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Introduction

In this book, we cover topics under the
large branch of Biochemistry. From
energy transfers to lab safety, this book
is guaranteed to give anyone the basic
knowledge of Biochemistry. With 18
sections, we cover:

● How energy is transferred, stored,
and made in cells through cellular
respiration and photosynthesis

● Metabolic reactions in plants,
animals, and bacteria

● What certain molecules do in a
cell and how they do their tasks

● The structure, components, and
uses of DNA, RNA, and enzymes

● The creation of DNA, RNA,
proteins, and various enzymes in
a cell

● How genes are passed down
from generation to generation

● Calculating percentages on what
gene will be passed down to the
next generation

● Gene editing, CRISPR, and cutting
enzymes & Genetic Diseases

● Applications of structural biology
● Classification and uses of

enzymes found in cells
● Measurement of Enzyme Activity
● The synthesis, history, shape,

classification, and uses of
synthetic and natural polymers

This book also covers the non-scientific
topics of Biochemistry such as the
technology, benefits, and methods to
research biological chemicals as well as
to use them safely. With many sections
under this topic, we cover:

● The uses of biochemistry in
forensics, as well as how forensic
scientists study chemical trails left
behind at a crime scene

● Lab procedures and equipment
○ This section includes uses

and proper safety
techniques of lab
equipment

● Careers in biochemistry, the
prerequisites to a career in
biochemistry, and what you might
find in a biochemistry course

● The way animals use biochemistry
to their advantage in the wild

● Terminology of biochemicals
found in nature

● Environmental processes
involving biochemistry

● The 4 “spheres” of the earth; the
atmosphere, biosphere,
geosphere, and hydrosphere

● The real-world applications of
biochemistry in food,
manufacturing, and environmental
cleanup
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Impact + Significance

As mentioned in the introduction, this
book covers a wide array of topics in the
field of biochemistry, encompassing a
plethora of scientifically related topics as
well as discussing relevant technology
and implications of the field. The book is
a brief, yet comprehensive, easy to
understand, but advanced in content
read, designed for readers ranging from
students seeking to immerse themselves
in biochemical and related knowledge,
to adults and even professionals in the
field, whether it would be from curiosity
or by trade.

^Figure i, the three pillars of the Next
Generation Science Curriculum, used in the
book,www.marine-ed.org/news/how-can-we-
incorporate-ocean-literacy-into-our-ngss-alig
ned-instruction

The book was written in alignment with
the Next Generation Science Standards
(NGSS), an updated K-12 science

curriculum currently fully implemented in
19 states, developed by the National
Science Teachers Association and
various science and education experts.
This curriculum revolves around three
main pillars: practices, crosscutting
concepts, and core ideas, which is
reflected and implemented throughout
the book, and was designed to
challenge students to think critically,
analytically connect concepts
independently, and develop the skills
necessary for future scientists to
succeed in the modern scientific
landscape.

In particular, the book extends beyond
traditional classroom concepts which
often involve rote memorization and
outdated scientific methodology and
includes sections on biotechnology,
current research in the field, and
potential relevant careers. These
sections are designed to encourage
readers to pursue potential future paths
of interests, and to give readers an
updated assessment of the field of
biochemistry.
The authors have also included a
detailed ‘Applications of Biochemistry’
section within the book, which further
develops on a key NGSS pillar, that
being practices, by discussing how the
concepts in previous chapters are
utilized in the real world.

http://www.marine-ed.org/news/how-can-we-incorporate-ocean-literacy-into-our-ngss-aligned-instruction
http://www.marine-ed.org/news/how-can-we-incorporate-ocean-literacy-into-our-ngss-aligned-instruction
http://www.marine-ed.org/news/how-can-we-incorporate-ocean-literacy-into-our-ngss-aligned-instruction
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^Figure ii, photo of intestinal lining. A
potential location for an Application of
Biochemistry, which will be further
discussed in later sections of the book,
https://www.scalarlight.com/the-digestive
-system/

A key initiative behind this publication
and project was to increase the
accessibility of biochemistry information
and related concepts, especially to
underprivileged communities -
potentially without internet access - by
compiling heaps of information, both
advanced and fundamental, into a single
source of reference. Aside from this, the
authors also intend on advertising this
book to communities with lower income
and in particular, communities of color in
order to promote diversity and equality
in access to biochemical information.

Biochemistry is an ever-evolving branch
of science, with many breakthroughs in
research in recent years, which allows us
to attain a greater understanding of the
world around us and the processes
which are crucial for our survival and the
functionality of Earth. Often, biochemical
concepts are developed from the
principles of biology and chemistry.
Hence, the book covers biology and
chemistry concepts taught in secondary
education at a far more in-depth level,
whilst introducing new biochemistry
concepts, which otherwise will not be
covered in secondary educational
institutions, empowering students to
study the ever growing field and to gain
a greater sense of understanding and
passion for the field.
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Relevant Fields in Biochemistry: Energy Transfers

Overview

Energy transfers in biochemistry are
defined as the movement of energy
between living or dead organisms.
Energy transfers in an organism include
photosynthesis, cellular respiration, and
the storage and use of energy. All
biological transfers of energy are
chemical energy1.

Photosynthesis

Photosynthesis is the chemical reaction
in which plants and some
microorganisms acquire energy. There
are two types of photosynthesis,
oxygenic and anoxygenic. Oxygenic
systems, unlike anoxygenic systems,
produce oxygen as a byproduct of
photosynthesis while anoxygenic
systems produce sulfur and do not have
oxygen as a waste product6.  In
photosynthesis, an oxidizing agent loses
an electron while a reducing agent gains
it9, and in the process turns carbon
dioxide into glucose.

