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A-level 
 
UACE biology paper 2 

16.1. Section A 

1. (a) Figure 1 shows the average blood glucose levels in three major vessels of the liver of an 

individual, who had meals at 7:00am and 1:00pm. Use the information to answer the 

questions that follow. 

     

(i) Compare the levels of glucose in; 

 Hepatic artery and hepatic vein. 

Similarities 

- In both, the blood glucose level increases gradually after a meal. 

- In both, the blood glucose levels reach a maximum within 2 hours of having a meal. 

- In both, the blood glucose levels decrease gradually after about 2 hours of having a meal. 

- In both, blood glucose levels never drop to zero. 

- Between 10:00am and 12:00 non, the blood glucose levels in each remain almost constant. 
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Differences 

- Hepatic vein has a higher level than the hepatic artery at all times. 

- The level of glucose reaches a pea earlier in the hepatic artery before that b hepatic vein 

 Hepatic artery and hepatic portal vein. 

Similarities. 

- In both, blood glucose level increases after a meal, reaching maximum within 2 hours of 

having a meal. 

- In each, the blood glucose levels remain fairly constant between 10: 00an and 12:00 noon. 

- In both, blood glucose levels decrease after about 2 hours of having meals. 

- In both the level of glucose is the same at 8:30am, 10:00am and 1:30pm 

Differences. 

Hepatic artery Hepatic portal vein 

- Higher glucose level initially. 

- Increases more gradually after a 

meal. 

- Reaches a lower maximum after 

each meal. 

- Decreases gradually after about 2 

hours of having meal. 

- Between 10:00an and 1:00pm 

glucose level is higher. 

- Lower glucose level initially. 

- Increases more rapidly after a meal. 

 

- Reaches a higher maximum value after 

each meal. 

- Decreases rapidly after about 2 hours of 

having a meal. 

- Between 10:00am and 1:00pm glucose 

level is lower. 

 

 

(ii) Explain the differences in the levels of glucose in the; 

 Hepatic artery and hepatic vein. 

 

The source of the glucose present in the blood is mainly from the alimentary canal and 
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gluconeogenesis in the liver. 

The hepatic artery brings oxygenated blood to the liver from the abdominal aorta while the 

hepatic vein drains blood from the liver into the interior vena cava. As such, blood in the 

hepatic artery has passed through more organs and therefore has had more glucose removed 

from it. On the other hand, the hepatic vein is separated from the alimentary canal only by the 

liver and hepatic portal vein and is therefore closer to the source. Hence it contains more 

glucose than blood in the hepatic artery. 

 

 Hepatic artery and hepatic vein. 

The hepatic artery carries oxygenated blood to the liver from the abdominal aorta while the 

hepatic portal vein drains blood from the alimentary canal into the liver. As such, blood in the 

hepatic portal vein contains a much higher content of glucose than the hepatic artery because 

it carries glucose that has been absorbed from the alimentary canal into blood stream. The 

hepatic artery, on the other hand, contains blood that has travelled through several body organs 

and has had more glucose removed from it for utilization in the organs. 

- Between 10:00am and 1:00pm, the hepatic artery contains more glucose because its glucose 

content is independent of absorption from the alimentary canal; it depends on the body’s 

homeostatic mechanisms. On the other hand, the glucose level in the hepatic portal vein 

depends on its absorption from the alimentary canal, which within this time has little glucose 

left for absorption. 

- Immediately after a meal, the blood glucose level in the hepatic portal vein increases rapidly 

because it directly receives the glucose absorbed from the alimentary canal. However, the 

blood glucose level in the hepatic artery increases gradually after the mean because it is 

subject to the body’s homeostatic mechanisms. 

(b) Figure 2 shows the blood levels in normal and diabetic individuals, after both individuals were 

given a sugar solution at 7:00am. Study the information and answer the questions that follow. 
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(i) Compare the levels of blood glucose between the two individuals 

Similarities. 

- In both the blood glucose concentration increases to the maximum 

- In both there is general decrease in blood glucose concentration between 8.30am and 

10.30am 

Differences 

Diabetic  Normal  

- Higher glucose level at all times. 

