
BIOLOGY REVIEW OUTLINE 
 

DAY 1 AND 2 – SCIENCE SKILLS, SCIENTIFIC METHOD, AND INQUIRY 
I. Technology vs. Science 

A. Science is the study of the natural world to understand how it functions. 

B. Technology changes the natural world to meet human needs or solve problems. 
Scientific Investigation Technological Design 

Identifies a problem – asks a question Identifies a problem or need 

Researches related information Researches related information 

Designs an investigation or experiment Designs a process or a product 

Conducts the investigation or experiment – repeated trials Implements the design or the process – repeated testing 

Analyzes the results Analyzes the results 

Evaluates the conclusion – did the results refute or verify the 

hypothesis 

Evaluates the process or product – did it meet the criteria 

Communicates the findings Communicates the product or process 

 

II. Nature of Science 

A. Scientific Method (OH EAC!) 

a. Testable (must be a repeatable experiment that tests a specific question) 

1. Observe (used to define problem) and Research 

2. Hypothesis (educated prediction in the if/then format) 

3. Experiment 

a. IV- Manipulated variable /what you are changing i.e. light 

b. DV- Resultant variable/result of what you changed i.e. plant growth 

c. Control group- does not receive an IV; used as comparison i.e. no light 

d. Constant/Controlled variable- variables that are kept constant, i.e. same amount of water, same type of 

plant, etc. 

4. Analysis 

a.    Line graph- shows trends over time 

i.  DRY (dependent, resultant variable, on the Y)  

ii. MIX (manipulated, independent variable, on the X) 

iii. Direct variation (both increase) 

 

 

 

b. Inverse (indirect) variation (one increase and the other decreases) 

 

 

 

 

 

 

b.    Bar graph- shows counted data or finite information 

c. Circle graph- shows percentages or parts of the whole 

a. ALL graphs should include a title and a scale with regular increments beyond your data points (at least 

two). 

5. Conclusion- Support or Reject hypothesis based on data- NEVER proven.  Large sample size and repeating 

experiment should always be mentioned for improvement. 



III. Measurement 
A. Tools 

a. Balance- for mass 
b. Graduated Cylinder- for volume; precise 
c. Beaker- for volume; not precise 

d. Ruler- for length  
e. Thermometer- for temperature 

 

B. SI (System International) Measurement 

a. Length- meter 

b. Volume- L or cm3 

c. Mass- kilogram 

d. Temperature- Kelvin (oC for 

science) 

e. Time- second 

f. Density- g/cm3 

  

C.  Precision vs. Accuracy 

a. Precision- the ability to get the same number repeatedly; an instrument that gives consistent results 

b. Accuracy- the ability to get the expected results; correct 

c. Difference- think of a dart board- if you hit on the outside of the bull’s eye consistently you are being precise but 

not accurate.  If you hit the bull’s eye repeatedly you are being precise and accurate. 

 

IV. Safety 

 Follow all directions as written 

 Food and beverages (including gum or candy) are not permitted in the laboratory. 

 Wear lab aprons and goggles during an experiment, unless using microscopes.   

 Closed-toed shoes are a must, along with long hair being tied back and dangling jewelry removed.   
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DAY 3 – BIOCHEMISTRY, CARBON COMPOUNDS, AND ATP 
I.  Biochemistry 

 Organic compounds contain carbon (CHNOPS are most common elements in living things) 

 Small units can join to make big units (monomers join to make polymer) 

 Energy is stored in bonds 

 More bonds mean more energy- so different food has different caloric value/amount of energy 

 Organic compounds (Carbohydrates, Lipids, and sometimes Proteins) are broken down to make ATP for cell 
work  

 
A. ATP 

 Supplies energy to cells in a usable form 
1. Parts- a nitrogenous base (adenine); a sugar (ribose) and three phosphate group with high energy bonds  
2. Energy is released each time a phosphate is removed (ATPADP) 
3.  Energy is stored each time a phosphate is added (ADPATP) 
4.  It is a recyclable chemical; ATP can be regenerated via cell respiration and eating food 

