
Class 9 Science - Exploration Chapter: 
Cell: The Building Block of Life 

Comprehensive Question Bank: Easy, Moderate, Difficult, and Olympiad Levels 

1. Easy Level Alpha Level 

Multiple Choice Questions (MCQs) 

1.​ Who discovered cells for the first time in a cork slice?​
A) Robert Brown    B) Robert Hooke    C) Anton van Leeuwenhoek    D) Purkinje 

2.​ Which instrument is absolutely essential to observe the detailed structure of a cell?​
A) Telescope    B) Hand lens    C) Microscope    D) Spectrometer 

3.​ The outer bounding membrane of an animal cell is the:​
A) Cell wall    B) Plasma membrane    C) Nuclear membrane    D) Tonoplast 

4.​ Which organelle is known as the "Powerhouse of the cell"?​
A) Lysosome    B) Ribosome    C) Mitochondria    D) Golgi apparatus 

5.​ The jelly-like fluid substance present inside the plasma membrane is called:​
A) Cytoplasm    B) Nucleoplasm    C) Protoplasm    D) Cell sap 

6.​ Which of the following is an example of a unicellular organism?​
A) Amoeba    B) Mushroom    C) Mango tree    D) Human 

7.​ The cell wall of plants is primarily composed of:​
A) Proteins    B) Lipids    C) Cellulose    D) Starch 

8.​ Which organelle is responsible for synthesizing proteins inside the cell?​
A) Endoplasmic Reticulum    B) Ribosome    C) Golgi body    D) Vacuole 

9.​ The control center of all cellular activities is the:​
A) Chloroplast    B) Mitochondria    C) Nucleus    D) Cytoplasm 

10.​Which organelle is commonly referred to as the "Suicide bag" of a cell?​
A) Centrosome    B) Lysosome    C) Vacuole    D) Glyoxysome 

11.​Chromosomes are located inside the:​
A) Cytoplasm    B) Nucleus    C) Lysosome    D) Ribosome 

12.​Which of the following organisms lacks a well-defined nuclear region?​
A) Amoeba    B) Onion cell    C) Bacteria    D) Yeast 

13.​The process by which water moves across a selectively permeable membrane is 



called:​
A) Diffusion    B) Osmosis    C) Active transport    D) Plasmolysis 

14.​Green colored plastids responsible for photosynthesis are called:​
A) Chromoplasts    B) Leucoplasts    C) Chloroplasts    D) Amyloplasts 

15.​The functional segments of DNA are known as:​
A) RNA    B) Genes    C) Chromatin    D) Proteins 

16.​Which structure is present in a plant cell but completely absent in an animal cell?​
A) Mitochondria    B) Ribosome    C) Cell wall    D) Plasma membrane 

17.​Vacuoles in plant cells are usually:​
A) Small and temporary    B) Large and permanent    C) Absent    D) Numerous and 
microscopic 

18.​Who proposed the Cell Theory stating that all plants and animals are composed of 
cells?​
A) Watson and Crick    B) Schleiden and Schwann    C) Hooke and Brown    D) Darwin 
and Lamarck 

19.​What happens to a cell placed in a hypotonic solution?​
A) It shrinks    B) It swells up    C) It remains unchanged    D) It lyses immediately 

20.​Which network organelle helps in the intracellular transport of materials?​
A) Golgi apparatus    B) Endoplasmic reticulum    C) Lysosome    D) Peroxisome 

MCQ Answer Key (Easy): 1-B, 2-C, 3-B, 4-C, 5-A, 6-A, 7-C, 8-B, 9-C, 10-B, 11-B, 12-C, 
13-B, 14-C, 15-B, 16-C, 17-B, 18-B, 19-B, 20-B 