- Glucose level increases rapidly after the 

sugar meal and reaches a higher 

maximum in about 2 hours. 

- Decreases gradually after about 2 hours 

and never attains a constant value. 

- Lower glucose levels at all times. 

- Glucose level increases gradually after 

the sugar meal and reaches a lower 

maximum in about 1 ½ hours. 

- Decreases gradually after about 1 ½ hours 

and attains a constant value within about 

3 hours. 
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(ii) Give an explanation for the observed pattern of the levels of blood glucose in the two 

individuals. 

- both individuals have blood glucose levels above 0mg/100cm3 initially because glucose has 

to be in the circulation of sustain metabolic functions. 

- Increase in the glucose concentration after the sugar meal in both individuals is due to the 

direct absorption of glucose into the blood stream from the alimentary canal however, that of 

a normal individual increases gradually because the blood sugar level is more under 

homeostatic control than in a diabetic individual. 

- In a normal individual, an increase in the blood glucose level as a result of the sugar meal 

stimulates the Islets of Langerhans in the pancreas to secrete the hormone insulin. Insulin acts 

on the cells of the liver, muscles and adipose tissue to reduce the blood sugar level. 

- A diabetic individual produces either none or insufficient amounts of insulin so that the 

homeostatic control of blood glucose is impaired. As a result, a diabetic individual always has 

higher blood glucose levels which always fluctuate and never attain a constant value as in the 

normal individuals. 

(c) What is the significance of the physiological process illustrated in figures 1 and 2? 

- it ensures that the body cells are always continually supplied with the correct amount of 

glucose required for normal cell function. 

- It ensures that the blood contains the correct amount of glucose necessary for maintaining 

the correct osmotic pressure. 

- It indicates that the liver plays the key role in regulating the blood glucose levels. 

- It indicates that regulation of blood glucose level should occur quickly for the body organs 

to function normally. 

- Individuals with diabetes have a risk of going into hypoglycemia upon fasting or on taking 

drugs so need to watch their diet 

- Excess glucose levels in blood lead to glucose loss in urine. 
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SECTION B 

2. (a) Describe the structure of the plasma membrane according to the fluid mosaic model. 

According to the fluid mosaic model the plasma membrane consists of 

- A bimolecular phospholipid heads. This phospholipid layer is capable of much molecular 

movement, i.e. is fluid in nature. 

- A variety of globular protein molecules with an irregular arrangement within the 

bimolecular phospholipid layer. Some proteins occur on the surface of the phospholipid 

layer (peripheral or extrinsic proteins) while others extend into it (integral or intrinsic 

proteins) and some even extend completely across (transmembrane proteins). Viewed 

from the surface, the proteins are dotted throughout the phospholipid layer on a mosaic 

arrangement. 

Hence the name fluid-mosaic model. 

(b) Explain how exocytosis and endocytosis occur across the plasma membrane. 

Exocytosis and endocytosis are processes of bulk transport of materials out or into cells, 

respectively. The materials involved are those that are too large to be absorbed by diffusion 

or active transport. 

During endocytosis, the cell membrane invaginates to form a cup-shaped depression in which 

the material is enclosed. The depression is then pinched off to form a vacuole in the cytoplasm 

of the cell. If the materials taken up are solid this is called phagocytosis and pinocytosis for 

liquids. 

During exocytosis, a vacuole containing material to be excreted fuses with the cell membrane 

from within. The membranes unite and open up the vacuole releasing the contents to outside. 

(c) Explain the role of protein within plasma membranes. 

 

Proteins within plasma membranes play the following roles. 

- They provide structural support for the membrane. By various forms of molecular 

interactions, they help to anchor the phospholipid bimolecular layer. 

- Transport: They assist in active transport of materials across the membrane by acting as 
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channels through which especially hydrophilic materials pass. 

- Cell recognition: In combination with carbohydrates, as glycoproteins, they act as recognition 

sites. 

- Enzymatic activity: They act as enzymes, catalyzing many membrane-associated reactions. 

- They act as energy transducers. For example, proteins of the election transport system in 

mitochondria. 

