
Unit 2: Heart Attack 
 
Parts of the heart to know are shown in the picture to the left. The picture also shows 
blood flow, but that is also included below. Not shown in this picture is the coronary artery, 
found wrapping around (attached to) the heart to feed blood to it; blockages of the coronary 
artery and its branches are the cause of most heart attacks…also try to know what these 
different parts do…see me for help if needed… 

rry 
 lungs to the heart. Veins ALWAYS carry blood TOWARDS the heart …veins to 

eart… 

here are t at – the moment when the heart is squeezing and the time at which the heart is at rest.  
 Systole = s

shing blood to the ventricles and then the ventricles, pushing blood into blood vessels, and is the result of electrical 
the heart (discussed below). 

 Diastole = r
Diastole is the short phase in which the heart is at rest, atria are filling with blood, and the heart is preparing for another beat 

does not require the brain to occur, so someone who is “braindead” still has a 
beating hea wn in t

s 
d pass the signal that will allow the ventricles to 
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own as the Purkinje fibers. Together, the AV node and the Purkinje fibers 

 � AV � Purkinje) completes systole, and for a time the heart will rest (diastole) 

lectrical activity in the heart is measured with a procedure known as rocardiogram, or 

ck 
. 

 the 

when the SA node fires, and causes 
then travels to the AV node and 

 is 
 

st wave on the 
EKG, the T wave, occurs when 
the electrical signal ends and 
the ventricles relax. This is 
referred to as ventricular 

 
Blood flow pathway: deoxygenated blood from body delivered through veins to superior 
and inferior vena cava to right atrium through tricuspid valve to right ventricle through 
pulmonary semilunar valve to pulmonary artery to lungs (blood is oxygenated here) to 
pulmonary vein to left atrium to bicuspid (or mitral) valve to left ventricle to aortic semilunar 
valve to aorta to body’s arteries for transport to the body 
 
Remember that the right side of the heart pumps deoxygenated blood to the lungs, while the 
left side pumps oxygenated blood to the body. Blood from heart to lungs is pulmonary 
circulation, while blood from heart to the body is systemic circulation.  
 
Heart attack = myocardial infarction = cardiac arrest 
Your heart is mostly made of muscle. This muscle is known as cardiac muscle, or 
myocardium. Heart attacks are caused by the failure of blood to get to the heart, resulting in 
the death of muscle tissue. Dead heart tissue causes heart to fail – heart attack 
 
Artery vs. Vein 
Arteries are thick, tough, and less flexible. They usually carry oxygenated blood, with the 
exception of the pulmonary artery, which carries deoxygenated blood to the lungs. Arteries 
ALWAYS carry blood AWAY from the heart…arteries away…. 
Veins are thinner, tend not to be circular in shape, and are more flexible. They usually ca

deoxygenated blood, with the exception of the pulmonary veins, which carry oxygenated blood from the
h
 
Beating of the heart 
T wo phases to a heartbe

queezing 
Systole involves the atria contracting, pu
activity in 

elaxing 

 
Electrical Activity in the Heart 
The beating of the heart is the result of electrical activity that the heart itself generates. This electricity 

rt. This electrical activity passes through three regions of the heart (sho
SA Node (Sinoatrial Node): this region is known as the pacemaker. It sends out rapid signal
that do two things – cause the atria to contract, an

he picture): 

an elect

contract. This signal then travels to the AV node 
AV Node (Atrioventricular Node): this region receives signals from the A node and slows them 
down to the rate at which your heart is supposed to beat. It then passes that signal down the 
conduction pathway kn
cause the ventricles to contract. 

The sending of this signal (SA
before the process repeats. 
E
EKG. 
 
EKGs: 

An EKG is a measure of the electrical activity 
within the heart. This can tell several things: it 
measures the health of the different regions of the heart, can 
determine where damage within the heart has occurred, tests the 
strength and health of the electrical signal that the heart is sending 
out, detects abnormalities within a heart beat, and tells heart rate. 
Performing an EKG involves putting electrodes on the body that pi
up the electrical signal the heart gives off and showing it with a picture
An EKG can be broken down into systole, which is shown with
P wave through the end of the S wave, while diastole represents 
the T wave through the start of the next P wave. The P wave occurs 

atrial contraction. The signal 
Purkinje fibers, causing the 
ventricles to contract. This
represented by the “QRS
complex”. The la

relaxation or ventricular 
repolarization.  



