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CONCEPT: FUNDAMENTAL CHEMISTRY
Atoms:
● All matter is made of atoms. Atoms contain protons, neutrons, electrons.
□ Protons= (+) charge □ Neutrons= 0 charge □ Electrons= (-) charge
□ Atoms start with protons=electrons, so that they are neutral—no net _______________________.
● Atoms can gain or lose electrons to other atoms. When this happens, they become charged, and are called ions.
□ An anion is an atom that has gained an electron—it’s a negative ion.
□ A cation is an atom that has lost an electron—it’s a positive ion.
□ A salt is an electrically-neutral compound formed by ionic bonds between cations and anions.
EXAMPLE: Sodium (Na+) and Chloride (Cl-) ions come together to form the salt sodium chloride (NaCl)

Na+ + Cl- à NaCl
Bonding and Polarity:
● A covalent bond is when 2+ atoms share electrons and become bonded together.
□ All the atoms covalently bonded together make up a _______________________.
● A molecule’s electrons may be distributed evenly or unevenly across it. This distribution often determines its shape.
□ Nonpolar molecules (or nonpolar portions of large molecules) have charge pretty evenly distributed.
- Carbons and Hydrogens bonded together tend to be nonpolar.
□ Polar molecules (or polar portions of large molecules) have charge unevenly distributed across the molecule.
- Heteroatoms (N, O, P, S) tend to be polar.
EXAMPLE: Water is polar, with electrons creating a partial negative charge around the O atom. Hexane is nonpolar.
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Intermolecular Forces (Non-Covalent Bonds):
● 2+ molecules may also interact and be attracted to each other via intermolecular forces (aka non-covalent bonds).
□ Hydrogen bonds are relatively strong noncovalent bonds between a positive H atom and another negative atom.
□ Dipole-Dipole Interactions are between the positively-charged portion of one molecule associating with the
negative portion of another.
□ London Dispersion Forces (or Van Der Waals Forces) are between nonpolar portions of two molecules.
□ These “bonds” are much ___________________________ than covalent bonds.
EXAMPLE: Hydrogen bonds create the strong cohesive forces between 2+ water molecules.
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PRACTICE 1: Below is the structure of the simple sugar glucose. Which of the following describes glucose?
a) Polar.
b) Nonpolar.
c) A salt.
d) Not capable of forming Hydrogen Bonds.

Page 4

ANATOMY & PHYSIOLOGY - CLUTCH
CH. 2 - MOLECULES AND MOLECULAR INTERACTIONS

CONCEPT: CHEMICAL REACTIONS, LE CHATELIER’S PRINCIPLE AND BINDING EQUILIBRIA
Chemical Reactions:
● Chemical reactions involve the breaking and making of bonds, thereby changing the shape and structure of molecules.
EXAMPLE: In the blood, water (H2O) and carbon dioxide (CO2) can combine to form carbonic acid (H2CO3).

H2O+CO2→H2CO3

Reversibility:
● Most (bio)chemical reactions in the body are freely reversible—can run in either the forward or reverse ______________.
□ This reversibility is usually indicated by the symbol “⇋” instead of a unidirectional reaction arrow “→”
EXAMPLE: H2CO3 can also split apart into H2O and CO2—this reaction is reversible.

H2CO3→H2O+CO2

OR

H2O+CO2→H2CO3

H2O+CO2 ⇋ H2CO3
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Le Chatelier’s Principle:
● Le Chatelier’s Principle (or “The Law of Mass Action”) lets you predict how a reversible reaction responds to changes.
□ “Disturbing an equilibrium will cause the equilibrium to shift to counteract that change.”
-i.e. If you add more reactant, the reaction will move to use that extra reactant and make more _________.
EXAMPLE: In the body, cells dump CO2 as a waste product into the blood. This promotes the formation of carbonic acid.

H2O+CO2 ⇋ H2CO3 ⇒(Later…) H2O+CO2 ⇋ H2CO3

● Same ideas of reversibility and Le Chatelier’s Principle apply to the binding of proteins to other molecules (more later).
EXAMPLE: Hemoglobin (Hb) reversibly binds to and carries oxygen (O2) in blood. Carbon monoxide (CO) poisoning is
when CO binds to Hb instead. Treated with extra O2, which shifts the binding reaction toward Hb bound to O2.

