterial cell walls and why each type reacts differently to some antibiotics 
	· know how to carry out the Gram stain to distinguish between Gram positive and Gram negative bacteria 
· understand that Gram positive bacteria has a thick layer of peptidoglycan and no outer lipopolysaccharide membrane  
· understand that Gram negative bacteria has a thin layer of peptidoglycan and an outer lipopolysaccharide membrane  
· understand that Gram positive bacteria are susceptible to some antibiotics, such as penicillin, that can damage the peptidoglycan layer 
· understand that Gram negative bacteria are not susceptible to some antibiotics, such as penicillin, because the peptidoglycan layer is protected by the lipopolysaccharide outer membrane which is not susceptible to some antibiotics 

	· 
	· 
	· 

	· Calculate magnification and size of cells and organelles from drawings or images 
	· know how to calculate magnification of cells and organelles 
· know how to convert mm to µm
· know how to use the formula: 
magnification =  
	· 
	· 
	· 

	B2 Cell specialisation
	
	
	
	

	Understand cell specialisation in terms of structure and function, to include:
	
	
	

	· know and understand the structural and functional significance of palisade mesophyll cells features, to include:
· major site of photosynthesis
· cylindrical shape
· arranged at right angles to the upper epidermis  
· cells arranged close together
· long narrow gaps between palisade cells for air to circulate for gas exchange 
· thin and transparent cellulose cell walls so easy gas diffusion 
· large vacuole 
· chloroplasts near to edge of cell so can absorb more light 
· large number of chloroplasts
· cytoskeleton can move chloroplasts around/up/down in cell to maintain photosynthesis in low light and protect chloroplasts in intense light
	· 
	· 
	· 

	· know and understand the structural and functional significance of sperm and egg cell features, to include: 
sperm cell
· nucleus contains 23 chromosomes (haploid nucleus)
· head - acrosome 
· acrosome - enzyme to digest outer membrane (zona pellucida) of egg (ovum)
· mid-section contains large numbers of mitochondria - aerobic respiration
· tail – motility
egg cell
· nucleus contains 23 chromosomes (haploid nucleus)
· large cytoplasm, organelles and energy store 
· outer membrane (zona pellucida)
· corona radiata – outer protective layer, supplies protein to the fertilised egg cell
	· 
	· 
	· 

	· know and understand the structural and functional significance of root hair cell features, to include: 
· large surface area increases the rate of absorption of water and ions
· cell membrane channels to enable ions to cross membrane
· cell membrane partially permeable to water
· mitochondria to provide energy (ATP) for active transport of ions
· short distance across cell wall  increases rate of diffusion 
	· 
	· 
	· 

	· know and understand the structural and functional significance of white blood cells features, to include involved in immunity, allergy and rejection of transplants
lymphocytes
· T and B cells
· large nucleus 
· immunological memory
· T cells send signals to B cells
· B cells produce antibodies  
· B cell proliferation - some of which make antibodies and some become memory cells
· T cells destroy infected/cancerous cells
neutrophils
· The commonest type of white blood cell
· lnucleus has several lobes
· flexible, mobile – can squeeze between cells in the capillary wall  
· migrate to areas of infection
· phagocytic – engulf and destroy pathogens
	· 
	· 
	· 

	· know and understand the structural and functional significance of red blood cells features, to include: 
· haemoglobin that carries oxygen 
· lacks nucleus, endoplasmic reticulum  mitochondria
· small and flexible so can squeeze down narrow capillaries 
· biconcave shape that gives large surface area to volume ratio
	· 
	· 
	· 



[bookmark: _Toc472345628][image: Image result for prokaryotic and eukaryotic cell structure]

B2 Cell specialisation
Understand cell specialisation in terms of structure and function, to include:

• palisade mesophyll cells in a leaf
• sperm and egg cells in reproduction
• root hair cells in plants
• white blood cells
• red blood cells. 
 

