UNIT 1: THE SCIENCE OF BIOLOGY
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SCIENCE: 
· a system of acquiring knowledge based on scientific method. 
· The knowledge that derived from observation & experiment. 
· Solve natural problems through testing the observed problems
· Sometimes called experimental science b/c;
· it depends on experimentation to obtain information.
· two types:
Pure natural science: 
· Answer scientific questions. E.g., biology, chemistry, etc
Applied natural science: 
· Solve practical problems. E.g., biotechnology & medicine
 Biology:
· Science of life & living organisms.
· deals structure, function, growth, evolution and distribution of organisms
                 Areas of Biological Study & Biologists
1) Astrobiologists: 
· Find evidence of life on other planets in our solar system & in galaxies.
2) Biomedical research: used to develop new drugs & vaccines. 
3) Microbiologists: study how micro-organisms of all kinds function. 
4) Paleobiologists: 
· Find out how life began on earth & 
· evolved using evidence from fossils & chemistry of ancient rocks.
5) Entomology: study of insects
6) Ornithology: study of birds
7) Physiology: deal the function of the body
8) Development: studies about growth, differentiation, & changes (morphological)
9) Morphology: study of external structure of organism
10) Anatomy: study of internal structure of organism
11) Taxonomy: study of classification of organisms
12) Cytology: study of structures & function of cells
13) Ethologist: study of animal behaviour in their natural habitat 
14) [bookmark: _GoBack]Ethnologist: distribution ,relationship & origin of the race of mankind 
15) Oncologist: deal with the prevention, diagnosis & treatment of cancer 
16) Geneticist; deals with heredity & variation 
17) Neurologist: study the complex structure of neuron & its coordination 
18) Parasitology: the study of parasites 
19) Biochemists:
· Study of the chemical substance, process and reaction that occur in living organisms. 
Scientific method: 
· a process by w/c scientists approaches for their work to solve a problem.
· is scientific procedures adopted by the scientists to find out facts and scientific truth
· investigate solutions for problems, study nature, discover facts, & formulate laws & theories
· experimental testing of hypothesis formulated after the collection of data
Steps of Scientific method:-
1) Ask question or identifying problems: observation & imaginations
· Refer to the explanation of a specific observation.
· E.g. why tomato seeds don’t grow inside tomatoes?
· Direct observation: observation through hearing, seeing, touching, smelling & tasting
· Indirect observation: observation using equipment like microscope
2) Background research: using media, internet & people
· Collect data or information on scientific question (s).
· The data can be obtained from book, journals, magazines & internets
· used to formulate hypothesis
· E.g. we find out that there are substances in plants that control growth called growth regulators.
3) Construct/formulate hypothesis: 
· In developing hypothesis, two pattern of reasoning are required
· Inductive hypothesis: formulated generalization from specific to general conditions 
· Deductive hypothesis: a generalization from general to specific conditions
· Predict a possible answer to the problem or question.
4. Testing hypothesis through experiment
5. Analyse & interpret results
· explains or interprets the data.
6. Accept or reject the hypothesis;
· It seems as though the hypothesis is along the right lines;
7. Draw conclusion:
· Include a statement that accepts or rejects the hypothesis.
·  Make recommendations for further study & possible improvements to the procedure.
8.  Scientific law: describes what the phenomena happen
· if variation are observed and requires further experiments
9. Scientific theory: explains why the phenomena is occurred
· is a hypothesis that stands the test by d/t people at d/t places through time
· is a hypothesis supported by experiment and/or observation
Hypothesis: 
· Educated guess about what a biologist thinks the explanation of an observation will be. 
· Educated guess states in a way that can be tested
· is tentative/temporary explanation based on observed facts. 
· Are testable by an experiment.
· Always lead to make predictions
· E.g., A chemical in tomato juice inhibits the germination of seeds.
Prediction: 
· Educated guess about how biologist thinks his/her experiment will turn out. 
· E.g., Seeds covered in tomato juice will germinate less well than seeds covered in distilled water.
Types of groups
I. Control group:
· Untreated group (part of an experiment) in w/c the key factor is not allowed to change. E.g;
· The tomato plants that are not treated with a fertilizer that show no change in fruit production.  
· In drug trials, one group of people is given a tablet containing drug (exp'tal group) & another group is given a tablet containing no drug (control group).
II. Experimental group:
· a treated (experimented) group that allowed changing to compare with control group. 
· E.g The tomato plants that are treated with fertilizer & show change in fruit production
Experimental variable:
· a factor that can be changed. E.g., Moisture, temp & light
I. Independent variable (IV): cause
· factor that scientist changes or manipulates.
· condition or events under experimentation or testing.
II. Dependent variable (DV):  effect
· factor that scientist’s measure to see changes when the IV is changed.
III. Controlled variables (CV): 
· factors that are kept constant to avoid influencing results. 
· E.g., when you study the effect of fertilizer on tomato plants fruit production, the relevant variables are fertilizer (IV) & fruit production (DV). 
· The controlled variables are size, light, temperature, number of seeds per dish & volume of water added etc.
IV. Confounding variable (CV): 
· a factor that can’t be controlled which may influence the result of the experiment. 
· If you measure the CO2      uptake by wheat as the light intensity changes over the day, you cannot control the effect of the change in temperature (CFV).
       Accuracy, Reliability & Validity in Scientific Experiments
Accuracy: 
· is how precisely something has been measured or counted.
Reliability: 
· a measure of how dependable (trusted) & consistent results of an exp't.
· After repeated investigation the result shows very close or the same results.
Validity: 
· drawing of correct conclusion based on the data.
· increase the quality of the experiment
· Is about whether the experiment measures what is intended to measure or not
· Unless there is a control over all the variables, it cannot be valid
Colorimeter:
· measures how much light passes through a liquid.
Anomalous results: 
· odd results that do not fit the general pattern.
How scientific methods disprove the idea of spontaneous generation?
Spontaneous generation suggests that; 
· the appearance of living organisms from non-living matter.
· Non-living object can gives rise to living organisms 
· An organisms could arise from lifeless matter 
· E.g. rotten meat had turned into flies Or Muddy soil gives rise to frogs.
· Francesco Redi, Lazzaro Spallanzani &Louis Pasteur used the scientific method to disprove the idea of spontaneous generation. How? 
Francesco Redi experiment to disprove the idea of spontaneous generation: 
· He used wide-mouth jars containing meat. 
· Some jars were left open to the air. 
· Others were covered with a piece of gauze. 
· After several days, maggots & then flies could be seen in the open jars, but none appeared in the closed jars. 
· Redi was able to conclude that flies cannot be produced from rotting meat. 
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Louis Pasteur; swan neck flask experiments (1859)
· Pasteur carried out experiments to show that the micro-organisms that caused wine & broth to go cloudy came from the air and was not made from the broth itself. 
· Pasteur boiled broths in swan-necked flasks to kill any microorganisms 
· Pasteur use swan-necked flasks on his experiment to trap particles from the air that might enter the flask before reaching broth 
· He treated the flasks in one of three ways: 
· He left some of them as they were. 
· He broke the necks on some. 
· He tilted others to allow the dust in the low part of the neck to mix with the broths. 
· The broths in the second two groups of flasks turned cloudy (due to the presence of micro-organisms) within days. 
· The broths in the first group remained clear. 
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                       Steps of writing reports on scientific experiments
Title – Hypothesis - Prediction- Procedure – Chemical & apparatus - Results - Conclusion - Evaluation - Acknowledge
1) [bookmark: _Toc522174413]Which of these best describes what science is?
A. a body of knowledge            C. a way of looking at & thinking about the natural world
B.  a way of doing experiments   D. a series of ideas
2) The scientific method involves:
A. putting forward hypotheses in a form that can be tested
B. carrying out experiments
C.  analysing results and drawing conclusions
D. all of these
3) Which of the following is NOT a type of biologist?
A. geneticist    B. entomologist     C. astrophysicist    D. doctor
4) Scientists often use statistics when drawing conclusions because:
A. statistics are more accurate than human opinion   C. statistics are infallible
B.  statistics are more reliable than human opinion    D. none of these
5) The independent variable in an experiment is the variable that:
A. is measured by the experimenter      C. is changed (manipulated) by the experimenter
B.  is controlled by the experimenter    D. upsets the reliability of the results
6) The dependent variable in an experiment is the variable that:
A. is measured by the experimenter    C. is changed (manipulated) by the experimenter
B.  is controlled by the experimenter   D. upsets the reliability of the results
7) Having a control condition in an investigation:
A. gives a ‘standard’ to compare against     C. increases the reliability of the experiment
B. increases the validity of the experiment  D. both A and B
8. Publishing reports of biological investigations in scientific journals is important because:
A. it allows biologists all over the world to understand your reports
B.  it allows biologists all over the world to repeat your investigations
C.  it allows biologists all over the world to challenge your results
D.  all of the above
9. The scientific method is more reliable than opinion based on personal observation because:
A. scientists are more reliable than other people
B.  the scientific method involves gathering information from controlled experiments to prove or disprove a hypothesis
C. observation is not a valid scientific technique
D. scientific method always gives the correct answer
10. The reliability of an experiment is increased by:
A. carrying out repeat experiments          C. working as quickly as possible
B.  minimising personal judgment           D. using the most appropriate apparatus
                       The tools of a biologist
A. Laboratory Instruments
1) Balances: apparatus used for measuring mass. 
2)  Dissecting kit: 
· Dissection is the process of cutting apart or separate tissue for anatomical study.
· used to study internal organs like heart, kidney & lung. 
· Helps to classify new species of insects. 
· small specimens like insects are dissected using a dissecting microscope.
· Standard dissecting kit containing a magnifying glass, scalpels (small knife used in surgery), scissors, forceps (tweezers) & mounted needles. 
3)  Measuring cylinders, pipettes & syringes: 
· used to measure volumes of liquids & gases.
4)  Petri dishes:
·  round dishes made from glass or plastic.
·  often filled with a ‘jelly like’ called agar that used to culture bacteria.
· Agar is a solid nutrient medium mainly extracted from red algae.
· Are also used to propagate or culture plants.
· To show the effective of antibiotics against certain types of bacteria
· To show different concentrations of enzymes digest a substance
· The technique of growing plants from a few cells on special agars in petri dishes called micro propagation. 
· It allows thousands of plants to be produced from just one ‘parent’ plant. 
· All the plants produced are genetically identical.
5. Microscopes:
· Optical microscopes: use beams of light to produce magnified images
· Electron microscopes: use beams of electrons to produce magnified images
Transmission electron microscopes:
· image is focused on fluorescent screen.
· electron beam passes through the specimen
· shows the fine details of the cell structure
Scanning electron microscopes: 
· image is viewed on TV screen.
· electron beam strikes on the surface of a specimen
· views only the surface of an object
6. Centrifuges: 
· separate solids from liquids where simple filtration is not adequate for the task.
· separate organelles of a cell component of d/t molecular weights based on their density. 
· The mixture is placed in a ‘centrifuge tube’ & placed in the centrifuge. 
· The centrifuge then spins the tubes at high speed. 
· As the tubes spin, the gravitational forces on solid particles force them to the bottom of the tube. 
· Ultracentrifuges can spin really fast and cause extremely light particles to fall to the bottom of the tube to separate various components of animal & plant cells.
· Centrifugation is commonly used in hospitals for stool tests.
B. Field Instruments
1) Quadrats: 
· a sample (small area) enclosed within frame which used for population studies.
·  placed randomly on the ground or under water where organisms found inside it.
· Have often a metal square.
Quadrats are used to: 
· Estimate the abundance of organisms in an area.
· Show how the numbers of a particular species changes across an area. 
· They lay down a tape measure (or a long rope marked off every metre) across the area called a transect line. 
Transect line:
·  a line that shows the type & change in distribution of vegetation which exists on a line across a habitat. 
· a straight line across an area
· They place the quadrat by the side of the transect line & record the abundance of the organisms in the quadrat. 
· They repeat the experimented is every metre, or every 5 or 10 m, depending on the length of transect. 
· This gives a picture of how the abundance of each species changes across the area.
2) Plastic bags: 
· Collecting plants is relatively easy if they are not too large. 
· Small parts (leaves & flowers) can be collected & kept in reasonable condition for a short period in plastic jars or plastic bags. 
· Parts of plants can be preserved using a plant press that can be analysed later.
3) Sweep nets: are nets with canvas bags that used to collect insects from long grasses. 
4) Pitfall traps: 
· is a plastic carton sunk into the soil to collect insects. 
· It would be covered with wood to keep it dark and dry and also keep any animals that fall into it out of sight of predators. 
· Many night flying insects are attracted to light.
· A strong light bulb hung in front of a vertical white sheet will attract a great range of insects which can be picked directly from the sheet when they settle.
5. Data logger –used to record information
6.  PH kit –used to measure the pH of soil or water
7. Flow meter –used to measure the rate of flow of water
8.  Field microscope– used to investigate the structure of specimens in the field
9. Theodolite –used to measure the height of trees or slopes in the area
10. GPS (Global Positioning System or global navigation satellite system) receiver: 
· To record geographical positions quickly & accurately.
· To map forests, help farmers harvest their fields & navigate airplane on ground or in air
· Is a satellite that launched at 20000km height from the earth & show of ground receivers to pinpoint their geographical location
· Is a network of about 30 satellites orbiting the earth at an altitude of 20,000km 
Review questions (The tools of a biologist)
1)  It is not true that:
A. electron microscopes can only be used in the laboratory
B.  some light microscopes can be used in the field
C. light microscopes give better magnification than electron microscopes
D.  light microscopes were invented before electron microscopes
2) A theodolite is:
A. an item of laboratory equipment that measures height
B. an item of field equipment that measures height
C.  an item of field equipment that measures slope
D.  an item of laboratory equipment that measures slope
3) When a biologist centrifuges a suspension, the solids are separated from the liquid in the following way:
A. The solids float to the top because they are lighter.
B. The solids are pulled to the bottom because they are heavier.
C. The solids are pulled to the bottom because they spin faster than the liquids.
D. The solids float to the top because they spin slower than the liquids.
4) Fieldwork is important in biology because biologists can gather information about:
A. individual organisms in their natural surroundings
B.  how organisms are distributed in a particular area
C. how the organisms in an area change over time
D.  all of the above
5) Bacteria are usually cultured in:
A. test tubes  B. beakers  C. Petri dishes  D. none of these
6) Pitfall traps are used to catch:
A. flying insects  B. small ground-dwelling animals  C. damaged plants   D. all of these
7) When estimating the numbers of a species in an area, biologists use quadrats that are:
A. placed at regular intervals along a transect   C. placed at random
B. placed deliberately all over the area          D. placed one after the other along a transect
8) When choosing an item of equipment to measure volume you should mainly consider:
A. only the total volume to be measured             C. the ease with which you can use it
B. only the precision to which the instrument can measure      D. both A and B
9) The ‘white sheet and bright bulb’ technique used to trap flying insects at night gives:
A. a good indication of numbers but a poor indication of types found in the area
B. a good indication of the types found in the area but a poor indication of numbers
C. a good indication of both types and numbers
D.  a poor indication of both types and numbers
10) Which of the following statements is not true about transecting studies of an area? They:
A. give a good indication of how the abundance of d/t organisms changes across an area
B.  give a good indication of the overall numbers of an organism in an area
C.  show the strength of the current flow in a stream
D. involve laying out a tape to take direct observations or lay quadrats on
Worksheet
11) Which tool of the biologist is more frequently used to study cell structure in the laboratory?
A. Dissecting kit  B. Centrifuge    C. petri-dish    D. Microscope
                                  Relevance & promise of biological science
I. Biology & agriculture:
· biologists are carrying out research using genetic modification to produce crop plants that;
· adapted to the new conditions
· Produce crops quickly & high quality.
· are disease resistant
· are drought resistant
II. Biology & medicine: 
· Biologists give advice;
· On the ways of reducing the rate of population growth. 
· individuals and governments on effective methods of contraception. 
· Biologists develop new organs & tissues for transplantation of diseases or damage tissues or organs of the body using stem cells research.
Stem cells: 
· are cells from an early embryo that consists of unspecialized cells that have a potential to form any type of specialized cells. 
Doctors and nurses work is supported by other biologists, such as:
· Medical laboratory technicians: test blood, urine, faeces & other samples.
· Medical researchers: finding out disease-causing organisms
·  Radiographers:  produce X-rays & other images to help in the diagnosis of disease
· Specialized researchers: look into why and how cancer is caused
· Drug development researchers: develop new drugs to treat diseases
II. Biology & environment: 
· Biologists ;
· Are actively involved in monitoring the impact of global warming on environment. 
· give advice to governments on how to conserve environment & introduce new sp.
Choose the correct answer from A to D (Relevance & promise of biological science)
1) It is true to say that biotechnology is:
A. a new and rapidly expanding area of biological research
B. a new but relatively ineffective area of research
C. an old but rapidly expanding area of biological research
D. none of the above
2) Biological science is relevant to our lives because it attempts to explain:
A. the way in which humans functions    C. the origin of life on this planet
B. the place of humans on this planet      D. all of the above
3) Biologists are trying to help deal with the problem of a growing population by:
A. developing crop plants with an increased yield
B. giving advice on the most effective programmes of contraception
C. developing crop plants that are resistant to disease
D. all of the above
4) Fieldwork is important for biologists engaged in environmental protection and conservation because it allows them to:
A. gather information about how the organisms in an area are Changing
B. gather information about how the conditions in the environment are changing
C.  make predictions about future trends in the area
D.  all of the above
5) Which of the following is a current rather than a possible future use of biotechnology?
A. producing tailor-made drugs to suit individual needs
B. using stem cells to grow a new heart for someone who needs a transplant
C. monoclonal antibodies used in pregnancy tests and to diagnose diseases
D.  producing cures for genetic diseases
                                           HIV/AIDS
AIDS:
· is caused by human immune- deficiency virus (HIV). 
HIV:
·  infects cells in our immune systems called T-helper cells that enable us to fight off other diseases.
·  HIV infected person is exposed to opportunistic disease. 
· If the immune function is reduced, many opportunistic infections may occur (including pneumonia & tuberculosis) due to the drastic reduction in the number of T-helper cells. 
Opportunistic disease:
·  is a disease that easily attacks the body when it is in a weak immune state.
Four ways of HIV transmission:
· Homosexual or heterosexual intercourse with infected person-  main transmission method
· transfusion of infected blood
· sharing infected needles
· mother to child during pregnancy
Methods of combating (fighting against) the spread of HIV:
· Break the transmission pathway 
· Restricting/limiting the number of sexual partners - monogamous r/ship.
· Not sharing infected needles.
· Use ABC methods
· using condoms/condomise
· Male circumcision
· Produce drugs that kill the virus or stop reproducing.
· Produce a vaccine- used to build up a ‘herd immunity’ to break the transmission pathway.
HIV & similar viruses are called retroviruses & they all have a similar life cycle:
1) The entry phase
2)  Viral genetic material (RNA) is converted to DNA
3)  The new DNA enters the host cell DNA
4) The new DNA ‘instructs’ the cell to make more HIV
Retrovirus: 
· a virus that inserts its RNA into the host cell where reversing transcribed to DNA. 
· The reverse transcriptase converts the RNA into DNA using building blocks called nucleotides, which are provided by the cell. 
· After HIV has bound to CD4 receptors on surface of T-helper cell, it fuses with the plasma membrane and then releases its RNA and reverse transcriptase enzyme into the cell.
Anti-retroviral drugs: 
· drugs that target to retroviruses & prevent them replicating. 
· are more effective when taken in combination of d/t antiretroviral drugs that target different stages to break the life cycle  than taken singly. 
· A treatment using a combination of antiretroviral drugs is called highly active anti-retroviral therapy (HAART) b/c the drugs act on d/t stages of the HIV life cycle. 
· These drugs are:
1) Entry inhibitor: 
· are drugs that attach to CD4 of T-cells or gp-120 of HIV and prevent their fitting together
2)  Nucleotide Reverse transcriptase inhibitors: 
· are incorrect nucleotides that mislead enzyme and prevent reverse transcription.
3) Non-nucleotide Reverse transcriptase inhibitors: 
· attach to enzyme & prevent reverse transcription.
4) Protease inhibitor: 
· prevent HIV`s protease from facilitating assembly of new virus particles.
· As well as infected cells being destroyed by natural killer cells, other lymphocytes make antibodies that target any free HIV in the blood. 
· The presence of these antibodies can be detected, and the person is diagnosed as being HIV-positive.
·  HIV mutates (changes) into d/t strain time to time regularly & so it has been difficult to develop preventive vaccines & curative drugs against it. 
                                     Review questions (HIV/AIDS)                                    
1) The main way that AIDS is transmitted is:
A. from an infected mother to her unborn child   D. through sexual intercourse
B.  by using infected blood products     C. through drug users sharing infected needles       
2) Ways of reducing the transmission of AIDS include:
A. restricting the number of sexual partners a person has   C. not sharing infected needles
B.  male circumcision                                                          D. all of the above
3) Which of the following is not a reason for developing a vaccine against HIV/AIDS?
A. it would make individual people immune to AIDS
B. it would help to create a ‘herd immunity’, protecting people who were not immunised for some reason
C.  to produce a cure for people already infected with AIDS
D. it would reduce the spread of HIV/AIDS within communities and across the world
4) Anti-retroviral drugs are drugs that:
A. give someone immunity against AIDS
B. break the life cycle of HIV within a cell
C. stop the transmission of AIDS from person to person
D.  prevent other illnesses from developing in someone with AIDS
5) Community action against AIDS is essential because:
A. it can help break the transmission pathway in that community
B. members of the community can support each other
C. it can help reduce the stigma of AIDS
D. all of the above
Work sheet
Choose the best answer (science of biology)
1. Victoria grows the same bacteria in 20 petri-dishes. She places 10 of the dishes in a container with a normal atmosphere. The remaining dishes she places in a container in which the oxygen level is double the normal level. She labels the first group ‘A’ and the second group ‘B’. Which statement best describes he groups?
A. Group A is the controlled group; group B is experimental group
B. Group A is the experimental group; group B is group controlled
C. Group A is the hypothesis; group B is the theory
D. Group A is the theoretical group; group B is the hypothetical group
E. Group A is the variable; 0group B is te observation
2. What is the purpose of an experiment?
A. To communicate data   C. to prove a scientific law 
B. To test a hypothesis   D. none of the above
3. An educated guess to explain a phenomenon is a(n)
A. Experiment   B. hypothesis  C. Science  D. radiation
4. The steps used by scientists to solve problems and uncover facts is the 
A. testing method    B. system method  C. scientific methods    D. question method
5. scientific inquiry begins with
A. A problem to solve or a question to answer   C. laboratory test
B. Observation                                                  D. A checklist of procedures
6. Which form of reasoning is the process of drawings a specific conclusion from a set of premises?
A. Objective reasoning                  C. inductive reasoning         
B.   positivistic reasoning              D. Deductive reasoning         
7. A variable that is presumed to cause a change in another variable is called 
A. controlled variable             C.an independent variable      
B. A dependent  variable        D. a numerical variable      
8. In an experiment, the variable you keep the same is the ----variable. 
A. the experimental group     C. the control group 
B. the participant group    D. the treatment group
9. In an experiment, the group that does not receive the intervention is called 
A. the experimental group     C. the control group 
B. the participant group      D. the treatment group
10. Which tools of biologist is more suitable for culturing bacteria in the laboratory?
A. Test tubes    B. microscopes  C. Petri dishes   D. Beakers
11. Which of the following corresponds to the beginning steps of scientific work?
A. Testing Hypothesis  C. Conducting experiment
B. Drawing conclusion  D. Making observation                    
12. In an experiment that is testing the effect of temperature on the germination rate of certain seeds, in which one of the following should the experimental and control group differ?
A. The amount of water they recessive          C. The number of seed assigned to them
B. The temperature at which they are kept    D. The age of the seed assigned to them      
13. What is the reason that Louis Pasteur used a swan-necked flask instead of straight necked one in his experiment designed to disprove the theory of spontaneous generation?
A. To trap particles from the air that might enter the flask before reaching broth
B. To allow the passage of air to the broth inside the flask
C. To prevent the escape of any microorganism from the flask
D. To keep the broth in the flask hot to kill microorganisms
14. A biologist applied the scientific method repeatedly, gathered a large amount of supporting experimental data and finally described a pattern or relationship between different factors. What is the best term that refers to facts established in this way?
A. Prediction                B. Hypothesis                       C. Theory               D. Law
15. Which of the following is true about antiretroviral drugs currently used to treat AIDS patients?
A. To cure AIDS                            C. They serve as HIV  vaccines
B. They stop HIV transmission      D. They slow down HIV multiplication
16. Which of the following steps in the scientific method comes following observation?
A. Prediction                     B. Hypothesis                        C. Experiment                 D. Theory
17. What is the specialist in biology called if he/she studies fossils to generate new knowledge on the origin and evolution of living things of past geologic periods?
A. Paleontologist   B. Geneticist   C. Ecologist       D. Comparative biochemist
18. Which of the following field equipment is used to determine an exact location of a place?
A. Theodolite   B. Field microscope    C. Global position system    D. pH kit   
19. For which of the following is a theodolite used in biology education?
A. Measuring the height of the tree                         C. Measuring the rate of flow of water
B. Recording position where a species is found      D. Measuring the pH of water or soil
20. Suppose an experiment conducted to test a new drug, 20 people were given the drug and 20 people placebo. What is the control of the experiment?
A. People who received the new drugs         C. The new drug itself
B. People who received the placebo             D. The new drug and the placebo
21. Which field studies the way in which individual traits of organisms transmitted from one generation to the next? A. Genetics            B. Ecology         C. Evolution       D.  Morphology\
22. While conducting a research, which of the following does a biologist do first?
A. Generate hypothesis                          C. Identify research question                                  
B. Communicate the result                     D. Conduct experiment                      
23. Choose the step that comes at last steps in scientific method?
A. Proposing research hypothesis                  C. Conducting  experiment
B. Formulating of a scientific theory             D. Making prediction
24. What do we call reasoning technique in science where general principles are used to analyse specific cases?
A. Induction        B. Deduction      C. Pseudo- Induction                    D. Pseudo- Deduction  
25. What did Franceo Redi prove through his scientific experiment?
A. Maggot do not appear foods kept in jar that are protected with the cover
B. Maggot appear Spontaneously on food place any ware
C. Maggot do not appear in food kept in open jar
D. Flies appear spontaneously on rotting meat kept in closed or open jar alike
26. What is the ultimate source all scientific Knowledge?
A. Observation   B. Trial and error       C. Observation and experiment     D. Guessing
27. Which of the following is formulated as the possible outcomes of an experiment?
A. Hypothesis    B. prediction   C. recording the data    D. Data analysis   
28. In scientific method, what is the importance of a background of research for a givenproblem?
A. To make a prediction                                C. To formulate hypothesis     
B. To prepare report of the result                   D. To make a conclusion
29. In an experiment, what do we call the group that does not receive the variable that being tested?    A. Control group          B. observational group  C. experimental group
30. In scientific methods, which one of the following is used to test hypothesis?
A. Observation               B. Theory                C. Experiment            D. prediction
31. A straight line across an expanse of ground along with ecological measurements are taken continuously at a regular intervals is called
A. Quadrant                   B. string                   C. pitfall traps             D. Transect  
32. If we want to measure the effect of light on the growth of plant, the independent variable is
A. Height of plant         B. Light            C. plant growth                   D temperature
33. Which of the following tools is used by biologist to study the internal anatomy of experimental animals?     
A. Dissecting kit          B. Hand lens          C. Petri dish        D. Microscope
34. For which of the following purpose is global position system (GPS) Used?
A. Microwave         B. Theodolite            C. Map of an area                       D. Satellite signal
35. The set in which scientist usually conduct two or more sets of the same experiment at the same time?  
A. Experimental group     B.  Experimental design    C. Control group   D. Replication
36. What does an Ethologist study?
A. Insects diets               B. Animal behaviour              C. Soil type          D. Fossil fuel    
37. One of the following is the way in w/ch scientific research is used to meet certain human need?
A. Applied science   B. Pure science       C. Experimental science         D. None of the above
38. Which one of the following is used to find out more about the way in which life began on the earth and how it has evolved from simple life form into more complexes?
A. Paleontology          B. physiology           C. Oncology           D. Entomology
39.  Read through the following scenarios. Identify & Fill in the chart with the Control
    Group, the Experimental Group, Independent Variable and Dependent Variable
	Scenario
	Independent
Variable
	Dependent
Variable
	Experimental
Group
	Control Group

	A company wants to test a new dog food that is supposed to help overweight dogs lose weight. 50 dogs are chosen to get the new food. 50 dogs continue their normal diet. After 1 month, the dogs are checked to see if they lost any weight.
	New dog food
	Change in
weight
	50 dogs with
new food
	50 dogs with
normal diet

	A new sunscreen has been developed that is supposed to be more effective at treating sunburn. 30 participants spray 1 arm with the new formula and spray the other arm with the leading formula. After
4 hours in the sun their skin is evaluated for redness.
	New Sunscreen
	Amount of
Redness
	Arm with new
sunscreen
	Arm with
leading formula
sunscreen