Subjective Questions Alpha Level 
1.​ Define a cell. Why is it called the structural and functional unit of life? 
2.​ State the contribution of Robert Hooke and Robert Brown to the study of cells. 
3.​ Differentiate briefly between a unicellular and a multicellular organism with examples. 
4.​ Name the two types of nucleic acids found in a cell. Write their full forms. 
5.​ What is the function of the plasma membrane? Why is it called selectively permeable? 
6.​ Mention two major structural differences between a plant cell and an animal cell. 
7.​ What is the composition and primary function of the cell wall in plant cells? 
8.​ Define diffusion. Give one everyday example where diffusion occurs in living 

organisms. 
9.​ Explain what will happen if a raisin is placed in plain water for a few hours. 
10.​What is chromatin material? What form does it take when the cell is about to divide? 
11.​State the main structural difference between a prokaryotic cell and a eukaryotic cell. 
12.​Name the cell organelle responsible for packaging and dispatching materials 

synthesized in the cell. 
13.​Why are ribosomes called protein factories of the cell? Where are they typically found? 



14.​What are the internal membrane layers inside a chloroplast called? What fluid are they 
embedded in? 

15.​Why does an animal cell burst when kept in water for a long duration, while a plant cell 
does not? 

16.​What is the function of large central vacuoles in plant cells? 
17.​State the two types of Endoplasmic Reticulum and write one major functional 

difference between them. 
18.​Define the term protoplasm. Who coined this term? 
19.​Name the pigment present in chloroplasts that helps capture solar energy. 
20.​What is the expanding statement added by Rudolf Virchow to the classical cell theory? 

2. Moderate Level Beta Level 

Multiple Choice Questions (MCQs) 

1.​ Which component of the cell wall provides structural mechanical strength to withstand 
osmotic pressure?​
A) Pectin    B) Hemicellulose    C) Cellulose    D) Chitin 

2.​ Plasmolysis in a plant cell is defined as:​
A) Breakdown of plasma membrane in hypotonic medium    B) Shrinkage of cytoplasm 
in hypertonic medium    C) Fusion of cytoplasm    D) Swelling of nucleoplasm 

3.​ The Rough Endoplasmic Reticulum (RER) looks rough under a microscope due to the 
attachment of:​
A) Lysosomes    B) Ribosomes    C) Dictyosomes    D) Centrosomes 

4.​ Which organelle plays a crucial role in detoxifying many poisons and drugs in the liver 
cells of vertebrates?​
A) Rough ER    B) Smooth ER    C) Golgi body    D) Lysosome 

5.​ The complex sugars are broken down or synthesized from simple sugars by which 
organelle?​
A) Ribosomes    B) Golgi apparatus    C) Nucleolus    D) Mitochondria 

6.​ Mitochondria contain their own:​
A) DNA only    B) Ribosomes only    C) DNA and Ribosomes    D) Proteins only 

7.​ The folding of the inner membrane of mitochondria is called:​
A) Grana    B) Stroma    C) Cristae    D) Cisternae 

8.​ White or colorless plastids that store starch, oils, and protein granules are called:​
A) Chromoplasts    B) Chloroplasts    C) Leucoplasts    D) Rhodoplasts 



9.​ The membrane bound compartment enclosing the cell sap inside a plant vacuole is 
called:​
A) Plasma membrane    B) Tonoplast    C) Nuclear envelope    D) Cell wall 

10.​An organism whose cell lacks a nuclear membrane is termed as:​
A) Eukaryote    B) Prokaryote    C) Haploid    D) Diploid 

11.​Which organelle is responsible for the formation of lysosomes within the eukaryotic 
cell?​
A) Endoplasmic Reticulum    B) Golgi apparatus    C) Mitochondria    D) Plastids 

12.​When a cell undergoes gaseous exchange ($CO_2$ moving out and $O_2$ moving 
in), the driving physical process is:​
A) Osmosis    B) Endocytosis    C) Diffusion    D) Exocytosis 

13.​The structural units of a Golgi apparatus consisting of flattened sacs arranged parallel 
to each other are called:​
A) Cristae    B) Cisternae    C) Tubules    D) Vesicles 