 

nst the artery walls at two times during a heartbeat: systole and diastole. Along with EKGs, it is a way to measure heart and 
blood vessel hea

Blood Pressure: 

i
lth. When the heart squeezes (systole) a great deal of pressure is exerted on arteries as blood is forced 

o them. This pressure decreases when the heart rests (diastole) The pressure of systole is compared with the pressure 
en a blood pressure reading is taken. A healthy blood pressure reading should be below 120/80 mmHg, 

r) then listen 
or the heart sounds to come back while reading a pressure gauge. The first two sounds heard represent systolic and 

r 
e units are bpm. So, if your heart beats 65 times per minute, it would be represented as 65 bpm.  

 a type of connective tissue! 

a different job, lifespan, 

rombocytes are the smallest solid component of blood. They live about 10 days. Their job is to clot 

omponent of blood that makes it red. The job of blood is to deliver oxygen and to remove carbon dioxide. Blood cells do not 

carbon dioxide. They are shaped like lifesavers.  
White blood cells – aka leukocytes – play an important job in fighting infections and disease. They are the biggest component of blood, and there are several types. Different 

have different functions, and can have very different lifespans. 
here it needs to go. Plasma delivers nutrients, hormones, and cells to all parts of the body while carrying 

 
ded materials to all parts of the body. Blocked blood flow for any reason deprives tissues of the materials that they need and can lead to tissue 

h.  

 Ti
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 movement! Using contraction 
c, skeletal 

 communication using signals 

Why are Ce
 

 use it efficiently. Typically, being small means 
 the surface area of a cell (its outside) is bigger than its volume (its insides). Cells want a big outside compared to their insides because it means that they can receive needed 
erials easily and get these materials to all parts of their insides. This is expressed as a ratio known as the surface area to volume ratio. Again, surface area should (ideally) be bigger 

than volume. Most cells have a ratio of 20000 to 1, meaning surface area is 20000X bigger than volume. Calculating this is done with the following formulas:  
Surface area = length * width * number of sides 
Volume = length * width * height 

When expressing this ration, it can be done as a fraction (6/1), a ratio (6:1) or in written form ( 6 to 1). Any of these methods are correct. 
 
 

 
 
Blood pressure is a measure of the force of blood pushing aga

int
of diastole wh
meaning systole had a pressure of 120 mmHg and diastole had a pressure of 80 mmHg. Blood pressure is taken by 
cutting off circulation to the arm with a cuff, which cuts off heart sounds below the cuff. A person (or compute
f
diastolic blood pressure. 
 
Heart Rate: 
Heart rate is the number of times your heart beats per minute. On average, heart rates are between 60 and 90 beats pe
minute. Th
 
Remember that blood is
 
Parts of Blood 
All parts of blood are made in the bone marrow, the insides of bones. Each portionof blood has 
and size. 
Platelets – aka Th
blood and to form scabs. 

Red blood cells – aka erythrocytes – are the c
have a nucleus, so have no DNA. They are essentially nonliving cells that have given up their nucleus so that they have room to carry oxygen to tissues and to remove 

types 
Plasma – is the liquid portion of blood and delivers EVERYTHING w
away certain cell waste products (cell poop).

Blood is important because it delivers nee
deat
 
Types of ssue 
Connective: supports, binds, and p
 Blood, bone, fat, ligaments and tendons 
Muscular:
 Smooth, cardia
Nervous:
 Neurons (nerve cell), brain, spinal cord 
Epithelial: covers and lines things 
 Skin, lining of guts, lining of respiratory system 
 

lls So Small? 

Cells are small because being small means that less nutrients and maintenance is required. Small cells can get what they need easily and
that
mat



Unit 3: Diabetes 
Food Fundamentals 
A food label can, potentially, be a very useful tool. It provides several critical pieces of information to help you reach your RDA/DRI. 
 RDA = Recommended Daily Allowance 
 DRI = Daily Recommended Intake 
Food contains crucial items that your body must have in order to survive. Food is made up of multiple nutrients including carbohydrates, lipids (fats) and proteins, as well as vitamins and 
minerals.  
 

Calorimetry 
Foods also provide the energy that your body requires. Energy comes in the form of calories. Determining the amount of energy a food contains requires a method known as calorimetry. 
Calorimetry involves taking a known quantity of water with a known temperature and observing the temperature change that the water undergoes when a sample of food is lit on fire 
beneath it. The water heats as a consequence of the burning food, whose mass changes as it burns. This information, the change in water temperature, the change in the mass of the 
food, and the mass of the water, can be used to calculate the amount of calories that a food contains using the following two formulas: 
 Energy gained by water = mass of water X change in temperature of water X specific heat of water (which is 1) 
This formula is then applied to the formula below to determine the actual amount of calories food holds: 
 Energy content of food sample = energy gained by water ÷ change in mass of food 
The units for this are chemistry calories (lower case c). This should then be converted to food Calories. There are 1000 calories for every Calorie, so to determine the amount of Calories 
a food holds we must divide the total number of calories the food contains by 1000. Remember that on chemistry calorie = 4.186 Joules. 
 