[image: ]
40. It is an educated guess about what a biologist think the explanation of observation will be?
A. Observation           B. Hypothesis           C. Conclusion                 D. Experiment
UNIT 2: Biochemical molecules
Organic & Inorganic Molecules
Biomolecule/Biological molecule: 
· naturally occurs in living organisms. 
· two types: inorganic & organic molecules. 
I. Organic molecules: 
· contains hydrocarbons & their derivatives. 
· always contain both carbon and hydrogen. 
· are the main structural components of living cells & tissues. 
· E.g., Glucose C6H12O6, Glycine (amino acid) C2H5NO2, Linoleic acid (a fatty acid) C18H32O2 & Methane (CH4)
II. Inorganic molecules: 
· compounds other than organic compounds.
·  E.g., Calcium carbonates (CaCO3), simple acids, bases, salts, Carbon dioxide (CO2), Carbon monoxide (CO), Water (H2O) & Iron III oxide (Fe3O4).
· Very few other elements are used to build biological molecules.
·  Hydrogen is the most abundant in our cells (H 59%, O 24%, C 11%, N 4%, P& S 2%).
· Some elements that are important for humans are;
· calcium (Ca) for bones, teeth & muscles, 
· chlorine (Cl) for digesting food, 
· fluorine (F) for tooth enamel & 
· iron (Fe) to help blood carry oxygen around the body.
· Atoms: 
· smallest particle of a chemical element that composed proton, electron & neutron.
· Element: a substance that made of only one kind of atom
· Bond: energy that joins atoms together to form a molecule
· Molecule: a number of atoms bonded together
· Compound: substance made from more than one kind of atom in a fixed ratio
· Valency: the number of bonds an atom can make with other atoms
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                                                Water
· has ‘v’ shape structure. 
· forms a dipole (part of the molecule has a slight negative charge (δ–) & other parts have a slight positive charge (δ+)). 
· Besides the bonds joining the hydrogen atoms to oxygen atom, there are very weak bonds called hydrogen bonds that join the oxygen in one water (the slightly negative part) to the hydrogen in another water molecule (the slightly positive part). 
· Hydrogen bonds join the oxygen in one water molecule to the hydrogen in another.
· The hydrogen bonds in water keep breaking & reforming as it moves around.
Hydrogen bond:
· is formed when hydrogen in one molecule bonded with oxygen, fluorine and nitrogen in another molecule.
Dipole-dipole forces: are forces that act between polar molecules. E.g., H-Cl—H-Cl—H-Cl
Polar covalent bond: is a bond formed b/n atoms with d/t electro-negativity. E.g., H2O
Non-polar covalent bond: is formed b/n atoms with similar electronegativity. E.g., CO2
                     Importance of water to living things
I. Water is a place to live: 
· many organisms live in water such as animals, plants and algae.
II. Water is transparent. 
· Light can pass through water, & allow plants & algae to photosynthesise. 
· Water does not allow all light to pass through it and as we go deeper & deeper, less & less light penetrates. 
· Different wavelengths of light penetrate to different depths. 
· Red & indigo wavelengths are soon lost. 
· Blue & green wavelengths penetrate deeper than others.
III. Water has a high specific heat capacity. 
· Specific heat capacity is the amount of energy needed to raise the temperature of 1 g of a substance by 1oC. 
· This means that it takes quite a lot of energy to heat water up and loses heat quite slowly. 
· This has the overall effect that water stays more or less the same temperature particularly large masses of water, such as oceans and lakes. 
· This is important as the functioning of enzymes in living cells is affected by temperature. 
IV. Ice is less dense than liquid water. 
· It is unusual for the solid form of a substance to float on the liquid form of the same substance, but ice floats on water. 
· This is because water expands when it freezes. 
· So, in cold weather, water freezes from the top down. 
· The ice on the surface then acts as an insulator and slows down the heat loss from the liquid water underneath. 
· So life can continue in relatively warm water underneath the ice all through the cold weather.
V. Water has a high latent heat of vaporisation. 
· Latent heat of vaporization the energy used in converting a liquid to a gas at the same temperature. 
· It takes a lot of energy to turn liquid water into water vapour (or steam). 
· water doesn’t vaporise too easily and that ponds don’t dry up too quickly in hot weather and the organisms in the pond have a better chance of survival.
·  When we sweat, the energy needed to vaporise the sweat comes from our bodies. This heat is then lost from our bodies and so we cool down. 
· If water vaporised easily, sweating wouldn’t be as effective in controlling our body temperature.
VI. Water has a high surface tension. 
· Surface tension is the tension at the surface of a liquid resulting from unbalanced forces acting on molecules at the surface. 
· High surface tension of water is brought due to strong attractive force b/n water molecules called cohesion.
·  Water has also high adhesion which is clinging of one substance to another.
·  The water molecules in the main body of a mass of water are hydrogen-bonded to other water molecules on all sides. 
· But at the surface, there is no hydrogen bonding above. 
· So the ‘pull’ from the sides is stronger than it would otherwise be and the molecules at the surface are held together more strongly. 
· This is why some animals can ‘walk on water’ and why others can attach themselves to the surface of the water and live just below the surface. 
· Oil in the body of the animals helps to floats o water.
VII. Water is a good solvent for many substances: 
· It is an excellent solvent but universal solvent is inaccurate meaning. 
· Because these substances dissolve in water, they can be transported in a water-based transport medium. 
· This is forced through the system of veins arteries and capillaries by the heart. In plants water carries dissolved minerals upwards from the roots to other parts of the plants in the xylem vessels.
·  Water in the phloem tubes carries dissolved organic substances all over the plant.
VIII. Water has the ideal viscosity for a transport medium. 
· Viscosity is a measure of how fluid a liquid easily it flows. 
· If water were more viscous (less fluid) than it is then the heart would not be able to move (unable to pump the blood) it through the blood vessels. 
· The water inside cells transports substances around the cell; if it were more viscous, it would damage the delicate organelles in the cells. 
· If water were less viscous (more fluid) than it is, it would flow too easily and, inside cells, the organelles would not be supported. 
· In the circulatory system, a less viscous liquid would not move the blood cells around the system as efficiently.
IX. Water as a reactant. 
· Many reactions in living things need water as a raw material such as photosynthesis. 
· Reactions that use water to split large molecules are called hydrolysis reactions. 
· Water molecules are used to split large food molecules into smaller ones that can be absorbed into the bloodstream. 
X. Water as a medium for chemical reactions. 
· The reactions of photosynthesis & respiration take place in the liquid inner regions of chloroplasts & mitochondria respectively. 
· Water can dissolve many substances 
· The reactions take place effectively in solution.
           Exercise of text book (Organic & Inorganic Molecules)
1) Organic molecules always contain:
A. carbon  B. carbon and oxygen  C. carbon and hydrogen D. oxygen and hydrogen
2) Which of the following groups of substances are all inorganic?
A. water, sugar, calcium carbonate                  C. carbon dioxide, amino acid, fatty acid
B. water, calcium carbonate, carbon dioxide   D. sugar, fatty acid, amino acid
3) The six most common elements in living things are:
A. carbon, hydrogen, oxygen, nitrogen, potassium and sulphur
B.  carbon, phosphorus, hydrogen, oxygen, potassium and calcium
C.  carbon, calcium, hydrogen, oxygen, nitrogen and phosphorus
D. carbon, hydrogen, oxygen, nitrogen, phosphorus and sulphur
4) Water molecules can form hydrogen bonds with other water molecules because:
A. water molecule contains hydrogen and oxygen C. part of molecule is slightly positive
B.  part of the molecule is slightly negative                 D. all of the above
5) Water has a high specific heat capacity. This means that it:
A. heats up and cools down slowly   C. heats up quickly but cools down slowly
B.  heats up slowly but cools down quickly   D. heats up and cools down quickly
6) Photosynthesis is impossible at a depth of 1000 m because:
A. it is too hot                                        C. no light penetrates this far
B. only blue light penetrates this far      D. it is too cold
7) Which of the following is not true about the viscosity of water?
A. if it were more viscous the heart would not be able to move blood through  blood vessels
B. if it were less viscous the organelles would not be suspended in the cytoplasm
C.  if it were less viscous the heart would not be able to move blood through blood vessels
D.  if it were more viscous the organelles would be damaged in the cytoplasm
8) The high surface tension of water is due to:
A. unbalanced hydrogen bonding in the body of the water
B. balanced hydrogen bonding in the body of the water
C. balanced hydrogen bonding at the surface of the water
D.  unbalanced hydrogen bonding at the surface of the water
9) One benefit of ice being less dense than water is:
A. water freezes from the top down and water is insulated under the ice
B. water freezes from the top down and the water under the ice is cooled more quickly
C.  water freezes from the bottom up and the remaining water cools more slowly
D. water freezes from the bottom up and the remaining water cools more Quickly
Worksheet
	CHOOSE THE BEST ANSWER   ( INORGANIC SUBSTANCE)


1. Choose the one that represent a chemical formula of an organic substance?
A. C12H22O11   B. Mg (OH)2       C. NH3     D. NaCl
2. Which if the following properties of water important of enzyme in living cell?
A. High surface tension                     C. Low density when frozen
B. High specific heat                          D. High heat of vaporization
3. W/c of the following properties of water makes sweat an effective an effective body cooler?
A. High surface tension                     C. Low density when frozen
B.  High specific heat                          D. High heat of vaporization
4. Which of the following group of substance are all organic?
A. water, sugar and calcium carbonate    C. Water, calcium carbonates and carbon dioxide
B.  Sugar, fatty acid and amino acid        D. Carbon dioxide, fatty acid and amino acid
5. Which properties of water makes organism maintain a constant body temperature?
A. High surface tension                     C. Low density when frozen
B. High specific heat                          D. Solvent property
6. Water have high specific heat capacity .this means that it;
A. Heat up slowly but cools down quickly            C. Heat up but cools down quickly
B. Heat up slowly but cools down slowly             D. Heat up but cools down slowly 
7. Which property of water keeps the bottoms of lakes and the life there being frozen top to down during cold winters in the temperate region?
A. its highest density at 40C                          C. its high boiling point
B.  Its high heat of vaporization                    D. its high surface tension
8. Which of the following is an inorganic molecule?
A. CaCO3                      B. CH4                   C. C6H12O6                  C. C18H36O2
                                 Organic Molecules
Biological organic molecules have four classes;
· carbohydrates
·  lipids
· proteins a
· nucleic acids
Carbohydrates: 
· Contain the elements carbon, hydrogen & oxygen. 
· Carbohydrates range from very small molecules containing only 12 atoms (C3H6O6), to very large molecules containing thousands of atoms. 
· Have ketone & aldehyde functional groups
· contains several hydroxyl groups
· Their chemistry is determined by their hydroxyl groups
Functions of Carbohydrates
1) To release energy in respiration:
· glucose is the main respiratory substrate of most organisms.
· Carbohydrates are the quickest & most readily available form of energy for the body
2)  To store chemical energy: include;
· Starch is the storage form of carbohydrate in plants
· Glycogen is a storage form of carbohydrate in liver, brain &  muscle cells of animals
3) To build structures: include: 
· Cellulose - main constituent of the primary cell wall of the plants
· Chitin - occurs in the cell walls of fungi & exoskeletons of insects  
· Peptidoglycan - occurs in bacterial cell walls
Classifications of carbohydrates
· Three types based on complexity (the number of sugar units).
I. Monosaccharide (simple sugars): are the simplest carbohydrates.
· single sugar unit.
· Cannot be hydrolyzed to simpler chemical compounds.
· General formula of monosaccharides is (CH2O)n, n= 3, 4, 5…
·  colorless, water soluble & crystalline solids
· soluble in water b/c numerous OH groups that readily in hydrogen bonding with water.
· Monosaccharides with 8 or more than 8 carbons are rarely observed and they are quite unstable.
· classified based on carbon number (triose, tetrose, pentose, hexose, heptose…)
A. Triose: 
· Have three carbon atoms – formula C3H6O3. 
· E.g., glycerate phosphate & dihydroxyacetone which are intermediate components in the process of photosynthesis
 B. Pentose: 
· Have five carbon atoms– formula (C5H10O5). 
· E.g., ribose & ribulose. 
 C. Hexose: 
· Have six carbon atoms – formula C6H12O6. 
· E.g., glucose, galactose and fructose which are isomers of each other. 
· Glucose is the most abundant monosaccharide which is produced in photosynthesis & used in cellular respiration.
Isomer:
· is the molecules with the same chemical composition, but d/t arrangement of atoms.
· E.g., There are several different trioses, pentoses & hexoses. Each triose has the same number of each kind of atom (formula C3H6O3).
There are two kind of monosaccharides based on functional groups:
Aldoses: 
· monosaccharides with an aldehyde group with formula (CHO).
· polysaccharides found in living things are polymers of aldose monosaccharides.
·  E.g., glucose, galactose, ribose & glyceraldehyde
Ketoses: 
· monosaccharides with a ketone group with the formula (C=O) 
· E.g., fructose, dihydroxyacetone and ribulose. 
· The carbonyl group is commonly found at C-2. 
Functional groups: 
· is the part of the molecule or compound that determines the chemical properties of that molecule or compounds.
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Fig: Aldose & ketose monosaccharides
· In aqueous solution, the straight chain of monosaccharides often changes into a ‘ring’ structure if they have more than 4 carbons. 
· The straight chain form of glucose form two d/t ring forms (α-glucose & β-glucose). 
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Fig:  Straight chain & ring forms of glucose.
· The straight chain/open chain/acyclic form of fructose produces only one ring/cyclic form. 
                        [image: ]
Fig:  Straight chain & ring forms of fructose (remove “O” from OH at C-5 in ring form)
· The straight chain form of galactose form two ring forms (α- galactose & β- galactose).
              [image: ] 
· The straight chain form of ribose can produce only one ring form.
            [image: ][image: ]
              Pentose: add OH at C-1 above the ring and C-6               
II. Disaccharide (double sugars): 
· Formed when two monosaccharides join together to form strait chain. E.g.,
A. Sucrose:
· derived from α-glucose & fructose by α-1, 2-glycosidic bond.
· can split into glucose & fructose by sucrase or invertase
· Is non-reducing sugar b/c it does not loss H at α in bearing free hydroxyl carbon.
· Source: sugar cane, sugar beet, sorghum
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B. Lactose(milk sugar):
· derived from β-galactose & β-glucose by β-1, 4-glycosidic bond.
· reducing sugar
· split into glucose & galactose by  lactase
· Source: milk
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C. Maltose: 
· derived from two α-glucose molecules by α-1, 4-glycosidic bond.
· formed by hydrolysis of amylose using amylase
· the reducing sugar b/c it contain a free hemiacetal function in their open chain
· split into two glucose molecules by  maltase
· Source: starch
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· As the formula of a hexose is C6H12O6, you might expect the formula of the disaccharides to be C12H24O12. 
· In fact, the formula is C12H22O11 because a molecule of water (H2O) is formed from a hydroxyl group from one monosaccharide & a hydrogen atom from the other. 
· E.g., The 100 monosaccharides are joined to form a polysaccharide to produce 99 water molecules. 
· i.e 100 (C6H12O6) - 99(H2O) = C600H1200O600) – 99 H2O. 
Condensation (dehydration) reaction:
· the process in which two or more monomers combine to form a larger molecule, producing water as a by-product. 
Glycosidic bond:
· is the bond that holds two monosaccharide units together.
·  Maltose is formed b/n carbon atom 1 of one α-glucose & carbon atom 4 of the other α-glucose by α-1, 4-glycosidic bond.
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Fig: Two molecules of α-glucose are joined to form maltose
Hydrolysis: 
· breakdown of large molecules or polymers into smaller components by addition of water. Hydro = water; lysis = splitting.
· involves ‘putting back’ the water that was removed during condensation & splitting into its smaller component.
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                                     Fig:  Hydrolysis of maltose
III. Oligosaccharides:  
· Formed when 3- 10 monosaccharides join together to form strait chain by α-1, 4-glycosidic bond.  E.g, maltotriose w/c consists from 3 glucose units.
IV. Polysaccharides (complex carbohydrates): 
· a stable form of carbohydrate in the body which consists of a number of monosaccharides bonded together. 
· the most abundant groups of all carbohydrate. 
· built as many hundreds of monosaccharides join together by condensation reaction. 
· Are far less soluble in water their monomers b/c the polymer linkage b/n sugars ties up two of sugar's reactive groups w/c prevent those two groups from interactive with water
· Have strong affinity to water molecules due to the presence of multi-OH groups.
· Include starch, glycogen and cellulose.
Macromolecule/polymer:
· a large/big molecule. 
· made from many smaller, usually identical, molecules called monomers. 
· Include proteins, starch, cellulose, glycogen & DNA.
Homo polymer (True polymer): 
· a macromolecule made from the same monomer. E.g., starch 
· Starch & glycogen are polymers of α-glucose,
· cellulose is a polymer of β-glucose
Copolymer (not true polymer):
· a macromolecule made from the different monomer. E.g., protein, lipid
· proteins are polymers of amino acids.
Starch: 
· is not a single compound but a mixture of amylose & amylopectin.
· Hydrolyzed by amylase
· Contain 80-90% amylopectin and 10-20% amylose
· Both amylose & amylopectin are polymers of α-glucose.
A. Amylose: 
· a long unbranched (linear) chain of α-glucose joined by α-1, 4-glycosidic bonds.
· Produce blue black colour with iodine solution
· The colour disappear upon heating the solution and reappears upon cooling
· Iodine gives blue colour or blue-black in starch b/c iodine is embedded in the helix and changes the light-absorbing properties, so that the amylose–iodine complex appears blue. 
· Amylose + Iodine solution           Blue black          heating      colour disappear         
                                                                                      Cooling
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B. Amylopectin:  
· chain of α-glucose with many branches chains occurs after 24 glucose units.
· Can be hydrolyzed by acid
· Has branches of glucose chain linked through 6- OH
· Has a linear ‘backbone’ of α-glucose joined by α-1, 4-glycosidic bonds & side branches occur at α-1, 6-glycosidic bond. 
· Quickly hydrolysed by enzymes acting at the ends of the chains to release glucose for respiration due to the branched nature of amylopectin produces many ‘ends’. 
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                              Fig: The structure of amylopectin
· Amylopectin + Iodine solution            Red violet     heating      colour disappear         
                                                                                   Cooling
· Amylose & amylopectin are compact molecules; so many α-glucose molecules can be stored in a small space, without affecting cell metabolism.
·  Amylose & amylopectin are insoluble with water due to the shortage of hydroxyl group as the starch chain increases, so the molecules cannot move out of cells – they remain in storage organs. 
Glycogen: 
· a storage carbohydrate in animal cells.
· has a similar structure to that of amylopectin but there are more α-1, 6 links, making it much more highly branched
· the branch occurs after 9 glucose chain in glycogen but for amylopectin branch chain occurs after 24 glucose units.
· The glycogen linkage forms α-1, 4- strait chain & α-1, 6 branch. So, it can be hydrolysed more quickly to release glucose for respiration.
·  Thus, animals have a higher metabolic rate than plants & need to release energy more quickly to ‘drive’ their metabolic processes.
· It is soluble b/c it is highly branched that make many OH groups.
· give red brown or red colour with iodine solution
· Is stored in liver, muscle and organisms that have no chlorophyll such as fungi & yeasts
Cellulose: 
· is a polymer of β-glucose joined by β-1, 4- glycosidic bonds.
· is the structural & most abundant carbohydrate in the plant & on the earth.
·  is insoluble in water & can be hydrolyzed by strong acid. 
·  is found in plants & in certain marine animals.
· The glycosidic bond in cellulose is splitted by cellulase enzyme which is present in ruminant animals have symbiotic bacteria that produce digestion enzymes.
· Has unbranched & upside down chain due to  d/t position of H & OH groups on carbon atom 1 compared to α-glucose to form microfibrils w/c helps to make plant cell wall.
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                           Fig: structure of cellulose
· Many cellulose molecules lie side by side & hydrogen-bond to each other.
·  This results in the formation of cellulose microfibrils. 
· Many of these microfibrils bond together form bigger fibres or fibrils, which make up the structure of cell walls.
· It is the fibrous nature of cellulose that gives the cell walls their strength & flexibility. 
                                       Lipids (Fats & Oils)
· Like carbohydrates, nearly all lipids contain only the elements carbon, hydrogen & oxygen but sometimes.
· contain much less oxygen than carbohydrates.
·  are insoluble in water b/c most lipids are non-polar molecule
·  are soluble in non-polar organic solvents like benzene and alcohols. 
· are not true polymers b/c they are made from fatty acids & glycerol (the alcohols).
· Made up of d/t classes of monomers. 
· Some of the lipids found in the myelin sheath that surrounds nerve cells are sphingolipids that contain nitrogen as well as carbon, hydrogen & oxygen.                                             
· Fat is stored in adipose tissue.
· Lipids include triglycerides, phospholipids, waxes, steroids and cholesterol.
I. Triglycerides: 
· formed from glycerol & three fatty acids
· Glycerol is a three carbon alcohols that contains three-OH groups. 
· Is a polyhydroxy alcohol b/c it contains more than one hydroxyl (–OH) group.
·  Ethanol (C2H5OH), the alcohol in beer and wine, is a monohydroxy alcohol & contains only one hydroxyl group.
                             [image: ]  Fig: The structure of glycerol
· Fatty acid is a long and straight chain of carbon atoms with carboxyl group (-COOH) at one end. 
· It consists of a covalently bonded hydrocarbon chain and a carboxyl group, which has acidic properties. 
· Are the most common groups of that occur in nature.
· Carboxyl group: 
· acid radical -COOH. 
· It releases H+ into aqueous solution to make the solution acidic. 
· The hydrocarbon chain is non-polar (this means that it has no charge). 
· The carboxyl group (the functional group of the fatty acid) is ionic and dissociates in solution to form COO– and H+ (hydrogen ion). 
· The hydrogen ions released make the solution acidic.
· When triglyceride molecules are formed, condensation reactions take place to join three fatty acids & a glycerol molecule by ester bonds.
·  Ester bonds: 
· the bond that forms b/n a carboxyl group & a hydroxyl group. 
· These ester bonds of lipids can be broken by hydrolysis to give glycerol & fatty acids once again by using acid or base (H+-OH-) Or biological catalysts.
[image: ]
                     Fig: The formation of a triglyceride
                            Function of Triglycerides
1) Respiratory substrate – yields many ATP (twice as much energy) as a glucose
2) Thermal insulation:
· cells of adipose tissue under the skin contain many triglycerides. 
· Lipids are good insulators b/c they have thick fat layers that trap air inside.
3) Buoyancy – lipids are less dense than water (oil floats on water).
4) Waterproofing (water resistant): 
· the oils secreted by some animals onto their skin are triglycerides.
·  Lipids are waterproofing b/c the lipid tail of is hydrophobic as the water is polar.
II. Phospholipids:
· formed from glycerol, two fatty acids & a phosphate group 
· the phosphate group is ionic & the hydrocarbon chains of the two fatty acids are covalently bonded. 
· are one of the basic components of all cell membranes.
· Are the most abundant types of lipid in cell membrane
· Helps to biological membrane in fluid state
A phospholipid has two distinct regions: 
A. Hydrophilic (water-loving) region/polar head: 
· consisting of the phosphate ‘head’. It is the negatively charged phosphate.
B. Hydrophobic (water-hating)/non-polar head: 
· consisting of the hydrocarbon ‘tails. It contain the fatty acid chains
                   [image: ]
Fig: The structure of a phospholipid
· In water, phospholipids become organised into a bilayer (two layers sandwiched together). 
· In this configuration, the hydrophilic heads face outwards into the water & the hydrophobic tails face inwards, away from the water. 
· Phospholipid bilayers are the basis of plasma membranes. 
· The phosphate head is shown as a ball and the fatty acids as two tails. 
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Fig: structure of a phospholipid bilayer
III. Waxes: 
· formed from fatty acids & long-chain alcohols linked by ester bond
· Prevents the plant from losing excessive amounts of water 
· Insoluble in water that they make excellent water repellents. E.g., in coating birds’ feathers and the epidermis of the leaves of plant (the waxy cuticle). 
IV. Steroids and cholesterol: 
· is a part of membrane
· Used to produce sex hormones
· Used for development
· Used to ion balance
Types of fatty acids
· Fatty acids are classified according to;
· the presence & number of double bonds in their carbon chain
I. Saturated fatty acid:  
· contain single bonds b/n C–C in hydrocarbon chains
· Are solids at room temperature  
· Predominantly found in animal. E.g., butter and animal fats
· Does not contain double bonds
· More energetic
· Contain more hydrogen
II. Unsaturated fatty acids: 
· contain one or more double or triple bonds.
· Are liquid at room temperature. E.g., oil w/c is predominantly found in plants
· Oils are liquids at room temperature b/c they are made up of unsaturated hydrocarbon.
· less energetic
· contain less hydrogen
· Unsaturated fatty acids have lower melting points than saturated fatty acids of the same length b/c the triglycerides separate at the point of double or triple bond.
Monounsaturated fatty acid: contain one double bond in carbon–carbon chain
Polyunsaturated fatty acid: contain more than one double bond in carbon–carbon bond
· Cooking oils w/c contain a high proportion of polyunsaturated fatty acids help to prevent cholesterol being laid down in the linings of arteries (atherosclerosis) & to prevent heart disease.
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                                 Fig: Structure of fatty acids
                                                                     Proteins
· Contain the elements carbon, hydrogen, oxygen and nitrogen, & often sulphur & phosphorous. 
· Enzymes & RNA have catalytic activity. 
· Are polymers of amino acids. 
· Amino acids:
· are the building blocks of proteins 
· have amino & carboxyl functional groups w/c allows them to behave both as a base & as an acid respectively.
· are built around a carbon atom (α-carbon) to which is attached;
· a hydrogen atom                                     
·  an amino group (–NH2)
·  a carboxyl group (–COOH)
· an ‘R’ group- represents a single hydrogen atom & a hydrocarbon chain structure that make differ one amino acids from another.   
                               [image: ]
                              Fig: general structure of an amino acid
· Two amino acids can be joined together by condensation to form a dipeptide. 
· H & OH are lost to create a molecule of water.
·  H -  is lost from the amino group on one amino acid 
· OH - lost from carboxyl group on the other amino acid.  
· Peptide bond:
· is the bond that links two amino acids. 
· 10 amino acids can be joined to form 9 peptide bonds. 
· A dipeptide can be enlarged into a polypeptide by condensation with more amino acid. 
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Functions of Proteins
1) Structure of plasma membranes 
· proteins forms ion channels, transport proteins & surface receptors for hormones & neurotransmitters.
2) Immune system/fight disease – antigen & antibody are Proteins 
3) Control of metabolism by enzymes – all enzymes is proteins
4) Structure of chromosomes: DNA is wound around by histone to form a chromosome.
5) repair damaged tissue, growth and development
6) build body's muscle
7) make hemoglobin, hair
8) supply energy
                Levels of organization in structure of a protein
I. Primary structure:
· Linear sequence of amino acids joined by peptide bonds to form a polypeptide chain.
· The primary structure of each protein is coded by DNA which determines the type & position of each amino acid in the polypeptide chain.  E.g., insulin hormone
II. Secondary structure: 
· Formed when a polypeptide chain coils or folds itself into another structure α-helix &   β-pleated sheet respectively. 
· In an α-helix, the carbonyl(C=O) of one amino acid is hydrogen bonded to the amino H (N-H)of an amino acid that is four down the chain 
· the carbonyl of amino acid 1 would form a hydrogen bond to the N-H of amino acid 5 to form helical structure). 
·  In a β-pleated sheet, two or more segments of a polypeptide chain line up next to each other, forming a sheet-like structure held together by hydrogen bonds form b/n carbonyl  & amino groups of back bone while the R groups extend above & below the plane of the sheet. 
· The strands of a β-pleated sheet may be parallel (meaning their N-and C-terminal match up in the same direction) or antiparallel (meaning the N-terminus of one strand is positioned next to the C-terminus of the other in opposite direction). 
· The structures are held in place by hydrogen bonds that form b/n peptide bonds in adjacent parts of the amino acid chain (hydrogen bond b/n carbonyl O of one amino acid and the amino H of another). 
· E.g., hair, feather, horn, nail, keratin, beaks, etc
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III. Tertiary structure: 
· is the overall three-dimensional structure of a polypeptide primarily due to interactions b/n the R groups of the amino acids, hydrophobic interaction & disulfide bonds that make up the protein. E.g., Enzymes & antibody
· The R group interactions that contribute to tertiary structure include hydrogen bonding, ionic bonding, dipole-dipole interaction & London dispersion force. 
· In hydrophobic interaction, in w/c amino acids with non-polar hydrophobic R groups cluster together on the inside of the protein, leaving hydrophilic amino acids on the outside to interact with surrounding water. 
· Tertiary structure is folding of the secondary structure of a polypeptide by the formation of new bonds to hold it in place. Include:
· more hydrogen bonds: b/n the R-groups of some amino acids
· disulphide bridges/bond: b/n amino acids that contain sulphur with cysteine
· ionic bonds: b/n amino acids with positively charged & negatively charged R-groups
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Fig: levels of structure of a protein
· The 3o structure loses when an enzyme is denatured by extreme temperature & PH.
· Each protein has a unique 3o structure & so has a unique configuration (shape) b/c:
· primary structure of each protein is coded for by DNA, which determines the type and position of each amino acid in the polypeptide chain
· The 3o structure of a protein (3- D shape) gives each protein a specific function. Eg:
· the shape of the active site of an enzyme bind with only one substrate
·  the shape of a hormone receptor in the plasma membrane of some cells allows the hormone to bind with this receptor and to target only cells that have this receptor
· the shape of an antibody can bind with & destroy just one antigen
IV. Quaternary structure: 
· is the association of several protein chains or subunits into closely packed arrangement each of subunits has its own primary, secondary & tertiary structures. 
· The subunits are held together by hydrogen bonds & van der Waals force b/n nonpolar side chains 
· E.g.1, Haemoglobin:
· globular protein responsible for oxygen-carrying molecule found in RBC.
· consists of 574 amino acids arranged in four polypeptide chains (two identical alpha & two identical beta chains) 
· E.g.2, collagen:
· fibrous protein found in many tissues in mammals. 
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      Fig: A, The four polypeptides in haemoglobin; B, The three polypeptides in collagen
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Proteins are classified into two according to their molecular shapes:
Fibrous proteins: have a long string or fibre in shape.
· Are elongated and insoluble. Eg. Collagen & keratin
Globular proteins: have a globule or ball or spherical shape. 
· Are compact, soluble and spherical in shape. E.g. Enzymes & receptor proteins
	         Nucleic acids
· are made from nucleotides (they are polymer of nucleotides)
· Used to store genetic information.
I. Deoxyribonucleic Acid (DNA): 
· found in chromosomes or nucleus.
· Has deoxyribose sugar. The missing oxygen in deoxyribose is always on the 2' carbon b/c enzymes are specific to this site 
· Is very stable due to hydrogen bond & Phosphodiaster bond to form double helix. 
· Hydrogen bonds connect the two strands of helix b/n the complementary base pairs.
· There are 3 H bonds b/n guanine & cytosine & 2 H bonds b/n adenine & thymine. 
· Phosphodiaster bonds in sugar-phosphate backbone make DNA very stable. 
· Phosphodiaster bond exists b/n nucleotides. 
· In DNA & RNA, the Phosphodiaster bond is the linkage b/n 3' carbon atom of one sugar & 5' carbon atom of another, deoxyribose in DNA and ribose in RNA
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· It makes its own copy during the cell division.
· Each gene is a short section of DNA that codes for a specific protein. 
·  is the genetic material for prokaryotes & eukaryotes (store hereditary information)
· DNA is made up of two strands of nucleotides wound into a double helix. 
· The discovery of DNA helps to criminal investigation and determination of paternity cases on courts. 
II. Ribonucleic Acid (RNA): 
· found both in nucleus & cytoplasm of the cell.
· Has ribose sugar b/c it is normal pentose sugar
· Is less stable than DNA b/c it is more susceptible to hydrolysis
· Made from a single strand of nucleotides
· It does not copy itself while it is formed on DNA molecule. 
· Synthesis of RNA is usually catalyzed by RNA polymerase using DNA as a template called transcription.
· RNA is made up of one strand of nucleotides. 
· It is a genetic material for virus. 
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Type of RNA;
· Messenger RNA (mRNA): carries the information for protein
· Transfer RNA (tRNA): collects amino acids in forming protein
· Ribosomal RNA (rRNA): involved in protein synthesis in the ribosomes
[image: ]       
                                                    Fig: structures of both DNA and RNA.
All nucleotides have three components:
· a phosphate group
· a pentose sugar (deoxyribose in DNA nucleotides & ribose in RNA nucleotides)
· One of four nitrogenous bases – Adenine, Cytosine, Guanine & either Thymine (DNA) or Uracil (RNA). 
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· The nitrogenous bases which are double ringed are called purines (A & G).
· The nitrogenous bases w/c are single ringed are called pyrimidines (C, T & U). 
· Purines pairs with pyrimidines
                                    Food test
                    Benedict’s test for reducing sugars
Reducing sugar: 
· is called reducing sugars b/c they will act as reducing agents in an alkaline solution. 
· Reduce copper (II) ions (blue) to copper (I) ions (red/yellow/orange colour) oxide precipitate. 
· acting as a reducing agent b/c it has a free aldehyde group or a free ketone group. 
· All monosaccharides are reducing sugar & most disaccharides include glucose, fructose, galactose, maltose, lactose.
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Benedict’s test for non- Reducing sugars
Non- Reducing sugars: 
· Does not have a free aldehyde or ketone group, so it cannot act as a reducing sugar.
· They cannot reduce copper (I) (blue) to copper (II) (red).
· E.g., sucrose, cellulose and hydrolyzed starch.
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Anomeric carbon: 
· a carbon derived from the carbonyl group (ketone & aldehyde functional groups). 
                                                    Food test
	Food
	Reagent used
	Positive result