[bookmark: _Toc472345629]Cells
All living organisms are made up of cells. We are going to look at the main types of cell (eukaryotic and prokaryotic) and their structures and functions 
Differentiation is the process by which cells become specialised for a particular function  of cells from stem cells.

[bookmark: _Toc472345630]Prokaryote cell
Prokaryotic cells are the most primitive of the two cells. Prokaryote means ‘before the nucleus’ as there is no nucleus in this type of cell.
Prokaryotic cells are simple organisms, for example bacteria.
Label the prokaryotic cell below with the following; Nucleoid, plasmids, 70s ribosomes, capsule, cell wall, flagellum, 
[image: C:\Users\hgb\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.IE5\OVMI1YPF\prokaryote_color[1].png]


For each organelle, state it’s function in the cell:
[bookmark: _Toc472345631]Nucleoid
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345632]Plasmid
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345633]70s Ribosome
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345634]Capsule
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345635]Cell wall
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345636]Fagellum
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..


[bookmark: _Toc472345637]Gram positive and negative bacteria
There are two types of cell wall in bacteria, these react differently to a violet stain. 
Gram positive bacteria has a thick layer of peptidoglycan and no outer lipopolysaccharide membrane  
Gram negative bacteria has a thin layer of peptidoglycan and an outer lipopolysaccharide membrane  

Gram positive bacteria are susceptible to some antibiotics, such as penicillin, that can damage the peptidoglycan layer 

Gram negative bacteria are not susceptible to some antibiotics, such as penicillin, because the peptidoglycan layer is protected by the lipopolysaccharide outer membrane which is not susceptible to some antibiotics 
	[bookmark: _Toc472345638]Difference in cell structure
	[bookmark: _Toc472345639]What happens with the staining?
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Which type of bacteria can penicillin stop the synthesis of the cell wall?

……………………………………………………………………………………………………………………………………………..


How to carry out a gram stain to distinguish between gram positive and gram negative 
Watch https://www.youtube.com/watch?v=FassELAQa1Y
There are six basic steps:
1. Apply a smear of bacteria on to a slide. 
2. Add about 5 drops of Hucker's Crystal Violet to the culture.
3. Add about 5 drops of iodine solution to the culture. 
4. Tilt slide and decolorize with solvent (acetone-alcohol solution) until purple color stops running.
5. Add about 5 drops of Safranine O.
6. Observe under a microscope

[bookmark: _GoBack]
[bookmark: _Toc472345640]
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Eukaryotic cell
These cells have a membrane bound nucleus and are found in plants and animals. Label the diagram below with the following labels; plasma membrane, cytoplasm, nucleus, nucleolus, endoplasmic reticulum (smooth and rough), Golgi apparatus, vesicles, lysosomes, 80s ribosomes, mitochondria, centriole.
Video: https://www.youtube.com/watch?v=cj8dDTHGJBY&list=PL3EED4C1D684D3ADF&index=4

[image: ]



For each organelle, state it’s function in the cell: (you might want to use http://learn.genetics.utah.edu/content/cells/insideacell/)
[bookmark: _Toc472345641]Plasma membrane
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345642]Cytoplasm
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345643]Nucleus
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345644]Nucleolus
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345645]Smooth endoplasmic reticulum
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345646]Rough endoplasmic reticulum
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345649]Golgi apparatus
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345650]Vesicles
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345651]Lysosomes
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345652]
80s Ribosomes
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345653]Mitochondria
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345654]Centriole 
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345655]Eukaryotic plant cell
Plant cells have the same structure as animal cells but with some extras in them. 
Why do plant cells require extra organelles?
 