14.​Lysosomes contain powerful:​
A) Oxidative gases    B) Digestive enzymes    C) Photosynthetic pigments    D) 
Hormones 

15.​Cell organelles that are non-membrane bound and found in both prokaryotes and 
eukaryotes are:​
A) Lysosomes    B) Ribosomes    C) Mitochondria    D) Vacuoles 

16.​If a cell's organization is destroyed due to physical or chemical influence, what will 
happen?​
A) The cell will repair itself    B) The lysosomes will digest the cell    C) The cell will 
divide    D) The cell will grow larger 

17.​The genetic material in a prokaryotic cell is localized in an undefined region called:​
A) Nucleus    B) Nucleolus    C) Nucleoid    D) Nucleosome 

18.​A cell will gain water if the surrounding solution concentration matches exactly with its 
internal concentration. This statement is:​
A) True    B) False, it will lose water    C) False, there will be no net movement of water 
   D) True only for plant cells 

19.​Which organelle performs membrane biogenesis?​
A) Mitochondria    B) Endoplasmic Reticulum    C) Golgi apparatus    D) Lysosome 

20.​Amoeba acquires its food through a process called:​
A) Plasmolysis    B) Exocytosis    C) Endocytosis    D) Diffusion 

MCQ Answer Key (Moderate): 1-C, 2-B, 3-B, 4-B, 5-B, 6-C, 7-C, 8-C, 9-B, 10-B, 11-B, 
12-C, 13-B, 14-B, 15-B, 16-B, 17-C, 18-C, 19-B, 20-C 

Subjective Questions Beta Level 



1.​ Explain the term membrane biogenesis. Which organelle is key to this process? 
2.​ Describe what happens structurally and physiologically when a plant cell undergoes 

plasmolysis. 
3.​ How do Cristae inside mitochondria help in fulfilling the role of the powerhouse of the 

cell? 
4.​ Why is the Golgi apparatus considered an essential post-office or packaging center for 

the cell? 
5.​ Distinguish clearly between the functions of leucoplasts and chromoplasts. 
6.​ What would happen to the life of a cell if there were no Golgi apparatus present? 

Explain. 
7.​ Explain how lysosomes act as a defense and waste disposal system for the cell. 
8.​ Illustrate with a neat diagrammatic description how an Amoeba engulfs food using 

endocytosis. 
9.​ Why are prokaryotic ribosomes different in location and arrangement compared to 

eukaryotic ones? 
10.​Explain the concept of an isotonic solution. What happens to the volume of a cell when 

placed in it? 
11.​How does the presence of a rigid cell wall protect a plant cell from bursting in a highly 

dilute medium? 
12.​What is the difference between the nucleoid of a bacterium and the nucleus of an 

onion epidermal cell? 
13.​Describe the chemical composition of the plasma membrane. How does its flexibility 

help the cell? 
14.​If you look at an onion peel under a microscope, why are the cells tightly packed 

without spaces? What structure ensures this? 
15.​State the direct consequence if all the ribosomes are chemically inactivated or 

removed from a living cell. 
16.​Where do the lipids and proteins constituting the cell membrane get synthesized? 
17.​Explain why mitochondria and chloroplasts are semi-autonomous organelles. 
18.​What provides turgidity and rigidity to a mature plant cell? Name the specific organelle 

involved. 
19.​How does cellular respiration relate directly to the inner surface area of the 

mitochondrial membrane? 
20.​Explain why diffusion is considered a spontaneous process that does not require 

metabolic energy. 