 
B. Proteins 
1. Proteins subunits are obtained from food broken down by digestion and absorbed by blood and brought to cells  
2. Proteins are made up of subunits called amino acids 
3. Amino acids are made of H,C, O, and N 
4. There are 20 amino acids (12 are synthesized by body; all the rest is obtained by food) which can be arranged in 

different ways to get different types of protein (building blocks) 
5. Ex: enzymes (digestion), no-sex hormones (insulin, growth factor), contractile proteins (muscle), transport 

proteins (hemoglobin, carrier proteins), defensive (part of immunity) & structural components (hair, skin, tissue) 
6. Same amount of energy per gram as carbohydrate (DON’T USE IT FOR ENERGY UNLESS IT’S A LAST RESORT!) 
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C. Carbohydrates 
1. Can be simple= Sugars (monosaccharides) or Complex (monosaccharides joined together to form 

polysaccharides) = starch (plants), glycogen (animals), and cellulose (plants in cell wall)-where fiber comes from 
2. Monosaccharides are made up of H, C, and O (1:2:1 ratio) 
3. Used as energy for the cell 
4. Made in photosynthesis; digestion breaks bonds of carbs in food and then absorbed and taken up by blood 

stream to cells- cell respiration uses sugar to make ATP 
5. Number of Carbon-Hydrogen bonds determine caloric value; excess sugar is stored a polysaccharide for a short 

period of time and is then converted to fat for long term 

 
D. Lipids 
1. Made up of H, C, O (very little H so not 1:2:1) 
2. 2 components of lipids are glycerols and fatty acids 
3. More carbon-hydrogen bonds than carbohydrates so have more energy for work (carbs are used 1st though) 
4. Used for long-term energy storage, energy when no carbs are available, insulation and cushioning 
5. Lipids make up cell membranes (phospholipids) and are used in vitamins and sex hormones 
6. Lipids are broken down in digestion and absorbed and taken by blood stream to cells- cell respiration can use 

fatty acids and glycerol to make ATP in cell respiration (will only use them to make ATP if no carbs present) 
 

 
 

E. Nucleic acids 

 Called Nucleic acids 

 Both DNA and RNA are composed of small units called nucleotides. 

 The nucleotides that compose nucleic acids have three parts: 

 

1) A nitrogenous base 
Cytosine (C) 
Guanine (G) 
Adenine (A) 
Thymine (T) (DNA only) 
Uracil (U) (RNA only) 

2)  A simple (pentose) sugar 
  Deoxyribose (DNA only) 

Ribose (RNA only) 
3)    A phosphate group 
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II. Chemical Reactions  
1. Chemical reactions (occur when reactants collide - the amount of energy that is needed to start the reaction is 

called the activation energy (ex. Heat). 

 
 Energy, as heat or light, can also be given off as a result of biochemical reactions. 

 Heat can speed up reactions (to a certain point) and cold can slow them down 

 pH (a measure of the acidity of a solution)is specific for each organism 

 Buffers within an organism are used to regulate pH  

 
 Enzymes are catalysts (changes the rate of a chemical reaction or allows a chemical reaction to occur at a 

lower than normal temperature).  

 Lowers the activation energy  

 A catalyst is not consumed or altered during a chemical reaction, so, it can be used over and over again. 

 Enzymes are biological catalysts and are made up of proteins, they are specific to the substrate they act on 

 Used in many ways ex. Digestion, growth, reproduction, cell cycle regulation 

 End in –ase  ex. lipase 

 Enzymes work best at a specific temperature and pH (can denature protein of enzyme). 
 
DAY 4 – CELLS, CELL STRUCTURE AND FUNCTION 

I. Cells 

 Cell theory states 1) Cells are the basic unit of structure of all living things; 2) All things are composed of one 
or more cells; 3) All cells come from pre-existing cells 

 A unicellular organism is composed of one cell  

 In a multicellular organism, each cell carries on most of the major functions of life. 
 