	· Starch
	· Iodine solution
	Blue black color

	· Reduced sugar. E.g.  glucose
	· Benedicts solution
	Orange, red precipitates

	· Non-reducing sugar
	· Benedicts solution
	 Remains blue (no red ppt)

	Proteins: Biuret test
	Biuret reagent
	mauve/Purple color

	Lipids: Filter paper or oil spot test
· Emulsion test
	· Piece of paper
· Ethanol solution
	Translucent spot
Milky white suspension



                  Review questions (Organic Molecules)
1) Hexoses are:
A. disaccharides with molecules that contain six carbon atoms
B.  monosaccharides with molecules that contain six oxygen atoms
C. monosaccharides with molecules that contain six carbon atoms
D.  disaccharides with molecules that contain six oxygen atoms
2) The main advantage of the high level of branching in a molecule of amylopectin is that:
A. the many ‘ends’ allow rapid hydrolysis  C. there are no osmotic effects
B. much can be stored in a small space      D. it is insoluble
3) The secondary structure of a protein can be:
A. a globular or a fibrous structure    C. a dipeptide
B. a specific sequence of amino acids   D. an α-helix or a β-pleated sheet
4) Condensation involves:
A. the creation of new bonds with the addition of a molecule of water
B. the creation of new bonds with the loss of a molecule of water
C. the breaking of existing bonds with the addition of a molecule of water
D. the breaking of existing bonds with the loss of a molecule of water
5)  A food gives a positive result when tested with the Biuret test, and an initial negative result when tested with Bendict’s solution. Following acid hydrolysis and neutralisation, the food gave a negative test with Benedict’s solution. The food contains:
A. protein and a non-reducing sugar C. protein, a reducing sugar and a non-reducing sugar
B. protein and a reducing sugar          D. protein only
6) In a saturated fatty acid:
A. there are only single bonds between carbon atoms
B.  there is one double bond between carbon atoms
C.  there is one triple bond between carbon atoms
D.  there is more than one double bond between carbon atoms
7) Phospholipids form bilayers in water because:
A. the hydrophilic head is repelled by the water and the hydrophobic tail is attracted by it
B. the hydrophilic head is attracted by the water and the hydrophobic tail is repelled by it
C.  both the hydrophilic head and the hydrophobic tail are attracted by the water
D. both the hydrophilic head and the hydrophobic tail are repelled by the water
8)  When heated with Benedict’s solution, sucrose does not cause a colour change because it is:
A. a reducing sugar B. a disaccharide  C. a non-reducing sugar  D. a compound sugar
9) A triglyceride molecule is an ester of:
A. three fatty acids and ethanol  C. two fatty acids and ethanol
B. two fatty acids and glycerol    D. three fatty acids and glycerol
10) DNA is made from:
A. a single polynucleotide chain    C. two chains of amino acids
B.  a single chain of amino acids    D. two polynucleotide chains
11) The functional group of a fatty acid is:
A. a ketone group  B. an aldehyde group  C. a carboxyl group D. an amino group
12) DNA differs from RNA in that it (DNA) is:
A. larger and double stranded    C. smaller and single stranded
B. smaller and double stranded   D. larger and single stranded
13) Maltose is a:
A. reducing monosaccharide sugar   C. non-reducing disaccharide sugar
B. reducing disaccharide sugar         D. non-reducing monosaccharide sugar
14) The cellulose molecule is ideal for making cell walls because:
A. it is an unbranched molecule
B.  molecules can hydrogen-bond with other cellulose molecules
C.  the molecules are relatively unreactive
D. all of the above
Work sheet
Give the best answer from the given alternatives (Carbohydrates G 11th)
1) Which one of the following molecule is not a polymer?
A. Protein    B. Lipid     C. RNA     D. Starch
2) The main components of plant cell wall?
A. Starch   B. Cellulose   C. Protein   D. Chitin
3) How many carbon atoms are there in one disaccharide molecules?
A. 6     B. 12        C.  18        D.  24
4) What can one conclude about the content of food staff if the mixture of Benedict’s solution and a food staff remain blue?
A. It lack reducing sugar   B. It lack starch   C. It contains fat   D. It contain protein
5) In which of the following compound are both members of the pair are polymers of carbohydrates that are naturally occurring in plant?
A. Starch and chitin                   C. Glycogen and cellulose 
B. Starch and cellulose              D. Glycogen and chitin
6) How many carbon and oxygen atoms are there in a molecule of maltose respectively?
A. 6 ad 6   B. 12 and 11 C. 11 and 12 D 24 and 12
7) Which of the following is a distinguishing feature of amino acid that is not found in carbohydrates?
A. Carbon    B. Oxygen     C. Hydrogen   D. Nitrogen
8) Which of the following in living things not an organic molecule?
A. Sugar  B. Nucleotides C. Amino acids  D. water
9) Which of the ff carbohydrates has structural functions?
A. Cellulose B. glycogen  C. Starch  D. Sucrose
10) Both plant and animal keep in their bodies the stored form of carbohydrates. What are these stored form called respectively?
A. starch and glycogen                  C. Starch and cellulose
B. B. glycogen and starch              D. glucose and starch
11) Which molecules carry the instruction for protein synthesis?
A. Carbohydrates and lipids B. amino acids C. DNA and RNA D. enzymes
12) If certain food staff gave a positive result with Benedict’s test was hydrolysed with HCl, which of the ff substance could it be?
A. Non-reducing sugar   B. Nucleic acid  C. Lipid   D. Protein
13) Which of the ff sugar found in milk?
A. Glucose  B. Lactose   C. Maltose   D. sucrose
14) Which of the ff is disaccharide found in cells and consisting of the same sub units?
A. Sucrose B. Galactose C. Glucose D. Maltose
15) Which of the ff is formed by condensation of monosaccharides or hydrolysis of polysaccharides?
A. Glucose   B. starch   C. Glycogen   D. Disaccharides
16) Which of the ff are the most abundant polysaccharides found in plants?
A. Glycogen   B. Sucrose   C. Cellulose   D. Starch
17) In the process of hydrolysis of maltose, w/c one of the ff happens?
A. Water is released as by product     C. Carbon dioxide is released 
B.  Water is used up                             D. Two oxygen molecules is released
18) Component of starch having a linear back bone and side branch is:
A. Amylopectin B. Glycogen C. amylose D. Glucose
19) Which one of the ff linkage makes glycogen and amylopectin?
A. α-1, 6- in straight chain and α-1, 4- for branched part
B.  β-1, 4- in straight chain and β -1, 6- for branched part
C.  α-1, 4- in straight chain and α-1, 6- for branched part
D.  β-1, 4- in straight chain and β -1, 4- for branched part
20) In the formation of macromolecules, what type of rxn would join two sub units together?
A. Hydrolysis reaction B. Dehydration reaction C. Denaturation D. Hydrophobic reaction
21) What bond links glucose and fructose in making sucrose?
A. α-1, 4 glycosidic bond   C. α-1, 2 glycosidic bond  
B. β-1, 4 glycosidic bond    D. β-1, 2 glycosidic bond  
22) What is the bond which links straight and unbranched chains of cellulose?
A. α-1, 4 glycosidic bond    C. Hydrogen bond 
B.  β-1, 4 glycosidic bond   D. α-1, 6 glycosidic bond  
23) If one mixture a sample of a fruit juice and some drop of Benedict’s solution and obtain a break-red precipitate upon warming the mixture, what does the juice contain?
A. Starch   B. Reducing Sugar C. Sucrose D. Protein
Give the best answer from the given alternatives (Proteins, Lipids & Nucleic acids)
24) A grade 11 student conducted an experiment in biology laboratory. First she put a sample of glucose powder and water into a test tube. Then, she added a few drops of Benedict`s solution into the test tube and placed it in boiling water. What was the most probable colour she observed within the test tube?
B. Pink    B. Red  C. Purple  D. Blue
25) A student conducted an experiment on an unknown food item. She put a drop of specimen from unknown food item on a clean sheet of filter paper using a dropper . Then, she left the paper for few minutes .She found a spot where the sample was placed while holding the paper against light coming in through the window. What was the unknown food item?
C. Lipid   B. Vitamin   C. Protein   D. Carbohydrate
26) Assume that you have four test tubes A, B, C and D which contain equal amount of unknown food solutions. You add equal amount of ethanol and shook the tubes. Then you poured the contents into other test tubes, a white cloudy layer formed only in test tube  “C” . What will be the food solution in test tube “C”?
D. Protein      B. Vitamin C     C. Starch  D. Lipid
27) Which of the ff is largely made up of phospholipid?
A. Cell wall    B. Cell membrane      C. Nucleus    D. Chromosome
28) Structurally lipids are very diverse group but they all placed in one group b/c of what property?
A. They are composed of glycerol and fatty acids  C. Insoluble in polar solvent
B. They are important as energy storage        D. They contain four interlocking ring
29) At which level of structural organization do proteins have three dimensional shapes?
A. secondary structure B. Primary structure C. Tertiary structure D. Quaternary structure
30) In the process of protein hydrolysis which one of the ff happens?
A. Oxygen is used up                     C. water is release as a by product
B. Carbon dioxide is used up        D. Protein is broken down into amino acids
31) Which one of molecules used in making of immune systems and structure of chromosomes?
A. Protein    B. Water    C. Lipids    D. Carbohydrates
32) To which level of protein structural organization a globular shape of protein include?
A. secondary structure B. Primary structure C. Tertiary structure D. Quaternary structure
33) Which alternative incorrectly matches the polymer with the monomer?
A. Protein-amino acids           C. Polysaccharides – glucose 
B. Lipids- fatty acids              D. Nucleic acids -Nucleotides
34) What makes DNA more stable than RNA in living cells?
A. The presence of thymine                              C. Have a double helix
B. Additional hydrogen and carbon bond       D. The presence of hydrogen bond
35) RNA differ from DNA in that RNA is
A. larger and double strand     C. Smaller and double strand
B. Smaller and single strand     D. Larger and single strand
36) Which of the ff includes all others?
A. Uracil   B. Phosphate group   C. Ribose D. Nucleotides
37) Which element is found in nucleic acids?
A. Calcium    B.  Iron      C. Magnesium   D. Phosphorus
38) Which of the ff classes of organic molecules is the least important source of energy for cellular respiration?
A. Nucleic acid      B. Lipids    C. carbohydrates   D. Proteins
39) Which of the ff contain phosphate group in its molecule?
A. Protein    B. Cellulose    C. Nucleotides   D. Simple sugar
40) Which molecule in a cell is the constituent of gene?
A. Nucleic acid     B. Protein       C. Lipids    D. Carbohydrates
41) What is the base in RNA in place of thymine of DNA?
A. Cytosine     B. Guanine     C. Thymine    D. Uracil
42) The repeating unit of both DNA and RNA is:
A. Amino acid  B. Hydrogen bond   C. Nucleic acid  D. Nucleotides
43) The sugar in the back bone of RNA is 
A. Deoxyribose   B. Ribose    C. Ribulose   D. Glucose
44) Which of the ff option are pyrimidine bases?
A. Uracil and thymine                  C. Thymine and cytosine  
B. Adenine and guanine               D. adenine and cytosine
45) In which of their constituent do the nucleotides of RNA differ from DNA?
A. In purine bases     B. In pyrimidine     C. In phosphate group    D. In all of the above
46) In which of its contents RNA differs from DNA?
A. Deoxyribose and guanine        C.  Ribose and uracil  
B.  Ribose and thymine                D. Phosphate and adenine
47) The group of compound to which DNA and RNA belongs
A. Lipids     B. Proteins     C. Nucleic acids    D. Carbohydrates
48) Which of the ff found in RNA but not in DNA?
A. Adenine     B. Cytosine      C. Thymine   D. Uracil
49) Which of the ff combination would be found in nucleotides?
A. Bases, acid and salt                 C. Adenine, thymine, and 
B.  DNA, RNA and Protein        D. Base, sugar and phosphate
50) In DNA molecule the base one DNA strand are held together to the bases on other strand by:
A. disulfide bond   B. ionic bond    C. hydrogen bond   D. phosphate group
51) Which part of the structure gives acidic properties to amino acids?
A. Amino group     B. Side chain      C.  Carboxyl group D. Carbonyl group
52) What is the general type of biochemical reaction joins two of the amino acids units?
A. Hydrolysis      B. Dehydration     C. Hydrogenation    D. Dehydrogenation
53) Lipids differ from carbohydrates in that they
A. Have high proportion oxygen     C. Have low proportion oxygen
B.  Have high water solubility         D. Have high solubility in organic solvent
54) The type of bond formed b/n glycerol and fatty acid during the synthesis of lipids
A. Glycosidic bond      B. Peptide bond      C. Easter bond     D. ionic bond
55) The type of bond formed b/n nucleotides in making nucleic acids
A. disulfide bond B. ionic bond C. Hydrogen bond D. Phosphodiaster bond
56) Which of the ff protein have quaternary structure?
A. Insulin     B. Haemoglobin      C. Antibody     D. Keratin
57) Saturated fatty acid possess hydrocarbon tail containing
A. No double bond                                     C. Have one or more double bond 
B. Proportionally very little hydrogen    D. Carboxyl functional groups
58) Choose the classes of organic compounds in w/c steroids are classified 
A. Protein    B. Nucleic acids      C. Lipids    D. Carbohydrates
59) Which level of protein structural organization is represented by its amino acid sequence?
A. secondary structure B. Primary structure C. Tertiary structure D. Quaternary structure
60) The nucleic acid which copies the genetic code and act as a messenger as 
A. RNA    B. Protein    C. DNA   D. Lipids
61) If the carboxyl functional group is found at the end of carbon skeleton of an organic compound, than the compound is called
A. Protein    B. Nucleic acid    C. Lipids    D. Carbohydrates
62) One of the ff is correct about unsaturated fatty acids
A. More common in animal lipids            C. Solid at room temperature 
B.  Proportionally very little hydrogen     D. Joined by a single covalent bond
63) Which of pairs of nucleotides belong to the class purine?
A. Cytosine and thymine                 C. Adenine and uracil  
B.  Adenine and guanine               D. Guanine and cytosine
64) What makes saturated fatty acids differ from unsaturated fatty acids
a) the presence of long chain of carbon
b) The presence of one or more double bond
c)  the presence of large number of hydrogen atom
d)  the occurrence as liquid at room temperature
65) How many molecules of glycerol and fatty acids, respectively, are needed to form 100 molecules of triglyceride fat?
A. 100 and 300  B. 100 and 100  C. 50 and 50  D. 150 and 400
UNIT 3: Enzymes



Enzymes:
· All enzymes are globular proteins. 
· Globular proteins have a unique tertiary structure; w/c gives them a unique shape.
·   Have active sites on a region where they bind with substrates. 
· Can only bind with one substrate b/c of the shape of its active sites. 
·  Are produced in ribosomes. 
· Active site is the part of an enzyme that binds with its substrate. 
· Substrate is a substance upon which an enzyme acts in a biochemical reaction. 
The active site of an enzyme is shaped to allow:
· Binding with a particular substrate only
· Binding requires less energy that a reaction requires. 
E.g. enzyme sucrase catalysing the hydrolysis of sucrose into glucose & fructose. 
· The substrate for the enzyme is sucrose. 
· This binds with the active site to form an enzyme–substrate complex. 
· Enzyme–substrate complex is the intermediate formed, temporarily, when an enzyme binds to its substrate.
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                        Fig: The hydrolysis of sucrose by sucrase
Properties of enzymes: 
1) All enzymes are proteins.
2) They are biological catalysts; 
· they speed up a reaction without being used up 
· Thus, they can be used over and over again.
3) They lower the activation energy
4) They require coenzymes to work efficiently
5) They have short lived life span & replaceable but chemistry lab catalysts are limitless.
6) A small amount of enzyme can change in a large amount of its substrate.
7)  They do not change the nature of the end products of the rxn and energy that takes place during the reaction
8) Enzymes are affected by pH, concentration of substrate, inhibitors & temperature. 
9) They are specific: 
· a single enzyme catalyses only one reaction due to their specific nature & there are thousands of enzymes in a cell.
·  Why are enzymes specific? Because of conformation (shape) of the active site, only a certain substrate can bind with it. 
                              [image: ]
     Fig: Enzyme can only bind with one substrate b/c of the shape of its active site
Catalyst: 
· a substance that speeds up a chemical rxn & remains unchanged at the end of the rxn. 
· does not used to change the nature of the end products of the rxn, energy that takes place during the reaction and catalyst itself
· Enzymes allow biochemical reactions inside cells to take place quickly at a temperature that will not damage the structure of the cell. 
· Certain enzymes break a substrate down into two or more products called catabolic reactions. 
· Some enzymes bond two or more substrates together to assemble one product called anabolic reactions.
· Not all biological catalysts are proteins. 
· Recently, some RNA molecules can catalyse some biological reactions.
· Ribozymes (ribonucleic acid enzymes) are RNA that has the ability to catalyze specific biochemical reaction, including RNA splicing (join together) in gene expression similar to the action of protein enzyme. 
· Within the ribosome, ribozyme function as part of the large subunits ribosomal RNA (rRNA) to link amino acids during protein synthesis.
                       Nomenclature (naming) of common enzyme
Different enzymes are named in different ways. 
1) By adding the suffix ‘ase’ to the substrate. E.g.,
· sucrase (sucrose hydrolysing enzyme - digestive enzyme), 
· Lipase (lipid hydrolyzing enzyme), DNA polymerase & cellulase.
2) Based on the reaction they catalyse. E.g.,
· DNA polymerase (aids in polymerisation – joining of nucleotides to form DNA)
· Succinate dehydrogenase (removal of hydrogen atoms or ions from suucinate during respiration) and ATPase-hydrolysis of ATP
3)  Based on the source w/c they were first identified. E.g.,
· Papayin from papaya. 
4) According to where they act. E.g.,
· Intestinal protease acts on proteins in the intestine.
5) By ending with ‘in’, to indicate proteins. E.g.,
· protease enzymes such as pepsin (gastric protease), rennin,  erepsin & trypsin
                                Classification of common enzyme
A. Enzymes can be classified into two based on their function.
Extracellular enzymes: 
· are enzymes that function/work outside the cell. E.g., 
· digestive enzymes in alimentary canal
Intracellular enzymes: 
· are enzymes that function inside the cell. E.g.,
· respiratory enzymes found in mitochondria and enzymes produced in lysosomes used for intracellular digestion.
B. Enzyme commission: 
· is the body set up to produce a systematic way of naming enzymes
· Enzyme commission number is the numerical classification scheme for enzymes based on the chemical reaction they catalyze. 
· There are six classes of enzymes based on the reactions (international biochemistry association) that they catalyse. (i.e Over The HILL)
	Class
	Reaction catalysed
	Examples

	1.Oxidoreductases

	Transfer of hydrogen and oxygen atoms or
electrons from one substrate to another
· AH + B        A + BH  (REDUCED)
· Or A +O      AO (OXIDIZED)
· Alcohol + NAD     Acetaldehyde +NADH
	· Dehydrogenases
· Oxidases

	2. Transferases
	Transfer of a specific group (a phosphate or
methyl, etc.) from one substrate to another
· AB + C           A + BC
	· Transaminas
· Kinases

	3. Hydrolases
	Hydrolysis of a substrate (catabolic rxn)
· AB + H2O       AOH + BH
· Sucrose +H2O        G + F
	· Esterases
· Digestive enzymes such as
· Lipase, protease

	4. Lyases
	Nonhydrolytic removal of a group or addition of a group to a substrate
· RCOOH       RCOH + CO2
	· Decarboxylases
· Aldolases

	5. Isomerases
	Change of molecular form of the substrate
· ABC        BCA
· Glucose-6-p     fructose-6-p
	· Phosphohexoisomerase
· Fumerase

	6. Ligases
(Synthetases)
	Joining of two molecules by the formation of
new bonds
· X +Y +ATP          XY + ADP +Pi
· Glucose+ATP Hexokinase Glucose-6-p +ADP
	· Citric acid synthetase
· DNA ligase
· DNA polymerase