3. Difficult Level Delta Level 



Multiple Choice Questions (MCQs) 

1.​ A student treats red blood cells with a metabolic inhibitor that stops ATP synthesis. 
What will happen to the transport of oxygen and sodium ions respectively across the 
membrane?​
A) Both will stop    B) Oxygen transport continues; Sodium transport stops    C) 
Oxygen transport stops; Sodium transport continues    D) Both will continue unaffected 

2.​ If the pH inside a lysosome drops significantly below or rises above its optimum level 
(approx. 4.5-5.0), the enzymes will:​
A) Work faster    B) Become denatured or inactive    C) Digest the lysosome itself    D) 
Convert into structural proteins 

3.​ During an experiment, a plant cell is kept in a solution containing an unknown solute. 
The protoplast shrinks away from the cell wall only at the corners initially. This 
phenomenon is:​
A) Complete plasmolysis    B) Incipient plasmolysis    C) Deplasmolysis    D) Complete 
cytolysis 

4.​ Which of the following processes requires a specific structural configuration of 
membrane proteins to move molecules against their concentration gradient?​
A) Facilitated Diffusion    B) Simple Diffusion    C) Active Transport    D) Reverse 
Osmosis 

5.​ A mature plant cell has its nucleus pushed to the periphery. The primary reason for this 
configuration is:​
A) Disintegration of nucleoplasm    B) Development of a massive central vacuole    C) 
High concentration of ribosomes at the center    D) Pushing force of the chloroplasts 

6.​ If a cell is treated with a chemical that selectively dissolves the lipid bilayer but leaves 
proteins intact, what happens to its selective permeability?​
A) It becomes completely impermeable    B) It loses all selective control, allowing all 
substances to flow freely    C) It remains selectively permeable through proteins    D) 
The cell expands indefinitely 

7.​ The cis-face and trans-face of the Golgi apparatus are structurally distinct but 
functionally interconnected. The trans-face is responsible for:​
A) Receiving transport vesicles from ER    B) Shipping modified products in secretory 
vesicles    C) Synthesizing ribosomes    D) Storing genetic codes 

8.​ Why does a plant cell not show immediate structural damage when placed in a 
hypertonic solution compared to an animal cell?​
A) The plant cell wall remains intact, maintaining the outer shape    B) The plant cell 
absorbs solute to equalize pressure    C) Plant cells contain no water    D) The 
tonoplast expands to counteract shrinkage 

9.​ Which structural element ensures that the cytoplasm of neighboring plant cells is 



interconnected for chemical communication?​
A) Tight junctions    B) Plasmodesmata    C) Desmosomes    D) Middle lamella 

10.​The primary reason prokaryotic cells carry out metabolic pathways faster than 
eukaryotic cells is:​
A) Absence of internal compartmentalization allowing rapid diffusion    B) Presence of 
larger ribosomes    C) Absence of DNA allows rapid transcriptions    D) Thicker cell 
walls insulate them 

11.​An isolated chloroplast is illuminated with light. The pH of the thylakoid space drops, 
while the stroma pH rises. This gradient drives:​
A) Breakdown of chlorophyll    B) Synthesis of ATP    C) Synthesis of DNA    D) 
Destruction of the outer membrane 

12.​What would be the direct structural impact on a eukaryotic cell if the synthesis of 
nuclear lamin proteins or the nuclear envelope is completely blocked during cell 
maintenance?​
A) The cell will convert to a prokaryote    B) The structural integrity of the nucleus fails, 
mixing genetic material unregulated with cytoplasm    C) Ribosomes will become highly 
efficient    D) The cell will immediately synthesize a cell wall 

13.​A cell with high secretory activity (e.g., pancreatic cells producing digestive enzymes) 
will possess an exceptionally high abundance of which organelle combination?​
A) RER and Golgi apparatus    B) SER and Lysosomes    C) Chloroplasts and Central 
Vacuoles    D) Leucoplasts and Centrioles 

14.​The matrix of mitochondria contains enzymes primarily involved in:​
A) Glycolysis    B) The citric acid/cellular oxidation cycle    C) Light reaction of 
photosynthesis    D) Lipid synthesis only 

15.​When a cell undergoes programmed self-destruction due to structural irreversible 
damage, the lysosomes release their enzymes into the cytoplasm. This internal 
process is known as:​
A) Autophagy    B) Autolysis    C) Heterophagy    D) Endocytosis 