………………....................................................................................................................................
[image: ]


List the function of the extra organelles and label as much as you can on the diagram
[bookmark: _Toc472345656]Cell wall
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345657]Chloroplasts
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345658]Vacuole
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345659]Tonoplast
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345660]Amyloplasts
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345661]Plasmodesmata
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345662]Pits
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
Video on plant cells https://www.youtube.com/watch?v=9UvlqAVCoqY




[bookmark: _Toc472345663]Comparison of organelles in plant and animal cells
	Organelle
	Plant/Animal/Both
	Function
	Diagram

	Plasma membrane
	
	
	




	Cytoplasm
	
	
	




	Cell wall
	
	
	




	Chloroplasts




	
	
	




	Nucleus
	
	
	




	Nucleolus
	
	
	




	Vacuole 
	
	
	




	Smooth and Rough ER
	
	
	




	Tonoplast
	
	
	




	Golgi apparatus
	
	
	




	Vesicles
	
	
	




	Amyloplasts
	
	
	



	Lysosomes
	
	
	




	Ribosomes
	
	
	




	Plasmodesmata
	
	
	




	Mitochondria
	
	
	




	Pits
	
	
	




	Centriole
	
	
	






[bookmark: _Toc472345664]

Try these exam questions using the notes on the previous pages 
[image: ]














[image: ]



[image: ]




[image: ]














[image: ]

[image: ]





[image: ]







[image: ]


[image: ]
















[image: ]

[image: ]










Cells, Tissues, Organs and systems 
Cells can be organised into tissues, which can be organised into organs, which are organised into systems
Define and give an example of 
A specialised cell………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………….

A tissue ………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………….

An organ ……………………………………………………………………………………………………………………………………………..
…………………………………………………………………………………………………………………………………………………………….

A System …………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………….
Electron micrograph of a mouse liver cell
[image: An electron micrograph of a mouse liver cell]
Can you label any of the organelles?
What type of cell is this an electron micrograph of?
[image: http://www4.uwsp.edu/biology/courses/botlab/images/Lab03Cells/03C-d%20-%20full.jpg]

[bookmark: _Toc472345665]Calculating magnification
Most things in biology are very very small and so we have to magnify images in order to interpret them. However we do need to know the size of the original object as well. For that we use magnifications. You need to be able to work out magnifications. You might find the following triangle useful:
[image: http://static.memrise.com/uploads/mems/output/3250361-130518111800.png]

Use the equation to work out the following:
1. You are drawing a cell which is 5 micrometers across. You are considering making a drawing which is 500 times magnified. How large will the cell be in the picture you draw (in micrometers)?



2. In the next images, use a ruler and the scale bar in the picture to determine the magnification of the image. Then, use the magnification to determine the original size of the specimen. (For each picture you should have two answers one is the magnification, the other is the specimen size.)
[image: ]
[image: http://www.asknature.org/images/uploads/strategy/5647adb99bf90b1c723987c7683ea169/ce7a44db3de77e21c82bb347697eaacf.jpg] 

[image: http://www.wired.com/images_blogs/wiredscience/2012/04/tardigrade-water-bear-esa-schill.jpg]

[image: http://www.hohenstein.de/media/image/press_300dpi/11_hygiene_und_biotechnologie/2012/hoh_hausstaubmilbendicht_2012/Milbe_bunt.jpg]
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[bookmark: _Toc472345666]Cell Specialisation
For the following cells, label as many organelles as possible and describe how the cell has been specialised to carry out it’s function.
[bookmark: _Toc472345667]Palisade mesophyll cell
[image: http://upload.wikimedia.org/wikipedia/commons/thumb/7/75/Plantcell.svg/540px-Plantcell.svg.png]
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..

[bookmark: _Toc472345668]Sperm and egg cells
[image: https://reproducingthoughts.files.wordpress.com/2012/11/muscle21.jpg]
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[image: http://www.bbc.co.uk/staticarchive/e56c9d4d66c60b69686a030a62279cfd5193937b.gif]
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..

[bookmark: _Toc472345669]Root hair cell
[image: http://s2.thingpic.com/images/CY/K9FippbesZJVucCrrnKJMBD7.jpeg]
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc472345670]White and red blood cell
[image: http://www.cancerresearchuk.org/prod_consump/groups/cr_common/@cah/@gen/documents/image/crukmig_1000img-12221.jpg]
………………………………………………………………………………………
………………………………………………………………………………………
…………………………………………………………………..…………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
0
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3 Some bacteria can cause infection in humans,

Microbiologists can use different techriques to find out if bacteria are Gram-positive
of Gram-negative.