· Code of enzyme commission: EC class.sbclass.sub-sub class.serial number. E.g;
· tripeptide amino peptidase have the code EC.3.4.11.1
· EC- stands for Enzyme Commission
· 3 – class (hydrolase) – all the enzymes in class 3 hydrolyse some kind of bond.
· 4 – subclass (peptidase) –subclass 4 of class 3 are peptidases & hydrolyse peptide bonds.
· 11 - sub-subclass (amino-peptidase) –sub-subclass 11 of subclass 4 are amino-peptidases; they hydrolyse peptide bonds at the amino end of polypeptide chain.
· 1 - serial number(leucyl-amino-peptidase) – this particular amino-peptidase is number 1 of this sub-subclass.
                          Exercise of text book (Enzymes)
1) All enzymes are:
A. globular proteins that digest large molecules C. fibrous proteins that catalyse reactions
B.  globular proteins that catalyse reactions   D. fibrous proteins that digest large molecules
2) Enzymes are specific because:
A. they are globular proteins C. their tertiary structure gives them a uniquely shaped active site
B.  they are affected by temperature and pH  D. they may have cofactors
3) The shape of an enzyme’s active site and its substrate are:
A. complementary  B. the same  C. similar  D. related
4) Catalysts:
A. speed up a reaction and are used up in the process
B. slow down a reaction and are used up in the process
C. slow down a reaction and are not used up in the process
D.  speed up a reaction and are not used up in the process
5) The name of an enzyme often ends in:
A. –ase   B. –ese  C. –ise   D. -ose
6) Some enzymes’ names are derived from their substrate. An example of this is:
A. pepsin  B. papayin  C. nuclease  D. amylase
7) How many classes of enzymes are there in the Enzyme Commission classification?
A. 3          B. 4              C. 5           D. 6
8) Which of the following is NOT a reason why enzymes are often used in industrial processes?
A. they allow reactions to be carried out at lower temperatures
B.  they reduce heating costs
C. more energy is used and so more carbon dioxide is produced during the process
D. less energy is used and so less carbon dioxide is produced during the processes
9) An environmental benefit of using enzymes in industrial processes is that it can:
A. reduce use of paper in packaging the product       C. increase purity of the product
B.  reduce carbon dioxide emissions                          D. reduce the costs involved
10) One advantage of the Enzyme Commission systematic naming of enzymes is:
A. all enzymes are ‘named’ in the same way
B. biologists from all countries can understand the ‘name’ equally
C.  no local knowledge is necessary to understand the name
D.  all of the above
                                           Importance of enzymes
· Enzymes in yeast (pyruvate decarboxylase and alcoholic dehydrogenase) used to make bread and beer (These are the first uses of ‘enzyme technology). 
· Yeast is a unicellular fungus that ferments carbohydrates to produce CO2 & alcohol. 
· When dough is baked to produce the bread, tiny amount of alcohol formed is lost and the carbon dioxide bubbles of gas expands to make dough ‘rise’ to form a loaf of bread. 
· Using enzymes in industry allows the reactions involved in lower temperatures. This means less energy (and therefore less money) is spent on heating the reactants.
· Because less heating is required, less CO2 is produced & can benefit for the environment from CO2 accumulation in the atmosphere that leads to global warming.
Table 3.3 Some industrial uses of enzyme technology.
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How do enzymes act as catalysts?
· Enzymes speed up chemical reactions by lowering the activation energy (Ea) required for the reaction. 
· Activation energy is the energy required to start off a chemical reaction.
· Enzymes reduce/lower the activation energy by: 
· Bringing substrates together in correct orientation to react.
· Providing d/t chemical pathway
· forming an enzyme substrate complex
· creating pressure and weakening the substrate bonds
· reducing the reaction entropy
· Pressing against the reaction to destabilize the electronic configuration. 
· Holding the substrates in such a way as to distort the substrate bonds closer to their form in the transition state(the highest potential energy along reaction coordinate)
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                                                            Fig: A + B → AB
· The reactant must ‘climb an activation energy hill’ before anything happens. 
· Under normal conditions, very few molecules of A & B have sufficient kinetic energy to ‘climb the activation energy hill’, so the reaction proceeds slowly. 
· A catalyst lowers the activation energy required for the reaction. 
· More reactants can meet this lower energy requirement & so the reaction proceeds more quickly
		Models of enzyme action/Enzyme- Substrate Interaction 
· There are two models of enzyme action that shows how enzyme catalyses the reaction by lowering the activation energy. 
I. Lock-and-key model: 
· Proposed by Emil Fischer (1894)
· Proposes that the shapes of the substrates and active site are complementary (but not the same shape) like the shape of a key is complementary to that of the lock it fits. 
· The complementary substrate binds with the active site of the enzyme to form the enzyme–substrate complex. 
· Active site is static and rigid
· As a result the reactants enter the transition state w/c lowers the activation energy of the reaction. 
· The lock-and-key model of enzyme action suggests that the enzyme lowers the activation energy by providing an alternative pathway for the reaction. E.g:
· Non-catalysed pathway: 
· Reactant A + Reactant B ➞ Product AB
· Enzyme-catalysed pathway: 
· Reactant A + Reactant B + enzyme ➞ Intermediate complex➞ Product AB + enzyme
· This model sees the enzyme–substrate complex as the intermediate, which is part of a pathway that requires less energy than the normal pathway. 
· Weakness: Lock-&-key model does not explain how the intermediate reduces activation energy.
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Fig: The lock-and-key model of enzyme action
II. Induced-fit model: Hand and glove model
· Proposed by Daniel Koshland (1958)
· Suggested that active site & substrate aren’t naturally complementary in shape.
· Binding of substrates produces a conformational change (change in shape) in the active site, allowing the substrate to fit the active site. 
· active site is flexible.
· As the substrate set close or approaches the active site, the enzyme slightly changes its shape of the active site w/c results in a perfect fit. 
· As the substrate binds to the active sites of an enzyme, they enter into the transitional state w/c lower the activation energy. 
· After the reaction has taken place and the products have gone, the active site of an enzyme returns to its normal shape. 
· The conformational change also puts the substrates under tension/tight, so they enter a ‘transition state’ and are able to react because of the lowered activation energy.
·  In the transition state, bonds in the reactants are put under strain/stretch & break more easily & rejoin with other bonds to form the products. 
· The products formed leave the active site. 
· The empty glove is not exactly complementary in shape to your hand but when your hand enters it enables the glove to mold around your hand to become complementary.
· Most biologists now prefer induced-fit model over the lock and- key model as it explains other properties of enzymes, such as enzyme inhibition, in a more complete manner than lock-and key model. 
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Fig: The induced-fit model of enzyme action
                       Why do some enzymes need cofactors?
· Sometimes an active enzyme is made from apoenzyme & cofactor for enzymatic activity.
· Apoenzyme (Inactivated enzyme):
· a protein that combines with a cofactor to form an active enzyme. 
· Cofactor:
· a cofactor (small non-protein particle) combines with apoenzyme to produce an active enzyme called holoenzyme. 
                       [image: ]
Fig: The apoenzyme and the cofactor make the holoenzyme.
· Cofactors include coenzymes, mineral ions & prosthetic group.
A. Coenzymes 
· Organic molecules derived from vitamins that participate directly in enzymatic rxns.
· Accepts a pair of electrons and a single proton (H+). 
· binding to enzyme temporarily and weakening the bonds the substrate
· Table: coenzymes, vitamins [niacin (B3), Riboflavin (B2), thiamine (B1)] they are derived from, enzyme with w/c they bind & their functions.
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B. Mineral ions (metallic cation)
· Some enzymes can only function in the presence of certain mineral ions. 
· These bind loosely with the apoenzyme temporarily to give it its catalytic activity.
· Table: Enzymes that require mineral ions as cofactors
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C. Prosthetic group: binding to enzyme permanently & weakening the bonds the substrate
                     Review questions (Importance of enzymes)
1) Enzymes speed up biological reactions by:
A. reducing the kinetic energy of the reacting molecules
B.  reducing the activation energy of the reaction
C. increasing activation energy of the reaction
D. increasing the kinetic energy of the reacting molecules
2) Which of the following statements about a lock & key model of enzyme action are not true?
A. substrate & active site bind b/c they have shapes that fit together like a key fits in a lock
B. the substrate and the active site have complementary 3-D shapes
C. nothing can interfere with the way the substrate and the active site bind together
D. high t emperatures stop enzymes working as they denature the protein & change the shape of the active site
3) The induced-fit model of enzyme action suggests that, when enzyme and substrate bind, there is a conformational change in:
A. substrate B. the active site C. both substrate & active site D. neither substrate nor active site
4) An apoenzyme is:
A. a protein with enzymic activity               C. a non-protein with no enzymic activity
B. a non-protein with enzymic activity        D. a protein with no enzymic activity
5) Which of the following does not act as a cofactor to an enzyme?
A. Niacin      B. copper ions       C. pepsin         D. riboflavin
6) A coenzyme is:
A. an organic molecule that binds tightly with the apoenzyme
B. an organic molecule that binds loosely with the apoenzyme
C.  an inorganic molecule that binds loosely with the apoenzyme
D. an inorganic molecule that binds tightly with the apoenzyme
7) Mineral ions needed for enzyme activity:
A. bind tightly with the apoenzyme      C. bind loosely with the coenzyme
B.  bind loosely with the apoenzyme     D. bind tightly with the coenzyme
8) Many coenzymes are derived from:
A. vitamins  B. hormones  C. lipids D. proteins
9) The turnover rate of an enzyme is:
A. the number of enzyme molecules used per second
B.  the number of product molecules formed per second
C. the number of reactant molecules used per second
D.  all of the above
10) According to the induced-fit model of enzyme action, reacting molecules enter a transition state in which:
A. reacting molecules assume a complementary shape
B. apoenzyme and cofactor assume a complementary shape
C. bonds in reacting molecules are put under tension
                      Factors affecting the rate of enzymes functions
· The rate of a chemical reaction is the rate at w/c reactants are converted into products. 
· The number of reactants/substrates that form enzyme–substrate complexes with each enzyme (by a single enzyme) per second/minute/hour/given time called turnover rate of the enzyme. 
· The turnover rate and activity of the enzyme are influenced by temperature, pH, substrate concentration & presence of inhibitors. 
1) Temperature: 
· Temperature affects enzyme action in two ways:
· Higher temperature gives the enzyme & their substrate more kinetic energy; they move around faster and form more enzyme–substrate complexes. 
· Free’ particles move around more quickly w/c increases the probability that a substrate particle will collide with the active site of enzyme molecule.
· Higher temperature breaks the chemical bonds holding the tertiary structure of the enzyme (particularly in active site) & the shape of the active site changes. 
· Particles within a molecule vibrate more energetically results in breaking of bonds that hold the atoms in place to change the active site of an enzyme. 
· If the temperatures increase, the enzyme begins to lose its tertiary structure and denature or destroyed due to the effect of extra collision.
· Denature is reversible in living cells this.
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Fig: How an enzyme normal enzyme denatures
· Optimum temperature: 
· The temperature at w/c the maximum number substrate-enzyme complex is formed.
· Temperature at w/c an enzyme works most efficiently. 
· Most enzymes have an optimum temperature b/n 30oc and 40oc.
· A decrease in temperature means that fewer collisions will occur & the enzymes become inactive.
· Above the optimum temperature, enzyme–substrate complex cannot form & the reaction rate is zero b/c the enzyme is denatured.
· At higher temperature, the enzyme structure begins to break down (denature) since at higher temperature intra-molecular (exist b/n adjacent molecules) & inter-molecular (exist b/n atoms within a molecule & cpd) bonds as broken as the enzyme gain even more kinetic energy.
                              [image: ]
Fig: The effect of temperature on enzyme activity
2) PH: pH scale 
· is a measure of the hydrogen ion (H+) concentration of a solution or other liquid system (PH =. 
· The pH scale ranges from 0 to 14. Solutions with a pH of less than 7 are acidic, those with a pH of more than 7 are alkaline & a solution with a pH of exactly 7 is neutral. 
· The majority of enzymes in most mammals function most efficiently within the pH range 6.0–8.0, although the optimum pH of pepsin (an enzyme found in the stomach) is b/n pH 1.0 & pH 3.0. 
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                             F.g: The optimum pHs of some human digestive enzymes
· If the pH is too low (too acid) or too high (too alkaline) will cause charges on the active site to alter & lose its conformation.
· Changes in pH can affect an enzyme by:
· breaking ionic bonds that hold the tertiary structure in place; this leads to denaturation of the enzyme molecule
·  Altering the charge on the amino acids that form the active site; this makes it more difficult for substrate molecules to bind.    
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                     Fig: The effect of pH on most enzyme activity
3) Substrate concentration [S]:
· At constant enzyme concentration, the rate of a chemical reaction increases as the substrate concentration increases to a certain point. 
· At high substrate concentration each enzyme could be working at maximum turnover b/c all the active sites are occupied all the time. 
· As the enzyme become saturated with substrate then the reaction rate level off.  
· A small number of substrates mean few collisions and so only a few enzyme–substrate complexes form. 
· Increasing the concentration of the substrate means more collisions and more enzyme–substrate complexes. So, the overall rate of reaction is increased.
· At high substrate concentration, each enzyme could be working at maximum turnover – that is, each active site is binding with substrates all the time and there is no ‘spare capacity’ in the system. 
· Increasing the substrate concentration beyond this point will have no effect on the activity of the enzyme because all the active sites are occupied all the time.
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     Fig: effect of substrate concentration on enzyme activity VS maximum rate of enzyme.
4) Enzyme concentration [E]: 
· The reaction rate & number of enzyme molecules are directly proportional.
· The rate of an enzyme catalyzed reaction increases with an increase in the concentration of an enzyme 
· However, at constant substrate concentration the rate of a chemical reaction increases to a certain point and become constant.
· An increase the concentration of enzyme does not increase the activity of enzyme. Each enzyme molecule will be working at maximum turnover, so the activity of the enzyme is likely to remain constant.
5) Inhibitors: 
· Are molecules that bind to enzymes & prevent them from forming enzyme–substrate complexes and stop or slow down the reaction. 
· two types:
A. Irreversible inhibitors: 
· Bind strongly to enzymes, usually by a covalent bond, permanently & altering the structure of enzyme & inactivating it. 
· E.g., Painkiller aspirin: it binds with the enzyme cyclo-oxidase-2 & prevents production of prostaglandins which give the sensation of pain.
B. Reversible inhibitors: 
· Bind to enzymes only weakly & the bond that holds them breaks easily to release inhibitor and the enzyme to become active again by increase in the amount of substrate.
· inhibit enzymatic activity temporary.
· Two types:
I. Competitive inhibitors: 
· inhibits enzyme activity by competing with substrate for the active site. 
· Are similar in shape to the substrates. 
· Can bind with the active site & prevent substrates from binding.
· Blocks the active site so substrates cannot bind.
· bind temporary & release quickly.
· Increasing the substrate concentration can overcome the inhibitions.        
· E.g.1. painkiller ibuprofen:
· a competitive inhibitor of cyclo-oxidase-2, competing with the precursors of prostaglandins (Arachidonic acid =substrate of cyclo-oxidase-2).
· E.g.2. Cyanide (the metabolic poison):
· Bind with cytochrome oxidase & prevent ATP production in aerobic respiration by competing with the substrate of cytochrome oxidase (nitric oxide) 
· Causes death by halting ATP production.
· E.g.3. penicillin- 
· Blocks the active site of an enzyme that many bacteria use to construct their cell.
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Fig: Effect of substrate concentration on inhibition by a competitive inhibitor.
· If the ratio were 90 substrates to 10 inhibitors, 
· there would be 10% inhibition & 
· the reaction rate would fall to 90% of maximum. 
II. Non-competitive inhibitors: 
· do not compete for the active site.
· alter the conformation change of enzyme and its active site by binding with allosteric site of the enzyme & prevents the substrate from binding and inhibits enzyme activity.
· Thus, the active site is a different shape & can no longer bind with substrate to catalyse the reaction.
· Increasing substrates cannot overcome the inhibitions.
· is not affected by the concentration of substrate. 
· E.g., Amino acid alanine non-competitively inhibits the enzyme pyruvate kinase
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· Suppose, the inhibitors bind with the allosteric sites of 80% of the enzymes;
· 80% of the enzyme molecules will be inhibited & 
· The reaction rate will drop to 20% of maximum. 
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            Fig: Effect of substrate concentration on a noncompetitive inhibitor
       End-product / feedback /allosteric /non-competitive inhibition
· are enzyme controlled reactions in a metabolic pathway (a series of reaction sequence) 
· Inhibits the enzyme controlling the first stage of a reaction sequence to stop the rxn. 
· Non-competitive inhibitors are important in regulating metabolic pathways in cells.
· Is negative feedback inhibition used to regulate the production of a given molecule
· Negative feedback is a reaction that causes a decrease in function. 
·  It stabilizes the system w/c sensed by NS. 
· E.g., Homeostasis of temperature regulation, blood sugar regulation (insulin lowers blood glucose when the levels are high, glucagon raises blood glucose when levels are low).
· Occurs when the substances that are produced in a series of reactions of metabolic pathways are harmful at high concentration. E.g.,
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· The main function of above pathway is to produce substance D for use by the cell. 
· If the requirement of substance D in the cell decreases, the concentration of D will increase and may be harmful b/c high concentrations could be toxic. 
· Such reaction sequences are often controlled by end-product inhibition.
· The end product (D) will combine with enzyme 1 to stop the reaction so there will not be an excess production of the end product D.
· Substance D acts as a non-competitive inhibitor; w/c prevents the enzyme E1 from catalysing the reaction that converts A to B. 
· As a result, the entire reaction sequence is halted. 
· When the inhibition is removed, the metabolic pathway can start again. 
· Decrease in the concentration of D to remove the inhibition.
· Inhibitors are removed by an activator w/c is a substance that removes an inhibitor. 
· Enzymes are kept inactive in a cell by inhibitor and are activated by activator.
                 Review questions (Factors affecting the functions of enzymes)
1) When an enzyme is subjected to excess heat:
A. bonds in the active site are strained C .the active site undergoes a conformational change
B.  some of the bonds in the active site break    D. all of the above
2) Extreme pHs can inactivate enzymes because they:
A. alter the charge on the amino acids in the allosteric site
B.  alter the charge on the amino acids in the active site
C.  alter the charge on amino acids away from the active site and allosteric site
D.  all of the above
3) The optimum temperature of an enzyme is the temperature at which:
A. there is no denaturation
B.  the maximum number of enzyme–substrate complexes are formed
C. there is the maximum number of collisions between enzyme and substrate
D. the particles have the most kinetic energy
4) A non-competitive enzyme inhibitor…
A. does not compete for the active site  C. binds with the active site of the enzyme
B. binds with the allosteric site               D. is not affected by the substrate concentration
5) If the ratio of non-competitive inhibitor molecules to substrate molecules is 3:7, the enzyme controlling the reaction will be:
A. 70% inhibited B. 30% activated  C. 30% inhibited  D. three-sevenths inhibited
Solution: 3+7 =10, Thus, 3/10 x100=30% inhibited, & fall to 7/10x100=70% 
6) When investigating the effect of temperature on enzyme activity, we should control:
A. pH B. substrate concentration C. enzyme concentration D. all of these
7) End-product inhibition of a metabolic pathway occurs when:
A. the last product of the pathway inhibits the enzyme controlling the first reaction
B. the last product of the pathway inhibits the enzyme controlling the last reaction
C.  the first product of the pathway inhibits the enzyme controlling the last reaction
D. the last product of the pathway inhibits the enzyme controlling the first reaction
8) Figure 3.25 shows the activity of an enzyme at different substrate concentrations under three conditions:
• no inhibitor present (X)
• a competitive inhibitor present(Y)
• a non-competitive inhibitor present(Z)
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Which of the following represents the correct interpretation of the graph?
a) X is with the competitive inhibitor, Y with noncompetitive inhibitor and Z with no inhibitor
b) X is with the non-competitive inhibitor, Y with competitive inhibitor and Z with no inhibitor
c) X is with no inhibitor, Y with the non-competitive inhibitor & Z with competitive inhibitor
d) X is with no inhibitor, Y with competitive inhibitor & Z with non-competitive inhibitor
9) As temperature increases up to the optimum, the rate of an enzyme-controlled reaction increases because:
A. the particles have more kinetic energy
B. there are more collisions between enzyme and substrate
C. there are more enzyme–substrate complexes formed
D. all of these
10) If substrate concentration is kept permanently high and the enzyme concentration is gradually increased, the rate of activity of the enzyme will:
A. increase B. increase and then decrease  C. increase and then level off  D. stays the same
Final Exam (40%)
I: Write “True” if the statement is correct and “False” if it is incorrect.  
1) Enzymes catalyse the chemical reaction by decreasing the kinetic energy of substrates. F
2) Inhibition of enzyme is done by blocking its active site called non-competitive inhibition. F
3) Lock & key model state that active site of enzyme & substrates are naturally complementary. T
4) Enzymes speed up the biochemical reaction and consumed in the process of reaction. F           
5) Using enzymes in industry allows the reactions to takes place in lower temperature. T
II: Match the following Reaction catalysed under column ‘A’ with corresponding enzyme classes under column ‘B’.                                                                                    
	                              A
	          B

	6) Change molecular form of the substrate
	A. Isomerases 

	7) Hydrolysis of a substrate
	B. Ligases 

	8) Non-hydrolytic removal or addition of a group to a substrate
	C. Lyases

	9) Transfer of a specific group from one substrate to another
	D. Transferases

	10) Joining of two molecules by the formation of new bonds
	E. Hydrolase


III:  Fill the blank space with appropriate answer.
11) Enzyme acts best at a particular temperature called optimum temperature.
12) Holoenzyme is made from cofactor and apoenzyme.
13) Competitive inhibitors are usually structurally similar to the substrate.
IV: Choose the best answer from the given options & write your choice on the answer sheet 
14) Which one of the following statement explains the specificity of enzymes? Enzymes:
A. Can be used over and over again     C. can be destroyed by excessive heat
B. Catalase one reaction only               D. do not used at the end of the reaction
15) To which class of enzyme do enzyme EC 6.1.14.2 is grouped?
A. Ligase  B. Hydrolase   C. Lyase    D. Isomerase
16) Which one is different from the rest?
A. Competitive inhibitors             C. Reversible inhibitors                 
B. Non-competitive inhibitors      D. Irreversible inhibitors                 
17) A catalyzed reaction involves:
A. High activation energy                  C. Balanced activation energy
B. Low activation energy                   D. low kinetic energy
18) Which type of enzyme inhibition its effect is reversed by increasing substrate concentration?
A. Allosteric inhibition                              C. Non-competitive inhibition
B. Competitive inhibition                          D. End product inhibition
19) As  the temperature increases, the
A. kinetic energy decreases
B. probability of substrate & enzyme collision increases
C. charge of amino acids that form the active site is  altered
D. probability of substrate & enzyme collision decreases
20) Which of the following mechanisms do the cell uses to regulate enzyme catalyze reactions in metabolic pathway?
A. Enzyme denaturation                                 C. Irreversible inhibition
B. End product inhibition                               D. Competitive inhibition
21) Only a small amount of enzymes are needed by a single cell because enzymes:
A. Are globular proteins              C. Can be used over and over again
B. Are specific for substrate        D. Are denatured by high temperature
22) Enzyme are able to lower the activation energy of a chemical reaction by:
A. Increasing the kinetic energy of substrates.
B. Decreasing the kinetic energy of substrates.
C. Creating tension on the covalent bond of substrates.
D. Increasing the temperature of the reaction medium.
23) The region where an enzyme binds with its substrate is called:
A. Substrate         B. allosteric site    C. active site       D. activation energy
24) Digestive enzymes are example of: 
A. Oxidoreductase          B. Hydrolases   C. Isomerase              D. Transrerase 
25) In key and lock model, the substrate bind on the active site b/c they:
A. have the same shape with the active site
B.  have complementary shape with the active site
C. modify their shape according to the active site
D. A and C
26) An environmental benefit of using enzymes in industrial processes is that it can:
C. reduce use of paper in packaging the product       C. increase purity of the product
D.  reduce carbon dioxide emissions                          D. reduce the costs involved
27) The induced-fit model of enzyme action suggests that, when enzyme and substrate bind, there is a conformational change in:
A. substrate                                       C. the active site
B. both substrate & active site         D. neither substrate nor active site
28) If the ratio of non-competitive inhibitor molecules to substrate molecules is 4:6, the enzyme controlling the reaction will be:
A. 40% inhibited  B. 40% activated   C. 60% inhibited  D. four-sixths inhibited
29) Non-competitive inhibitors alter the shape of the active site by: 
A. binding with the allosteric site of the enzyme.
B. competing with the substrate for the active site.
C. altering the structure of the enzyme & inactivating permanently
D. binding with the active site of the enzyme
30) In allosteric inhibition, which stage of the reaction sequence is inhibited by end product of the series of reaction?
A. First              B. Second          C. Third        D. Fourth
31) The optimum PH of most mammals are between:
A. 1-3           B. 6-8           C. 4-6          D. 8-10
32) Assume constant large supply of substrate molecules and the enzyme concentration is gradually increased, the rate of the reaction will:
A. Increase                  C. Increase and then decrease
B. Decrease                D. Decrease and then increase
33) Which one of the following substances bind to enzymes & stop or slow down the rate of reaction?
A. Inhibitor      B. Activator       C. Cofactor       D. Substrate
34) Cu++ is an inorganic activator for enzymes:
A. Carbonic anhydrase           C. alcohol dehydrogenase    
B. cytochrome oxidase           D. oxidoreductase
35) Which of the following pairs of molecule are known to have catalytic activity?
A. Enzyme and DNA               C.  Protein and lipid  
B. Enzyme and RNA               D. DNA and RNA   
36) What is the effect of activators on rate of reaction?
A. Increases                           C. Do not affect the rate of  reaction
B. Decreases                         D. Inhibit the reaction
37) Which one of the following characterizes competitive inhibitors?
  A. Does not compete for active site               C. binds with the allosteric site   
  B. Binds with the active site of enzymes       D.Is not affected by the substrate concentration 
Worksheet
Choose the best answer from the given alternatives (Enzymes)
1) In which of the following does the induced fit model of enzyme action differ from the lock and key model? 
B. Enzymes lower the energy of activation
C. Substrate binds at the active site of the enzyme
D. During the reaction an enzyme substrate complex is formed
E. Active site moulded to a precise conformation
2. Which of the following is a coenzyme?
A. NAD      B. Carbohydrate    C. Water   D. Protein
3. To which one of the following organic molecules do enzymes belong?
A. Carbohydrates    B. Amino acid  C. Protein      D. Lipids
4. One of the following molecules is the building units of an enzyme molecule?
A. Amino acids   B. Glucose   C. Nucleotide   D. Fatty acids 
5. If you heated a solution of an enzyme to 100 degree centigrade which one of the following protein structure affected?
A. Primary structure                                     C. Tertiary structure
B. Secondary structure                                 D. Quaternary structure
6. Enzyme are able to lower the activation energy of a chemical reaction by:
A. Increasing the kinetic energy of a substrate molecules
B. Decreasing the kinetic energy of a substrate molecules
C. Creating tension on the covalent bond of substrate molecules
D. Increasing the temperature of the reaction medium
7. If a piece of potato is placed in attest tube containing hydrogen peroxides the gas would evolve is
A. Hydrogen    B. water vapor    C. oxygen      D. carbon dioxides
8. Which class of enzymes joins the molecules together
A. Lyases     B. Hydrolase         C. Transferase       D. Ligase
9. If piece of boiled potato is placed in a test tube containing hydrogen peroxide solution, no reaction observed. This is because boiling
A. Removes necessary enzymes            C. Kills the cell
B. Changes the PH inside cells              D. Denatures enzymes
10. Only a small amount of enzymes is needed by a single cell because enzyme
C. Are globular proteins       C. Can be used over and over again
D. Specific for substrate        D. Denatured by high temperature
11. In which area of enzyme application invertase injected to sucrose paste in order to produce liquid chocolate?
A. Detergent making industry                  C. Food processing industry
B. Pulp and paper industry                       D. pharmaceutical industry
12. The element zinc is an integral part of the structure of protein molecule carboxypeptidase. In this structure zinc is known as
A. Coenzymes       B. An activator     C. an inhibitor    D. prosthetic group
13. The enzyme that has a wide industrial application in textile industries  and in making of biological detergent
A. Invertase      B. lipase      C. Amylase      D. Pectinase
14. Salivary amylase is starch hydrolyzing enzymes, when the pH is lowered below its optimum pH its activity strongly inhibited. What factor is most responsible for the decrease of this activity?
A. An end product inhibition                      C. Altered tertiary structure
B. Altered primary structure                       D. Altered secondary structure
15. In which of the following mixtures the enzyme catalase acts faster on hydrogen peroxides (H2O2)? (Hint: Catalase + H2O2                    H2O + O2)
A. H2O2+ HCl +fresh potato cube             C.  H2O2 + fresh potato cube
B. H2O2 + NaOH + fresh potato cube        D. H2O2 + boiled potato cube
16. Where do you classify the enzymes that catalysis the breaking down of carbohydrates and protein in digestive system
A. Lyases     B. Hydrolase         C. Transferase       D. Ligase
17. Identify the statement that correctly explains why a small amount of enzyme can bring about a change in a large amount of its substrate. Enzymes
A. Consumed during chemical reaction             C. Specific to their substrate
B. Reused over and over again                           D. Easily synthesized in the cell
18. In which of the following does the induced fit model of enzyme action differ from the lock and key model?
F. Enzymes lower the energy of activation
G. Substrate binds at the active site of the enzyme
H. During the reaction an enzyme substrate complex is formed
I. Active site moulded to a precise conformation
19. Which type of enzyme inhibition its effect is reversed by increasing substrate concentration?
C. Allosteric inhibition                              C. Non-competitive inhibition
D. Competitive inhibition                          D. End product inhibition
20. Which of the following mechanisms do cell use to regulate enzyme catalyze reactions in metabolic pathway
C. Enzyme denaturation                                 C. Irreversible inhibition
D. End product inhibition                               D. Competitive inhibition
21. What are the enzymes used to remove hair in tanning industries and process fruit juice
A. Protease and Pectinase          C. Amylase  and invertase
B. Invertase and  protease         D. Lipase and amylase
22. In which of the following point does lock-and- key model of enzyme action differ from induce fit model
A. Enzyme lower energy of activation
B. Substrate bind at the active site of enzymes
C. During the reaction, enzyme substrate complex is formed
D. The substrate and active site are naturally complementary
23. What is the cause of tomato fruits to ripen much more slowly when kept in a refrigerator than if kept on a table at room temperature?
A. Enzyme produce by bacteria normally inhibit ripening
B. Humidity accelerates enzyme activity and ripening process
C. Room temperature arrest the action of ripening enzymes
D. Low temperature slow the normal action of ripening enzymes
25) The general mechanism is that an enzyme acts by:
A. Reducing the activation energy                        C.  Decreasing pH value
B. Increasing activation energy                             D. Decreasing the rate of reaction 
26) The coenzyme is:
      A. Often a metal                                                       C. Often a vitamin  
      B. Always a protein                                                 D. Always an inorganic compound 
27) An enzyme that change molecular form of substrate is:
A. Isomerase                                                         C.  Synthetase
B. Ligase                                                               D. Hydrolase 
28) Which of the following is produced with the combination of apoenzyme and coenzyme?
A. Holoenzyme                                                      C. Prosthetic group
B. Enzyme substrate complex                                D. Enzyme product complex
29) Blocking of enzyme action by blocking its active site is called as:
A. Allosteric inhibition                                          C. Competitive inhibition
B. Feedback inhibition                                           D.Non-competitive inhibition.
30) Enzyme catalysing rearrangement of atomic grouping without altering molecular weight or number of atom is:
A. Ligase                                                               C. Oxidoreductase
B. Isomerase                                                           D. Hydrolase  
31) The enzyme which hydrolyses starch to maltose is:
A. Protease                                                                 C. Amylase
B. Lactase                                                                   D. Maltase
32) Which of the following is the non-protein component of the enzyme?
A. Cofactor                                           C. Coenzyme
B. Activator                                          D. All of these 
33) An uncatalyzed reaction involves:
A. High activation energy                  C. Balanced activation energy
B. Low activation energy                   D. All of these
34) Which among them is a cofactor:
A. Inorganic ion                       C. Both A and B                       
B. Organic molecule                D. None of these
35) Ribozymes are:
A. RNA acting as enzymes                C. Antibodies acting as enzymes 
B. Ribose sugar acting as enzyme     D. Protein acting as enzyme 
36) In competitive inhibition, inhibitors bears a close structural similarity with the 
A. Co-enzyme     B. Co-factor       C. Prosthetic group      D. Substrate
37) Lock and Key model is also known as
A. Template model                    C. Induced fit model 
B.  Khoshland’s Model              D. Enzyme-substrate interaction model
38) Name the coenzyme of riboflavin (B2)?
  A. NAD                                  C) FAD 
  B. Coenzyme A                      D) Zn++
39) The nature of an enzyme is
A. Lipid     B. Vitamin    C. Carbohydrate       D. Protein
40) How factors affect the enzyme activity? By:
A. altering the three-dimensional shape of an enzyme
B. speeding up the chemical reaction
C. lowering the activation energy
D.  all
41) The enzymes become denatured if the temperature is _______ compared to its optimum temperature.
A. too high or too low    B. too low    C. too high       
42) In which of the following model, enzyme is considered as pre-shaped?
 A. Lock and key                            C. Both A & B  
B. Induced fit model                     D. None of the above
43) In which of the following model, enzyme is considered as flexible?
A. Lock and key                        C. Both A & B  
B. Induced fit model                D. None of the above
44) Who proposed rigid template model?
A. James Watson                      C. Emil Fisher
       B. Daniel Koshland                 D. Daniel Fisher
45) Zn++  is an organic activator for enzymes:
A. Phosphate        C. carbonic anhydrase
B. Amylase          D.DNA polymerase
46) Which one is the fastest enzyme?
A. Cyciophilin                          C.OMP decarboxylase
B. Staphylococcalnuclease       D. Carbonic anhydrase
47) Who proposed induced fit model?
    A. James Watson       C. Daniel E Koshland
    B. Emil Fisher            D. Daniel Fisher
48) Which model explains the dynamic changes of active site during the catalysis?
A. Lock and key                                          C. Both A & B  
B.    Rigid template model                           D. Induced fit model
49) The enzyme action model represented in the following diagram is ______________
      [image: The model in the diagram shows how a lock fits in its own key fits into its substrate]
A. Fluid Mosaic Model                  C.  Induced fit model
B. Sandwich model                         D. Lock and Key Model
50. Holoenzyme  is made of 
A. Apoenzyme and Zymogen                      C. Apoenzyme and cofactor
B.  Co-enzyme and Prosthetic group          D. Prosthetic group and Co-factor
51. Which of the following is not a co-enzyme 
A. NAD              B. NADP                    C. FAD                 D. Mg++
52. Feedback inhibition means 
A. Initial product inhibition             C. End Product inhibition 
B. Enzymatic induction                    D. None of the above
53. Enzyme acts best at a particular temperature called
A. Catalytic Temperature               C. At normal Body temperature 
B. Optimum temperature               D. None of the above
54. Which of the following is true concerning the induced fit model of enzyme catalysis?
A. The binding of enzyme and substrate is weakest in the transition state
B. The induced fit must occur prior to the initial binding of enzyme and substrate in order for the reaction to proceed
C. The initial binding of enzyme and substrate is the most tightly bound conformation
D. The active site can be influenced by molecules binding elsewhere on an enzyme
55. Which of the following enzyme classes catalyze reactions in which two molecules are covalently connected to each other?
A. Isomerase      B. Kinase        C. Lyase         D. Ligase
56. In the first step of glycolysis, hexokinase produces glucose-6-phosphate. G-6-P itself can also bind to hexokinase at the active site, blocking access to ATP. This is an example of:
A. Non-competitive inhibition                    C. Feedback inhibition
B. Allosteric inhibition                               D. Uncompetitive inhibition
57. In the first step of glycolysis, hexokinase produces glucose-6-phosphate. G-6-P itself can also bind to hexokinase at the allosteric site, blocking access to ATP. This is an example of:
A. Non-competitive inhibition                    C. Feedback inhibition
B. Allosteric inhibition                               D. Uncompetitive inhibition
58. Which among them is not attributing of enzymes?
A. Specific in nature                 C. Protein in chemistry
B. Consumed in reaction           D. Increased rate of reaction
59. In lock and key model, substrate is: A. lock              B. Key    
60. What does an enzyme do to a chemical reaction that allows proceeding optimally?
A. Increase the amount of substrate               C. lower the required activation energy
B. Increase the required activation energy    D. Modify both the pH and temperature
                                 UNIT 4: CELL BIOLOGY