16.​Which organelle can convert simple chemical inputs into specialized components of 
the cell wall, such as hemicellulose?​
A) Rough ER    B) Golgi complex    C) Mitochondria    D) Nucleolus 

17.​The density of mitochondria is highest in which of the following cell types due to 
intense metabolic demands?​
A) Dead cork cells    B) Flight muscle cells of birds    C) Epithelial skin cells    D) 
Storage cells of potato 

18.​What prevents the lysosomal enzymes from digesting the lysosomal membrane itself 
under normal physiological conditions?​
A) The membrane lipids are highly basic    B) Heavy internal coating of highly 
glycosylated proteins protecting the inner surface    C) The enzymes are kept in solid 
crystalline form    D) Constant cooling by mitochondria 

19.​If a red blood cell is placed in a 2% $NaCl$ solution (hypertonic compared to blood 



plasma), the cell will undergo:​
A) Hemolysis    B) Crenation    C) Plasmolysis    D) Turgor mutation 

20.​The non-coding or structural regions inside a nucleus that are dense, stain heavily, and 
are the site of ribosomal RNA (rRNA) synthesis are called:​
A) Nucleoid    B) Nucleolus    C) Chromosome    D) Cytosol 

MCQ Answer Key (Difficult): 1-B, 2-B, 3-B, 4-C, 5-B, 6-B, 7-B, 8-A, 9-B, 10-A, 11-B, 12-B, 
13-A, 14-B, 15-B, 16-B, 17-B, 18-B, 19-B, 20-B 

Subjective Questions Delta Level 
1.​ Correlate the structure of the inner mitochondrial membrane (folding into cristae) with 

its exact role in maximizing ATP production during cellular respiration. 
2.​ Explain why a selective inhibitor of the Golgi trans-face completely stalls cellular 

secretions even if the rough endoplasmic reticulum is fully functional. 
3.​ An experimenter places an animal cell and a plant cell into an extremely hypertonic 

solution. Compare and contrast the physical changes that occur in both cells over time. 
4.​ Differentiate between simple diffusion and active transport across the cell membrane 

using the concept of concentration gradients and energy requirements. 
5.​ How does the nucleolus coordinate with the ribosomes present in the cytoplasm to 

ensure structural and functional continuity of the cell? 
6.​ Explain the biological significance of incipient plasmolysis. How does it differ from 

complete plasmolysis? 
7.​ Lysosomes are filled with hydrolytic enzymes that function at an acidic pH. How does 

the lysosome maintain this internal acidic environment relative to the neutral 
cytoplasm? 

8.​ What would happen to the detoxification mechanism of an animal if the Smooth 
Endoplasmic Reticulum (SER) in its liver cells loses its functional capacity? 

9.​ Explain the concept of compartmentalization in eukaryotic cells. Why is it 
advantageous over the open layout of prokaryotic cells? 

10.​How does the chemical composition and arrangement of cellulose microfibrils in the 
plant cell wall contribute to resisting high turgor pressure? 

11.​Why are the proteins embedded in the fluid mosaic plasma membrane vital for the 
transport of polar molecules that cannot cross the lipid bilayer? 

12.​Explain why cells that are highly active metabolically, like cardiac muscle cells, have 
thousands of mitochondria, whereas skin epithelial cells have very few. 

13.​What is the difference between chromatin, chromosomes, and chromatids? Explain 
their structural transitions during a cell's lifecycle. 

14.​Explain how the flexibility of the plasma membrane facilitates endocytosis in Amoeba, 
and why this process cannot happen in a plant cell. 



15.​Discuss the role of vacuoles in maintaining the homeostatic osmotic balance inside a 
plant cell during periods of drought. 

16.​If the nuclear pores are completely blocked by a chemical agent, what will be the 
immediate impact on protein synthesis in the cytoplasm? Explain. 

17.​Why do we say that the cell membrane is dynamic and fluid rather than a rigid 
structural envelope? 