Energy and Chemical Bonds 
The foods that we eat contain, as stated earlier, multiple different compounds (proteins,
carbohydrates, and fats). These different molecules are held together by chemical bonds.
These chemical bonds are the actual source of energy within molecules, and thus within foods. 
There are three major types of chemical bonds: 

 
 

s 

; in 

 type of bond; between hydrogen (slightly positive) and oxygen 
at

are the smallest units of matter. Four atoms 
st 

 

● Covalent bonds: the strongest type of bond in which atoms share 
electrons to fill their outer shell, which should ideally hold 8 
electrons 

○ Polar covalent bonds, peptide bonds, S-S bond
● Ionic bonds: fairly strong chemical bonds caused by atoms 

donating electrons to become positive or accepting electrons to become negative each case, these atoms 
become ions, where “positively charged” ions attract “negatively charged” ions 

● Hydrogen bonds: weakest
(slightly neg ive) 

Atoms and Molecules Quick Review 
Keep in mind that any of these chemical bonds are taking place between atoms. Atoms 
(elements) make up mo of the human body: carbon, hydrogen, nitrogen, and oxygen.  
Each element (group of atoms of the same sort) is unique. Each element has its own number of protons, neutrons, and electrons. For 

example, Carbon (number 6 on the periodic table) contains six protons, six neutrons, and six electrons. This means that (as seen in the picture) its nucleus is
made of 6 protons and neutrons, and floating around in the electron cloud are two shells, one containing 2 electrons and the outermost one containing 4. 



Because the outer shell has four electrons, known as valence electrons, we know it is capable of making 4 chemical bonds. Its plac
on the periodic ta

e 
ble (kind of towards the middle) serves to tell us the type of chemical bond that this element will likely make (in 

is case a covalent bond).  

s to produce a new substance which 

ract to 
bonds. Breaking chemical bonds releases energy, while making chemical bonds uses energy. 

th
 
Chemical Bonds 
Atoms, again, are joined together by chemical bonds. When two or more atoms are joined together by covalent bonds, a 
molecule is formed. The atoms in a molecule can come from the same or different elements. Compounds are a type of molecule. 
Compounds are formed when two or more different elements chemically react and form bond
has different properties than the elements had alone (Think of a lipid, made of C, H, and O). 
Compounds and molecules form through chemical reactions. Chemical reactions occur when atoms, molecules, or ions inte
either make or break chemical 
Building Bigger Structures 
Chemical reactions are used to make and break big molecules in the body. There are four main classes of macromolecule
found in the bodies: carbohydrates, lipids, proteins, and nucleic acids. These can be broken down further into a few designations:  those that are polymers (made of many repeating 
subunits) and those that are not. The macromolecules that are polymers are carbohydrates, proteins, and nucleic acids.  They are considered polymers be

s 

cause they are made of 
monomers, or small subunits that repeat. The polymers of these macromolecules are designated below: 

 enzymes 

 
olymers. These macromolecules share what they are made of. All contain the elements carbon, hydrogen, and oxygen, although these 

a 

removing water to make chemical bonds. Pulling out water 
water’s components are missing  to form a chemical bond. This requires energy. 

 
Macromolecule Monomers Found in Function 
■ Proteins amino acids meats, nuts builds body structures, hormones,
■ Carbs  monosaccharides  grains energy 
■ Nucleic acids nucleotides all cells  carries hereditary information 

You may have noticed that, though lipids are macromolecules, they are not included in the classification of polymers. That is because lipids are not polymers. Because they are not made
of repeating subunits, they are not classified as p
are arranged differently (as the pictures show). 
In order to use the energy and atoms that these molecules contain, they must be broken down. The chemical bonds holding these molecules together must be broken. This requires 
process known as hydrolysis, where water is inserted between two portions of a molecule in order to break the chemical bond holding  the molecule together. This releases energy. 
When your body goes to build structures, it uses a process known as dehydration synthesis. Dehydration thesis involves 
enables the two molecules from which 
Determining the Molecules in Food 
Foods contain various molecules, depending on the type of food. Finding out what chemicals a food contains requires the use of chemical indicators, which are substances that detect the 

resence of ic chemicals found in the various macromolecules. The l indicators used to test for various food components (listed below): 
o

s
ue � green � orange � red 

Iodine   complex carbs  light brown � black/purple 

p  specif re are four different chemica
 Test   Tests f r  Color Changes if Positive 