                                      Cell theory
Microscopes: 
· The study of cells started after the discovery of microscope 
· b/c most cells cannot be seen by our naked eye. 
· Cpd microscope has two lenses – eyepiece & objective lens
· The objective lens power is inversely proportional to the field of vision. 
· Thus, the lower lens power, the higher the field of vision.
· Total magnification power = magnification of eye piece x magnification of objective lens 
· E.g., what would be the image size of a cell with the size of 0.03microns viewed under a cpd microscope with magnification power marked as 10X on eye piece & 100X on objective lens?
· Total magnification power = 10 x 100 = 1000X
· Thus, the magnified size of an object = 0.03 micron x 1000X = 30 microns.
                           Timeline for the development of cell theory
Robert Hooke (1665): 
· 1st   person to see dead cells
· Discovered a honey-comb like structure in a bark of cork tree using cpd microscopes 
· Sees tiny structures that he calls cells. 
· The name ‘cell’ is first coined (introduced) by Robert Hooke. 
· Lenses of his microscope are not very good so magnifications of more than 30X are blurred & do not show much detail.  
· He saw only dead cell walls. 
· “Cell” derived from cellula (Latin word) w/c means small compartment (small room)
Anton van Leeuwenhoek (1674): 
· 1st   person to see live cells (he observed the first living cells)
· Discovered protozoa (the moving unicellular organisms) in a drop of pond water. 
· He calls them ‘animalcules’. 
· He used a simple microscope with only one lens. 
· Is very skilled at grinding lenses so his microscope can achieve magnifications of 300X. 
· Sees bacteria (from his teeth) that he calls ‘tiny animalcules’. 
· Is also discovering RBC, spermatozoa (sperm cell), protozoa & bacteria.
Rene Dutrochet (1824): 
· Is the first to states the cell theory. 
· He concludes that all organisms are composed of cells & all growth occurs b/c of the increase in volume of cells or addition of more little cells. 
· He also discovers:
· stomata in the epidermis of leaves
· the name and process of osmosis
· chlorophyll is needed for photosynthesis to occur
·  respiration occurs in both animals & plants
Matthias Schleiden (botanist) & Theodor Schwann (zoologist) (1839): 
· States the first clearly stated cell theory. i.e.
· cell is the unit of structure, physiology & organisations in living things
· cell retains dual existence as distinct entity (being existence independently) & ‘building block’ in the formation of organisms
· Cells are formed by free-cell formation (spontaneous generation) - has now been proved false
Rudolf Virchow (1858): 
· He completes the first accepted/correct version of cell theory:
· all organisms are made up of one or more cells
· all cells come from pre-existing cells
· states that a cell can arise only from another cell like it
· cell is the unit of structure, physiology & organisations in living things
· cell retains dual existence as distinct entity & building block in construction of organisms. 
Oscar Hertwig (1892): 
· Proposed a protoplasmic theory w/c states that all living things are formed from protoplasm. 
· Protoplasm is the living portion of cell as distinguished from the non-living cell wall.
                                        Modern cell theory
· all living things are made up of one or more cells
· cell is a structural & functional unit of all living things 
· all cells come from pre-existing cells by division of preexisting cells 
· cells contain hereditary information (DNA) w/c is passed from cell to cell during cell division
· All cells have basically the same chemical composition in organisms of similar species
· all energy flow (metabolism & biochemistry of life) occurs within cells
· All cells have the same basic chemical composition except viruses.
· The first cell don’t originate from a pre-existing cell
· Mitochondria & chloroplast have their own genetic material, & reproduce independently 
                          Cell size & units of cell measurement
· Cells are d/t in size & shape. 
· Human eye can see objects without microscope are no smaller than 0.1mm. 
· Three smaller units commonly used to measure the size of cells & molecules b/c smaller units give us numbers that are more convenient to work with.
· Millimeters (mm) = 1/1000m
· Micrometers (μm) = 1/1000mm & 1/1 000 000m
· Nanometers (nm) = 1/1000 μm, 1/1000 000 mm & 1/1000 000 000m
         [image: ]
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                                                Fig: Size and scale in living things (Human made of 37 trillion)
Effects of different surface-area-to-volume ratio in cells
· The amount of energy that released in respiration is decided largely by volume of the cell. 
· The amount of oxygen that can be delivered into the cell is decided largely by surface area of the cell that the oxygen enters. 
· Surface-area-to-volume ratio of a cell used to determine how efficient the cell is obtaining oxygen for respiration.
· If  a cell decrease in size, it:
· has large surface-area-to-volume ratio means that the surface will be able to supply oxygen demands of the cell for respiration 
· is efficient in obtaining oxygen for respiration.
· is metabolically active
· easy access to nutrients
· important to remove waste products
· has large surface area w/c enable fast material distribution
· Cellular products reach to each organelle first
· Waste material is removed quickly & the cell keeps its internal conditions for enzymatic activity.
· As a cell is increase in size, 
· surface-area-to-volume ratio decreases b/c volume increases faster than surface area
· Cells use energy less efficiently b/c the cell is less efficient in obtaining oxygen for respiration.
E.g: Suppose we consider for hypothetical cells (A, B & C) having cubic shapes with their sides measuring 1, 2 & 4 arbitrary units(a.u.)  respectively, which of these cells has the largest surface area to volume ratio? Answer: cell A, b/c:
Cell A: A=6L2 = 1 a.u × 6 =6 a.u2            V= l x w x h =1x1x1=1a.u3
· surface area to  volume ratio =A/V= 6:1
 Cell B: A/V= 24 ÷ 8 = 3:1    
 Cell C: A/V=96 a.u2   /64 a.u3 =1.5:1
            [image: ]
Choose the correct answer from A to D.
1) A compound microscope differs from a simple microscope in that it always has:
A. more than one objective lens      C. both ocular and objective lenses
B. more than one ocular lens           D. a condenser
2) The word ‘cell’ was first coined by Robert Hooke when he examined:
A. living cells in cork tissue    C. dead cells in skin                
B. dead cells in cork tissue      D. living cells in skin
3) Anton van Leeuwenhoek saw what he called ‘animalcules’ &‘tiny animalcules’. These were, respectively:
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B. bacteria &viruses                 
C.  protoctistans & viruses     
D. bacteria & protoctistans       
E.  protoctistans &bacteria 
4) 
5) In 1824, Rene Dutrochet stated that:
A. all living cells come from other cells   C. cells can be spontaneously generated
B. all living things are made of cells        D. cells cannot be spontaneously generated
6) The first cell theory stated by Schleiden & Schwann was not completely accurate because it held that:
A. all living things are made of cells            C. the cell retains a dual existence
B. the cell is the basic unit of living things  D. cells form by cell-free formation
7) The first correct cell theory was proposed by:
A. Koliker         B. Virchow                   C. Fleming              D. Golgi
8) To convert mm to μm we:
A. multiply by 100   B. divide by 100    C. divide by 1000     D. multiply by 1000
9) 40 divisions on the scale of an eyepiece graticule correspond to 16 small divisions on the stage micrometer. Each small division on the stage micrometer = 10 μm. 4 cells fit across 40 divisions of the eyepiece graticule. The length of each cell is:
A. 10 μm                  B. 40 μm                    C. 40 mm                      D. 10 mm
So/n: 40 eyepiece graticule division=16 small divisions on the stage micrometer.
        40 eyepiece graticule division =160 μm all small divisions on the stage micrometer
    4 cells = 40 eyepiece graticule division =160 μm small divisions on the stage micrometer
    4 cells = =160μm small divisions on the stage micrometer.
     1 cell=       ?
       Thus, X= 40 μm
10) Cube A has a side measuring 3 mm. Cube B has a side measuring 12 mm. The surface-area-to-volume ratio of cube A when compared to cube B is:
A. two times bigger B. two times smaller C. four times smaller D. four times bigger
11) The surface-area-to-volume ratio of a cell is important because it is a measure of:
A. how efficiently the cell releases energy in respiration
B.  how efficient the cell is in conserving energy
C.  how efficient the cell is in obtaining the oxygen it needs for respiration
D.  how efficiently the cell uses the energy it releases in respiration
		Worksheet
12)  Which of the following cellular forms did Robert Hooke observe under his crude microscope?
A. Bacteria     B. Protozoa    C. Yeast     D. Empty cell wall
13) Cells were first seen using the microscope by
B. Schleiden      B. Leeuwenhoek    C. Schwan   D. Robert Hooke
14) Who was the person that first observed living cells moving around when he examined drops of water under the microscope?
A. Robert Brown  B. Robert Hooke  C. Anton van Leeuwenhoek  D. Theodor Schwan
15) Which of the ff ideas in the cell theory was contributed by Rudolf Virchow?
A. All plants are made up of cells      C. Cells are the structural units of life
B. All animals are made up of cells   D. cells came from pre-existing cells
16) Which of the ff statement is in agreement with the modern cell theory?
A. Cells came from nothing            C. Cells came from non-living material
B. Cells came from existing cells    D. Cells arise by means of spontaneous generation
17) Which term is used to express the ability of microscope to show the detail clearly?
A. Enlargement   B. Reduction  C. Magnification   D. Resolution
18) Which of the ff objective and ocular combination of the light microscope respectively gives the largest field of vision?
A. 10x and 10x    B. 4x and 10x    C. 40x and 12x    D. 100x and 10x
19) What is the total magnification power of a microscope with 10x ocular lens & 25x objective lens?
A. 2.5x            B. 35x                C. 250x              D. 2500x
20) Suppose we consider for hypothetical cells (A, B, C and D) having cubic shapes with their sides measuring 2, 4, 6 and 8 arbitrary units respectively, which of these cells has the largest surface area to volume ratio?
A. Cell A                 B. Cell B                   C. cell C                   D. Cell D 
21) Which unit is the best tool for measuring the smallest cells and organelles?
A. Micrometer       B. Millimeter         C. Meter         D. Nanometer
22) Which of the ff units of measurement is more convenient to express the size of cellular organelles?
A. Meter         B. Centimeter         C. Millimeter             D. Micrometer
23) Suppose a hypothetical cube shaped cell has sides of 10 micrometers, what is the surface area to volume ratio of this cell?
A. 6:10                    B. 10:10                        C. 3:6                D. 4:8
24) If you observe a piece of paper on w/c several small square are drawn, under w/c of the ff magnification of the microscope do you count more number of square? 
          A. 40x                  B.100x                             C. 400x                  D. 1000x
                                        Types of cells
· Two types based on their structure & complexity.
I. Prokaryotic cells:
· Have no nucleus (Their DNA does not enclosed by nucleus)
· Were the first types of cells to be formed when life first evolved 
· Are much smaller & have simpler structure than eukaryotic cells 
· can carry out all the same functions that a eukaryotic cell carries out to survive. 
· Have cell wall, cell membrane, cytoplasm, DNA & ribosome.
· Lack nuclear membrane & double membrane bounded structure.
· Lack mitochondria & instead produce their ATP on their cell surface membrane called mesosome.
· Mesosome:
· Infolding of cell membrane
· Folded invagination in plasma membrane
· Used for cell wall formation & DNA replication
· Used to carry enzyme for aerobic respiration
· Include bacteria & blue green algae
II. Eukaryotic cells: 
· Have more division of labour. 
· Have true nucleus (Their DNA have enclosed by nucleus)
· Have more organelles & membranes in the cell. 
· are surrounded by membranes;
· double membrane: nucleus, mitochondria, chloroplasts 
· single membrane: endoplasmic reticulum, lysosomes & Golgi apparatus 
· Are membrane-bound organelles making the cell able to function independently & efficiently.
· Cell organelles found only in eukaryotic cells are endoplasmic reticulum, mitochondria, chloroplast, Golgi apparatus & lysosome.
· Plasma membrane, ribosome, cytoplasm & DNA are found in all cells.
· The reactions that take place here are not affected by other cellular reactions b/c each mitochondrion is enclosed by a membrane (two membranes). 
· Include Protista, plant, animal & fungi.
Eukaryotic cells have 3 major parts:
I. Cell membrane: 
· the outer semi permeable layer of the cell.
· regulate materials move in & out of the cell
· Maintaining the cell shapes
· To communicate with outer cells
II. Cytoplasm: 
· is the center of the chemical reaction of the cell.
· Is the entire content within the cell membrane
· Any material surrounded by cell membrane except nucleus
· Is the part of protoplasm found outside the nuclear membrane
· consists of many organelles such as mitochondria, ribosome, chloroplast, centriole, etc.
· Organelle: 
· is the solid part of the cell 
· include chloroplast, mitochondria, ribosome, vacuole, Golgi bodies, etc.
· Cytosol:
· is the fluid contained in the cell of cytoplasm. 
· fluid portion of the cytoplasm excusive of organelles & membranes.
· Protoplasm: 
· is the living portion of the cell as distinguished from the non-living cell wall.
· Thus, protoplasm consists of cytoplasm & nucleus.
III. Nucleus: 
· contain hereditary information
· Control & direct cellular activities
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70S & 80S ribosomes:
· S; 
· stands for ‘sedimentation coefficient’ & is a measure of their masses Svedberg (S)
· Measure the particles size based on the sedimentation rate to the bottom of a solution.
How did eukaryotic cells originate?
· Archaebacteria (primitive prokaryotes) were the first to originate on earth.  
· Prokaryotic cell was evolved into eukaryotic cells through the ff stages based on endosymbiont theory w/c were first proposed by Lynn Margulis. 
1) The plasma membrane became more & more infolded & would eventually evolve into the endoplasmic reticulum (EPR) of eukaryotic cells. 
· infolding of prokaryotic plasma membrane gave rise to eukaryotic organelles
2) This membranous cell (EPR) engulfed other smaller prokaryotes & would evolve into mitochondria of eukaryotic cells. 
· The cells that contained them were heterotrophic & the forerunners of animal, fungal & protoctistans cells. 
3) Some of these cells with their ‘primitive mitochondria’ also engulfed other, smaller, prokaryotic cells & could photosynthesise, & evolve into chloroplasts. 
· The cells that contained these would be autotrophic & the forerunners of plant cells.
Endosymbiont theory:
· States that the ‘modern’ eukaryotic cell was formed when the primitive prokaryotic cells ‘got together’.
· movement of smaller photosynthetic & heterotrophic prokaryotes into larger prokaryotic host cell formed cell organelles.
                         Choose the correct answer from A to D.
1) Differences between prokaryotic and eukaryotic cells are:
A. prokaryotic cells are smaller but contain more organelles
B.  prokaryotic cells are larger and contain more organelles
C. prokaryotic cells are larger and contain fewer organelles
D. prokaryotic cells are smaller and contain fewer organelles
2) The DNA in prokaryotic cells is:
A. linear and bound with proteins         C. circular and not bound with proteins          
B.  linear and not bound with proteins     D. circular and bound with proteins
3) Membrane-bound organelles include:
A. ribosomes and mitochondria      C. chloroplasts and peroxisomes    
B. mitochondria and chloroplasts    D. peroxisomes and nuclei
4) The cell wall of prokaryotic cells is made from:
A. protein     B. cellulose       C. peptidoglycan      D. another substance
5) It is thought that eukaryotic cells originated by several prokaryotic cells becoming associated. This theory is the:
A. endosymbiont theory                   C. both of the above   
B.  membrane association theory     D. neither of the above
Worksheet
6) Which of the following cellular structure is possessed by all cells?
A. Cell membrane   B. Nucleus     C. cell wall   D. Golgi apparatus
7) Which of the following is lacking in prokaryotic cells?
A. Cellulose  B. Ribosome     C. DNA strand       D. Cytosol
8) Which of the following cell types can be rich in lysosomes?
A. Red blood cells    B. Nerve cells     C. Phagocytic cells   D. Muscle cells
9) In the process of the evolution of life on earth, w/c of the four processes evolved last?
A. Photosynthesis  B. Aerobic respiration   C. Chemosynthesis  D. Photo-autotrophism
10) W/c of the ff types microscope is most suitable for a detailed of the surface structure of an object?
C. Field microscope                            C. Optical microscope  
D. Scanning electron microscope        D. Dissecting microscope
11) Which of the ff eukaryotic cell organelle was a free living cell before eukaryotic cells evolved?
A. Nucleus       B. Ribosome        C. Chloroplast     D. Nucleus
12) What is the general term for the part of the protoplasm that lies outside the nucleus?
A. Cytosol        B. Cytoplasm       C. Central vacuole      D. Plasma membrane
13) In w/c kingdom of life are the unicellular eukaryotes grouped?
A. Plantae        B. Protista          C. Monera      D. Fungi
14) Select the kingdom of life in w/c the cellular organelles are without membrane around them?
A. Plantae           B. Protista        C. Monera         D. Fungi
15) Which of the ff are the two major constituent of eukaryotic chromosome?
A. DNA and RNA                 C. DNA and carbohydrate
B. DNA and protein              D. RNA and lipid
Parts of the cell & their functions
Cell membrane:
1) controlling what enters & leaves the cell; 
· it moves substances in & out of the cell by simple diffusion, facilitated diffusion, osmosis, active transport, endocytosis & exocytosis.
2)  Cell signaling; 
· various molecules in the membrane recognised by hormones & immune system in animals & plants growth regulator substances, such as auxins. 
· A communication process that governs basic activities of cells & coordinates cell action. 
· cells receive & respond to signals from their surroundings (cell to cell communication).
3) Isolating the cell from its environment
4) Maintaining the cell shape
                               Model of plasma membrane
· Plasma membrane is a phospholipid bilayer. 
I. Davson - Danielli model (1935)
Davson & Danielli suggest;
· Proteins & phospholipids were involved in the structure of plasma membranes. 
· Phospholipids are sandwich b/n two protein layers. 
· Cell membrane is a kind of ‘sandwich’ of protein and phospholipid. 
· In 1954 they proposed a revised model in w/c they included protein-lined pores. 
· Davson–Danielli model does not properly explain how molecules move across the membrane.
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Fig: Davson–Danielli models of 1935 and 1954
II. Fluid Mosaic model (1972): 
· Introduced by Singer & Nicholson (Accepted model). 
· retained the idea of a phospholipid bilayer, but rejected the sandwich arrangement. 
· suggested that proteins were ‘studded’ into the bilayer at different points. 
· also suggested that the arrangement was not static, but was fluid & constantly changing.
· Phospholipid bilayer is the basis for the membrane. 
· According to fluid Mosaic model, current plasma membrane contains:
1. Membrane transport proteins: 
· contain two main type
A. Integral proteins (intrinsic proteins & trans-membrane proteins) 
· span the membrane.
· used for moving substances across the membrane.
· Is embedded in the whole bilayer 
I. Channel proteins 
· have a channel through them along w/c a specific ion can pass 
· there are d/t channel proteins for different ions
II. Carrier proteins
· move larger molecules through the membrane by facilitated diffusion or active transport; 
· the ones involved in active transport called pumps 
B. Peripheral proteins (extrinsic proteins) 
· span only one layer of the membrane. 
· Is only in the inner or outer surface of phospholipid bilayer.
· some are used as enzymes, others anchor integral proteins to the cytoskeleton
2. Glycoproteins & glycolipids
· protein & lipid have carbohydrate chains attached to them & serve as signals to other cells.
· They act as receptor sites for hormones & drugs. 
· The carbohydrate component of each can be cell specific to allow identification of the cell by immune system.
3. Cholesterol 
· Maintains/reduces the fluidity of the membrane.
· Reducing further escape or entry of polar molecules through the membrane
· Serve as a precursor for the synthesis of steroid hormone, bile acid & vitamin D.
· Cell membrane is a fluid combination of phospholipids, cholesterols & protein.
· Cholesterols act as a bidirectional regulation of membrane fluidity b/c at high temperature, it stabilizes the membrane and raises its melting point where as at low temperature it intercalates b/n the phospholipids and prevent them from clustering together and stiffening.
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III. Unit membrane model: 
· Express the cell membrane as a membrane is covered by a single layer of protein.
How do substances cross the plasma membrane?
· Not all particles can pass through a plasma membrane unaided due to the lipid nature of the membrane.  
· To pass through the plasma membrane by simple diffusion particles must be small, lipid soluble & non-charged. Eg. Fatty acid, glycerol and vitamin D, A,K & E. 
· This excludes ions (they are charged), sugars & amino acids (they are not lipid soluble & small particles) & proteins (large particles).
· Substances cross plasma membranes into two types:- passive & active transport processes
I. Passive processes:
· Rely only on the kinetic energy of the particles of the substances & concentration gradients. 
· they need no extra energy from the cell’s metabolism.
· include simple diffusion, facilitated diffusion & osmosis.
A. Simple diffusion: 
· Particles move from a high concentration to a low concentration.
· kinetic energy drive the diffusion. 
· is a result of random particular motion. 
· When particles diffuse across a plasma membrane, there must be a concentration difference b/n the two sides of the membrane (a concentration gradient) to drive the process. 
· As diffusion proceeds, the high concentration will decrease & low concentration will increase until the two concentrations are the same.
·  At this point there will be no further net diffusion. 
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              Factors affecting the rate of diffusion across a membrane
1) Concentration gradient: a bigger difference in concentration results in faster diffusion
2) Thickness of the membrane: a shorter distance results in faster diffusion
3) Surface area of the membrane: if there is more membrane, diffusion will happen faster.
4) Temperature: Diffusion occurs faster at higher To b/c the particles have more kinetic energy.
B. Facilitated diffusion: 
· Particles move from a high concentration to a low concentration across the membrane by carrier protein or channel protein with ion pore.
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        Fig: Facilitated diffusion through 'A' an ion pore & 'B' a carrier protein
C. Osmosis: 
· is the movement of water from a system with high (less negative) water potential to lower (more negative) water potential across a partially permeable membrane.
·  is the diffusion of water. However, we do not refer to the concentration of water but to water potential [Ψ (psi)]. 
· Water potential is measured in units of pressure – Pascals (Pa).
· Pure, liquid water has a higher water potential than any other system [Ψ (pure water)=0Pa]
· All other systems (cells, solutions & suspensions) have lower water potential than water.
· Therefore, their water potential values must be negative. 
                    Types of solution in cell environment
 When comparing the water potential of a solution of a cell, we could describe it as:
A. Isotonic solution: have the same water potential as the cell
B. Hypotonic solution: have a higher (less negative) water potential than the cell
C. Hypertonic solution: have a lower (more negative) water potential than the cell
The rate at w/c osmosis is influenced by the same factors as simple diffusion:
· surface area of the membrane
· difference in water potential
· distance the molecules must travel
II. Active processes
1) Membrane pump/protein pump (Active transport):
· Movement of substances against a concentration gradient from a low concentration to a higher concentration using a carrier protein (pump). 
·  Require energy from the cell’s metabolism in the form of ATP.
· The metabolic energy (ATP) is used to drive this process. 
· The proteins used to actively transport substances across membranes called pumps.
              [image: ]
                           Fig: Active transport
2) Endocytosis: 
· particles are engulfed by invaginating (fold inward) of plasma membrane & forming a vesicle.
· Is a cellular process in which substances are brought into the cell.
A. Phagocytosis: 
· Involves the creation of pseudopodia (extensions of the plasma membrane) to enclose large particles or even whole organisms from outside the cell. 
B. Pinocytosis: 
· Involves the ingestion of smaller (liquid) particles. 
· does not require the formation of large pseudopodia to engulf the particles.
C. Receptor-mediated endocytosis: 
· The membrane infolds to form vesicles only in regions where particles have bound to specific receptors.
· Uses special receptor proteins to help carry large particles across cell membrane.
· Is a process by which cells absorb metabolites, hormones, proteins and viruses by the inward budding of plasma membrane (invagination)
· Is a form of endocytosis in which receptor proteins on cell surface are used to capture a specific target molecule.
· An endocytosis where receptor protein in the plasma membrane ensures only specific, targeted substances is brought into the cell.
3) Exocytosis: 
· Substances are moved from inside to the outside of the cell, the reverse of endocytosis.
· is the process by which enzymes, antibody & hormones are secreted. 
· Large particles are secreted by a vesicle in the cell merging with the plasma membrane to release the substance.
· Process of vesicles fusing with plasma membrane and releasing their contents to the outside of the cell
· Vesicle:
· Membranous & fluid filled pouch.
· store & transport materials with the cell
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4) Sodium potassium pump: 
· The Na+/K+ ATPase pump is a pump found in the membrane of animal cell which uses the hydrolysis of ATP to pump 3Na+ out of the cell & 2K+ into the cell.
                                   Cell organelles
Nucleus: 
· Largest organelle in eukaryotic cell
· Has round or oval structure
· The nuclear envelope is a double membrane that surrounds the nucleus. 
· Have nuclear pores for the passage of some molecules b/n nucleus & cytoplasm.
· Contain heredity information in chromosomes.
· Controls cellular activities b/c it contains heredity information in chromosomes (DNA).
· have nucleolus & chromosomes.
Nucleolus:
· an organelle within the nucleus. 
· is not membrane-bound. 
· synthesise the components of ribosomes (RNA & protein), w/c then pass through nuclear pores into cytoplasm.
Mitochondria: 
· sites of aerobic respiration.
· surrounded by two membranes. 
· The inner membrane is folded into cristae to increase surface area for e- transport system. 
· Some of the reactions of aerobic respiration take place in the fluid matrix. 
· The folded inner membrane provides a large surface area for electron-transport system w/c produces most of ATP.
· Is a special organelles b/c it contains their circular DNA that regulate cell function.
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Ribosomes: 
· are the sites of protein synthesis.
· can be found free in the cytoplasm, but are also bound to the membrane system of EPR, forming rough endoplasmic reticulum. 
· Each ribosome comprises two subunits that are made from RNA & protein.
· The subunits are manufactured in the nucleolus. 
· They leave the nucleus through nuclear pores & combine in the cytoplasm.
Endoplasmic reticulum (ER): 
· is a membrane system found throughout the cytoplasm of eukaryotic cells. 
· two types:
A. Rough ER 
· has ribosomes on its surface & is responsible for the manufacture & transport of proteins to Golgi body. 
· is extensive in cells that manufacture a lot of protein, such as cells that manufacture enzymes to be secreted into the lumen of the intestine.
· Proteins manufactured by ribosomes pass through small pores into the lumen (inner space) of the ER. 
· They are then moved in a vesicle to the Golgi body. 
B. Smooth ER
· Has no ribosome on its surface. 
· Synthesise steroids & other lipids. 
· Associated with carbohydrate metabolism & detoxification.
Golgi apparatus (Golgi body):
· Modifies & sorts ER products
· Serve as collecting & packaging of protein for export out of the cell 
· Modifying proteins like enzyme b/r they are discharged from the cell
· Consists of a number of flattened membrane bound sacs in which proteins are modified. 
· E.g., Proteins may be converted into glycoproteins. 
Lysosomes (Suicide bags): 
· Known as suicide bags b/c they contain lytic enzymes capable of digesting cells & unwanted materials. 
· Have no specialised internal structure & are surrounded by a single membrane.
· Used to clear its cellular debris
· are formed in Golgi apparatus
· contain digestive enzymes that break down cellular waste & debris.
· are particularly abundant in phagocytic white blood cells. 
· Contain hydrolytic enzymes that digest cell parts or entire microbes
· Enzymes from the lysosomes digest foreign cells that have been engulfed. 
              Organelles found in plant cells only
I. Cell wall: 
· The cell wall is freely permeable b/c there are large ‘gaps’ b/n the fibres.
· The criss-cross arrangement of cellulose fibres in the cell wall gives strength & elasticity.
II. Large Vacuole: 
· is a fluid-filled sac that stores a range of solutes.
· maintains the turgidity or turgor of a cell. 
· When the vacuole is full of liquid (mainly water), it exerts pressure on the cytoplasm &, in turn, on the cell wall. 
· If the vacuole loses water by osmosis, the pressure reduces & turgor is lost. 
· Then, the cell becomes flaccid.
III. Chloroplasts: 
· Are surrounded by two membranes, like mitochondria, but, unlike mitochondria, the inner membrane is not folded. 
· Have their own circular DNA & ribosomes. 
· Contain chlorophyll w/c absorbs sunlight for photosynthesis. 
· Are green b/c they contain chlorophyll. 
· Site of photosynthesis
There are two main regions in chloroplasts that are linked to the stages of photosynthesis:
· Grana (stack of thylakoids) - where light-dependent reactions occur
·  Fluid stroma – where the light-independent reactions occur.
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                                           Cell fractionation 
· is the technique used to separate cellular components (organelles) in isotonic medium to study their structure, chemical composition & function.
· Breaking up a cell, separation & suspension of cell constituents in isotonic medium to study cell organelles
·  Cell fractionation involves 3 main steps: 
· extraction
· homogenization  
· centrifugation 
· The technique is based on the masses of organelles & depends on their size.
· The technique is carried out as follows:
1) The cell sample is stored in a suspension that is:
A. Buffered pH: 
· To keep the pH constant
· the neutral pH prevents damage to the structure of proteins, including enzymes
B.  Isotonic (equal water potential):
· To prevent osmosis
· prevents osmotic water gain or loss by organelles; gaining too much water could rupture the organelles
C. Cool(Ice):
· reduces the overall activity of enzymes released later in the procedure
2) The cells are homogenised in a blender & filtered to remove debris.
· Cell homogenization: 
· Break apart cell wall & cell membrane to release cell organelles using blender.
· Blender is the electric machine that used to cut small pieces into liquid or soft food.
3) The homogenised sample is placed in an ultracentrifuge & spun at low speed. 
· When a mixture of organelles is spun in a centrifuge, the various types settle out at d/t speeds of spinning.
·  The large nucleus requires a relatively low centrifuge speed to make it settle out
· The nuclei settle out
4) The supernatant (the suspension containing the remaining organelles) is spun at a higher speed 
· Chloroplasts settle out (if plant tissue is used)
5) The supernatant is spun at a higher speed still.
· Mitochondria settle out
6)  The process is repeated at ever higher speeds until all the organelles have been separated.
· much smaller ribosomes settle out that require a much higher speed.
· Generally, the relative size of some organelles from larger to smaller is nucleus, chloroplast, mitochondria, lysosome, fragments of plasma membrane & ER, & ribosomes.
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Choose the correct answer from A to D.
1) To convert millimeters to micrometers:
A. multiply by 1000     B. divide by 100       C. divide by 1000    D. multiply by 100
2) The functions of the rough endoplasmic reticulum and the Golgi body are related because:
A. proteins synthesised by the rough endoplasmic reticulum are modified by the Golgi body
B.  proteins synthesised by the Golgi body are modified by the rough endoplasmic reticulum
C.  lipids synthesised by the Golgi body are modified by the rough endoplasmic reticulum
D. lipids synthesised by the rough endoplasmic reticulum are modified by the Golgi body
3) In cell fractionation, the purpose of keeping the tissue sample in an isotonic solution in a refrigerator prior to homogenization is:
A. to prevent osmotic damage to the cells and to reduce the metabolic activity of the cells
B. to prevent osmotic damage to the cells and to increase the metabolic activity of the cells
C.  to prevent osmotic damage to the organelles & to reduce the metabolic activity of cells
D.  to prevent osmotic damage to the organelles & to increase the metabolic activity of  cells
4) Which of the following is not part of the structure of mitochondria?
A. a double membrane surrounding the organelle C. stacks of membranes called thylakoids           
B.  a fluid matrix inside the organelle                    D. folds of membranes known as cristae
5) The plasma membrane provides:
A. structural supports for the cell and regulates which substances enter and leave
B.  structural supports for the cell but does not regulate which substances enter and leave
C. no structural support for the cell and does not regulate which substances enter and leave
D. no structural support for the cell but regulates which substances enter and leave
6) The principle behind separating cell organelles by ultracentrifugation is that: the
A.  various organelles have different masses  C. various organelles have different shapes   
B.  various organelles have different volumes  D. various organelles have different widths
7) Which of the following does not use energy in the form of ATP?
A. active transport   B. endocytosis   C. facilitated diffusion   D. phagocytosis
8) Which of the following statements concerning mitochondria and chloroplasts is correct?
A. Only mitochondria are surrounded by two membranes.
B.  The inner membrane of chloroplasts is folded into cristae.
C. Both organelles have a fluid interior.
D. Mitochondria contain stacks of membranes called thylakoids.
9) If red blood cells are immersed in a hypotonic solution, they will:
A. takes in water by osmosis, swell and become turgid C. loses water by osmosis and burst                            
B. lose water by osmosis and shrink                   D. take in water by osmosis, swell and burst
10) In the fluid mosaic model of membrane structure, intrinsic proteins can be:
A. glycoproteins    B. ion channel proteins    C. carrier proteins    D. all of the above
Worksheet
11) Which of the following factors determines the rate at which organelles settle out of cell homogenate if spun in a centrifuge?
A. Mass of the organelle          C. Location of the organelle in the cell
B. Function of the organelle    D. thickness of the membrane covering the organelle
12) Which of the following mechanisms moves digested amino acids and glucose across the plasma membrane of the cells lining the wall of the small intestine?
A. Osmosis   B. Simple diffusion    C. Facilitated diffusion    D. Active transport
13) Which of the following is an important function of the Golgi apparatus?
A. Storage of waste material not needed by the cell    C. Protein synthesis
B. Packaging of proteins for export out of the cell      D. Removing of debris from cell
14) Among the following, identify the organelle that does not contain its own gene?
A. Nucleus  B. Mitochondria    C. Chloroplast   D. Endoplasmic reticulum
15) Among the following identify the organelle in which nucleic acid is not found?
A. Chloroplast  B. Ribosome  C. Mitochondria  D. Golgi apparatus
16) What is the substance that helps to keep the biological membrane in a fluid state?
A. Waxes   B. Water    C. Cholesterol   D. Phospholipids
17) In which type of solution is the water potential more negative than in the cells?
A. Hypotonic   B. Hypertonic   C. Isotonic   D. Equal solute & solvent concentration
18) According to the fluid mosaic model of the plasma membrane, what does the word ‘mosaic’ refers to?
A. The hydrophobic property of fatty acids    C. The arrangement of the protein
B. The bilayer nature of the membrane           D. the movement of the phospholipids
19) Which of the following parts of the plant cell is not a living component of the cell?
A. Cell membrane       B. Cell wall          C. Cytoplasm           D.Nucleus
20) If a suspension of a mixture of cellular organelles is spun in a centrifuge, which organelle settles to the bottom first?
A. Mitochondria          B. Nuclei            C. Chloroplast              D. Ribosome
21) Which of the following organelles settles out last when homogenized cells are centrifuged?
A. Chloroplast         B. Ribosome         C. Mitochondria           D. Nucleus
22) Which of the following organelles are likely to be more abundant in active cells such as muscle cells of human heart?
A. Lysosomes          B. Chromosome               C. Mitochondria   D. Golgi bodies
23) One of the following would be harder to see under the ordinary light microscope that is more likely to be available in the school laboratory?
A. Nucleus                 B. Bacteria                    C. mitochondria      D. Ribosome
24) What is the process by w/c cell like amoeba and WBC engulf and internalized particles like bacteria?
A. Osmosis B. Pinocytosis  C. Active transport  D. Phagocytosis
25) Which of the following cell type can be rich in lysosomes?
A. RBC and platelets                           C. WBC and phagocytic cells
B. Nerve cells and mitochondria         D. Muscle cells and lipid
26) Piece of fresh potato are kept for some times in sugar solutions of 20%, 10%, 5% and distilled water, which piece will gain the highest percentage of weight?
A. The one in 20% solution             C. The one in 5% solution  
B.  B. The one in 10% solution       D. The one in distilled water
27) If the red blood cells shrink when placed in a certain solution, the lose their water the strength of the solution relative to the strength of the protoplasm of the cells?
A. Hypotonic  B. Isotonic  C. Hypertonic  D. Isoosmosis
28) Among the ff which one can be an example of prokaryotic organisms?
A. Paramecium B. Amoeba  C. liverwort  D. bacteria
29) Which of the following classes of molecules cannot pass easily across the cell membrane by simple diffusion?
a) Small non-polar molecule   C. Non-polar molecule
b) Lipid soluble molecule        D. polar molecule and large sized molecules
30) What organelles in eukaryotic cells are thought to have originated from prokaryotic cells?
A. Nucleus and centrioles                               C. Plastids and lysosomes
B. Mitochondria and ribosomes                      D. Plastids and mitochondria  
31) Why type of cell does not contain membrane bound organelles?
A. Animal Cells                B. Prokaryotic Cells           C. Eukaryotic Cells         D. Plant Cells
32) Theory that says eukaryotic cells formed from symbiosis among several different prokaryotes.
A. Natural Selection                               C.  Biogenesis Theory
B. Evolutionary Theory                          D. Endosymbiotic TheoryTop of Form
33) Who was/were the first to propose that cell membranes are phospholipid bilayers? 
      A. H. Davson and J. Danielli                   C. S. Singer and G. Nicolson
      B. E. Gorter and F. Grendel                     D. I. Langmuir  
34) Who proposed that the membrane is a mosaic of protein molecules bobbing in a fluid bilayer of phospholipids? 
      A) Davson and J. Danielli                       C) Overton 
      B)  Langmuir                                              D) Singer and Nicolson  
35) Which of the following is true of integral membrane proteins? 
A. They lack tertiary structure. 
B. They are loosely bound to the surface of the bilayer. 
C.  They are usually transmembrane proteins. 
D. They are not mobile within the bilayer.
36) Of the following functions, which is most important for the glycoproteins and glycolipids of animal cell membranes? 
A. facilitated diffusion of molecules down their concentration gradients 
B. active transport of molecules against their concentration gradients 
C.  maintaining the integrity of a fluid mosaic membrane 
D. a cellʹs ability to distinguish one type of neighboring cell from another 
37) Which of the following span the phospholipids bilayer, usually a number of times? 
A. Trans membrane proteins                                       C) Extrinsic proteins       
B. Peripheral proteins                                                  D) Glycoproteins 
38) Which of these are not embedded in the lipid bilayer at all? 
A. Trans membrane proteins      C.. Integral proteins 
B. Peripheral proteins             D. Glycoproteins 
39) Which of these often serve as receptors or cell recognition molecules on cell surfaces? 
A. Transmembrane proteins              C) Integral proteins
B.  Peripheral proteins                      D) Glycoproteins 
40) What kinds of molecules pass through a cell membrane most easily? 
A. Large and hydrophobic                       C) Small and hydrophobic 
B. Large polar                                          D) Monosaccharaides such as glucose 
41) Which of the following would likely move through the lipid bilayer of a plasma membrane most rapidly? 
A. CO2         B) an amino acid            C) glucose              D) K+          
42) Which of the following statements is correct about diffusion?
A. It is very rapid over long distances. 
B.  It requires an expenditure of energy by the cell.
C.  It is a passive process in which molecules move from a region of higher concentration to a region of lower concentration.
D.  It requires integral proteins in the cell membrane 
43) Which of the following membrane activities require energy from ATP hydrolysis? 
A. facilitated diffusion.                                C) movement of water into a cell 
B. Na+ ions moving out of the cell               D) movement of glucose molecules
44) Ions diffuse across membranes down their 
A. chemical gradients.                     C) concentration gradients. 
B. electrical gradients.                      D. electrochemical gradients. 
45) According to the fluid mosaic model of membrane structure, proteins of the membrane are mostly 
A. spread in a continuous layer over the inner and outer surfaces of the membrane. 
B. embedded in a lipid bilayer. 
C. randomly oriented in the membrane, with no fixed inside-outside polarity. 
D.  free to depart from the fluid membrane and dissolve in the surrounding solution 
46) Which of the following factors would tend to increase membrane fluidity?
A. a greater proportion of unsaturated phospholipids 
B. a greater proportion of saturated phospholipids 
C. a lower temperature 
D. a relatively high protein content in the membrane 
47) Transverse diffusion (flip-flop) is the movement of _____________
A) cholesterol molecule      B) amino acid         C) protein       D) phospholipid
48) This is not the function of plasma membrane
A. Energy transduction                      C. Intercellular interactions
B. Responding to external stimuli       D. Assisting in chromosome segregation
49) In the plasma membrane, carbohydrates
A. always faces outwards, towards extracellular space
B.  directed to all sides in the membrane randomly
C. always faces to the lumen of cells
D. always faces inward to the nonpolar portion of the membrane
50) The major interaction responsible for stabilizing plasma membrane
A. hydrophobic interactions              C. hydrophilic interactions
B. covalent bond                               D. ionic bonds
51) Ion carriers are located in
A. Plasma membranes        b) Cell wall     C ) Nucleus       d) Cellular space
52) What is the source of energy in active transport?
A. from sunlight                                                               C. hydrolysis of ATP
B. Energy stored in ionic concentration gradient             D. both A and C
53) Which of these is a characteristic of prokaryotic cells?
A. Absence of membrane bounded cell organelles           C. Presence of 70S ribosomes
B. Absence of nucleus                                                      D. All of these
54) A difference between eukaryotic and prokaryotic cells is in having
        A. Ribosomes       B. Nuclear membrane           C. Cell wall        D. None of the above
55) In prokaryotes, the hair-like outgrowths which attach to the surface of other bacterial cells are
A. Flagella            B. Pilli                            C. Capsule             D. Plasmids 
56) Which of the following methods does not require any carrier or channel for transport of substances?
A. Active transport      B. Facilitated diffusion      C. Simple diffusion       D. Osmosis
57) Which substances are transported through facilitated diffusion?
A. galactose     B. urea            C. oxygen       D. alcohol
58) Which of the ff process requires membrane protein?
A. phagocytosis    B. exocytosis     C. pinocytosis  d. receptor mediated endocytosis
1) Top of Form
59) Who was the first person to see cells under the microscope and give them a name?
A. Anton van Leeuwenhoek      C. Robert Hooke
B. Matthias Schleiden               D.Theodor Schwann
60) He advanced the cell theory with his conclusion that cells could only come from other cells:
A. Anton van Leeuwenhoek      C. Rudolph Virchow
B. Theodor Schwann                  D.Robert Hooke
61) Unlike eukaryotes, prokaryotes do not have:
A. cytoplasm      B, DNA     C. cell walls      D. membrane bound nucleus
62) What did Leeuwenhoek do?
A.  Stated that animals are made of cells                                 C. Looked at cork
B. Used simple light microscope and saw microorganism   D. All plants are made of cells
63) Which of the following is a statement which comprises part of the modern cell theory?
A. All organisms are composed of one or more cells     C. Cells are the smallest units of life
B. All cells come from pre-existing cells                       D. All of the above
64) Who observed the first living cells and referred to them as "animalcules" (little animals)?
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B. Mathias Schlieden                          C. Robert Hooke
C. Theodore Schwann                        D. Anton Van Leeuwenhoek
UNIT 5: ENERGY TRANSFORMATION




