
 

#02. Cell structure and function 

 
Describe and interpret drawings and photographs of typical animal and plant cells. Note 
that plant cells are always surrounded by a cell wall made of cellulose,  never found around 
animal cells.  

Typical animal and plant cells as seen using an electron microscope: 

 

1. Functions of membrane systems and organelles 

 The plasma membrane (cell surface membrane) controls what enters and leaves 
the cell. 

 Many membranes within the cell help to make different compartments for different 
chemical reactions to take place. 

 The nucleus is surrounded by nuclear envelope (pair of membranes).  

 The nucleus contains chromosomes, with very long molecule of DNA (DNA 
determines the sequences of amino acids to form protein molecules).  

 A darker area in the nucleus (no membrane) is called nucleolus: here new 
ribosomes are made, following a code on part of the DNA. 
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 When H2O evaporates, it absorbs a lot of heat from its surroundings ---> The 
evaporation of H2O from the skin of mammals when they sweat and the 
transpiration from plant leaves has a cooling effect.  

3. H2O has a high specific heat capacity 

 Specific heat capacity is the amount of heat energy that has to be added to a 
given mass of a substance to raise its to by 1oC.  

 The higher the kinetic energy the higher the to: a lot of energy is needed to 
raise to (to ↑ speed of H2O molecules + break H bonds). 

==> Bodies of H2O (oceans, lake) do not change to as easily as air does. 
       Bodies of organisms (with large amounts of H2O) do not change to easily. 
 
4. H2O freezes from the top down 
 
Most substances are more dense in solid form than liquid form and will sink if submerged in 
their liquid state. But H2O is LESS dense in its solid state, and will float. This has to do with 
the crystal structure of ice.  

 
 
When water cools (to↓) the density of water ↑ (molecules lose kinetic energy, getting closer). 
Below 4°C this trend is reversed: When H2O approaches freezing point, molecules form a 
lattice and stretches its very elastic H bonds --> density↓ (lower than density at 4°C) --> Ice 
floats on water. 

 

42 of 297



 
 

# 20. Passive and active transport across cell membranes 
 

 
Substances can enter or leave a cell in 2 
ways: 
 
1) Passive 
 
a) Simple Diffusion 
b) Facilitated Diffusion 
c) Osmosis (water only) 
 
2) Active 
 
a) Molecules 
b) Particles 
 
 
 
I. Passive transport across cell membranes 
 
1. Diffusion  

 Molecules and ions move freely in gases 
and liquids, each type of these particles 
tends to spread out evenly within the 
space available. This is diffusion. 

 Diffusion is: 

          + the net movement of molecules 
          +  from a region of its higher 
concentration to a region of its lower 
concentration.  
          + down a concentration gradient                                                                             
          + no energy is used.                                                   Source: northlandcollege.edu 

 
 Some molecules and ions are able to pass through 

cell membranes --> The membrane is permeable. 
Some substances cannot pass through cell 
membranes --> The membrane is partially 

permeable. 

 Example: O2 is at a higher concentration outside a 
cell (inside the cell it is being used in respiration). 
Oxygen molecules are small and do not carry an 
electrical charge --> they can pass freely through the 
phospholipid bilayer -->O2 diffuses from outside to 
the inside of the cell, down its concentration 
gradient.  
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6 a ‘mitosis’ label added to one of the ‘growth’ arrows or to the arrow between gamete-
producing stage and gametes; [1] 
  b ‘meiosis’ label added to arrow between spore- producing stage and unicellular 
spores;           [1] 
 c  gamete-producing  stage is haploid and spore- producing stage is diploid; 
    chromosome number would double every generation if no meiosis; 
    because life cycle includes sexual reproduction; haploid gametes fuse to form 
diploid     zygote/when gametes fuse chromosome number, doubles/changes, from one set 
to two sets/gametes must be haploid and there is a diploid stage in the life 
cycle;           [max. 3] 
 d i     metaphase;                                                     [1] 
   ii    haploid; 
       if it were diploid there would be, four pairs of chromatids/two long pairs of chromatids 
and               two short pairs of chromatids, lined up on the equator; 
         chromosomes are lined up separately/not paired in homologous pairs as they would 
be in               meiosis;3] 
   iii  prophase drawing shows two single chromosomes, each with a centromere (not paired 
chromatids), ‘randomly’ distributed, surrounded by cell surface membrane but with no 
spindle;                                                                                                                  [1] 
e  a long and a short chromatid, each with a centromere, are shown inside each new 
nucleus;  [1]                                                             
                                                                                                                     [Total: 11] 
7  a microtubules are made out of tubulin molecules; the tubulin molecules stick together in 
a particular pattern to form the microtubules, 
so the presence of colchicine would interfere  with this; 
AW                                                  [2] 
   b spindle; 
      centrioles;                                                             [2] 
  c  (held up in) prophase; 
     spindle cannot form (due to presence of colchicine); 
     so metaphase cannot occur; 
      metaphase, normally follows prophase/is next stage of mitosis;     [max. 3] 