18.​How do leucoplasts change functionally when exposed to prolonged sunlight? Give an 
example using a common vegetable. 

19.​Explain why the presence of circular DNA and 70S ribosomes in mitochondria supports 
the endosymbiotic theory of evolution within Class 9 concepts. 

20.​Analyze what would happen if a cell's active transport mechanisms fail while its 
passive transport mechanisms continue to function normally. 

4. Olympiad Level Quantum Level 

Multiple Choice Questions (MCQs) 

1.​ A scientist designs an artificial cell with a membrane permeable only to water. The 
internal concentration is 0.5 M glucose. It is placed in a beaker containing 0.2 M 
sucrose and 0.2 M fructose. What will be the net movement of water?​
A) Water moves out of the cell because the external total molarity is higher    B) Water 
moves into the cell because the internal osmolarity is higher than the external total 
effective osmolarity    C) No net movement because 0.5 M is close to 0.4 M    D) The 
cell collapses immediately 

2.​ A mutation prevents the addition of specific carbohydrate chains to proteins in the 
Golgi apparatus. The most direct consequence will be:​
A) Failure of ribosomes to synthesize proteins    B) Misrouting and failure of cell 
surface recognition markers to reach their targets    C) Complete breakdown of ATP 
synthesis    D) Inability of the cell to absorb water 

3.​ Two chambers, A and B, are separated by a semi-permeable membrane. Chamber A 
contains a 10% starch solution, and Chamber B contains a 5% starch solution. If a 
mechanical pressure equal to the osmotic pressure of Chamber A is applied directly 
onto Chamber B, what happens?​
A) Water flows rapidly from A to B    B) Water flows even faster from B to A    C) Water 
movement stops completely    D) Starch molecules cross the membrane 

4.​ A cell is treated with Brefeldin A, a drug that disrupts transport vesicles moving from 



the ER to the Golgi apparatus. What structural change will be observed?​
A) The Golgi apparatus will swell up    B) The Golgi apparatus will disintegrate or 
shrink, and proteins will accumulate in the ER    C) Ribosomes will detach from the 
nuclear envelope    D) Mitochondria will stop replicating 

5.​ When tracking a newly synthesized radioactive protein destined to be secreted outside 
the cell, what is the correct chronological pathway it follows?​
A) Nucleus $\rightarrow$ RER $\rightarrow$ Golgi $\rightarrow$ Plasma membrane    
B) RER $\rightarrow$ Transport Vesicle $\rightarrow$ Golgi $\rightarrow$ Secretory 
Vesicle $\rightarrow$ Plasma membrane    C) Golgi $\rightarrow$ RER $\rightarrow$ 
Ribosome $\rightarrow$ Plasma membrane    D) Cytoplasm $\rightarrow$ Vacuole 
$\rightarrow$ Golgi $\rightarrow$ Plasma membrane 

6.​ An experimental drug permeabilizes the inner mitochondrial membrane to protons 
($H^+$ ions) without affecting the electron transport chain components. What is the 
immediate physiological outcome?​
A) Oxygen consumption stops    B) ATP synthesis drops drastically while heat 
generation increases    C) The matrix becomes highly alkaline    D) Cristae expand out 
of the outer membrane 

7.​ Why can eukaryotic cells grow significantly larger than prokaryotic cells without 
suffering from surface area-to-volume transport limitations?​
A) They possess an extensive internal membrane network (ER, Golgi) that sub-divides 
transport tasks    B) They have multiple cell walls    C) Their cytoplasm moves at the 
speed of light    D) They do not require nutrients from the outside 

8.​ A plant cell undergoes mutation resulting in defective tonoplast protein pumps. This 
cell will lose its ability to:​
A) Perform photosynthesis    B) Maintain internal turgor pressure by pumping ions into 
the vacuole against a gradient    C) Replicate its nuclear DNA    D) Synthesize 
structural proteins on the RER 