                                                   Respiration
ATP molecule: 	
· All nucleotides contain a nitrogenous base, a pentose sugar & a phosphate group.                   
· ATP is based on this nucleotide. 
· ATP is a phosphorylated nucleotide. 
· Phosphorylate is the addition of one or more phosphate groups to a molecule. 
· ATP is the adenine nucleotide with two extra phosphate groups – making three in all. 
· Adding extra phosphates requires energy, particularly when the third phosphate is added.
· ADP & Pi joining to form ATP requires an input of energy. 
· Thus, energy is stored in ATP & when the bonds that hold third phosphate are broken, the energy is released again. 
· ADP + Pi      Energy   ATP + H2O 
· ATP + H2O  Hydrolysis  ADP + Pi + Energy, Pi = inorganic phosphate
· When the third phosphate is removed from ATP, we are still left with a phosphorylated nucleotide [the Adenosine Di-Phosphate (ADP)].
· The energy to form ATP comes from ‘sunlight or food’ 
· b/c ATP is formed in both photosynthesis & cellular respiration.
· ATP is a high energy molecule b/c the last two phosphate bonds are unstable & easily broken.
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Adaptation of ATP to energy transfer in cells
ATP is adapted to energy transfer in cells because it:
· releases energy in small amounts that are closely matched to the amounts of energy required in many biological processes occurring inside cells
· releases energy in a single-step hydrolysis rxn so the energy can be released quickly
· is able to move around the cell easily, but cannot escape from the cell
The following processes require energy from ATP:	
· synthesis of macromolecules such as proteins
· active transport across a plasma membrane 
·  muscle contraction
· conduction of nerve impulses
· initial reactions of respiration (rxns release energy from glucose to form more ATP)
ATP production in a cell
· The formation of ATP in mitochondria or chloroplast involves an enzyme called ATP synthase
· When the rotor is made to spin by hydrogen ions passing through it, the energy of the spinning is used to activate the sites in catalytic knob that convert ADP & Pi to ATP. 
· In both photosynthesis & aerobic respiration, the reactions generate hydrogen ions that will pass through ATP synthase to produce ATP. 
· How are hydrogen ions transferred from glucose to ATP synthase?
· Nicotinamide Adenine Dinucleotide (NAD) & Flavine Adenine Dinucleotide (FAD are important in hydrogen ions transfer.
·  NAD & FAD are coenzymes & capable of accepting hydrogen ions in w/c these molecules have been reduced (NADH & FADH). 
· These molecules can release their hydrogen ions & become oxidised again. 
· The hydrogen ions can then be used to turn the rotor of ATP synthase.
· Where do hydrogen ions come from in glycolysis? 
· The major sources of hydrogen ions are from the anaerobic respiration producing lactic acid, aerobic respiration of glucose, etc.
· The electron from NADH & FADH2 flow through the ETC in the inner mitochondrial membrane generating H+ buildup in the inter membrane space.
· This proton gradient flowing through ATP synthase to produce ATP.
· During electron transport, energy is used to pump hydrogen ions across the mitochondrial inner membrane, from the matrix into the intermembrane space. 
· A chemiosmotic gradient causes hydrogen ions to flow back across the mitochondrial membrane into the matrix, through ATP synthase, producing ATP.
Key: FAD    fully reduced    FADH2,            FAD   semi reduced      FADH
                                                                    Inter membrane space
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        Inner membrane                          Fig: ATP synthase
      Two ways of ATP production in cellular respiration:
I. Substrate level phosphorylation (10%): 
· does not use ATP synthase
· Takes place during glycolysis & Krebs cycle
· A small amount of ATP (10%) is produced without ATP synthase 
· called substrate level phosphorylation. 
· Phosphoenol pyruvate transfers a phosphate group directly to ADP. 
· Phosphorylated organic compound (substrate-P) +ADP             ATP
II. Oxidative phosphorylation (90%): 
· aerobic respiration
· takes place during ETC & chemiosmosis       
· NADH/FADH + O2    ATP synthase  ATP
· About 90% of ATP is produced by oxidative phosphorylation during chemiosmosis & ETC.
                 Respiration pathways of ATP Production
Two pathways by w/c respiration can produce ATP:
· Aerobic pathway (aerobic respiration): 
· Anaerobic pathway (anaerobic respiration & fermentation): 
I. ATP production in aerobic respiration
· requires oxygen
· Stages of aerobic respiration of glucose:
1) Glycolysis
2) link reaction
3) Krebs cycle 
4) Electron transport & chemiosmosis
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Fig: Stages of aerobic respiration
A. Glycolysis: Glucose splitting (Glyco = glucose, lysis = breakdown)
· Is the oxidation of glucose (6C)to two pyruvate (3C) with the formation of ATP & NADH
· The reaction of glycolysis takes place in cytosol of the cytoplasm.
· Can takes place in the absence of oxygen.
The ff rxns take place in glycolysis:
· Two ATP are used to ‘phosphorylate’ glucose to makes the glucose more reactive
·  Phosphorylated glucose is converted to six carbon sugar (fructose 1,6-bisphosphate)
· Fructose 1,6-bisphosphate is split into two three-carbon sugar glyceraldehyde-3phosphate (GP)
·  Each molecule of GP is then converted into pyruvate, with the production of two ATP (by substrate level phosphorylation) and one reduced NAD
· Two pyruvate are produced from one glucose
· At the end of glycolysis, there is a net gain of two ATP per glucose (two ATP are used initially & four ATP are produced). 
· Two reduced NAD are produced per glucose. Then, 
· Pyruvates pass into mitochondria through carrier molecules in mitochondrial membrane     [image: ]
Fig: Stages of glycolysis & product (2 net ATP & 2NADH are formed)
B. Link reaction/Transition reaction/preparatory phase: In link reaction,
· a pyruvate reacts with a coenzyme A (CoA) to form an acetyl coenzyme A (acetyl CoA). 
· hydrogen is lost & one reduced NAD (NADH) is formed from each pyruvate; removing hydrogen from a molecule is called dehydrogenation
· a carbon atom is lost to form carbon dioxide; removing carbon from a molecule is called decarboxylation.
               [image: ]
                           Fig: Link reaction (Product: 2NADH are formed from two pyruvate)
C. Krebs cycle (citric acid cycle)	
· In all three stages (glycolysis, link reaction & Krebs cycle), hydrogen atoms are transferred to NAD to produce reduced NAD. 
· The Krebs cycle (named after Sir Hans Krebs) produces reduced FAD. 
· These molecules later release their hydrogen atoms as protons (hydrogen ions) & electrons in the final stage of aerobic respiration. 
· Acetyl CoA breaks down into a two-carbon ‘acetyl’ group, w/c reacts with oxaloacetate (4C) to form a citrate (6C) & original coenzyme A, w/c is reused in further reactions with other molecules of pyruvate [Acetyl group (2C) reacts with oxaloacetate (4C) to form citrate (6C)].
· citrate then loses a carbon atom (is decarboxylated) to form a five-carbon compound (@ ketoglutarate) & CO2 is produced
· alpha ketoglutarate (5C) is further decarboxylated to form a succinyl-CoA (4C) & CO2 is again produced; one ATP is produced by substrate level phosphorylation from one pyruvate.
· succinyl-CoA (4C) undergoes several molecular transformations to regenerate original oxaloacetate (4C) & the cycle is complete & can begin again 
· In just one reaction, three reduced NAD & one reduced FAD are produced from one pyruvate
[image: ]
Fig: Stages of Krebs cycle (Product: 2ATP, 6NADH & 2FADH are formed from two pyruvate)
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D. Electron transport chain and chemiosmosis
· The electrons pass along a series of molecules called an electron transport chain. 
· The electron transport chain & chemiosmosis together make up the process of oxidative phosphorylation. 
· Oxidative phosphorylation: 
·  is the oxygen-dependent method of ATP production.
· The link reaction, Krebs cycle & electron transport chain reactions all depend on the presence of oxygen. 
· However, glycolysis can take place in the absence of oxygen and is the only energy-releasing process in anaerobic respiration
· The reactions of the link reaction & Krebs cycle take place in the fluid matrix of the mitochondrion whereas the reactions of the electron transport chain & chemiosmosis take place on the inner mitochondrial membrane. 
On the cristae, the following events take place:
· hydrogen atoms carried by reduced NAD & reduced FAD are released & split into protons (hydrogen ions) & electrons
·  electrons pass along a series of electron carriers that form the transport chain; they lose energy as they pass from one carrier to the next
·  three of the electron carriers are proton pumps that move protons from the matrix of the mitochondrion to the inter-membrane space
·  as the electrons are transferred through these three proton pumps, the energy they lose powers the pumps which move the protons into the inter-membrane space
· electrons from reduced NAD make this happen at all three pumps
The molecules that act as electron carrier in electron transport chain to pump a proton are:
· reduced NAD dehydrogenase
· ubiquinone (vitamin like substance)
· Cytochromes (the proteins that contain iron).
· Reduced NAD is dehydrogenated by NAD dehydrogenase complex whereas reduced FAD is dehydrogenated by ubiquinone. 
· Protons accumulate in the inter-membrane space creating a higher concentration than in the matrix b/c of the action of proton pumps.
· This proton gradient results in protons diffusing through ATP synthase (down the concentration gradient) making the synthase rotor ‘spin’ & produce ATP from ADP & Pi. 
· The protons are used in the chemiosmotic synthesis of ATP as they spin the rotor of ATP synthase enzyme located in the inner membrane of the mitochondrion.
· Proton pump takes place at protein complex I, III & IV.
·  Complex II does not produce sufficient energy (no super charge) to pump out proton b/c electron passing through complex II bypass complex I, FADH2 yield one fewer ATP than NADH w/c feeds electrons through complex.
· The diffusion of hydrogen ions through ATP synthase called chemiosmosis. 
· Chemiosmosis is used in operating the proton pump in photosynthesis & cellular respiration.
· The oxidation of one reduced NAD results in six protons passing through ATP synthase to synthesis three ATP. 
· The oxidation of one reduced FAD results in four protons passing through ATP synthase to synthesis two ATP.
· At the end of the electron transport chain, the electrons combine with protons and oxygen to form water. 
· Oxygen accepts the electrons at the end of the electron transport chain. So, oxygen is known as terminal electron acceptor.
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Fig:  Net production of ATP in aerobic Respiration of glucose.  
· As 2ATP is required to transport 2NADH to mitochondrion. Thus, total ATP:     38-2 = 36ATP
Respirometers: used to measure O2 used in aerobic respiration & produced CO2.
II. ATP production in anaerobic pathway: Alcoholic & lactic acid fermentation 
· take place without oxygen
· Reduced NAD formed during glycolysis can be regenerated under anaerobic conditions by converting the pyruvate into another product in a reduction reaction.
· Reduced NAD supplies the hydrogen for this reduction and becomes oxidised itself. 
· Oxidized NAD is regenerated & can be used again in glycolysis. 
· Occurs in cytosol
· NADH do not donate electrons to electron transport chain
End product of alcoholic fermentation (in yeast):  2 ethanol, 2 net ATP & CO2.
· Glucose        2ATP + 2 pyruvate (3C)       CO2 + 2 Acetaldehyde (2C)       2Ethanol (2C)
End product of lactic acid fermentation (in animal): 2lactate & 2 net ATP
· Glucose           2ATP + 2 pyruvate (3C)          2 lactate
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                    Fig: Fermentation process in animal cells & yeast cells
           [image: ]
Fig: Cori cycle (Lactate formation during exercise)
Energy source substances (respiratory substrates)
· Like glucose, lipids and proteins can be used as respiratory substrates. 
· Lipids & proteins are converted into substances that can enter the aerobic respiration pathway 
· The metabolism of proteins, lipids and carbohydrates ‘converges’ on the Krebs cycle.
Lipid metabolism
· Lipid digests in to glycerol and fatty acids
· Glycerol phosphorylated and converted into glyceradehyde- 3 phosphate (G3P) and join glycolysis
· Fatty acids transported into mitochondrial matrix and undergo beta oxidation and converted into Acetyl CoA
· In beta oxidation if 2n carbon oxidize generate;
· N-1 cycle
· N-1 NADH
· N-1 FADH
· N-acetyl CoA
E.g; How many ATP yield form palmitic acids/a 16 carbon fatty acid?
· As the rule beta oxidation 2n carbon of fatty acid requires;
· 8-1=7 cycle gives 7 NADH, 7 FADH and 8 Acetyl CoA
· 7 NADH gives 7 x 3 ATP = 21ATP
· 7 FADH give 7 x 2 ATP = 14 ATP
· 8 Acetyl CoA gives 8 x 12 ATP = 96 ATP (since 1 acetyl CoA enter krebs cycle gives 12 ATP.
· Total ATP production from 16 carbon fatty acid 21 + 14 + 96 = 131 ATP
· For activation of oxidation process 2ATP are require. Thus, the net ATP is 131-2= 129ATP
                       Protein metabolism
· Protein first hydrolysis into amino acids
· Excess amino acids used to make new protein or be source of cellular respiration
· Amino acids first undergo deamination /removal of amino group
· The remaining carbon skeleton of the amino acids converted into pyruvate, acetyl CoA and other Krebs cycle components
E,g; 
· The amino acid leucine and palanine converted into acetyl CoA
· Praline converted into alpha ketoglutarate.