[Total: 7] 
 
8  a  one long, one short and one hooked chromosome present inside a circle 
(nucleus);   [1]              
  b meiosis;                                                                   [1] 
    c  six chromatids  about half way between equator and each pole (12 chromatids in all); 
       two long, two short, two hooked in each direction; 
        centromere leading for each chromatid;            [3] 
   d in diagram 2, shading represent sets of chromosomes/one type of shading represents 
set of chromosomes from mother, other type of shading represents set of chromosomes 
from father; AW 
in diagram 3, shading represent homologous pairs of chromosomes/differently numbered 
chromosomes; AW                                          [2] 
  e  only chromosomes drawn (no nuclear envelope); three separate homologous pairs 
drawn side by side; 
pairs arranged in order of size, starting with 
largest;                                                              [3] 

[Total: 10] 
9  a  body cells 46; 
       sperm and egg 23; 
       zygote 46;                                                         [3] 
   b mitosis;                                                               [1]                                       [Total: 4] 
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#34. Transport In phloem 

 
The movement of substances in phloem tissue is 
called translocation. The main substances that are moved 
are sucrose and amino acids, which are in solution in 
water. These substances have been made by the plant and 
are called assimilates. 
 
 
 
 
 
 
 
 
 
 
 
 
Phloem tissue 
 
Phloem tissue contains cells called sieve tube 
elements. Unlike xylem vessel elements, these are 
living cells and contain cytoplasm and a few 
organelles but no nucleus. Their walls are made of 
cellulose. A companion cell is associated with 
each sieve tube element. 
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7  a  reference to diffusion; 
down concentration gradient; 
through the wall of a capillary;                                                            [max. 2] 
 
b lower pressure; 
             lower concentration of oxygen; lower concentration of glucose;  
             lower water potential; 
             lower concentration of proteins/amino acids/fatty acids/other named nutrient; 
             higher concentration of carbon dioxide/urea;                                            [max. 3] 
 
            c  i     carbonic anhydrase;                                                                            [1] 
            ii    hydrogencarbonate ions diffuse out of red blood cells; 
                 (hydrogencarbonate ions) are transported in solution in blood plasma; 
                  conversion of CO2  to hydrogencarbonate reduces concentration of CO2  in 
the blood; 
                  which maintains diffusion 
gradient for CO2  to diffuse into the blood from respiring  tissues;                                           
                                                   [max. 3] 
 
       d i     73%, 62%;                                                 [1] 

          ii    presence of carbon dioxide causes affinity of haemoglobin for oxygen to decrease; 
   hydrogen ions (from the dissociation of H2CO3) bind with haemoglobin; 

                  cause change in shape of Hb molecule; [max. 2]  
           iii  Bohr effect;                                        [1]  

        
           iv   causes more release of oxygen (than if this effect did not occur); 
                 in respiring tissues; 

                where demand for oxygen is high/where production of carbon dioxide is high;          
[3] 

[Total: 16] 
 

8  a  blood goes through heart twice on one complete 
circuit of the body;                                              [1] 
 
b has more smooth muscle/elastic tissue; 
to withstand higher (blood) pressure; 
to withstand fluctuating (blood) pressure;                                                                             [max. 2] 
 

     c  to prevent blood flowing into the capillary bed/to divert blood to other capillary beds;   [1] 
                                                                                                                                            