- They act as election carriers in many redox reactions. 

- Anchorage: Anchor cells to their neighboring cells 

3. (a) How is the chloroplast suited for its functions? 

Adaptations of the chloroplast for photosynthesis include; 

- It contains chlorophyll molecules which trap sunlight energy to be used in of 

photosynthesis. 

- It contains thylakoid membranes arranged into coin-like stacks called grana to increased 

surface area for packaging of chlorophyll molecules. 

- It contains enzymes necessary for fixation of carbon dioxide. 

- Contain thin membrane for diffusion of gases 

- Membrane transparent to allow in light for photosynthesis 

(b) Describe the modifications of the parenchyma tissue in different parts of a part to suit the 

function. 

(a) Modification of parenchyma tissue to suit its functions. 

- It forms irregular cells with storage granules and wide triangular intercellular spaces in the 

central pith of stems and outer cortex of stems and roots; here it functions as packaging and 

storage tissue. 

- Due to presence of storage granules and intercellular spaces, they absorb water, become turgid 

and tightly packed and so provide support for the organs in which they form the main means 

of support.  

- Parenchyma cells may have large air spaces and vacuoles to form parenchyma which is 

important in providing buoyancy to certain water plants. 

- A system of air spaces runs from the external environment where they open as stoma (in 
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leaves) or lenticel (in stems). These air spaces run between cells and allow gaseous exchange 

to take place between living cells and the external environment. 

- Parenchyma cells may be flattened to form a one-cell thick layer that covers most parts of the 

plant as epidermis. This is usually covered with wax and helps to protect the plant from 

desiccation. 

- Photosynthetic parenchyma, also called collenchyma, contains chlorophyll that traps light 

energy for the process of photosynthesis. It is usually found in the palisade layer of leaves 

exposed to sunlight. 

- Companion cells are specialized parenchyma cells found adjacent to sieve tubes and are vital 

for the functioning of the latter. They are very active metabolically and how the denser 

cytoplasm, larger nucleus and smaller vacuoles than normal parenchyma cells denser exposed 

to sunlight. 

 

(c). Explain the distribution of mechanical tissue in plants. 

- Xylem is centrally distributed in roots to with stand strains as aerial parts bend and 

lean over 

- It is peripheral in a ring in dicot stems and scattered in monocot stems such that 

separate rods run through to provide more support 

- Secondary xylem is added by secondary growth to support large structures of trees 

and shrubs 

- Collenchyma in stems and petiole is peripheral just below the epidermis in the outer 

region of cortex to increase support. 

- Sclerenchyma is distributed according to stress in organs. 

4. (a) What is meant by double fertilization in flowering plans? 

Double fertilization refers to occurrence two independent nuclear fusions during fertilization 

in the embryo sac of flowering plants. 

During this process, two male nuclei are involved; one fuses with functional egg cell to form 

a diploid zygote; the other fuses with both polar nuclei to form a triploid nucleus, the primary 

endosperm nucleus. 
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(b). Explain how; 

(i) Asexual reproduction produces offspring identical to the parent. 

- Gametes (sex cells) are not involved in the production of offspring in asexual reproduction 

- Offspring are produced by mitosis and hence similar by 

 Binary fission in amoeba and bacteria 

 Budding in yeast/hydra 

 Spore formation e.g. fungi 

 Fragmentation in spirogyra 

 Parthenogenesis e.g. in male bee 

(ii) Sexual reproduction causes variation among offspring. 

- Gametes(sex cells) are involved and fuse randomly in sexual reproduction 

- Meiosis is involved in gamete formation in which crossing over occurs during prophase I; 

and random assortment of homologous pairs of chromosomes occurs in metaphase I 

- There is random mating between male and female parents 

(c). Under what circumstances may variation. 

(i) Occur in asexually produced individuals. 

- Due to mutations 

- Some spores are formed by meiosis e.g. in mosses and ferns 

- Due to different environments in which organisms exist 

(ii) Not occur in sexually produced individuals. 

- When fertilization occurs between closely related individuals, the offspring produced may not 

show much variation. 