Fig: metabolic pathway of carbohydrate, lipids and protiens
                      Choose the correct answer from A to D.
1) The ATP molecule is sometimes described as: 
A. a phosphorylated nitrogenous base       C. a glycosated nucleotide                   
B.  a phosphorylated nucleotide                D. a glycosated nitrogenous base
2) ATP is formed from:
A. AMP and Pi     B. ADP and AMP     C. ADP and Pi     D. AMP and A
3) Examples of processes requiring ATP include:
A. simple diffusion and active transport         C. conduction of nerve impulses and osmosis   
B. active transport and facilitated diffusion   D. active transport and protein synthesis
4) The ATP synthase molecule produces ATP when:
A. electrons turn the rotor to activate sites in the catalytic knob
B.  hydrogen ions spin the catalytic knob
C. electrons spin the catalytic knob
D.  hydrogen ions turn the rotor to activate sites in the catalytic knob
5) ATP is an ideal energy transfer molecule in cells because it:
A. releases energy in small amounts       C. can move freely in, but not escape from, the cell                       
B. releases energy quickly                     D. all of the above
6) Which of the following does take place during the Krebs cycle?
A. oxidative phosphorylation               C. electron transport                        
B. substrate-level phosphorylation       D. the link reaction
7) In fermentation:
A. oxidative phosphorylation does not take place   C. NAD is reduced in glycolysis
B.  substrate-level phosphorylation does take place   D. all of the above
8) Which of the following statements about mitochondria is NOT true?
A. carrier molecules of electron transfer chain are found on inner mitochondrial membranes
B. the reactions of the Krebs cycle take place inside the mitochondria
C. all of the ATP needed by the cell is made in the mitochondria
D. much of the ATP needed by the cell is made in the mitochondria (mitochondrial matrix)
9) In the electron transport chain, electrons are passed:
A. from the lumen of the mitochondrion to the intermembrane space
B.  from the inter-membrane space to the lumen of the mitochondrion
C. through ATP synthase
D.  along a series of electron carriers
10) Oxidative phosphorylation includes:	
A. electron transport chain and chemiosmosis               C. the Krebs cycle and chemiosmosis               
B. the electron transport chain and the Krebs cycle       D. none of these
11) In the Krebs cycle:
A. some ATP is made by oxidative phosphorylation
B. the four-carbon compound oxaloacetate is regenerated
C. ATP is used
D.  the six-carbon compound citrate is split into two three carbon compounds
12) When compared with aerobic respiration, fermentation of glucose by yeast:
A. yields less ATP per glucose B. produces lactate C. produces more CO2 D. none of the                                                          
13) Which of the following statements about aerobic respiration is correct?
A. Glycolysis takes place in the matrix of the mitochondrion.
B. Carrier molecules of the electron transport chain exist on outer membrane of mitochondrion.
C.  A high concentration of hydrogen ions builds up in the matrix of the mitochondrion.
D. the Krebs cycle takes place in the matrix of the mitochondrion.
14) In a respirometer…
A. the amount of O2 used by organism is replaced with an equal amount of carbon dioxide
B. the carbon dioxide given off is absorbed by potassium hydroxide
C.  the breathing rate of an organism is measured
D.  we measure the uptake of oxygen by an organism
15) Which of the following occur in both aerobic respiration and fermentation in mammals?
A. substrate-level phosphorylation B. chemiosmosis C. link reaction D. decarboxylation
Work sheet
16) What is the reduced molecule in the following reaction?
Pyruvate (CH3COCOO-) + NADH + H+                  Lactate (CH3CH OH COO-) + NAD+
A. Lactate         B. Pyruvate         C. NADH            D. NAD+
17) What the end product of Krebs cycle?
A. Citric acid         B. Lactic acid        C. Pyruvic acid         D. CO2 & H2O
18) If present in fermentation system, which one of the following would negatively affect alcohol production by yeasts?
A. Water    B. oxygen     C. Glucose    D. fermentation enzyme
19) Which of the following molecules can provide the cell the least amount of energy per molecule?
A. Reduced FAD    B. Reduced NAD   C. ATP    D. Glucose
20) What is the molecule that supplies the quickest and suitable source of energy to cells?
A. Lactose   B. Sucrose   C. ATP   D. lipid
21) When does ATP release the energy stored in its bonds? When:
A. A phosphate group is added to it    C. A phosphate group is removed from it
B. It takes up a hydroxyl group          D. it undergoes a condensation reaction
22) Cells immediately use the energy that electrons lose as they pass along the chain of electron carriers to:
A. Produce ATP    C. Spin the rotor of ATP synthase
B. Proton pumps     D. Reduce NAD
23) During aerobic respiration, what the route through when protons return, from the mitochondrial inter-membrane species back to its matrix?
A. Proton pump  B. ATP synthesis   C. Ion channel    D. Membrane lipid
24) Which phosphate bond of the ATP is broken when the energy it contains is needed for cellular respiration?
A. The first bond    B. The C-C bond     C. the second bond    D. The third bond
25) Which of the ff substances is not formed when glucose is fermented by yeast?
A. Alcohol  B. ATP   C. Lactic acid   D. Carbon dioxide
26) During which of the ff processes in cellular respiration are most of the ATPs formed?
A. Glycolysis     B. Chemiosmosis and ETC      C. Link reaction    D. Krebs cycle
27)  What happens in the first reaction of the Krebs cycle during energy transformation?
A. 2C compound is produced      C. 4C compound is produced    
B. 6C  compound is produced      D. 5C compound is produced    
28) During chemiosmosis, what substances diffuse from one side to the other side of the membrane?
A. Water molecules  B. Protons  C. Electrons  D. ATP molecules
29) What is the importance of chemiosmosis in photosynthesis and cellular respiration?
a) Splitting water molecule          C. Combining hydrogen and carbon
b) Operating the proton pump       D. Synthesizing ATP
30) Where is the convergence point for the metabolism of the building blocks of carbohydrates, lipids and proteins?
a) Cytoplasm B. Electron transport  C. Calvin cycle  D. Krebs cycle
31) At which stage is most of the ATP generated in aerobic respiration?
A. Glycolysis  B. Link reaction  C. Krebs cycle  D. Electron transport chain
32) During the Krebs cycle, which of the ff molecules temporarily stores most of the energy released from food molecules?
A. ADP   B. ATP  C. NADH   D. FADH
33) Which of the ff is not true about fermentation?
A. Net gain of only two ATP   C. NADH donates electron to ETC
B. Occurs in cytosol                D. Begins with glucose
34) Substrate level phosphorylation takes place during which step of cellular respiration?
A. Glycolysis and Krebs cycle             C. Glycolysis and electron transport chain
B. Link reaction and electron transport chain   D. Link reaction and Krebs cycle                         
35) Which of the following steps in cellular respiration take place in the absence of oxygen?
A. Link reaction   B. Krebs cycle   C. Glycolysis    D. Electron transport chain
36) How many molecule of ATP is gained by a cell during the process of glycolysis from 10 molecule of glucose?
A. 40             B. 20              C. 380                D. 120 
37) Lactic acid is converted into glucose in the:
A. Liver   B. muscle cell  C. Pancreas    D. Kidney
38) Choose the final electron acceptor in the electron transport chain during aerobic respiration of eukaryotic cells
A. Water  B. Oxygen   C. Carbon dioxide    D. NADH
39) When athletes take part in short distance running, how do the cells generate most of the energy that is quickly needed?
A. Aerobic respiration in muscle cells       C. Anaerobic respiration in muscle cells       
B. Mitochondrial respiration in any cell    D. Yeast fermentation in the stomach
40) Compare and contrast b/n anaerobic respiration and fermentation
· Anaerobic respiration: electrons are transferred from fuel molecule to an electron transport chain & 2ATP are produced per glucose
· Fermentation: is anaerobic process that does not use an electron transport chain & 2ATPs are produced per glucose
41) At which stage is most of the carbon dioxide released during aerobic respiration?
a) Glycolysis  B. Chemiosmosis  C. electron transport  D. Krebs cycle
40) The ATP made during fermentation is generated by which of the following?
A. the electron transport chain       C. substrate-level phosphorylation
B. chemiosmosis                            D. oxidative phosphorylation
41) Muscle cells, when an individual is exercising heavily and when the muscle becomes oxygen deprived, convert pyruvate to lactate. What happens to the lactate in skeletal muscle cells?
A. It is converted to NAD+.                                                  C.  It produces CO2 and water.
B. It is taken to the liver and converted back to pyruvate.   D. It reduces FADH2 to FAD+.
42) Which metabolic pathway is common to both fermentation and cellular respiration of a glucose molecule?
A. the citric acid cycle                       C.  the electron transport chain
B. glycolysis                                       D.  synthesis of acetyl CoA from pyruvate
43) In addition to ATP, what are the end products of glycolysis?
A. CO2 and H2O                                   C. CO2 and pyruvate      
B.  NADH and pyruvate                        D. CO2 and NADH
44) The ATP made during glycolysis is generated by
C. substrate-level phosphorylation.                 C. electron transport.
D. photophosphorylation.                                D. chemiosmosis.
45) When a molecule of NAD+ gains a hydrogen atom (not a hydrogen ion) the molecule becomes
               A) hydrogenated.          B) oxidized.               C) reduced.                      D) redoxed.
46) Which of the following shows the correct sequence during aerobic respiration of glucose?
A.  Glycolysis – Krebs cycle – Link reaction - Electron transport chain 
B. Glycolysis– Link reaction–  Krebs cycle -  Electron transport chain 
C. Electron transport chain – Glycolysis – Krebs cycle – Link reaction
D. Glycolysis – Krebs cycle – Link reaction - Electron transport chain 
                                     Photosynthesis
· is the process by w/c light energy is converted into chemical energy (glucose) by using CO2 and water as raw material. 
·  the conversion of one form of energy into another is called Energy transduction. 
·  Light energy is absorbed by special photosensitive pigments (the chlorophyll) in the chloroplasts. 
· The major parts of the chloroplast are grana (stack of thylakoid) and stroma
· Thylakoid:
· Stores chlorophyll
· Stacked into grana
· Lumen inside
· Stroma surrounds
The process of photosynthesis
The process of photosynthesis involves two major stages
· Light-dependent stage (light reaction)- require light
· Light-independent stage (dark reaction)- does not require light
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Both Light-dependent & light-independent rxn occur at the day time where there is light.
I. Light-dependent reactions of photosynthesis 
· Takes place in membranes of thylakoids in the chloroplasts.
· Takes place only day time.
· Light energy is used to excite electrons in the chlorophyll
· The excite electrons cause proton to pass to inside of the thylakoid membrane
· The excited electrons react with hydrogen ions and Nicotinamide adenine dinucleotide phosphate (NADP) at the end of the  second electron transport chain to form NADPH  
· The light-dependent reactions (that occurs in thylakoid) use light energy to ‘drive’ the synthesis of two molecules that will, in turn, drive the light independent reactions. 
· Light + water +ADT +Pi +NADP                 Oxygen + ATP + NADPH
· These two molecules are: 
· ATP – provides the energy for the light independent reactions
·  Reduced NADP (NADPH) – provides the hydrogen ions for reduction reaction in w/c CO2 gets reduced to form glucose. 
· NADP is very similar to NAD that is used in respiration &
·  it has the same function – transporting hydrogen ions.
Photosystems (Light Harvesting Complex/photosynthetic pigment system/antenna complex)
· Photosystems are a biochemical mechanism by w/c photosynthetic pigment absorbs light energy for photosynthesis.
· Are the structural and functional units of protein complex involved in photosynthesis.
· Used to light absorption and transfer of energy and electrons.
· Are found in thylakoid membrane.
· Harvest light and convert it to chemical energy.
· The chlorophyll & other photosensitive pigments are arranged in special photosystems that are linked to electron transport chains (ETCs). 
· Photosystems & electron transport chains are fixed in the membranes of the thylakoids. 
· A Photosystem consist of chlorophyll molecule, accessary pigments, electron acceptors and rxn center molecules (p680 & p700)
· A photosystem consists of a number of pigment molecules all clustered around a special pair of chlorophyll called the reaction centre molecule. 
· This cluster of pigment molecules is called an antenna complex. Only the reaction centre molecule is positioned next to the electron transport chain. 
· Antenna complexes are light harvesting system (LHS) on photosynthetic membrane. LHS receive radiant energy and transfer it to the reaction center.
· The antenna complex, a series of light absorbing pigment, accepts UV- photons and transfers them rapidly and unidirectionally to a special pair of chlorophyll in P680'S reaction center. 
· Energy absorbed by other molecules in the photosystem is transferred to the reaction centre molecule, where the light-dependent reactions begin. 
· Different pigment molecules in the antenna complex can absorb different wavelengths of light, making the whole system more efficient. 
· The pigments in antenna complex include chlorophyll a, chlorophyll b, xanthophyll & carotenoids. The reaction centre molecule is always chlorophyll a. 
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                                   Fig: Structure of a photosystem
· There are two different photosystems based on the wavelength of light at w/c the ETC shows max activity that are involved in light dependent rxns, each photosystem is sensitive to light of a d/t wavelength & linked to a d/t electron transport chain.
Photosystem I: 
· contains special form of chlorophyll a w/c has an absorption peak at 700nm wave length of light (thus, referred to as P-700). 
· Discovered before photosystem II.
Photosystem II: 
· contains another form of chlorophyll a w/c has an absorption peak at 680nm wave length of light (thus, referred to as P-680). P-680 is the rxn center molecule for PSII.
· chlorophyll a-  
· is the reaction centre molecule & it absorbs red and blue and reflect bright green 
· is electron donor in ETC
· is the primary pigment
· collects the energy and passes it to chlorophyll a
· contain methyl (CH3) functional group
· found in the rxn center (p680 & p700)
· chlorophyll b- is accessory pigment & it appears yellow green
· contain carbonyl (CHO) functional group
· found in the antenna complex
· can transform light energy directly into chemical energy
· carotenoids- is accessory pigment & it appears yellow green
· Energy in red and blue light most stimulates photosynthesis.
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1) Electrons (e–) in chlorophyll molecules in photosystem II are excited by the energy in photons of light – they become more energetic. 
· Because of the extra energy, they escape from the chlorophyll and pass to an electron acceptor (the primary electron acceptor).
2)  The conditions created in chloroplast cause the ff rxn to occur:  2H2O → O2 +4H+ + 4e-. 
· Water is the source of oxygen. This light-dependent splitting of water is called photolysis. 
· The electrons replace those lost from the chlorophyll molecule.
3)  The primary electron acceptor passes the electrons to the next molecule in an electron transport chain (plastoquinone or ‘Pq’). 
· The electrons then pass along a series of cytochromes and finally to plastocyanin (Pc) – the last carrier in the chain. 
· The electrons lose energy as they are passed from one carrier to the next.
4)  One of the molecules in the cytochromes complex is a proton (hydrogen ion) pump.
· As electrons are transferred to and then transferred from this molecule, the energy they lose powers the pump which moves protons from the stroma of the chloroplast to the space inside the thylakoid (lumen). 
· This leads to an accumulation of protons inside the thylakoid, which drives the chemiosmotic synthesis of ATP.
5)  Electrons in chlorophyll molecules in photosystem I are excited (as this photosystem absorbs photons of light) and escape from the molecule.
· They are replaced by the electrons that have passed down the electron transport chain from photosystem II.
6) The electrons then pass along a second electron transport chain involving ferredoxin (Fd) & NADP reductase.
· NADP reductase is enzymes that make the NADP to react with hydrogen ions to form NADPH. 
· At the end of this electron transport chain, they can react with protons (hydrogen ions) & NADP in the stroma of chloroplast to form reduced NADP.
                                     Photophosphorylation 
· is addition of phosphate to ADP to make ATP in thylakoid membrane by using sunlight.
· Generating ATP under anabolic condition by using sunlight.
· ADP +Pi           sunlight       ATP
There are two forms of photophosphorylation
I. Non-cyclic photophosphorylation
· Is the most common type of photophosphorylation
· During non-cyclic photophosphorylation,
· There is one way of flow of electron from water to NADP+
· Water is the first electron source and NADP is last electron acceptor 
· Involves photosystem I and photosystem II
· phosphorylation (formation of ATP) is light-dependent
· electrons lost from the chlorophyll are not recycled
· Every two electron that enter the path way, 2ATP, 1NADPH and oxygen are produced.
· Quinone cycle facilitates the transfer 4H+ to the lumen of thylakoid membrane for every two electrons passing though ETC & one ATP is formed every 3H+ moving down the proton gradient.
· 1H2O gives 2H+, through Quinone cycle, provide 4H+. 
· Thus, total 6H+ which forms 6/3=2ATP. 
· If 1H2O=6H+= 2ATP,  8H2O=48H+= 16ATP
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Fig: Photosynthetic unit & non-cyclic photophosphorylation
Photosynthetic unit:
· is a unit of pigments, electron carriers & ATP synthase that carrying out all the reactions in the light-dependent stage of photosynthesis.
II. Cyclic photophosphorylation.
· Plants sometimes generate ATP by cyclic photophosphorylation.
· Energy from electron movement allows H+ to be pumped into thylakoid space (lumen). This generate proton gradient across thylakoid which will be used to make ATP.
· Is the cyclic events b/n PSI and ETC to regenerate ATP
·  In cyclic photophosphorylation, 
· Only photosystem I is used. 
· Produce 2ATP only
· No oxygen & no reduced NADP are formed. 
· First electron source and last electron acceptor is photosystem I (p 700)
· Energized electrons leave the PSI rxn center chlorophyll a are taken up by an electron acceptor & returned to it. 
· This process happens when sugars cannot be synthesised for some reason such as lack of carbon dioxide.
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                                  Fig: Cyclic photophosphorylation
In cyclic and non-cyclic photophosphorylation, ATP is produced because:
· there is an accumulation of protons (hydrogen ions) in the interior of a thylakoid
·  It creates a concentration gradient b/n thylakoid interior & stroma of the chloroplast
· Protons move down concentration gradient, through ATP synthase, causing the rotor to spin, just as in mitochondria during respiration.
II. Light-independent/Calvin cycle/Dark reactions of photosynthesis
· Liquid stroma is the site of light-independent reactions, in w/c carbohydrates are synthesised.  
· Occur in the stroma of the chloroplasts.
· Takes place both during day & night time.
· Involve the addition/fixation of carbon dioxide (from the air) with a preexisting five-carbon molecule (RuBP) to regenerate original molecule and to synthesis glucose. 
· During carbon fixation, the energy from ATP & NADPH is used for the formation of organic molecules from CO2.
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· Rxn of carbon fixation: 
· 12NADPH + 18ATP + CO2                C6H12O6 +   12NADP+ + 18ADP +18pi     
Thus, the overall rxn of photosynthesis equation:
     Light + H2O +18ADT +Pi +NADP                 O2 + 18ATP + 12NADPH (LDR)
 12NADPH + 18ATP + 6CO2                C6H12O6 +   12NADP+ + 18ADP +18pi (LIR)    
                 6H2O + 6CO2                  Light                C6H12O6+ 6O2  
                                                  Chlorophyll
· The sequence of light-independent reactions was discovered by Melvin Calvin.
·  Calvin identified the first stable three-carbon cpd called glycerate phosphate (GP).
· The main stages of the light-independent reactions are:
· Carbon dioxide reacts with ribulose bisphosphate (RuBP) to form two GP in stroma, in w/c the reaction is catalysed by the enzyme Rubisco [Ribulose-1, 5-bisphosphate carboxylase oxygenase (RiRuBP carboxylase)].
·  Each GP (glucose precursor) is converted to TP (triose phosphate – 3C); this is a reduction reaction using hydrogen ions from reduced NADP & energy from ATP.
·  some of the TP formed is used to regenerate RuBP (ATP is again required) whilst some is used to form glucose and other useful organic compounds
· Light-independent rxn shows how three ‘turns of the cycle’ result in an output of one TP
· Six turns of the cycle would give an output of two TP – enough to make one glucose. 
· TP can also be converted to lipids, amino acids & all other organic molecules found in plants. 
· TP is the basis for the synthesis of all organic molecules. 
· Carboxylation: RuBP + CO2   Rubisco   2GP         2TP          glucose or other organic
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Figure: light-independent reactions of photosynthesis                    
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                                   Fig: Product of TP (G3P/GALP)
                             C3, C4 & CAM photosynthesis
Carbon fixation occurs in in d/t cycles based on the d/ce in the nature of the plant.
	C3 pathway (calvin cycle)         

	C4 pathway           

	CAM plant



I. C3 photosynthesis
· C3 plants produce a three carbon cpd as the first stable product of the dark reaction.
· Takes place in temperate environments such as Europe is called C3 photosynthesis b/c the first cpd formed in LIR of Calvin cycle is GP (3C). 
· Takes place in the stroma of the chloroplast
· Significant in stomatal opening
· All carbon fixation & photosynthesis happens in mesophyll cell just on the surface of the leaf.
· The plant that uses C3 pathway are called C3 plants
· C3 plants have broad leaves adaptation to catch much sunlight.
· The palisade mesophyll cells contain most chloroplasts are nearest the upper surface of the leaf to absorb much light. 
· The stomata are mainly on the lower surface, to minimize water loss. 
· During the day, the stomata are open to allow the entry of carbon dioxide, but they can be closed if the water loss is too great on a hot day. 
· The spongy mesophyll has air spaces that allow easy diffusion of CO2 & oxygen. 
· In tropics, plants close their stomata to minimise water loss & to prevent the entry of CO2.  
· In the low concentrations of CO2, RuBP reacts with oxygen to produce one GP, one phosphoglycolate & CO2 called photorespiration b/c it involves oxidation of carbon. 
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Two phases of photorespiration:
· Rubisco catalyses the rxn b/n oxygen & RuBP to form one GP & one phosphoglycolate.
·  Phosphoglycolate is converted to GP in chloroplast, peroxisome & mitochondrion.  
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   Fig: Reaction of Photorespiration (Rubisco adds O2 to RUBP instead of CO2)  
Photorespiration reduces the efficiency of photosynthesis b/c:
· Carbon is oxidised, w/c is the reverse of photosynthesis- the reduction of carbon to carbohydrate.
· ribulose bisphosphate must be resynthesised & the phosphoglycolate removed.
· ATP is used in the resynthesis of RuBP. 
· Phosphoglycolate is produced which must be reconverted to RuBP, using up ATP.
· only one molecule of GP is produced from RuBP
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                                                                Fig: C3 pathway
II. C4 photosynthesis: 
· C4 plants produce an intermediate four carbon cpd (oxaloacetate) as the first stable product of dark reaction.
· Plants that grow in tropical areas (hot & dry) like Ethiopia have evolved d/t photosynthetic pathway called C4 photosynthesis. E.g; maize, crabgrass, sorghum & sugar cane
· C4 photosynthesis evolved in plants to prevent photorespiration.
· Advantageous in stomatal closing.
· Carbon fixation & photosynthesis (Calvin cycle) split b/n mesophyll cell & bundle sheath.
· C4 plants are more efficient at high temperature b/c plants tend to close stomata to avoid losing water w/c reduces CO2 availability.
· C4 plants require 30 ATP to produce 1 molecule of glucose.
· C4 photosynthesis does not occur at night
· Bundle sheath of C4 plants have chloroplasts with no thylakoids
· Having no thylakoids means that the light-dependent reactions cannot occur 
· Thus, oxygen is not produced in these chloroplasts & prevent photorespiration
[image: ]
· Light-dependent reactions in C4 pathway also involve a set of reactions not found in C3 plants. 
· Light-dependent reactions take place in the mesophyll cells, which have chloroplasts with thylakoids and so can carry out the light-dependent reactions. 
· Light-independent reactions take place in bundle sheath cells,
· C4 plants are more efficient in CO2 fixation than C3 plants b/c they have no photorespiration.
· Close their stomata during the day and open them at night.
· less water transpiration
· C4 photosynthesis is efficient in: 
·  high light intensity  
· low carbon dioxide concentration                              
· high temperature 
· C4 plants avoid photorespiration by:
· Using another enzyme called PEP case during the first steps of carbon fixation w/c takes place in mesophyll cell that are located close to the stomata where CO2 & O2 enter the plant
· Flow of CO2 to the Calvin cycle even when the stomata are closed.
· Evolving a mechanism to increase CO2 concentration around RuBisco in the bundle sheath.
C4 plant reactions take place as:
1) Carbon dioxide reacts with PEP (3C) to form the 4C cpd oxaloacetate. This is catalysed by the enzyme PEP carboxylase (PEP case).
2)  Oxaloacetate is converted into another 4C cpd (malate), which then passes from the mesophyll cell into a bundle sheath cell.
3)  In the bundle sheath cell, malate is converted to pyruvate with the release of a carbon dioxide, which starts the reactions of the Calvin cycle by binding with RuBP.
4) The pyruvate is converted back to PEP; this reaction requires ATP. 
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Fig: light-dependent reactions in the C4 pathway of photosynthesis
III. CAM (Crasslacean acid metabolism) Photosynthesis: 
· take place in mesophyll cell but carbon fixation & opening stomata takes place at night & the Calvin cycle happen during the day.
· Advantageous/prevalent in extremely arid climate [hot & dry (desert)] 
· stomata open during night to take in CO2
· 35oc is the optimum temperature
· 400ppm is the optimum CO2 concentration
· use PEP case to carry on CO2 fixation at night when the stomata are open
· Enter the calvin cycle during the day to stored CO2.
· Have no photorespiration
· CAM plants avoid photorespiration by:
· Separating steps in time b/n night & day
· CAM plant include succulent flowering plant such as pineapple, cactus, etc
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Fig: The C4 & CAM photosynthetic pathway
             Table: Comparisons among C3, C4 and CAM photosynthesis
	Characteristic/Feature
	C3
	C4
	CAM

	Optimum temperature
	15–25oC
	30–40oC
	 35 – 40oC or > 40oC

	Optimum CO2 conc.
	700 ppm
	400 ppm
	400 ppm

	CO2 fixation 
	Mesophyll cells
	Mesophyll cells
	Mesophyll cells

	Calvin cycle 
	Mesophyll cells
	Bundle sheath cells
	Mesophyll cells

	Kranz anatomy (bundle sheath cell)
	Absent (have no chloroplast) 
	present(have chloroplast without thylakoid))
	Absent(have no chloroplast)

	CO2: ATP:NADPH
	1:3:2 b/c 6:18:12
	1:5:2 b/c 6:30:12 
	1:6.5:2 b/c 6:39:12 

	First CO2 acceptor
	RuBp
	PEP
	PEP

	First stable product
	PGA
	Oxaloacetate
	Oxaloacetate

	Photorespiration
	Present at higher To
	Minimal (negligible)
	Minimal (negligible)

	Carboxylating enzyme (Enzyme used to fix CO2)
	Rubisco (RuBp Carboxylase)
	Pepco (PEP Carboxylase) in mesophyll & RuBp Carboxylase in bundle sheath
	PEP Carboxylase in dark & RuBp Carboxylase in light

	chloroplast involved
	one
	two
	One

	Geographical Location 
	Cool and wet areas
	Tropical (hot or dry)
	Extremely arid env't (desert)

	CO2 fixation occurs
	One times
	Two times
	Two times

	Calvin cycle operation
	Alone 
	Along with hatch & slack cycle 
	Along with hatch & slack cycle