■ Brown paper:  lipid    brown � clear 
■ Benedict’s Solution simple sugars  light bl
■ Biuret’s Solution proteins  light blue � purple 
■ 

Enzymes 
Enzymes are biological catalysts, meaning that they work by speeding up chemical reactions, making them happen faster and with less energy needed. An enzyme works by locki
substrate into its active site and changing the substrate. There are two methods used to describe that: the lock and key model and the induced fit model. The lock and key model 
describes a substrate locking perfectly into the active 

ng a 

site for changing, while the induced fit model describes enzymes changing their shape slightly in order to change the substrate. In 

es 

esting 
e painful.  

eral critical roles in the body. By allowing chemical reactions to occur quickly, they ensure that the body stays in a constant state of homeostasis. 

dy 

 further out of homeostasis 
 Examples of both types of loops are shown below.  

 can  

tissue damage and possibly death. Sugar levels should remain in the ideal range, making the 

and 
r in blood. Insulin is a protein, and abnormalities related to this 

re the cause of diabetes.  Keep in mind that blood sugar levels are regulated using negative feedback.  

reality, enzymes often do a combination of the two.  
Many enzymes require the help of coenzymes in order to function. Both vitamins and minerals can serve as coenzymes. Some enzymes cannot work without coenzymes at all.  Enzym
are very specific to the substrate they act upon. This is because substrates and enzymes must fit together, and all substrates are shaped differently. If enzymes are damaged, bodily 
functions are interrupted and it can lead to disease or death. In the case of the enzyme lactase (remember the suffix –ase means enzyme) its absence prevents the body from dig
lactose (milk sugar) and is a disease known as lactose intolerance. Though not deadly, this disease can be very inconvenient and the ingestion of milk products can b
Enzymes have sev
Feedback Loops 

Feedback loops are a method the body uses to talk to and regulate itself in 
order to maintain homeostasis. There are two types of feedback loops: 
negative feedback loops and positive feedback loops. Negative feedback 
loops are the most common, as they work to maintain homeostasis after a 
disturbance. They are a response to a detected problem, like a fever, that the bo
takes to get rid of the problem. Positive feedback loops increase the stimulus 
that caused them (think childbirth) and take the body
than it was originally.
Sugar in the Blood 
Having too much or not enough sugar in the bloodstream be dangerous for the
body. Too much sugar in the blood causes the blood to become hypertonic, 
meaning that the blood has more solutes than the body’s cells. This causes 
cells to dehydrate and possibly to die. If the blood does not have enough sugar 
in it, the blood is considered hypotonic. This means that the blood has less 
solutes than the cells, and will cause the cells to swell up as they draw in water against the concentration gradients. Some 
cells may explode, causing 
blood isotonic to the cells. Doing this requires the use of a hormone known as insulin. 

Insulin is produced by the pancreas. Insulin travels through the blood stream and (in a non-diabetic) attaches to receptors on the outside of body cells, causing the cells to open up 
take in sugar. When cells absorb (eat) sugar, it is removed from the blood stream, which lowers the amount of suga
hormone a
Diabetes 
Diabetes is a disease that is the result of the body’s inability to use insulin. There are two main types of diabetes: Type 1 and Type 2.  
Type 1 diabetes is caused by the pancreas’ failure to produce insulin. Without enough insulin in the blood, blood sugar levels stay too high. Patients with type 1 diabetes can use insulin 

e 2 diabetes usually don’t use insulin, and instead must change their dietary and exercise habits. Type 2 diabetes is also 

ey are also at risk for similar health 
complications like heart attacks, strokes, retinopathy (vision damage), neuropathy (nerve damage), infections, poor circulation, and amputation.  

injections to regulate the blood sugar, but are still at risk for assorted symptoms and complications. Type 1 diabetes is also known as Juvenile diabetes and insulin-deficient diabetes.  
Type 2 diabetes is the result of the cell’s inability to accept insulin. So much has passed through the body for so long that it is no longer effective for cells. Since cells can’t use insulin to 
take in sugar, blood sugar levels stay too high. Patients with typ
known as adult-onset diabetes and insulin-resistant diabetes. 
Both forms of diabetes often share symptoms, like constant thirst, frequent urination, high blood pressure, nausea, and fatigue. If not managed, th



Unit 4: Sickle Cell Disease 
 

This unit focuses on several things: blood and its components, heredity, inherited diseases, and DNA. 
 
Remember that blood is a type of connective tissue. Its job is to transport materials throughout the 
body. Blood cells are composed mostly of hemoglobin, a protein subunit. It is the hemoglobin (which 
holds a molecule of iron) that traps oxygen and carries it through the blood stream. This is the ONLY way 
that cells are able to get the oxygen that they need for energy production. 
 