9.​ If the lipid composition of the plasma membrane is altered to increase the ratio of 
saturated fatty acids drastically at cold temperatures, the membrane will:​
A) Become extremely fluid and dissolve    B) Lose its fluidity and solidify, impairing 
transport functions    C) Turn into a rigid cell wall    D) Start filtering large proteins 
directly 

10.​Which of the following experimental setups would confirm that the uptake of a specific 
amino acid by an animal cell occurs via active transport rather than facilitated 
diffusion?​
A) The uptake rate increases when the external concentration of the amino acid is 
raised    B) The uptake ceases completely when a metabolic poison like cyanide is 
added to stop ATP production    C) The uptake happens faster at higher temperatures 
   D) The amino acid changes color upon entry 

11.​A cell is placed in a solution. Over time, the cell shows no change in mass or volume, 
but active metabolic exchange continues. The solution is definitively:​



A) Hypotonic    B) Hypertonic    C) Isotonic    D) Saturated 
12.​What is the function of the signal peptide sequence found on newly forming proteins in 

the cytoplasm?​
A) It directs the ribosome-protein complex to attach to the Rough ER for proper 
targeting    B) It acts as a destructive tag for lysosomes    C) It turns the protein into an 
enzyme instantly    D) It binds directly to the DNA molecule 

13.​If a cell's lysosomes are broken open mechanically inside the cytoplasm at normal 
neutral cytoplasmic pH (7.2), why do the released enzymes not immediately destroy 
the entire cell contents?​
A) The enzymes evaporate    B) The acid hydrolases require an acidic pH to function 
optimally and are largely inactive at pH 7.2    C) Cytoplasmic proteins are completely 
indestructible    D) Mitochondria neutralize the enzymes immediately 

14.​Which organelle acts as a primary calcium ion ($Ca^{2+}$) storage vault, releasing it 
during specific cell signaling cascades?​
A) Rough ER    B) Smooth ER    C) Lysosome    D) Nucleolus 

15.​The primary structural difference between the 70S ribosomes found in 
prokaryotes/organelles and the 80S ribosomes found in the eukaryotic cytoplasm 
relates to their:​
A) Function in protein synthesis    B) Sedimentation coefficient, size, and molecular 
mass    C) Ability to bind to DNA    D) Color under fluorescent staining 

16.​A mutation alters the structural integrity of the nuclear pore complex, making it 
completely impermeable to molecules larger than 40 kilodaltons. Which molecule will 
now fail to exit the nucleus?​
A) Water    B) Small ions like $Na^+$    C) Ribosomal subunits complexed with RNA    
D) Glucose 

17.​Plant cells can synthesize all their organic requirements from scratch. Which organelle 
serves as the entry point for carbon into the organic biosphere?​
A) Mitochondria    B) Chloroplast (via the stroma)    C) Central Vacuole    D) 
Peroxisome 

18.​If a tissue sample is treated with a drug that blocks the function of the motor proteins 
responsible for moving vesicles along the internal structural network, which process is 
directly halted?​
A) Simple diffusion of oxygen    B) Transport of secretory vesicles from the Golgi to the 
plasma membrane    C) Osmotic entry of water    D) Synthesis of DNA 

19.​What makes the outer membrane of a mitochondrion significantly more permeable 
than its inner membrane?​
A) It is much thinner    B) The presence of large channel-forming proteins called porins 
   C) It is made entirely of carbohydrates    D) It lacks lipids 

20.​If we remove the cell wall of a plant cell using digestive enzymes (creating a 
protoplast) and place it in pure distilled water, what will happen?​
A) It will remain unchanged because of the tonoplast    B) It will swell and burst exactly 



like an RBC    C) It will shrink due to plasmolysis    D) It will synthesize a new wall 
within seconds 

MCQ Answer Key (Olympiad): 1-B, 2-B, 3-B, 4-B, 5-B, 6-B, 7-A, 8-B, 9-B, 10-B, 11-C, 
12-A, 13-B, 14-B, 15-B, 16-C, 17-B, 18-B, 19-B, 20-B 

Subjective Questions Quantum Level 
1.​ Deduce the directional movement of water when a cell with an internal osmotic 

pressure equivalent to 0.6 M non-penetrating solute is placed into a solution containing 
0.3 M sucrose and 0.4 M urea (assuming urea can freely pass through the membrane 
over time). Explain the step-by-step kinetic changes. 