	Calvin cycle 
	Stroma of chloroplast 
	Cytosol of bundle sheath
	mesophyll

	E.g
	Wheat, rice barely
	maize, crabgrass, sorghum & sugar cane
	pineapple, cactus
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                     Factors affect the rate of photosynthesis
A. Effect of light intensity on the rate of photosynthesis
· Very low light intensities:
· Low light intensity can limit the light dependent reactions by reducing the number of electrons in chlorophyll molecules that are photo-excited.
· Respiration is still occurring & is taking in O2 faster than photosynthesis is producing it.
·  Medium light intensities:
· photosynthesis is producing more O2 than respiration uses, the rate of photosynthesis increases with increasing light intensity
· Very high light intensities:
· the rate of photosynthesis is beginning to level out, even though the light intensity is still increasing.
              [image: ]
B. Effect of the concentration of carbon dioxide on the rate of photosynthesis
· Carbon dioxide concentration can limit the light-independent reactions by influencing the rate of the initial reaction with RuBP.
· At very low concentrations of carbon dioxide, little photosynthesis takes place, although respiration is still using up oxygen.
· When carbon dioxide concentrations fall, photorespiration can occur because oxygen then outcompetes carbon dioxide for the active site of Rubisco.
· As the carbon dioxide concentration increases, so does the rate of photosynthesis.
· However, it begins to level off at higher concentrations due to the saturation of Rubisco.
       [image: ]
C. Effect of temperature on the rate of photosynthesis
· Temperature can limit the rate of enzyme action, for example, ATP synthase (light-dependent reactions) and Rubisco (light-independent reactions).
· Light-dependent & light-independent stage are controlled by enzymes, w/c are affected by To. 
· Above optimum temperature, enzyme denatures & the rate of photosynthesis decreases rapidly.
            [image: ]
D. Wave length of light: 
· Photosynthesis takes place efficiently in red & blue wave length than other wavelength b/c red & blue wave length absorb more light than others
E. Amount of chlorophyll concentration: 
· High chlorophyll concentration can result in increased rate of photosynthesis
F. Water: 
· Very low or very high amount of water affect the rate of photosynthesis.
· The amount of water controls the opening and closing of stomata
· Water stress causes the stomata to close and reduce CO2 availability.
· The deficiency of water causes stomata remain closed and CO2 cannot enter into the leaves and thus lack of water slow down photosynthesis rate.
	How can all the factors interact to influence the rate of photosynthesis?
· Increasing light intensity increase the rate at w/c ATP & reduced NADP are produced in the light-dependent rxns & increase the rate at w/c the Calvin cycle can take place. 
· However, the rate at which the Calvin cycle can ‘turn’ could be limited by:
· a low temperature (limiting the rate at which enzymes such as Rubisco can operate)
· a low concentration of carbon dioxide
[image: ]
Fig: The effect of several factors on the rate of photosynthesis
Choose the correct answer from A to D.
1) In the light-dependent reactions of photosynthesis:
A. NADP is reduced    C. ADP is produced
B. ATP is produced     D. Light energy excites chlorophyll electrons
Figure shows the effect of light intensity on the rate of photosynthesis at different concentrations of carbon dioxide and at different temperatures. Questions 2 and 3 relate to this graph.
[image: ]
2) Line B could represent:
A. Low carbon dioxide concentration and high temperature?
B.  low carbon dioxide and low temperature
C.  high carbon dioxide and high temperature
D.  any of the above
3) Which region of the graph, W, X, Y or Z, represents conditions in which light intensity is not limiting the rate of photosynthesis?
A. W                B. X                 C. Y            D. Z
4) In the light-independent reactions of photosynthesis:
A. ATP is used to convert GP into TP                        C. ATP is produced                                  
B.  reduced NADP is used to convert GP into TP      D. carbohydrates are produced
Figure 5.42 shows the structure of a chloroplast. Questions 5 and 6 relate to this diagram.
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5) During the light-dependent rxns of photosynthesis, ATP is produced in the regions labeled:
A. A               B. B                 C. C                       D. D
6) NADP moves from:  
A. A to B       B. B to A       C. B to C      D. C to A
7) Cyclic photophosphorylation produces:
A. oxygen and ATP    B. reduced NADP and ATP    C. oxygen only    D. ATP only
8) In the light-independent reactions, reduced NADP is used to:
A. oxidise GP to TP    B. oxidise TP to GP     C. reduce TP to GP      D. reduce GP to TP
9) A photosynthetic unit can carry out:
A. photolysis   B. the synthesis of ATP  C. the synthesis of reduced NADP    D. all 
10) A photosystem consists of:
A. a reaction centre molecule and an electron transport chain
B. a reaction centre molecule and an antenna complex
C. an accessory pigment and an antenna complex
D. an accessory pigment and an electron transport chain
11) In photorespiration, low:
A. oxygen concentrations cause Rubisco to form more GP than usual
B. oxygen concentrations cause Rubisco to form less GP than usual
C. carbon dioxide concentrations cause Rubisco to form less GP than usual
D.  carbon dioxide concentrations cause Rubisco to form more GP than usual
12) In the C4 pathway, PEP carboxylase catalyses the reaction of CO2 with:
A. RuBP in the mesophyll cells         C. RuBP in the bundle sheath cells
B. PEP in the mesophyll cells            D. PEP in the bundle sheath cells
13) C4 photosynthesis is more efficient than C3 photosynthesis in conditions of:
A. high light intensity and high carbon dioxide concentrations
B.  low light intensity and high carbon dioxide concentrations
C.  high light intensity and low carbon dioxide concentrations
D.  low light intensity and low carbon dioxide concentrations
14) The chloroplasts in bundle sheath cells of C4 plants are an adaptation to this pathway b/c:
A. they contain no Calvin cycle enzymes  C. they have a large surface area                 
B.  they contain no thylakoids                D. they produce large amounts of oxygen
15) Which of the following statements about C4 & CAM photosynthesis is true? In
A. CAM photosynthesis, the C4 stage & Calvin cycle are separated in time.
B. CAM photosynthesis, the C4 stage & Calvin cycle are separated in physical space.
C. C4 photosynthesis, the C4 stage & Calvin cycle are separated in time.
D. C4 photosynthesis, the C4 stage & Calvin cycle both occur in the same cell.
Work sheet
16) What is the advantage that a photosystem containing molecules of d/t types of light sensitive pigments have?
A. To absorb light of d/t wave length      C. To increase the complexity of the photosystems
B. To increase the size of photosystem   D. To increase the surface area for light absorption
17) Under what conditions do C4 plants have more photosynthetic efficiency than C3 plants?
A. Low water supply B. Low temperature C. Low light intensity D. Low CO2 concentration
18) Which of the ff is the adaptation by C4 plants that helps them to avoid photorespiration?
A. Harvesting of carbon dioxide at night       C. Storing carbon dioxide in the vacuole
B. Using separate cells for light & dark reactions D. Keeping stomata closed during the day
19) What is the molecule in plant cells that first capture the radiant energy from sunlight?
E. ATP     B. DNA     C. Chlorophyll     D. Carbon dioxide
20) Which of ff pairs are both organelles concerned with energy transformation?
A. Nucleus and nucleolus      C. Chloroplast and vacuole
B. Mitochondria and nucleus  D. Chloroplast and mitochondria
21) Photorespiration involves in the oxidation of:
A. PGA           B. RuBP            C. Chlorophyll         D. Chlorophyll B
22) Light independent reaction in C4 plants takes place in:
A. Mesophyll cells  B. Cortex  C. Bundle sheath cells   D. Stomata 
23) Which one of the ff should not be associated with electron transport chain (ETC)?
A. Cytochromes                                                C. Formation of ATP
B. Movement of H+ to the thylakoid space      D. Absorption of solar energy
24) During photosynthesis, which of the ff is the first step in the transduction of light energy to chemical energy?
A. Carbon fixation   B. Photolysis of water  C. ATP formation  D. Glucose formation
26) C-4 plants show poor rate of photosynthesis at low temperature due to __________.
A. PEP case            B. RuBIsco               C. Kranz anatomy       D. All
27) What is the primary acceptor of CO2 in Hatch-Slack cycle? Phosphoenol pyruvic acid
28) Which of these features cannot help us differentiate between C3 and C4 plants?
A. Presence of Kranz anatomy             C. Presence of photorespiration
B. Presence of chloroplasts                  D. Presence of bundle sheath
29) Which of these is the primary carbon dioxide acceptor in the Hatch and Slack pathway?
  A. PEP                 b) PGA         c) OAA                     d) PEPcase
30) Which enzyme is a major component of the bundle sheath cells?
A. PEPcase        B. PEP             C. RuBisCO              D.  PEP carboxylase
31) Which of these is common to C3 and C4 plants?
A. OAA        B.  PGA              C. Calvin cycle            D. Photorespiration
32)  In which of these cells does the Calvin pathway occur in C3 plants?
  A. Mesophyll cells                               C.  Bundle sheath cells
  B. Epidermal cells                                D.  Sieve cells
33) Which of these is not an internal factor affecting photosynthesis?
        a) Size              b) Age               c) Number        d) Water
34) Which of these is not an external factor affecting photosynthesis?
a) Sunlight          b) Temperature         c) Leaf orientation                   d) CO2 concentration
35) At what percentage of sunlight does light saturation occur?
a) 30             b) 20               c) 10                            d) 15
36) What happens when the incident light on a plant is excessive?
a) RuBP undergoes oxidation                  b) Vascular bundles lose functionality
c) Mesophyll cells are destroyed               d) Chlorophyll breaks down
37) What is the atmospheric concentration of carbon dioxide?
a) 0.3 – 0.4%           b) 3 – 4%         c) 0.03 – 0.04%             d) 0.003 – 0.004%
38)  Which of these plants are grown in carbon dioxide enriched atmosphere?
a) Maize              b) Sugarcane               c) Tomato            d) Millets
39) Which of these plants have the highest optimum temperature?
a) Tropical C3                b) Temperate C3             c) Tropical C4           d) Temperate C4
40) Why do stomata close during water shortage?
a) To reduce CO2 availability                     b) To trap water
c) To increase metabolic activity              d) To increase the surface area of leaves
41) Where does the Calvin cycle take place?
A. stroma of the chloroplast                          C. thylakoid membrane
B. cytoplasm surrounding the chloroplast     D. chlorophyll molecule
42) Which of the following are products of the light reactions of photosynthesis that are utilized in the Calvin cycle?
A. H2O and O2                             C. ADP, Pi, and NADP+       
B. D. electrons and H+                 D. ATP and NADPH
43) In autotrophic bacteria, where are the enzymes located that can carry on organic synthesis?
A. chloroplast membranes               C. nuclear membranes
B. free in the cytosol                       D. along the inner surface of the plasma membrane
44) A plant has a unique photosynthetic pigment. The leaves of this plant appear to be reddish yellow. What wavelengths of visible light are being absorbed by this pigment?
A. Red and yellow     B) blue and violet    C) green and yellow     D) blue, green, and red
             [image: ]
45) Above figure shows the absorption spectrum for chlorophyll a and the action spectrum for photosynthesis. Why are they different?
A. Green & yellow wavelengths inhibit the absorption of red & blue wavelengths. 
B.  Bright sunlight destroys photosynthetic pigments.
C. Oxygen given off during photosynthesis interferes with the absorption of light. 
D. Other pigments absorb light in addition to chlorophyll a. 
46) What wavelength of light in the figure is most effective in driving photosynthesis?
A. 420  mm       B. 475 mm     C. 575 mm       D. 625 mm    E. 730 mm
47) Compared with the lines for chlorophyll a in the figure, where would you expect to find the lines to differ for chlorophyll b?
A. The absorption spectrum line would be lowest for chlorophyll b somewhat to the right of that for chlorophyll a (500—600)
B. The rate of photosynthesis line for chlorophyll b would be lowest from 600—700 nm.
C. The lines for the two types of chlorophyll would be almost completely opposite. 
D. D) The lines for the two types of chlorophyll would be almost completely identical.
48) IN the thylakoid membranes, what is the main role of the antenna pigment molecules?
A. split water and release oxygen to the reaction-center chlorophyll
B. harvest photons and transfer light energy to the reaction -center chlorophyll
C. synthesize ATP from ADP and Pi
D.  transfer electrons to ferredoxin and then NADPH
49) The reaction-center chlorophyll of photosystem I is known as P700 because
A. there are 700 chlorophyll molecules in the center.
B.  this pigment is best at absorbing light with a wavelength of 700 nm. 
C. there are 700 photosystem I components to each chloroplast.
D.  it absorbs 700 photons per microsecond.
50) Which of the events listed below occur in the light reactions of photosynthesis?
A. NADP is produced    C. light is absorbed & funneled to reaction-center chlorophyll a  
B. NADPH is reduced to NADP+    D. ATP is phosphorylated to yield ADP.
51) Which statement describes the functioning of photosystem II?
A. Light energy excites electrons in the electron transport chain in a photosynthetic unit
B. Excitation is passed along to a molecule of P700 chlorophyll in the photosynthetic unit
C. P680 chlorophyll donates a pair of protons to NADPH w/h is thus converted to NADP +
D. The electron vacancies in P680 are filled by electrons derived from water
52) Which of the following are directly associated with photosystem I?
A. harvesting of light energy by ATP    C. receiving electrons from plastocyanin
B. P680 reaction-center chlorophyll     D. passing electrons to plastoquinone
53) Some photosynthetic organisms contain chloroplasts that lack photosystem II, yet are able to survive. The best way to detect the lack of photosystem II in these organisms would be
A. to determine if they have thylakoids in the chloroplasts. 
B. to test for liberation of O2 in the light.
C. to test for CO2 fixation in the dark.
D. to do experiments to generate an action spectrum.
54) What does the chemiosmotic process in chloroplasts involve?
A. establishment of a proton gradient
B. diffusion of electrons through the thylakoid membrane
C. reduction of water to produce ATP energy
D. formation of glucose, using carbon dioxide, NADPH, and ATP.
55) In a plant cell, where are the ATP synthase complexes located?
A. thylakoid membrane                           C. outer mitochondrial membrane         
B. inner mitochondrial membrane         D. A and B
56) In mitochondria, chemiosmosis translocates protons from the matrix into the intermembrane space, whereas in chloroplasts, chemiosmosis translocates protons from
A. stroma to the photosystem the matrix to the stroma.
B. stroma to the thylakoid space.
C. intermembrane space to the matrix.
D. ATP synthase to NADP+ reductase. 
57) Which of the ff statements best describes the relationship between photosynthesis and respiration?
A. Respiration is the reversal of the biochemical pathways of photosynthesis.
B. Photosynthesis stores energy in complex organic molecules while respiration releases it
C. Photosynthesis occurs only in plants and respiration occurs only in animals.
D. ATP molecules are produced in photosynthesis and used up in respiration. 
58) Where are the molecules of the electron transport chain found in plant cells?
A. thylakoid membranes of chloroplasts     C. stroma of chloroplasts
B. inner membrane of mitochondria           D.  matrix of mitochondria
59) Synthesis of ATP by the chemiosmotic mechanism occurs during
A. Photosynthesis only.                                  C. respiration only.
B. both photosynthesis and respiration.         D. neither photosynthesis nor respiration. .
60) Generation of proton gradients across membranes occurs during
A. Photosynthesis only.                        C. respiration only.
B. both photosynthesis and respiration. D. neither photosynthesis nor respiration.
61) What is the relationship between wavelength of light and the quantity of energy per photon?
A. They have a direct, linear relationship.  C. They are inversely related.
B. They are logarithmically related.            D.  They are separate phenomena.
62) In a protein complex for the light reaction (a reaction center), energy is transferred from pigment molecule to pigment molecule, to a special chlorophyll a molecule, and eventually to the primary electron acceptor. Why does this occur?
A. The action spectrum of that molecule is such that it is different from other molecules of chlorophyll. 
B. The potential energy of the electron has to go back to the ground state.
C. The molecular environment lets it boost an electron to a higher energy level and also to transfer the electron to another molecule.
D. Each pigment molecule has to be able to act independently to excite electrons.
63) P680+ is said to be the strongest biological oxidizing agent. Why?
A. It is the receptor for the most excited electron in either photosystem.
B. It is the molecule that transfers electrons to plastoquinone (Pq) of the electron transfer system.
C. NADP reductase will then catalyze the shift of the electron from Fd to NADP + to reduce it to NADPH. 
D. This molecule results from the transfer of an electron to the primary electron acceptor of photosystem II and strongly attracts another electron.
64) Some photosynthetic bacteria (e.g., purple sulfur bacteria) have photosystem I but not II, while others (e.g. cyanobacteria) have both PSI and PSII. Which of the following might this observation imply?
A. Photosystem II must have been selected against in some species. 
B. Photosystem I must be more ancestral.
C. Photosystem II may have evolved to be more photoprotective.
D. Cyclic flow must be more primitive than linear flow of electrons. 
65) In thylakoids, protons travel through ATP synthase from the stroma to the thylakoid space. Therefore the catalytic ʺknobsʺ of ATP synthase would be located
A. on the side facing the thylakoid space. 
B. on the ATP molecules themselves.
C. on the pigment molecules of PSI and PSII. 
D. on the stroma side of the membrane.
66) Which of the following statements best represents the relationships between the light reactions and the Calvin cycle?
A. The light reactions provide ATP and NADPH to the Calvin cycle, and the cycle returns ADP, P i, and NADP+ to the light reactions.
B. The light reactions provide ATP and NADPH to the carbon fixation step of the Calvin cycle, and the cycle provides water and electrons to the light reactions.
C. The light reactions supply the Calvin cycle with CO 2 to produce sugars, and the Calvin cycle supplies the light reactions with sugars to produce ATP.
D. There is no relationship between the light reactions and the Calvin cycle
67) Where do the enzymatic reactions of the Calvin cycle take place?
A. stroma of the chloroplast                               C. thylakoid membranes
B. outer membrane of the chloroplast                  D. electron transport chain
68) What is the primary function of the Calvin cycle?
A. use ATP to release carbon dioxide        C. use NADPH to release carbon dioxide
B. transport RuBP out of the chloroplast  D. synthesize simple sugars from carbon dioxide
69) Produces three-carbon sugars
A. light reactions                                     C.  Calvin cycle 
B. both light reactions & Calvin cycle         D. neither light reactions nor Calvin cycle
70) Requires CO2
A. light reactions                                      C.  Calvin cycle 
B. both light reactions & Calvin cycle         D. neither light reactions nor Calvin cycle
71) The sugar that results from three ʺturnsʺ of the Calvin cycle is glyceraldehyde -3-phosphate (G3P). Which of the following is a consequence of this?
A. Formation of a molecule of glucose would require 9 ʺturns.ʺ
B. G3P more readily forms sucrose and other disaccharides than it does monosaccharides. 
C. The formation of starch in plants involves assembling many G3P molecules, with or without further rearrangements.
D. G3P is easier for a plant to store
72) In the process of carbon fixation, RuBP attaches a CO 2 to produce a 6 carbon molecule, which is then split in two. After phosphorylation and reduction, what more needs to happen in the Calvin cycle?
A. addition of a pair of electrons from NADPH       C. regeneration of ATP from ADP
B. inactivation of RuBP carboxylase enzyme           D. regeneration of rubisco
73) The pH of inner thylakoid space has been measured, as have the pH of the stroma and cytosol of a particular plant cell. Which, if any, relationship would you expect to find? The pH:
A. within the thylakoid is less than that of the stroma.
B. of the stroma is higher than that of the other two measurements.
C. of stroma is higher than that of the thylakoid space but lower than that of the cytosol. 
D. of the thylakoid space is higher than that anywhere else in the cell.
74) In an experiment studying photosynthesis performed during the day, you provide a plant with radioactive carbon (14C) dioxide as a metabolic tracer. The 14C is incorporated first into oxaloacetate. The plant is best characterized as a
          A. C4 plant.      B) C3 plant.      C) CAM plant.            D) heterotroph.
75) Why are C4 plants able to photosynthesize with no apparent photorespiration?
A. They do not participate in the Calvin cycle.
B.  They use PEP carboxylase to initially fix CO2. 
C. They are adapted to cold, wet climates.
D. They conserve water more efficiently.
76) CAM plants keep stomata closed in daytime, thus reducing loss of water. They can do this b/c they
A. fix CO2 into organic acids during the night.
B. fix CO2 into sugars in the bundle-sheath cells. 
C. fix CO2 into pyruvate in the mesophyll cells.
D. use photosystems I and II at night.
77) Photorespiration lowers the efficiency of photosynthesis by preventing the formation of:
A. carbon dioxide molecules.     C. 3-phosphoglycerate molecules
B. ATP molecules.                      D) ribulose bisphosphate molecules. 
78) The alternative pathways of photosynthesis using the C4 or CAM systems are said to be compromises. Why?
A. Each one minimizes both water loss and rate of photosynthesis.
B. C4 compromises on water loss and CAM compromises on photorespiration.
C. Each one both minimizes photorespiration and optimizes the Calvin cycle.
D. CAM plants allow more water loss, while C4 plants allow less CO 2 into the plant. 
79) If plant gene alterations cause the plants to be deficient in photorespiration, what would most probably occur?
A. Cells would carry on more photosynthesis.
B. Cells would carry on the Calvin cycle at a much slower rate.
C. Less ATP would be generated.
D. More sugars would be produced.
80) Which of the following sequences correctly represents the flow of electrons during photosynthesis?
A. NADPH → O2 → CO2                   C. NADPH → chlorophyll → Calvin cycle                  
B. H2O → NADPH → Calvin cycle   D) H2O → photosystem I → photosystem II
81) Which process is most directly driven by light energy?
A. creation of a pH gradient by pumping protons across the thylakoid membrane
B. carbon fixation in the stroma
C. reduction of NADP+ molecules
D. removal of electrons from chlorophyll molecules
82) Which of the following does not occur during the Calvin cycle?
A. carbon fixation                 C. oxidation of NADPH   D. release of oxygen    
B. regeneration of the CO2 acceptor   E) consumption of ATP
83) Where does most of a plant's biomass come from?
A. from the soil                           C. from carbon dioxide and water 
B.  from nutrients in the soil      d) from water 
84) At midday, what is happening in the leaf of a plant? 
A. Respiration                                                      C. Photosynthesis
B. Mainly photosynthesis and some respiration  d) None of the above
85) At midnight, what is happening in the leaf of a plant? 
A. Respiration  b/c NADPH is short lived            C. Photosynthesis
B. Photosynthesis and respiration                        D.  None of the above
86) Which of the following need oxygen to survive? 
A. Plants    b) Animals     c) Plants and animals   d) None of the above
87) Thinking about photosynthesis and respiration in plants, which statement is correct: 
a) Photosynthesis is the opposite of respiration
b) Photosynthesis and respiration both occur in plants
c) Only photosynthesis occurs in plants
d) Respiration for maintenance and growth only occurs in the dark
e) Plants photosynthesise during the day, whereas they respire at night.
f) Plants photosynthesise, whereas animals respire (plants do not respire).
88) Light energy captured by photosynthesis is used in a plant for the synthesis of Carbohydrates, Fatty acids and Proteins. T
92) Where does the light independent reaction of photosynthesis occur in the chloroplast?
A. In the thylakoid membrane      C. in all part of chloroplast
B. In the fluid of the stroma         D. in the stomata opening
93) In the process of photosynthesis light is necessary to;
A. Production of ATP and reduce substance          C. Release energy
B. Split carbon dioxide                                           D. Combine CO2 and water
94) The molecule which pigment is located at the reaction center of a photosystem?
A. Chlorophyll a               B. Chlorophyll b          C. Carotenoid                         D. Xanthophyll
95) One of the following could happen in the Calvin- cycle of photosynthesis?
A. Photolysis of water                            C. NADP is reduced
B. ATP is synthesis                                  D. Carbon fixation
96) Which of the ff processes of photosynthesis does not require the presence of light to take place?
A. The splitting of water     B. ATP formation     C. Reduction of NADP       D. Carbon fixation
97) Cell immediately use the energy that electron loss as they pass along the chain of the electron carriers  to:
A. Produce ATP                  C. Pump proton     C. Spin the rotor ATP synthase     D. reduce NAD
98) Which of the following happen in both cyclic and non-cyclic photophosphorylation?
A. ATP is formed                                            C. Oxygen is generated     
B. NADP is reduced                                      D. water molecule split
99) In cyclic photophosphorylation, what is the source of recycled electron?
A. Reduce NADP                                        C. Chlorophyll molecule
B. Adenosine triphosphate                         D. Photolysis molecule
100) The ultimate source of electron that replaces those lost from the photosystem II during photosynthesis?
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B. Photosystem I          B. Water   C. Chlorophyll-a                       D. Chlorophyll-b
101) Which of the following is not true about  photosystem-II
A. Its reaction center molecule is P680
B. It passes its exited electron to photosystem-I
C. The energy lost from its exited electrons reduce NADP
D. It replenish its lost electrons from photolysis of water
102) What is the importance of chemiosmosis in photosynthesis and respiration
A. 
B. Splitting of water molecule          
C. Combing hydrogen and oxygen
D. Operating proton pump                 
E. Synthesis of ATP
103) 
104) One of the following could happen in the Calvin- cycle of photosynthesis?
A. Photolysis of water        B. NADP is reduced   C. ATP is synthesis         D. Carbon fixation
105) Which of the following processes of photosynthesis does not require the presence of light to take place?
A. The splitting of water        B. ATP formation    C. Reduction of NADP       D. Carbon fixation
106) The main advantage of   CAM photosynthesis is to prevent:
A. Transpiration              D. Photorespiration       C. Photosynthesis         D. Transduction
107) The main advantage of C4 photosynthesis to prevent:
A. 
B. Transpiration                       
C. Photorespiration
D. Photosynthesis                    
E. Transduction
108) 
109) The enzyme responsible for  carbon fixation in C3 photosynthesis is
A. Rubisco            B. PEP carboxylase        C. Hexokinase         D. Pyruvate dehydrogenase
110) Which part of chloroplast does Calvin cycle take place
A. Outer membrane        B. Thylakoid        C.  Stroma               D. Inner membrane
111) Which of the following group of plants carry out light dependent and light independent reaction of photosynthesis in separate time of a day?
A. C-3 plants                 B. C-4 plants      C. CAM plants               D. Temperate plant
112) Which of the following is Not true about C-4 plants such as teff?
A. CO2 is reduced during the night time        
B. Chloroplast of bundle sheath cell lack thylakoid
C. CO2fixation takes place in the mesophyll cell  
D. Light dependent reaction occur in mesophyll cell
113) Which of the following is true about CAM plants such as cacti?
A. Chloroplasts are absent the bundle sheath cells
B. Photorespiration occur during high light intensity
C. Chloroplast of bundle sheath cell lack thylakoids
D. Carbon dioxide harvested during the night time
114) One of the following groups of plants carry out light dependent and light independent reaction of photosynthesis in separate cells of the leaf?
A. C-4 plants                                      C. Plants adapted to temperate region   
B. C-3 plants                                     D. Cacti
115) In the experiment the study of photosynthesis, a plant was produce carbon dioxide as a metabolic tracer and the radioactive carbon was incorporated first into oxaloacetate.  Which one of the following would best characterize this plant?
A. C3 plant                   B. CAM plant         C. C4 plant            D. Heterotrophic plant 
116) Which of the wavelengths of light is LEAST effective in photosynthesis?
A. Blue                      B. Red                       C. Green                 D. Yellow
117) The oxygen released during photosynthesis comes directly from
A. 
B. carbon dioxide                      
C. RuBP
D. glucose                                  
E. water
118) 
119) How do desert plants prevent water loss from the heat, which would compromise photosynthesis?
A. By using CAM Photosynthesis and by closing stomata pores during the night
B. By using CAM Photosynthesis and by opening stomata pores during the night
C. By using CAM Photosynthesis and by keeping stomata pores closed all the times
D. By using CAM Photosynthesis and by keeping stomata pores closed the night
120) During photosynthetic electron transport, the inter membrane space of the thylakoid membranes becomes:
A. more acidic than the stroma
B. more alkaline than the stroma
C. the pH of the Intermembrane space doesn’t change
121) What three events occur during the light-dependent reactions of photosynthesis?
A. Reduction of oxygen; oxidation of NADPH; formation of ATP
B. Oxidation of water; reduction of NADP+; formation of ATP
C. Oxidation of water; reduction of NADP+; hydrolysis of ATP
D. Fixation of carbon dioxide; release of oxygen; synthesis of glucose
E. Release of oxygen; fixation of carbon dioxide; hydrolysis of ATP
122) The carbon fixation reactions of photosynthesis occur in:
A. matrix              B. stroma          C. cytoplasm             D. thylakoid membrane
123) During non-cyclic photophosphorylation, the electrons used to reduce NADP+ come from:
A. 
B. carbon dioxide           B. Glucose                      C. water            D. NADPH
124) 
125) In Calvin cycle,  1 moleeculle of glucose formed from
A. 6CO2  30ATP  12 NADPH                         C. 6CO2 12 ATP
B. 6CO2  18ATP  12 NADPH                        D. 6CO2  18ATP  30NADPH                          
126) Assume a thylakoid is somehow punctured so that the thylakoid space (lumen) is no longer separated from the stroma. This damage will have the most direct effect on which of the following processes?
A. The synthesis of ATP
B. The splitting of water
C. The reduction of NADP+
D. The absorption of light energy by chlorophyll
E. The flow of electrons from photosystem II to photosystem I
127) Which of the following does NOT occur during photosystem II?
A. Light energy exits electrons in an antenna pigment
B. The splitting of water yields molecular oxygen as a by-product
C. Excitation energy from chlorophyll is passed along to the P680 reaction center
D. The reaction center donates a pair electrons to NADPH which is converted to NADP+
128) During photosynthesis, which of the following is the first step in the transduction of light energy to chemical energy?
A. 
B. Carbon fixation                                
C. Photolysis of water
D. ATP formation                                   
E. Glucose formation
129) 
130) In the process of photosynthesis light is necessary to:
A. Produce ATP and a reduce substance                          C. Split carbon dioxide
B. Release energy                                                             D. CombinCO2 and H2O
131) The first acceptor of CO2 in C4 plants is
A. Aspartic acid        B. Malic acid        C. Oxaloacetic acid    D. Phosphoenolpyruvate
132) Non cyclic photophosphorylation results in the production of
A. 
B. NADH     
C. NADPH        
D. ATP     
E. ATP and NADPH
133) 
134) What is the outcome of the light independent reaction of photosynthesis
A. NADPH and ATP molecule are produced during the light reaction and are used to power the light independent reaction
B. NADPH and ATP molecule are produced during the light reaction,  which are used to power the light dependent reaction
C. Sugar and ATP are  produced during the light reaction, which are used to power the light independent reaction
D. Carbon dioxide  and NADPH are  produced during the light reaction, which are used to power the light dependent reaction
135) Where do light dependent reaction of photosynthesis takes place
A. Grana            B. Cytoplasm           C. Stroma          D. Endoplasmic reticulum
136) During photosynthesis, which of the following acts as a reservoir for hydrogen ions?
A. Cristae                       B. Stroma        C. Thylakoid space         D. Matrix
137) Cyclic phosphorylation results in the formation
A. ATP only                     C. NADPH
B. ATP and NADPH        D. ATP, NADPH and oxygen
138)  Plants that follow CAM photosynthesis pathway carryout the two stages of photosynthesis at different times. Which of the following products are formed during the night?
A. ATP and NADPH      B. Malate and sugar      C. CO2 and sugar      D. Oxaloacetate and malate
139) Sorghum and wheat are C4 plants which are well adapted to photosynthesize efficiently in hot and bright days. Peas and carrots would not photosynthesize efficiently in such conditions because they are C3 plants. in which of the following features does those plants are similar? The 
A. Presence of Chloroplast in the bundle sheath cell
B. Cells where carbon dioxide fixation takes place
C. Enzyme used to fix carbon dioxide
D. Call where the Calvin cycle takes place
140) The leaves of C3 plants in the tropics close their stomata to minimize water loss; as a result concentration of carbon dioxide in the leaves falls. When the C3 plants face such problem, ribulose biphosphate reacts with oxygen to produce 
A. triose phosphate and sugar in the mitochondria
B. oxaloacetate and water in the peroxisome
C. hydrogen peroxide and CO2 in the mitochondria
D. glycerate phosphate and phosphoglycolate in the chloroplast
141) A green plant is kept in a brightly lighted area for 48 hours.  What will most likely occur if the light intensity is then reduced slightly during the next 48 hours?
A. The rate at which nitrogen is used by the plant will increase.
B. Photosynthesis will stop completely.
C. The rate at which oxygen is released from the plant will decrease.
D. Glucose production inside each plant cell will increase.
142) The immediate energy source that drives ATP synthesis during oxidative phosphorylation is 
A. The flow of electrons down the electron transport chain 
B. That attraction of electrons to Oxygen 
C. The proton gradient created across the membrane 
D. ATP from glycolysis 
143) Oxygen needed by cellular respiration is reduced and forms part of which molecule? 
A. Pyruvate                 B. Water                          C. Carbon Dioxide          D. Acetyl Co-A 
144) Which of the following is supplied to the Calvin Cycle by the light reactions of photosynthesis 
A. CO2 and ATP           B. ATP and NADPH       C. ATP and NADH        D. H2O and ATP 

145) The process of photosynthesis is
A. Reductive, exergonic and catabolic               C. Reductive, endergonic and anabolic
B. Reductive, endergonic and catabolic             D. Reductive, exergonic and catabolic
146) The oxygen given off by photosynthesis comes from 
A. 
B. Glucose 
C. Water 
D. Carbon Dioxide 
E. Pyruvate 
147) 
148) The function of the light reactions is to 
A. 
B. Make glucose 
C. Make a one carbon sugar 
D. Produce water 
E. Convert light energy into chemical energy 
149) 
150) In what membrane bound structure do the light dependent reactions of photosynthesis occur 
A. 
B. Thylakoid 
C. Nucleus 
D. Cell 
E. Chlorophyll 
151) 
152) The stage of photosynthesis that uses the most ATP molecules is 
A. 
B. The Calvin Cycle 
C. The light dependent reactions 
D. Glycolysis 
E. The electron transport chain 
153) 
154) The process by which carbon changes from carbon dioxide to glucose called: 
A. 
B. Glycolysis 
C. Carbon Cycle 
D. Calvin Cycle 
E. The light dependent reactions 
155) 
156) How many turns of the Calvin Cycle are needed to create one molecule of glucose? 
A. 
B. 1     B. 2       C.  3          D. 6
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