The blood of a healthy individual and the blood of someone with sickle cell disease often look 
different. (As shown in the picture) Sickle cell disease is a result of a single mutation in the sickle cell 
gene in the chromosomes a person gets from both parents. A change of one nucleotide in the DNA 

causes a hydrophobic amino acid to be made 
when that DNA is translated into proteins. Because a 
portion of the protein that should be hydrophilic is 
hydrophobic, the blood cells become deformed and C-
shaped. Sickle cell disease is a recessive condition, 
meaning a person must get a copy of the disease from 
both parents in order to exhibit (show) the trait. A 
person who inherits one bad copy of 
chromosome 11 from one parent will be a carrier of 
the trait, and while they will not be affected by the trait, 
their children could be depending on their 
partners.  
 
Sickle cell disease causes a wide range of symptoms, including fever, swelling of the hands and feet, pain throughout the body (sickle 

cell crisis), nosebleeds, fatigue, irritability, joint pain, and sores. It also causes more severe complications like delayed puberty, jaundice due to liver failure, damage to other body organs, 
upper respiratory infections, severe joint pain, vision problems, and lung disease. A common problem experienced by people with sickle cell disease is something called a sickle cell 
crisis, caused by sickled cells forming due to stress and clogging within muscles. This causes major pain for people, and often requires hospitalization. These crises can be prevented in 
some people with a medicine called Hydroxyurea. Though there is currently no cure, people with SCD can live much longer lives and healthier lives than ever before, with some living into 
their 50s. 
 
Sickle cell disease is found throughout the world, but is more common in certain countries. Because being a carrier for the disease makes people resistant to malaria, this condition is 
often found in regions near water where malaria-causing mosquitoes are found: Angola, Sierra Leone, Niger, Kenya, India, etc.  
 
Because sickle cell disease is an inherited condition, it is NOT contagious. It can only be spread from parent to child. Remember, this is a recessive condition. In order for a child to get 
the disease, they must inherit a copy of the bad chromosome from both parents. Getting the trait from one parent only makes a child a carrier. This is, essentially, a gene-based disorder.  
 
It is possible to use pedigrees to predict the probability of you passing on an inherited condition  like sickle cell disease. This is shown using the picture to the left. Note that the pedigree 
shown is for a RECESSIVE condition. For recessive conditions, two unaffected parents can have an affected child if both are carriers. This will NEVER NEVER NEVER happen in the 
case of a dominant disorder, where one parent must show the trait in order for it to be expressed in an offspring. There is NO SUCH THING as a carrier in a dominant pedigree 
 
Not all inherited diseases are the result of bad genes. Some are caused by mutation. A mutation is a shift in the genetic code, and can be caused by a number of things. These can be 

caused by chemicals, sunlight exposure, or accidental shifts that a person has no control over. These 
problems can then be passed on to the next generation. If the genetic material is changed (mutated) it can 
change the proteins that a person makes, thus changing the function of the body in (usually) bad ways. 
 
Diseases may also be the result of bad chromosomes. If a person inherits an extra chromosome from a parent 
or does not get a chromosome from a parent, it causes problems known as syndromes. Having an extra copy 
of a chromosome (if it is an autosome) is known as a trisomy. For example, Trisomy 21 is known as Down’s 
Syndrome. Having a missing chromosome results in a condition known as a monosomy.  
 
Chromosomal disorders can be detected with a technique known as a karyotype. The first step in creating a 
karyotype is the completion of a chromosome spread. Chemicals are used to weaken the membrane 
surrounding cells, which are then busted. The busted cells spread out their chromosomes on a slide, which is 
viewed under the microscope. A picture is then taken of the spread chromosomes, and they can then be 
rearranged to be a lined up karyotype, where chromosomes are arranged according to size, centromere 
position, and banding pattern. If a person is healthy, their karyotype will reveal a total of 46 chromosomes – 2 
sex chromosomes (XX for girl or XY for boy) and 44 autosomes, or non-sex chromosomes. If a person has an 
extra chromosome, it will be revealed on the karyotype when instead of pairs of chromosomes, there are three 
in certain area. This can be seen in a karyotype (as shown) or written out with genetic notation. For example, 
Down’s syndrome in a male would be written as 47, XY, +21 where a normal boy is 46, XY.  
 
Chromosomal disorders result because a person has excess DNA or not enough DNA. So, what is DNA? DNA 
stands for Deoxyribonucleic Acid. DNA is your genetic code. DNA contains genes, and is used to form the 
chromosomes that either result in a healthy life or a syndrome. Each organism has its own DNA, and for every 
organism it is unique. Genes, which are part of DNA, are used 
to make proteins.  
 
