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Study Guide: Quimester 1 Exam 
Molecular & Cell Biology 

11th grade Biology 
Your exam date is: Monday, January 23rd, 2023 (7:45-9:15) 

 
I-Molecules to Metabolism (2.1) 

● Why did life on Earth evolve to be carbon-based?  
● Define metabolism and provide two examples.  
● Distinguish between condensation/dehydration reactions and hydrolysis reactions.  
● Distinguish between anabolism and catabolism. Provide an example of each.  
● Why did the synthesis of urea lead to the falsification of the theory of vitalism?  
● Can you identify and distinguish between carbohydrates, lipids, proteins, and nucleic acids from 

molecular drawings? 
● Draw molecular drawings of glucose, ribose, a saturated fatty acid, and a generalized amino acid.  

 
II-Water (2.2) 

● Why are water molecules polar and why is this an important chemical property? 
● What are hydrogen bonds, how do you draw them, and how do they explain the properties of water?  
● Describe cohesion and provide an example of its biological usefulness.  
● Describe adhesion and provide an example of its biological usefulness.  
● Distinguish between the following thermal properties of water: high latent heat of vaporization and 

high specific heat. Provide an example of the biological usefulness of each.  
● Compare the thermal properties of methane with those of water and suggest reasons for these 

differences.  
● Distinguish between hydrophilic and hydrophobic substances.  
● Describe the solvent properties of water.  
● Blood is hydrophilic because it is made of a large amount of water. Discuss how lipids, carbohydrates, 

proteins, carbon dioxide, and oxygen are transported in the blood in relation to their solubility with 
water.  

● Why is water a good molecule for living things to use as a coolant in sweat?  
 
III-Carbohydrates & Lipids (2.3) 

● Draw a connection between alpha and beta glucose by condensation reaction and name the 
glycosidic linkage.  

● Can you distinguish between the structure of saturated, cis-unsaturated, and trans-unsaturated 
fatty acids from molecular drawings?  

● How are triglycerides formed and what is their function?  
● Discuss the structure and function of cellulose. Why can’t humans digest cellulose? 
● Distinguish between the structure and function of starch and glycogen.  
● Why are lipids made out of saturated and trans-unsaturated fatty acids considered to be bad for 

your health?  
● Why are lipids more suitable for long-term energy storage in humans than carbohydrates?  
● Distinguish between the structure and function of high-density and low-density lipoproteins.  
● What are two ways in which health professionals can determine the body mass index (BMI) of a 

patient? 
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IV- Proteins (2.4) 

● State the number of amino acids found in nature and distinguish between essential and non-essential 
amino acids.  

● Where are proteins synthesized in cells?  
● Where do cells get the information to code for proteins? 
● Define proteome and discuss why this is idiosyncratic.  
● Draw a peptide bond between two amino acids by a condensation reaction.  
● Describe the structure and function of each of the following proteins: rubisco, insulin, 

immunoglobulins, rhodopsin, collagen, and spider silk.  
● Distinguish between the primary, secondary, and tertiary levels of protein structure.  
● What is denaturation and why does it happen?  

 
V- Enzymes (2.5) 

● What is an enzyme and what is its active site? 
● Provide four examples of different types of enzymes and their uses.  
● What is a substrate? 
● Why are enzymes known as biological catalysts? How exactly do they speed up chemical reactions? 
● Distinguish between the lock and key and the induced fit models of enzyme-substrate bonding.  
● How does temperature affect the rate of enzyme activity? 
● How does pH affect the rate of enzyme activity? 
● How does substrate concentration affect the rate of enzyme activity? 
● What are immobilized enzymes and what are they used for?  
● Discuss how lactose intolerance can be treated with supplements of the enzyme lactase.  
● Could life on Earth exist without enzymes? Why or why not? 

 
VI- Structure of DNA & RNA (2.6) 

● What do the letters in DNA stand for and how does its name make reference to its structure? 
● What do the letters in RNA stand for and how does its name make reference to its structure? 
● DNA and RNA are polymers of nucleotides. Describe the structure of a nucleotide and differentiate 

between RNA and DNA nucleotides.  
● Be able to identify and draw RNA and DNA molecules.  
● Why is the structure of DNA described as an antiparallel and complementary double helix? 
● The phosphate-sugar backbone of DNA and RNA is held together by what type of bonds? 
● The DNA double helix is held together by what type of bonds? 
● Describe the bonding structure of nitrogenous bases in a DNA double helix.  