Carbon monoxide (CO) poisoning is the result of CO displacing O2 and binding to Hb itself. This may be written as:
HB:O2 + CO ⇋ HB:CO + O2
The treatment for CO poisoning is time in a hyperbaric chamber—the patient breathes high pressure, high concentration O2. This increase in O2
shifts the above equilibrium toward displacing the CO and adding the O2 back to Hb:
HB:O2 + CO ⇋ HB:CO + O2 ⇒(Later…) HB:O2 + CO ⇋ HB:CO + O2
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PRACTICE 1: Calmodulin is a protein that “senses” intracellular Ca2+ by binding to it. If you increase the amount of Ca2+ in
a cell, which of the following do you expect? (Choose all that apply.)
a) The amount of Calmodulin with Ca2+ bound to it to increase.
b) The amount of Calmodulin with Ca2+ bound to it to decrease.
c) The amount of free Calmodulin to increase.
d) The amount of free Calmodulin to decrease.

PRACTICE 2: Estrogen is carried in the bloodstream bound to a protein called “steroid-hormone binding protein” (SHBP).
The binding is reversible and follows Le Chatelier’s Principle. Liver failure causes the amount of SHBP in the blood to
decrease. Which of the following do you expect to be caused by liver failure? (Choose all that apply.)
a) The amount of SHBP with estrogen bound to it to increase.
b) The amount of SHBP with estrogen bound to it to decrease.
c) The amount of free estrogen in the blood to increase.
d) The amount of free estrogen in the blood to decrease.
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CONCEPT: SOLUTIONS AND SOLUBILITY
● All body fluids are solutions—some substance (a solute) dissolved in another liquid (a solvent).
□ The most common solvent in the body is __________________.
□ The concentration of a solution is its molarity=moles of solute/liters of solution.
● In order to form a solution, the solute must be soluble in the solvent. Solubility depends on _____________________.
□ “Like dissolves like.”
-Hydrophilic (“water-loving”) solutes can dissolve in water.
-Hydrophobic (“water-fearing”) or lipophilic (“lipid-loving;” lipids are very nonpolar) solutes don’t dissolve
well in water.
□ Some molecules are amphipathic—they have polar and nonpolar regions at opposite ends.
EXAMPLE: Glucose—a very polar carbohydrate—will dissolve in water. Hexane—a nonpolar hydrocarbon—will not.

EXAMPLE: Phospholipids (part of cell membranes) are amphipathic—have a polar head and a nonpolar hydrocarbon tail.
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PRACTICE 1: Using fancy chemistry tricks, you remove a long, symmetrical hydrocarbon chain from phospholipid. Which of
the following changes do you expect in the solubility behavior of the phospholipid? (Choose all that apply.)
a) Become more hydrophilic.
b) To dissolve better in hexane than it used to.
c) Become more lipophilic.
d) Become more soluble in water.

PRACTICE 2: Below is the structure of a bile salt, which is important for the digestion of fats in the small intestine. Based on
its structure, which of the following describes the bile salt?
a) Hydrophobic.
b) Hydrophilic.
c) Amphipathic.
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CONCEPT: ACID-BASE CHEMISTRY
Acids and Bases:
● Water—H2O—is a unique molecule. It has H atoms that can break off in solution, becoming H+ cations (called “protons”).
□ Happens at some baseline level in aqueous solution: H2O⇋H++OH□ In pure water, it turns out that [H+]=[OH-]=1×10-7 M.
● Acid=adds __________________ to a solution (↑[H+]).
● Base=removes _______________ from aqueous solution (↓[H+], ↑[OH-]).
EXAMPLE: Carbonic acid—formed by a reaction in the blood between CO2 and H2O—is an acid.

H2O+CO2 ⇋ H2CO3 ⇋ HCO3- + H+
The pH Scale:
● Measure how acidic or basic a solution is by using the pH scale.
□ Solutions with pH<7 (more H+ than water) are acidic and pH>7 are basic (or “alkaline”).

● The human body _________________________ blood pH very tightly between 7.35 and 7.45; “normal” blood pH is 7.4.
□ pH<7.35= Acidosis

□ 7.35<pH<7.45= Within Normal Limits

□ pH>7.45= Alkalosis

EXAMPLE: Patients with respiratory problems (or who have been holding their breath) can not efficiently remove CO2 from
their blood. This drives them into a state of “respiratory acidosis.”

↑[CO2]blood→↑[H2CO3]blood→↑[H+]blood→↓pHblood→Acidosis
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PRACTICE 1: A 21-year-old male presents to the emergency department at 11:45pm on a Saturday night with loss of
consciousness. He had been partying by combining Xanax with vodka drinks. As a result, his respiratory drive decreased
and he passed out. The pH of his blood is 7.3. Which of the following describes your patient’s state?
a) Acidosis.
b) Alkalosis.
c) Being totally fine.