Each cell in a human contains 6 feet of DNA. This DNA is 
arranged into two strands held together by hydrogen bonds. 
DNA is a macromolecule and a polymer, and is made of 
nucleotides, the building blocks of DNA. Nucleotides are made 
of three things: phosphate, sugar, and nitrogenous bases. 

There are four types of nitrogenous bases in DNA: adenine, 
thymine, guanine, and cytosine. Adenine and guanine are 
purines while cytosine and thymine are pyrimidines.  



 
The study of DNA has been going on for a long time. Watson and Crick are credited for correctly publishing the structure of DNA, determining that it is a double helix with a backbone of 
sugar and phosphate and rungs of nitrogenous bases. This would not have been possible without the work of Rosalind Franklin (who used X ray chrystallography to figure out that DNA is 
a helix) and Edwin Chargaff (who said A = T and G = C).  
 
Part of the job of DNA is to make proteins. This is done in a two-part process consisting of transcription and translation. (See picture). Genes are coding pieces of DNA (remember that 
junk DNA is referred to as introns) that are used to make proteins. Genes are “read” by enzymes that use the information they contain to make mRNA (transcription). That mRNA serves 
as a blueprint for protein production, where mRNA binds with a ribosome, and tRNA brings in amino acids to build proteins (translation).  
 
 

 
 

Remember that proteins essentially have three levels of structure: primary, secondary, tertiary, and quarternary. At each level, these proteins are held together by peptide bonds, 
hydrophilic and hydrophobic interactions, and hydrogen bonds. At the tertiary and quarternary level, S – S bonds also play a role.  
 

 
 
Knowing how proteins behave enables us to build proteins for our own use, and could lead in the future to the design of proteins built for specific purposes in the body. Even today, we 
have successfully designed DNA that creates human insulin, and have bacteria building that insulin for us using designed DNA. Remember that the DNA is very specific, and that 
changes in that DNA can have drastic effects on the proteins the body makes with that DNA. 



Unit 5: Hypercholesterolemia 
Unit 5 has just a few focuses: fats, cholesterol levels, and disease detection. 
  
Fat Review 
 There are many types of fat or lipid molecules and each has different physical properties and functions in the body. So far this year, we have studied triglycerides (this is what makes up 
body fat), phospholipids (which form all cell membranes), and cholesterol (which helps cells function properly and maintain health.) 

  
Remember that most fats may be classified as either saturated fats or unsaturated fats. A saturated fat is one that is saturated with hydrogen, has no double bonds, is solid at room 
temperature, and is bad for your body in large quantities. An unsaturated fat holds less hydrogen, has one or more double bonds, is liquid at room temperature, and is better for you than 
saturated fats. You still don’t need to eat a ton of them, but if you are going to eat a fat these are the better choice. Sometimes, saturated and unsaturated fats are found in the form of 
fatty acids, which are used to make triglycerides and phospholipids. 
  
Triglycerides and phospholipids are made of glycerol and fatty acid tails connected together. A triglyceride is three fatty acid tails attached to a molecule of glycerol, and are built using the 
process of dehydration synthesis. 

  
Cholesterol is probably the most important fat for you to study, as they are part of every cell, help form hormones, and are a sign of good health if their levels are appropriate. Remember 
that your body makes cholesterol in the liver, so it is not something you actually need to consume. Cholesterol, found in animal products, should be consumed in very small quantities. 
Otherwise, you are putting yourself at risk for high cholesterol, or too much cholesterol in the blood. This leads to the formation of plaque on blood vessel walls, causing blood vessels to 
clog and increasing the chance for stroke or heart attack. 
  
Familial Hypercholesterolemia 
 We also discussed a disease that makes eating extra cholesterol even more dangerous: familial hypercholesterolemia (FH), which is an inherited form of high cholesterol. This disease is 
caused by the production of defective LDLs, or low-density lipoproteins. You may remember that the job of LDLs is to surround cholesterol and pack it on blood vessel walls until 
something else comes to remove them. You should also remember that HDLs take cholesterol out of blood for storage in the liver and body cells. Someone with bad LDLs caused by FH 
is unable to pick those LDL cholesterol molecules up and remove them from the blood. Because of this, they build up over time and lead to the formation of plaque, then clogged arteries, 
then major health problems. Someone with FH must be extra careful to monitor blood cholesterol levels and avoid foods that cause high cholesterol. They should instead eat foods that 
encourage your body to clear out cholesterol, like dark green vegetables, fish, nuts, and garlic. 
 

  
The following chart goes over healthy and unhealthy blood cholesterol levels. Be sure that you are able to recognize which levels are considered healthy and which are not. 
  