 
VII- Introduction to Cells (1.1) 

● What are three components of the cell theory? 
● What are the three exceptions/caveats to the cell theory that we discussed in class?  
● What are the seven essential functions of life? Hint: Remember MR SHENG 
● Distinguish between the functions of life in multicellular organisms and unicellular organisms.  
● How is the surface area to volume ratio an important limitation for cell size? 
● What are two examples of adaptations that cells have to increase their surface area relative to their 

volume? 
● Be able to calculate image size, actual size of specimen, and magnification of cell micrographs. 
● What is cell differentiation and how does it happen? 
● What is the role of euchromatin and heterochromatin in cell differentiation? 
● What is an emergent property? Provide an example.  
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● What are stem cells? 
● Distinguish between the location, potency (unipotent, totipotent, pluripotent, or multipotent), and 

ethics of using embryonic stem cells, tissue specific stem cells, and hematopoietic stem cells.  
● Discuss an example of a non-therapeutic use of stem cells.  
● Discuss two examples of therapeutic uses of stem cells which we discussed in class (Stargardt’s 

disease and Leukemia).  
● Distinguish between somatic cell-nuclear transfer (SCNT) and nuclear reprogramming.  

 
VIII-Ultrastructure of Cells (1.2) 

● Distinguish between the structures found in eukaryotic and prokaryotic cells.  
● Be able to draw and identify cells (and cell organelles) in electron micrographs.  
● How does compartmentalization allow eukaryotic cells to differentiate into specialized cells and 

multicellular life forms?  
● What adaptations do cells have to regulate the amount of water and solutes in their cells? 
● Distinguish between the magnification and resolution of light microscopes versus electron 

microscopes. Provide two pros and two cons of each type of microscope. 
● Distinguish between the function of transmission electron microscopes (TEM) and scanning 

electron microscopes (SEM).  
● Be able to draw and describe the function of the following cell structures and organelles: cell wall, cell 

membrane, cytoplasm/cytosol, nucleus, nucleoid, mitochondria, chloroplast, golgi apparatus, smooth 
endoplasmic reticulum (SER), rough endoplasmic reticulum (RER), ribosomes (70 vs 80 S), vacuole, 
vesicles, lysosomes.  

● How is the structure of a cell related to its function? Provide two examples.  
● Compare and contrast the structures found in plant and animal cells.  

 
VIV- Membrane Structure (1.3) 

● Why do phospholipids form bilayers in water? Draw a phospholipid bilayer and describe the chemical 
properties of phospholipids.  

● Distinguish between hydrophilic and hydrophobic molecules. Provide an example of each.  
● What does amphipathic mean? Provide three examples of amphipathic molecules.  
● Describe the difference between the structure and function of integral membrane proteins and 

peripheral membrane proteins.  
● Discuss the functions of membrane proteins.  
● Is cholesterol found in all cell membranes? Why or why not? What is the role of cholesterol in the 

membranes in which it is found? 
● Describe the Davson-Danielli (sandwich) model of the cell membrane. Why was it disproved? 
● Describe the Singer-Nicolson (fluid mosaic) model of the cell membrane. What evidence supports it? 
● Draw the fluid mosaic model of the animal cell membrane and label the following components: 

phospholipid bilayer, cholesterol, integral proteins, and peripheral proteins.  
 
VV- Membrane Transport (1.4) 

● The cell membrane is semipermeable. What does that mean? 
● What two features of molecules determine whether they can cross the membrane or not? 
● Molecules can cross the cell membrane by passive transport or active transport? Distinguish 

between these two types of transport.  
● There are three types of passive transport that you have to be familiar with: facilitated diffusion, 

osmosis, and simple diffusion. Describe each and distinguish between these.  
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● Distinguish between isotonic, hypertonic, and hypotonic solutions. Explains what happens to cells 

when they are placed in each of these solutions.  
● Define osmolarity and describe its implications.  
● There are four types of active transport that you have to be familiar with: pump mediated, carrier 

mediated, endocytosis, and exocytosis. Describe each and distinguish between these.  
 