(@) Complete the table for a technique used to find out if bacteria are Gram-positive
o Grarn-negative.

name of tachniqua

rasult for Grm-positiva

rasult for Grm-negativa

() Penicillin is a type of antibictic.
Penicillinis used to treat Gram-positive bacterial infections,
E.coliis atype of Gram-negative bacteria,

Explain how the structure of £ cofi prevents penidilin being an effective trestrment.

(Total for Quastion

=5 marks)
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(@) Bacteria canbe classfied as Gram-positive or Gram-negative.

Identify which rowinTable 1 showsthe correct cell wall structure of
Gram-negative bacteria

Faptidoglycn layar Outar

thicknass membrane

1 Thick Presert

2 Thin Presert

3 Thick Absert

4 Thin Absert

Table1

o an
o B2
o cs
O D4
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1 Pondwater contains a variety of plant and arimal organisms.
Alight microscope can be used to produce a photornicrograph of these orgarisis,

Figute 1 is a photomicrograph of a eukaryotic organism.

Figura 1

(@) State what is meart by the term eukarytic.

(b) Identify the cellular structure found in both animal and plant cells

cellwall
705 ribosomes

mitochondria

oooo
o N @ >

tonoplast
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2 Figure 2 shows an electron micrograph of a bacterium.

Figura 2

(@) Identify the capsule in Figure 2.

0ooao
o N @ >

ay




image14.PNG
(b) Give two functions of plasmids in bacteria,

Function one.

Function two.




image15.PNG
1

Figure 1 shows the ultra-structure of an animal cell

nucleolus

© Timanina/shuttarsck

Figura 1

(@ @) Name organelle X in Figure 1

ay
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(i Identify organelle Y in Figure 1
O A certriole

O B endoplasmic reticulum
O € mitochondrion
oo

veside
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(i) Identify the function of the nu dleolus.

O A forms spindle fibres during cell division
O B makes RNA and ribosormes
O € regulates cellular activity

o

D syrthesises and transports ipids and carbohydrates
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(b) Figure 2 showsthe ultra-structute of a plant leaf cell

© Tefi/shuttarsiock

Figura 2

(i) Name two structural features that are found only in plart leaf cells and not in
animal cells

@
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(i) Name ona structural feature that is found orly in arirmal cells and notin
plart leaf cells
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1 The electron micrograph shaws the ltrastructure of an animal cell,

(s) (1) Identify which cell component is 3 lysosome,

m
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(i) Give two functions of Iysosomes,

Fundtion one

Fundtion two
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2 Rough endoplasmic reticulum (rough ER) and smooth endoplasmic reticulum
(smooth ER) are organelles found in eukaryotic cells.

(@) State one structural difference between rough ER and smoaoth ER.

(b) Give two functions of rough ER.




image23.jpeg
S

Courtesy of T. Howard, Cold Spring Harbor. Noncommercial, educational use only.




image24.jpeg




image25.png
Magaification §
Equation Trianglo Image Size

Actual Magnification

Size




image26.png




image27.jpeg
0.1 mm





image28.jpeg
2




image29.jpeg
1zkU X458  SBum Hohenstein




image30.PNG
(9 Aeukaryotic cell has an actual diameter of 25 pm.
The observed diameter of the eukaryctic cell in a photomicrograph is 1.5 cm.
Calculate the magnification used to view the image.

Show your working.

Magnification =




image31.PNG
(6) The actual diameter ofthe animal cell is 45 m.
The observed diameter of the animal celln the electron rmigagraph is 1.8,
Calculate the magnification used to view the image.

Show your working

Magnification

() Statewhat is meant by the term ussue.

{Total for Question 1 = 7 maris)
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