A. Prokaryotic vs. Eukaryotic  
Prokaryotic (ONLY BACTERIA)    Eukaryotic (ANIMALS, PLANTS, FUNGI) 
no membrane bound organelles(no mbo)  membrane bound organelles(mbo) - ex. chloroplast 
no nucleus - single circular DNA    nucleus - many linear DNA pieces inside 

              free ribosomes, cell wall & cell membrane  attached & free ribosomes, cell wall & cell membrane 

 REMEMBER- NO PRO (no mbo or nucleus)- EU DO (have mbo and nucleus) 
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B. Cell organelles 

 Chloroplast-  (only in plants) site of 
photosynthesis (makes sugar) 

 Mitochondria- site of cellular respiration 
(glucose breakdown- makes ATP) 

 Ribosome- site of translation- protein synthesis 

 E.R.- separates chemical reactions, 
membranous 

 Golgi complex- packages, modifies proteins for 
export 

 Lysosomes- contain enzymes (only animals) 

 Vacuoles/vesicles- water and solutes 

 Nucleolus- where ribosomal subunits are 
made 

 Cell wall- outer protective layer for support 
(plants and fungi) 

 Cilia -short hair-like projections responsible 
for the movement (only animal) 

 Flagella- long whip-like projections 
responsible for the movement (only animal)

 
C. Plant vs. Animal vs. Fungal Cells 

PLANT CELL    ANIMAL CELL    FUNGAL CELL 
          cell wall (cellulose)                                       no cell wall    cell wall (chitin) 
          chloroplast                             lysosomes    decomposer-no chloro 
          large vacuoles    many small vacuoles; flagella  can be multinucleate 
 

D. Differentiation of Cells 
1. A single cell (fertilized egg) gives rise to many different types of cells 
2. # of cells increases by cell division (mitosis). 
3. Specialization (i.e. nerve cells, skin cells) of cells occurs by differentiation. 
4. DNA in all of multicellular organisms cells is the same DNA, BUT in the process of differentiation only specific 

parts of the DNA are activated (turned on) and the only proteins made by that cell will be made from the 
activated DNA; The parts of the DNA that are turned on determine its job (i.e. nerve or skin cells) 

5. Cellstissuesorgansorgan systems. 
 

E. Stem Cells 
1. All cells initially have the potential to become any type of cell. 
2. Once a cell differentiates, the process cannot be reversed. 

 Stem cells are unspecialized cells that can make more of themselves and can be made into one or more 
types of specialized cells. 

 Types: Embryonic stem cells or in adult stem cells (bone marrow). 
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DAY 5 – CELL MEMBRANE AND TRANSPORT 
I.  Cell Membrane and Transport    

A. Cell Membrane 
1. Made up of phospholipid bilayer 
2. Regulates the passage of material into and out of the cell, which helps maintain homeostasis of cell 
3. Semipermeable (selectively permeable), means only certain things can get in or out (large or charged cannot 

move in or out without help) 
 

B. Passive Transport (MOVEMENT IN OR OUT WITHOUT ENERGY; with/down concentration gradient; end result 
= dynamic equilibrium) 

1. Simple diffusion- movement of SOLUTE from high concentration to low concentration(no protein carrier); ex-O2 

 
2. Osmosis- is the diffusion of WATER molecules through a selectively permeable membrane from an area of 

greater concentration of water to an area of lesser concentration of water. *From high water to low water 

 
3. Facilitated diffusion- movement of SOLUTE from high to low, USES a protein carrier, NO ENERGY : ex. glucose, 

Ca2+ 

 
C. Active transport- Movement IN or OUT USING ENERGY 
1. USES a protein 
2. Goes AGAINST the concentration gradient 
3. Molecules are “pumped” (uses energy) across the cell membrane by transport proteins.  
4. Cells can use this process to concentrate molecules within or outside the cell (build a concentration gradient) 
5. EX. Sodium/Potassium Pump 

 
D. Endocytosis and Exocytosis (forms of active transport because REQUIRES ENERGY) 
A. If molecule is too large to get in with a protein, then it can get in by pinching a vesicle off of the cell membrane 
B. Passing into the cell, the process is called endocytosis. 
C. Passing out of the cell, the process is called exocytosis.  
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DAY 6 - PHOTOSYNTHESIS 
I.  Photosynthesis 