Category Total cholesterol (mg/dL) LDL cholesterol (mg/dL) 

Acceptable Less than 170 Less than 110 

Borderline 170-199 110-129 

High 200 or greater 130 or greater 

  
Levels that are too high are what cause the problems associated with high cholesterol, like the increased risk for stroke and heart attack. 



  
Disease Detection: 
 During class, we discussed two procedures that are used to detect inherited diseases like familial hypercholesterolemia – or really any genetic disease. These processes are PCR and 
DNA electrophoresis. 
  
PCR 
PCR is nothing more than making copies of DNA very quickly. Under body conditions, a large amount of blood would be required to get enough for any sorts of testing. A pint or more 
might be necessary for some tests, which isn’t possible for some people, and makes using this procedure for CSI purposes nearly impossible. So, scientists developed PCR, which 
makes copies of DNA from a very tiny sample.  

This process involves the following steps: 
·         Denaturation: DNA is heated to 95 degrees C. This breaks the hydrogen bonds holding the DNA strands together and separates 
the DNA. 
·         Annealing: DNA is cooled to 55 degrees C. Primers, specific DNA fragments, are bound to specific DNA segments on the 
separated DNA strands. These strands are “glued” on at the start of the DNA sequence scientists want to make a copy of. 
·         Extension: DNA is heated back up to 72 degrees C. This allows an enzyme called Taq polymerase to take nucleotides and add 
them to the DNA, causing the DNA to grow until the single-stranded DNA we started with after denaturation has formed into a 
complete DNA strand. 
This process is repeated over and over until 1 strand of DNA can become billions of DNA strands. 
  
It is easy to predict how much DNA you will have with the formula 2n+1. For example, if I begin with 2 strands of DNA (1 piece of DNA) 
and go through 5 cycles of PCR, at the end of the five cycles I will have 25+1 or 26 strands of DNA. This totals to 32 strands of DNA 
after 5 cycles. 
PCR is nothing more than making copies of DNA. These copies can be very useful for detecting diseases, for determining the culprits 
of crimes, for paternity tests, and for many other purposes. One of the most common and useful ways to use the copies of DNA 
obtained with PCR is through gel electrophoresis. 
  
Gel Electrophoresis 

Gel electrophoresis is a technique for separating DNA into fragments, which can be used to identify whether or not people have diseases. Restrictions enzymes are used to cut the DNA 
into fragments. Each person will have different fragments because we are all unique. These fragments are caused by something called single nucleotide polymorphisms, and result in 
restriction fragment length polymorphisms – differences in the length and types of fragments when the DNA is electrocuted. 
  
In spite of the scary language, this is a very simple process. Restriction enzymes cut DNA. DNA is added into wells in an agarose gel (the jello stuff you added DNA to). This The DNA is 
electrocuted, and the fragments are ripped apart. This works because DNA has a slightly negative charge, and the electricity will pull it towards a positive pole – opposites attract! Larger 
fragments are heavier, so will not travel as far as smaller fragments. At the end of this process, you have a gel similar to the one below: 

       
This gel can be read to determine if people have a genetic trait. The gel above is for familial hypercholesterolemia. The first band contains standard DNA markers, which act as a control. 
The second band contains a negative control – DNA from someone who DOES NOT have familial hypercholesterolemia. The third band contains a positive control – DNA from someone 
who DOES have familial hypercholesterolemia. The remaining three wells belong to patients. Patient one is a carrier for familial hypercholesterolemia. We know this because this patient 
has the same bands as both the negative control and the positive control. Patient two is affected, and patient three is unaffected. 
  
 



Unit 6: Infectious Diseases 
 

The focus of Unit 6 is bacteria, viruses, and how we inform the public about bacteria.  
 
Bacteria 
Bacteria are small, single-celled creatures. 99% of the bacteria on this planet cause no 
problems for humans. They do not infect us at all. Additionally, some bacteria are 
necessary for our bodies to function properly - E.coli living in your intestines help to 
break down certain materials and make Vitamin K for the body. Other bacteria live on 
your skin and prevent pathogenic (disease-causing) bacteria from living there. Bacteria 
are small - much smaller than a human cell. There are three shapes common to 
bacteria: the bacillus, the coccus, and the spirillum (all are shown below).  