PRACTICE 2: Your friend is nervous about an upcoming date with his dream girl. As a result, he starts hyperventilating
(breathing more quickly than normal). This causes him to exhale lots of CO2. How will this affect his blood pH?

PRACTICE 3: Type A intercalated cells are in the kidney. Their function is promote the movement of H+ from the blood to
the urine. Which of the following would be expected for a patient with an increase in Type A cell activity? (Choose all that
apply.)
a) Increase in pH of the urine.
b) Increase in pH of the blood.
c) Increase in [HCO3-] in the blood.
d) A state of alkalosis.
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CONCEPT: CARBOHYDRATES AND LIPIDS
Carbohydrates:
● Carbohydrates are polar molecules made of cyclic subunits built entirely from carbon, hydrogen, and oxygen atoms.
□ The most common carbohydrate in the body is glucose—C6H12O6. (Mostly used as a fuel.)
□ Their polarity means most carbohydrates are pretty _______________________ in water.
● The “backbone” of a carbohydrate is a carbon ring like the one shown below. This is a monosaccharide.
□ Disaccharides are ___________ monosaccharides linked together. Polysaccharides are many linked together.
□ This patterning is also sometimes described as many monomers linking together to form a polymer.
EXAMPLE: Glucose is a carbohydrate monosaccharide/monomer.

EXAMPLE: Glycogen is a glucose polymer used by the body as a way to store glucose for later use.
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Lipids:
● The hallmark of a lipid (more informally/vaguely “fat”) is a very long, very ______________________ hydrocarbon chain.
□ In the body, most lipids are stored/transported as triacylglycerides (TAGs) (aka triglycerides)
- TAG= 3 hydrocarbon chains linked to an alcohol backbone called glycerol.
EXAMPLE: The structure of a TAG, with the glycerol backbone on the left and hydrocarbon chains on the right.

● Lipids are a source of stored fuel for the body—the hydrocarbon can be metabolized to make ATP (more later).
● TAG’s can become phospholipids by removing one hydrocarbon chain and adding a charged phosphate “head group.”
□ Phospholipids have one very polar region—the head group—and one very nonpolar region—the hydrocarbon.
□ This makes them ideal as a building block for cell ______________________________.
-The polar, charged head groups form hydrogen bonds with the aqueous extracellular fluid and cytosol.
-The nonpolar hydrocarbon chains form dispersion forces with each other.
● Because they’re made of lipids, cell membranes provide a place for nonpolar solutes in the cell to dissolve and hang out.
EXAMPLE: Phospholipids—with a hydrophilic charged phosphate group
on one end and a hydrophobic lipid tail on the other—are amphipathic.
This orientation allows them to form cell membranes.

● Steroids are complicated, heavily-cyclized lipids used by the body as
signals (i.e. hormones).

Page 13

ANATOMY & PHYSIOLOGY - CLUTCH
CH. 2 - MOLECULES AND MOLECULAR INTERACTIONS

PRACTICE 1: Below is the structure of sucrose (aka “table sugar”). Sucrose is a:
a) Monosaccharide.
b) Disaccharide.
c) Polysaccharide.

PRACTICE 2: Below is the structure of phosphatidylcholine. Phosphatidylcholine is a:
a) Fatty acid.
b) Triacylglyceride.
c) Phospholipid.
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CONCEPT: PROTEINS I: PROTEIN STRUCTURE
Basic Protein Structure—Amino Acids:
● Proteins are the molecules made by the cell that undertake most cellular functions.
□ The enzymes, membrane-bound receptors, ion channels, carriers, etc.
● Amino acids are the building blocks that make up proteins.
□ There are __________ different amino acids used by the body.
● Amino acids vary widely in their __________________ properties—charged/uncharged, polar/nonpolar, acidic/basic, etc.
□ Wide variety of building blocks allows proteins to take on infinitely many shapes and ____________________.
□ Proteins are sometimes also called peptides or polypeptides.
EXAMPLE: Vasopressin (aka anti-diuretic hormone) is a ten-amino acid protein used as a hormone in the body.
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Protein Structure and Function:
● Structure of a protein is intimately linked with its _____________________. Protein shape controlled by:
□ Covalent and noncovalent interactions between amino acid groups: Hydrogen bonding, ionic bonds, London
Dispersion forces between nonpolar side chains
□ α helix, a common part of a protein’s shape, allows the polypeptide to anchor itself (usually in membranes).
□ β sheets—another common shape—can roll into “β barrels” and form channels across/through membranes.
EXAMPLE: An image of α helices and β barrels and their integration into cell membranes.