 Sunlight converts carbon dioxide and water into sugar (glucose) and oxygen 

 6CO2 + 6 H2OC6H12O6 + 6 O2 

 
A. Light-Dependent Reactions 
1.  Occurs in thylakoids of chloroplast and requires light to occur 
2.  ENERGY STORING COMPOUNDS ARE MADE- ATP and NADPH (Go from light energy to chemical energy) 
3.  Water is split by sunlight and oxygen is given off (WE ALL BREATHE THIS) 
 
B. Light- Independent Reactions 
1. Occurs in stroma of chloroplast and does not need light to occur 
2. Uses ATP and NADPH (stored chemical energy from light reactions) and CO2 
3. Make glucose; glucose can be stored as starch to be used later (THIS IS BASIS OF FOOD CHAIN= PRODUCERS) or 
used to build cell walls (cellulose) 

 
DAY 7 – CELLULAR RESPIRATION AND FERMENTATION 

I.  Cell Respiration 

 Converts CHEMICAL ENERGY (GLUCOSE) into bonds of ATP 

 Bonds in ATP can be broken to do cell work, i.e. cellular transport, muscle contraction, protein synthesis 

 ANY FOOD can be used and made into ATP 

 Nutrients + oxygenwater + energy (ATP) + carbon dioxide 

 
A. Glycolysis 
1. Glucose is split into pyruvic acid (some ATP is given off) 
2. Occurs in cytoplasm using enzymes 
3. ANAEROBIC- does not require oxygen 
4. Makes 2 NADH, net 2 ATP molecules, 2 pyruvic acids 
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B. Citric Acid or Krebs Cycle 
1. Requires oxygen- AEROBIC 
2. Occurs in mitochondria (matrix) 
3.  2 Pyruvic Acids stripped down of electrons/energy 
4. Makes 6 CO2, 2 ATP molecules, 8 NADH, 2 FADH2 

 
C. Electron Transport Chain 
1.  Aerobic (because oxygen is needed to accept the electrons at end of ETC) 
2.  Occurs in mitochondria (cristae/inner membrane) 
3.  uses electrons from NADH and FADH2 (from glycolysis and Kreb’s) to make 34 - 36 ATP are produced; most energy 

harvested in this stage 
4.  Water is formed (because oxygen accepts electrons and then combines with H+ ions) 

 
D. Fermentation 
1. Anaerobic, occurs after glycolysis in cytoplasm 
2. Not efficient and makes very little ATP 
3. Lactic Acid fermentation- happens in muscles during exercise 

 When no oxygen present it is a pathway to continue glycolysis 

 pyruvic acid lactic acid 

 Causes burning in muscles from build-up of lactic acid 
4.  Alcoholic Fermentation- occurs in yeast and bacteria 

 Pyruvic acid  alcohol and carbon dioxide 
 
DAY 8 – DNA STRUCTURE AND FUNCTION AND REPLICATION 

I.   DNA 

 Nucleic acid 

 Both DNA and RNA are composed of small units called nucleotides. 

 The nucleotides that compose nucleic acids have three parts: 

 
 

 
 
 

 
 

1) A nitrogenous base 
Cytosine (C) 
Guanine (G) 
Adenine (A) 
Thymine (T) (DNA only) 
Uracil (U) (RNA only) 
 

2)  A simple (pentose) sugar 
  Deoxyribose (DNA only) 

Ribose (RNA only) 
 

3)    A phosphate group 

A. DNA (deoxyribonucleic acid)  
1.  Double stranded with deoxyribose as sugar; joined at the bases by H bonds; twisted to form a double helix 
2.  Base pairing rules: Guanine (G) bonds with Cytosine (C) AND Thymine (T) bonds with Adenine (A). 
3.  Holds all the genetic information to make a protein 
4.  Every three bases on DNA will code for one amino acid that makes up a protein. 
5.  A segment of DNA that codes for one protein is called a gene. 
6.  A single linear, coiled piece of DNA is called a chromosome (may have many genes) 
7.  A chromosome consists of hundreds of genes.  
8.  The proteins made by genes determine the characteristics of an organism (i.e. hair color, eye color etc.). 
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II. DNA Replication 

 Carried out by a series of enzymes.  