 
 
It is important for healthcare workers to understand the different types of bacteria. 
Most bacteria can be grouped into two categories: Gram positive and Gram negative. 
To determine the category a bacteria falls into, a procedure called a gram stain is 
used. The gram stain involves using four stains, as described below: 

● Crystal violet placed on bacteria for 1 minute, stains the insides of all cells 
purpose 

● Iodine placed on bacteria for 1 minute, seals crystal violet inside of gram 
positive bacteria, no impact on gram negative bacteria 

● Ethanol dribbled over bacteria for 15 seconds, washes the crystal violet 
out of gram negative bacteria 

● Safranin placed on bacteria for 30 seconds, stains the insides of gram 
negative bacteria pink 

 
At the end of this procedure, gram positive bacteria are purple when looked at under 
the microscope, while gram negative bacteria are pink. This allow healthcare providers 
to determine the best course of treatment for a bacterial infection. Gram positive and 
gram negative bacterial infections may require different antibiotics to get rid of them, 
so knowing what bacteria are helps healthcare workers to make that determination.  

 
Antibiotics are the best way to treat bacterial infections. We discussed two types of 
antibiotics: broad spectrum antibiotics and limited spectrum antibiotics. A broad 
spectrum antibiotic will kill both gram positive and gram negative bacteria. A limited 
spectrum antibiotic will kill one only.  
 
In order to determine the best antibiotic to give to a patient, a very simple test is 
performed. Bacteria samples are collected from the sick patient and are mixed into an 
agar, then poured into a petri dish. Healthcare workers then add antibiotic disks to the 
infected petri dish, and let the bacteria grow overnight. The next day, antibiotics can be 
selected based on which ones have the biggest zones of inhibition, or clear areas 
around the antibiotic disks. This same procedure can be used to determine how likely 
a bacteria is to develop antibiotic resistance. The trays are left for another day, and 

reexamined. If the zones of inhibition have shrunk a lot, then that antibiotic may be 
something that a person’s infection will become resistant to, and another antibiotic can 
be chosen.  
 
While antibiotics are useful, there are some dangers associated with them. One of the 
biggest concerns in the healthcare world today is antibiotic resistance, where bacteria 
are developing immunities to our antibiotics and are living through them. This means 
that people get infected with a bacteria, take antibiotics, but the antibiotics don’t kill the 
bacteria so the person keeps getting sicker. Antibiotic resistant bacteria kill people, 
and are often very contagious.  
 
Viruses 

Viruses are tiny, and billions of them would fill 
one bacteria. It is impossible to see a virus with 
a regular microscope, and it instead requires an 
electron microscope. The first thing you need to 
know about viruses is that they are not 
considered living. Because viruses cannot live 
on their own, and must infect a host cell in order 
to reproduce, most scientists claim that they are 
not alive. Viruses are, instead, very simple 
parasites. They are made of a capsid, or protein 

envelope, that surrounds a segment of DNA. Sometimes the outside of the capsid 
holds spikes that act as receptors that help the virus attach to their host cells. After 
attaching to a host cell, viruses inject their genetic material into the cell. This genetic 
material makes its way to the nucleus of the cell, where it incorporates itself into the 
host genome (becomes part of the DNA of the host cell). From that point on, the cell 
makes viral particles and stops making things for itself. Ultimately, this kills the cell and 
it undergoes lysis (blows up), which then releases its viral particles to go infect nearby 
cells. After this has happened enough, a true infection sets in.  
 
Because viruses are not alive, they cannot be treated with antibiotics. Instead, 
medications called antivirals are sometimes used. These work in some way to stop 
viruses from reproducing. Some stop the viruses from attaching to host cells while 
others stop infected cells from reproducing. Either way, the goal is to give the immune 
system a chance to ramp up and take care of the infection.  
 
If your body gets over a viral infection, you never get the exact same infection again. 
That means, if you have had the flu more than once, it isn’t really the same flu. This is 
because viruses change (mutate) very quickly. Once a virus mutates enough, the body 
can’t recognize it anymore and can get re-infected. Because of this, every cold you get 
is a new disease - mutation changes viruses quicker than our body can keep track of 
them.  
 
Public Health Campaign 
 
We all know that diseases tend to spread. The spread of a disease to large numbers of 
people is referred to as an epidemic. When an epidemic occurs, it is necessary to 
inform people so that they can take precautions. People need to know what disease is 
causing problems, the symptoms it causes, its prognosis, how to treat it, and how to 
keep from getting sick at all. Sometimes, the solution can be as simple as covering the 
mouth correctly when coughing, washing your hands regularly, making sure to keep 
the home clean, and taking the medicines that the doctor prescribes. In extreme 
cases, it may require the quarantine of infected individuals so they do not spread their 
disease even further.  
 
The job of public health campaigns is to share this information with the public in a way 
that keeps them informed, but does not inspire panic. People need to know what to do 
to be safe. Public health campaigns are important because they help to educate 
people about the dangers they are fa

cing and what they can do to protect themselves and their families.  
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