             

     d permeable walls/reference to pores in walls; 
         allow water/dissolved ions/dissolved substances (from plasma) to pass out; 
        do not  allow large protein molecules/cells to pass out; 
        reference to greater hydrostatic pressure inside capillary than in tissue 

fluid;                 [max. 3] 
    e  i     (plasma contains) more proteins;  

       has lower water potential; 
       has lower, carbon dioxide/HCO3 concentration; 
       has greater glucose concentration; 
       has greater oxygen concentration;       [max. 3] 
ii              lymph                      [1] 

[Total: 11]  

194 of 297



 

# 46. The immune response – Lymphocytes 

 
Lymphocytes, unlike phagocytes, act against specific pathogens. Each 
lymphocyte contains a set of genes that codes for the production of a 
particular type of receptor. We have many million different types, each 
producing just one type of receptor. 
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 a    Name   the  processes   that  occur  at H, J and  K.  [3] 
 b  Suggest  the  advantages   gained   by legumes   of having  Rhizobium 
living  in  their  roots. [2] [Total:   5] 

[Cambridge  International AS and A   Level Biology 9700  Paper 21,  Question  6, 
June  2010 ] 

 
3. End-of-chapter answers 
 
Cambridge International Examinations bears no responsibility for the example answers to 
questions taken from its past question papers which are contained in this publication.  
 
1 C 
 
2 C 
 
3 The answer could include the following points, shown in the form of a flow diagram: 
 • nitrogen fixation – conversion of N2 to a named compound or compound ion by a named 
process     (e.g. to NH4 +  by Rhizobium in root nodules) 
 • uptake (e.g. of nitrate, NO3 - ) or assimilation of NH4 + by a plant to produce amino acids 
 • production of proteins in the plant on ribosomes 
 • eating of plant by a person (or by another animal that will eventually provide food for a 
person) 
 • digestion of protein in the alimentary canal by protease enzymes, followed by absorption 
through the walls of the small intestine as amino acids 
 • transport of amino acids in solution in blood plasma 
 • uptake of amino acids from blood by muscle cells (reference to diff usion through capillary 
wall, tissue fluid) 
 • protein synthesis on ribosomes in muscle cell, involving mRNA and tRNA 
 
 
4 a all the organisms of all species; living in the same place at the same time; [2] 
   b i 2946 ÷ 65 000 × 100; = 4.5%;                                                                    [2] 
      ii not enough energy reaching them; only 2 kJ m−2 per week;                     [2] 
      iii (leaf litter is) difficult to break down; reference to cellulose/lignin; 
          (leaf litter contains) little protein/nitrogen; 
           lack of nitrogen is a limiting factor for decomposer activity; 
          animal wastes contain urea/amino acids/ organic nitrogen sources; 
          provide materials for decomposers/increase rate of decomposer activity; [max. 3] 
 

[Total: 9] 
 

5 a H = nitrogen fi xation; 
      J = nitrifi cation/oxidation; 
 
      K = denitrifi cation/reduction; [3] 
 
   b provide ammonium ions; 
     for use in making amino acids/proteins; 
     allow plant to grow in soil that is low in nitrate ions; [max. 2] 
 

  [Total: 5] 
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   * Correct. 1/1 
 
   (ii) The valves shut when the ventricle starts to relax .  
 
   *  Correct as far as it goes, but it needs to give more information in order to get 
the second mark. 1/2 
 
   (iii) See diagram. 
 
    * Correct. 1/1 
 
   (iv) See diagram 
 
    *  Partly correct. The pressure in the right ventricle is correctly shown as less 
than that in the left ventricle, but it should be contracting and relaxing at exactly 
the same times as the left ventricle. 1/2 
 
(c) The pressure gets less as the blood gets further away from the heart.  The 
muscle in the walls of the arteries contracts  and relaxes to push the blood along, 
and it does this in between heart beats so the pulse gets evened out. 
 
* The first statement is correct, but does not really tell us any more than is in the 
question. However, it is not correct that the muscles in the artery wall contract and 
relax to push the blood along. 1/2 
 
 
Candidate B 
 
(a) 60/0.75  = 80 beats per minute .  
    * Correct. 2/2 
 
(b) (i) 
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