- When crossing over does not occur during meiosis when the gametes are formed fusion of the 

gametes produces offspring identical to the parents. 

- In hermaphrodism, only one parent is parent is involved and therefore there is not much 
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variation 

- Gametes may be produced by mitosis and self-fertilization may occur e.g. in ferns and mosses 

5. (a) Outline the various ways in which the efficiency of receptors is ensured. 

 

How receptor properties ensure their efficiency; 

- Transduction: all receptors are capable of converting a physical stimulus into electrical 

impulses. This ensures that each stimulus is registered in form of an electrical impulse. 

- Sensitivity: receptors can detect even the slightest of a stimulus for which they are meant. In 

this way, they have a low threshold of stimulation so that even small changes in a stimulus 

can be registered and transduced into an electrical impulse. 

 

- Precision: receptors are precise in transmission of information. They receive and transmit the 

exact information about a stimulus without any alteration. This ensures that they send the 

exact information to the brain about the changes in the environment. 

- Inhibition. The transmission of certain impulses in the receptors can be inhibited. This is 

important because it ensures that the receptors transmit only that information which is of use 

to the organism it a particular time. 

- Adaptation: receptors can adapt and therefore stop firing impulse if a stimulus is maintained 

over a long time. This is important in protecting the organism against over stimulation and 

also allows the receptors to record and therefore report only changes in the stimulus. 

How synaptic connections of receptors ensure their efficiency. 

- Convergence and summation. 

Many sense cells may be connected to one sensory membrane, a phenomenon called 

convergence. This provides a high degree of sensitivity to the receptor cells; small sub-

threshold impulses converge on the sensory neuron and summate into an impulse which can 

be fired in the neuron. 

- Inhibitory synaptic connections with inhibitory neurons. These are important in regulating the 

frequency of firing of the receptor cells. 
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(b) Explain the difference in acuity and sensitivity to light by different parts of the retina 

 

(a) Difference in acuity and sensitivity to light by the different parts of the retina depend on 

the relative distribution of cones and rods in it. 

- The cones are concentrated in a small area in the centre of the retina called fovea centralis. 

Cones are arranged such that each cell synapses with its bipolar cell, which in turn synapses 

with its own optic neuron. Being closely packed light form two close points on the object can 

fall on two separate cones so that these can be visualized as separate. Hence, higher visual 

acuity. 

Rods are scattered in the periphery of the retina. 

With a single bipolar cell, in a phenomenon of convergence. Due to this convergence, rods 

are more sensitive to light than the cones; low intensity of light which cannot stimulate a 

single rod or cone is able to stimulate the bipolar neuron connected to the rods as a result of 

summation. 

As a result, acuity is greatest at the fovea which is normally at the centre of the field of vision 

and gradually decreases towards the periphery of the retina which forms edges of our field of 

vision. 

On the other hand, sensitivity is greatest at the periphery of the retina and decreases towards 

the centre (fovea). 

 

6. (a) Outline the causes of nutrients deficiencies in soils. 

- Soil exhaustion due to over cropping without intervals of resting of the soil. 

- leaching of nutrients to deeper soil layers 

- Excessive use of fertilizers 

-  Water logging 

- Soil pollution 

- Burning causes loss of non-metallic nutrients e.g. carbon. 

- Mono-culture 
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(b) Explain how plants have overcome the problem of nitrogen and phosphorous deficiencies in 

soils they grow in 

- Living in symbiotic relationship with organisms that are capable of producing such minerals. 

For example, association of leguminous plants with rhizobium bacteria in their root nodules 

helps them to obtain nitrogen because the bacteria fix nitrogen from the atmosphere into 

nitrates which can be used by the plants. 

- Adopting a parasitic mode of feeding so that such nutrients can be obtained from such plants 

that can easily obtain nutrients from deeper soil layers. This is the case with the epiphytes. 

- Developing deeper roots so that they can absorb these nutrients that have leached to deeper 

soil layer. 

- Adopting carnivorous behaviours in order to obtain such minerals from non-soil sources. For 

example, the pitcher plant, which is insectivorous, can obtain nitrogen and phosphorous from 

the small insects it traps. 

 