 The result is two identical DNA molecules 

 
1.  The first enzyme (helicase) unzips the two strands of DNA that compose the double helix, separating paired 
bases. 
2.   Each base that is exposed can only bond to its complementary base by help of enzyme DNA polymerase 
  Adenine (A) can only bond to thymine (T) 

Cytosine (C) can only bond to guanine (G) 
3.  Each of the separated strands serves as a template for the attachment of complementary bases, forming a new 

strand, identical to the one from which it was “unzipped”. 
    

D.  Chromosomes 

 Each cell in an organism’s body contains a complete set of chromosomes. 

 Chromosomes # is different for each organism. (i.e. humans have 23 pairs; dogs have 39 pairs) 

 Sex chromosomes =  One pair of chromosomes that code for sex (boy or girl)  

 All other chromosomes are known as autosomal chromosomes, or autosomes. 

 Cells (except for sex cells/gametes) contain one pair of each type of chromosome (which code for same 
proteins- called homologous chromosomes). 

 Chromosomes are inherited from parents- one from mom and dad 

 Organisms that are closely related- have more genes in common than those that are not related For ex. red 
maple trees share more genes with oak trees than with earthworms 

 Differences in organisms is because of the unique DNA nucleotide sequences that codes for their unique 
proteins 
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DAY 9 – RNA STRUCTURE AND FUNCTION 
I. RNA (ribonucleic acid) 
1.  Single stranded; different sugar (ribose); different base (uracil) 
2.  When RNA is formed from DNA the bonding rules are: G bonds with C; and Uracil (U) bonds with A. 

 
 
DAY 10 – PROTEIN SYNTHESIS (TRANSCRIPITION AND TRANSLATION) 

I. Transcription 

 FIRST STEP IN MAKING A PROTEIN FROM DNA 

 Process by which DNA RNA 

 Way genetic code gets out of the nucleus to the ribosome 
 

A.  Process 
1.    A gene is turned on (this happens because of differentiation) 
2.    Enzyme (helicase) attaches to the gene (location on the DNA molecule) causing the strands of DNA to separate  

 Complementary RNA bases bond to the exposed bases of DNA only on one side  
DNA  RNA 
Adenine (A)  Uracil (U) 
Thymine (T)  Adenine (A) 
Cytosine (C)  Guanine (G) 
Guanine (G)  Cytosine (C) 

 Nucleotides of RNA bond together, forming a single-stranded molecule of RNA that peels away (called mRNA) 

 DNA strands rejoin.  

 The mRNA strand leaves the nucleus and goes into the cytoplasm of the cell and heads to ribosome with the 
instructions. 
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II.  Translation 

 SECOND STEP IN MAKING A PROTEIN FROM DNA 

 mRNA is made into an amino acid chain (protein) by ribosomes and tRNA  

 For example, if the DNA sequence was GAC, then the RNA sequence becomes CUG and the amino acid that is 
coded is Leucine. 
 

A. Process 
1. mRNA attaches to a ribosome (made up of rRNA and proteins) 
2. Every three bases on mRNA are called codons; ribosomes read mRNA codon by codon 
3. For each codon there is another type of RNA called tRNA which is complimentary (opposite) 
4. Three bases on tRNA are called anticodons; so codons and anticodons match (i.e. AAA codon matches UUU 

anticodon) 
5. When a second tRNA with its specific amino acid pairs to the next codon in sequence, the attached amino acid 

breaks from the first tRNA and attaches to the amino acid of the second tRNA. 
6. The ribosome forms a peptide bond between the amino acids, and an amino acid chain begins to form. 
7. The empty tRNA moves off and picks up another matching amino acid from the cytoplasm in the cell. 
8.    This sequence is repeated until the ribosome reaches a stop codon on the mRNA, which signals the end of 

protein synthesis. 

 
 