1) shows one α helix crossing the membrane, anchoring the protein there; 2) shows a protein with 3 transmembrane domains;
3) shows a transmembrane β barrel, forming a channel through the membrane.

● Quaternary structure is when 2 or more separate polypeptide chains can come together.
□ Having quaternary structure lets the behavior of one polypeptide affect the behavior of its neighbors.
● Proteins’ structures can be denatured—their structures can be changed and compromise their ____________________.
□ Usually, denaturation is caused by temperature and pH.
EXAMPLE: The O2 binding protein hemoglobin has quaternary structure. It has four polypeptide subunits, each one capable
of binding to O2. When one subunit binds to O2, that increases the likelihood that each of other ones will bind to O2 also.
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PRACTICE 1: G-protein-coupled receptors (GPCR) are inserted in the membrane of cells throughout the body. GPCRs
have 7 transmembrane domains that anchor the protein in the membrane. Those transmembrane domains are probably:
a) α-helices.
b) β-sheets making β-barrels.
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CONCEPT: PROTEINS II: LIGAND BINDING AND REGULATION OF FUNCTION
Ligand Binding:
● Ligands are molecules that can bind to and interact with some part of a protein’s structure.
□ Binding reaction between a protein and a ligand is often represented as: P+L ⇋ PL
□ Affinity is the strength with which a particular protein binds to a particular _____________________.
-Affinity can be described by the Dissociation Constant (KD): K " =

$ [&]
[$&]

□ In any given cell or system, there’s a limited amount of protein with limited binding sites.
-Saturation is when all of the binding sites are filled.
□ Competition is when two or more ligands can bind to the _____________ binding site (regardless of their effect).
□ Ligand binding is a reversible reaction, which means it follows Le Chatelier’s Principle.
- ↑Ligand→↑Binding

or

↓Ligand→↓Binding

● Agonists are ligands that, by binding, “activate” a protein’s function.
□ Antagonists bind to the protein but do not activate it.
EXAMPLE: Acetylcholine is an agonist for nicotinic acetylcholine receptors. Curare—which binds to these receptors but
does not activate them—is an antagonist. This is also an example of competition.
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Regulation of Function:
● Proteins carry out important processes, so it’s useful to have tight control over when/how much these proteins are active.
● Competitive Inhibition is when an antagonist reduces a protein’s activity level by _______________________ binding.
● Allostery is when a ligand can bind to one binding site and change the affinity at another binding site.
□ If affinity increases, it’s allosteric activation. If affinity decreases, it’s allosteric inhibition.
EXAMPLE: Allosteric inhibition changes the shape of the binding site, preventing binding.

● A covalent modification is the addition of a small chemical group to a protein, changing its __________________.
□ Most common is phosphorylation, which is the addition of a phosphate (PO32-) to an amino acid.
-Kinases= enzymes that catalyze phosphorylation reactions.
-Phosphatases= enzymes that catalyze dephosphorylation.
EXAMPLE: Myosin Light Chain Kinase (MLCK) is a kinase that is (indirectly) responsible for contraction in smooth muscle.
Phosphorylation of myosin by MLCK increases myosin’s activity, causing contraction to occur.

ATP
Myosin

MLCK

ADP
Myosin-P

Smooth Muscle
Contraction

● If a protein is being activated excessively, the cell may respond by simply making less of that protein.
□ Down-regulation is this decrease in production.
□ Up-regulation is the opposite—an increase in production in response to lack of activation.
EXAMPLE: Cocaine use causes down-regulation of dopamine receptors.
Cocaine activates dopamine receptors in the brain. Long-term cocaine use causes excessive activation, so neurons
down-regulate them. Having fewer dopamine receptors overall causes the withdrawal symptoms (depression,
anxiety, lethargy) experienced by cocaine addicts between highs.
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PRACTICE 1: Muscarinic acetylcholine receptors (mAchRs) are on cells throughout the body. Pilocarpine is a drug that
binds and activates mAchRs. On mAchRs, pilocarpine is a (choose all that apply):
a) Ligand.
b) Agonist.
c) Antagonist.

PRACTICE 2: Muscarinic acetylcholine receptors (mAchRs) are on cells throughout the body. Atropine is a drug that binds
and blocks (does not activate) mAchRs. On mAchRs, atropine is a (choose all that apply):
a) Ligand
b) Agonist.
c) Antagonist.
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