2.​ Evaluate the structural impact on the Endoplasmic Reticulum and the cell's overall 
export economy if all vesicle budding coat proteins are rendered non-functional by a 
mutation. 

3.​ An investigator isolates two mutant cell lines. Mutant A cannot form transport vesicles 
from the ER. Mutant B cannot add carbohydrate tags to proteins in the cis-Golgi. Trace 
where the respective target secretory proteins will accumulate in each mutant. 

4.​ The inner mitochondrial membrane has a protein-to-lipid ratio much higher than most 
other cell membranes. Explain the physiological necessity of this high protein density 
in relation to the electron transport system and ATP synthase. 

5.​ Explain why the surface area-to-volume ratio acts as a critical limiting factor governing 
maximum cell size. How do highly active cells circumvent this geometric constraint 
without dividing? 

6.​ How does a plant cell balance its turgor pressure against the mechanical wall pressure 
to prevent structural collapse or bursting when moving from an arid soil condition to a 
waterlogged soil condition? 

7.​ Analyze the direct consequences on cellular metabolism if the active transport proton 
pumps on the lysosome membrane reverse their direction and pump protons out into 
the cytoplasm. 

8.​ Explain how the fluid mosaic model accounts for the rapid lateral movement of 
membrane proteins, and design an explanation for why some proteins are anchored 
and cannot move laterally. 

9.​ Why do cells utilize complex multi-step signaling cascades and vesicle sorting 
pathways rather than allowing all newly synthesized molecules to diffuse freely to their 
functional destinations? 

10.​Compare the structural characteristics of the DNA found within the eukaryotic nucleus 
with the DNA found inside mitochondria and chloroplasts. How does this support 
evolutionary theories without invoking higher-grade genetic mechanisms? 

11.​Explain how an animal cell regulates its internal volume when shifted to a fluctuating 



fluctuating salinity environment using active ion pumping mechanisms. 
12.​If the nuclear lamina breaks down prematurely due to a mutation during the cell's 

active growth phase, explain the physical consequences on chromatin distribution and 
nuclear architecture. 

13.​Explain how the structural organization of thylakoid membranes into grana stacks 
maximizes light interception efficiency compared to a random distribution of individual 
membrane sheets. 

14.​Contrast the functional roles of the smooth endoplasmic reticulum in skeletal muscle 
cells (sarcoplasmic reticulum) versus its role in liver hepatocytes. 

15.​What prevents a plant cell protoplast (a plant cell with its wall enzymatically removed) 
from surviving in a standard freshwater pond environment? Explain the mechanical 
role of the missing wall. 

16.​Detail how the presence of specific nuclear localization signals (NLS) on certain 
cytoplasmic proteins regulates their selective entry through the nuclear pore complex. 

17.​Why are ribosomes not considered true organelles by some classical definitions, and 
how does their lack of a membrane allow them to perform translation efficiently in close 
contact with mRNA? 

18.​Explain how the synthesis of lipids in the Smooth ER is transported to the plasma 
membrane given that lipids are highly hydrophobic and cannot pass through the 
aqueous cytoplasm alone. 

19.​Analyze the impact of a chemical agent that selectively binds to the cis-face of the 
Golgi complex, blocking the reception of all incoming coat vesicles from the ER. What 
happens to the structural integrity of the Golgi itself? 

20.​Explain why a single-celled organism like Paramecium possesses a specialized 
contractile vacuole to pump out water continuously, whereas a typical plant cell does 
not require such an active pumping mechanism to survive in freshwater. 
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