Oxygenic

Oxygenic systems, found in plants,
algae, and cyanobacteria, use two
photosystems. These photosystems
absorb and transfer light energy to
create glucose.

Oxygenic systems use a combination of
carbon dioxide and water to produce
glucose, a chemical with high potential
energy, with a byproduct of oxygen and
water8.

The oxygenic equation is as follows:
6CO2 + 12H2O + Light Energy → C6H12O6 +
6O2 + 6H2O (livescience.com)

Anoxygenic

Anoxygenic systems are similar to
oxygenic systems, with the primary
differences being in byproduct and
number of photosystems5. Organisms in
the phylum Chlorobi, Firmicutes, and
Acidobacteria all use only photosystem I
while organisms belonging to the phylum
proteobacteria, chloroflexi, and
Gemmatimonadetes all contain
photosystem II. Instead of water like
oxygenic systems, anoxygenic systems
use either hydrogen sulfide or thiosulfate
as their electron donor. The byproduct of
this process includes water, sulfur, and
the carbohydrate formaldehyde.

The anoxygenic equation is as follows:
CO2 + 2H2A + Light Energy → [CH2O] + 2A
+ H2O (livescience.com)

In all, photosynthetic organisms use
chemical reactions and sunlight in order
to create useful, energy-dense sugars
that can be stored for later.
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Cellular Respiration

Cellular respiration, in nature, is a
process that turns glucose, a sugar with
high amounts of chemical energy, and
oxygen to create the molecule
adenosine triphosphate, or ATP. Cellular
respiration comes in two forms, aerobic
and anaerobic, with oxygen and without
oxygen, respectfully. Both processes
have their own pros, cons, and uses. An
aerobic reaction can make a total of 38
ATP, while an anaerobic reaction does
not need oxygen and can only make 2
ATP.

Glycolysis

Glycolysis is a process found in both
aerobic and anaerobic pathways, in the
cytoplasm of the cell. It begins with
glucose, a 6 carbon sugar, and adds two
phosphate groups from existing ATP to
the ends of the sugar to create
fructose-1,6-bisphosphate and then splits
it into two 3 carbon sugars, named DHAP
and glyceraldehyde 3 phosphate. The
DHAP is later turned into glyceraldehyde
3 phosphate as it is less favorable5.

With the help of the chemicals NAD+ and
ADP (the oxidized version of ATP), the
three-carbon sugars are then converted
into pyruvate, with a byproduct of two
ATP molecules, water, and NADH. This
pyruvate will then move down to the
next stage in respiration, depending on
whether there is oxygen or not.

^Figure 1, A diagram of the respiration
pathways, wyzant.com

Aerobic Pathway

If oxygen is present, the pyruvate is
converted into acetyl-CoA with a
byproduct of 2 NADH and sent to the
citric acid cycle, also known as either the
krebs cycle or tricarboxylic acid cycle.
The citric acid cycle is an 8-step process
that takes place in the mitochondria.

^Figure 2, A model of the Krebs Cycle,
khanacademy.org

1. Acetyl-CoA enters the cycle
2. Acetyl-CoA is combined with

oxaloacetate to create citrate,
meanwhile the CoA is left behind
so pyruvate from the previous

https://www.wyzant.com/resources/lessons/science/biology/cellular-respiration/#:~:text=Summary%20of%20Cellular%20Respiration&text=Aerobic%20respiration%20is%20much%20more,respiration%20consists%20of%20two%20steps.&text=Aerobic%20respiration%20consists%20of%20three%20steps.
https://www.khanacademy.org/science/biology/cellular-respiration-and-fermentation/pyruvate-oxidation-and-the-citric-acid-cycle/a/the-citric-acid-cycle
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step can be turned into acetyl
CoA.

3. NAD+ is turned into NADH and a
carbon molecule is lost and
becomes CO2.

4. Another NAD+ is turned into
NADH, and a carbon molecule is
lost as CO2.

5. A GDP particle and an inorganic
phosphate ion7 are combined to
create GTP, with an energy
equivalent to ATP, is made and
can be used in tRNA.

6. FAD is reduced to become FADH2

7. NAD+ is reduced into NADH
8. This leaves oxaloacetate, the

ingredient at the beginning of the
Krebs cycle

The aerobic pathway, however, does not
end here. The remaining 10 NADH (2
from glycolysis, two from the conversion
of pyruvate into acetyl CoA, and 6 from
the Krebs cycle) and 2 FADH2. Indirectly,
each NADH creates 3 ATP and every
FADH2 creates 2 ATP, totalling to 34 ATP.

Anaerobic Pathway

In the case there is no oxygen available,
fermentation happens inside cells. Due
to the citric acid cycle needing oxygen to
run, the only way a cell can make energy
is through glycolysis. However, during
lactic acid fermentation, an extra reaction
occurs at the end of glycolysis.

^Figure 3, Lactic acid fermentation,
www2.estrellamountain.edu

Here, both pyruvates are turned into
lactic acid and in the same reaction, 2
NADH are turned into 2 NAD+ and
recycled into glycolysis5.

Storage of Energy

Cells always need a supply of energy to
survive, but cannot store energy freely,
as this damages or even kills the cell. So
organisms store energy using the
chemical bonds in ATP8. As it requires
energy to create ATP, it also releases
energy when it is broken apart. To do
this, cells add water so the ATP
undergoes ATP hydrolysis and splits ATP
into ADP, an inorganic phosphate ion,
and free thermal energy, which the cells
can use to do work.

Uses of Bio-Energy

Fermentation does not stop at the use of
cells, however. Many foods are
fermented in order for taste or texture,
and sometimes for the alcohol. Other
times, the fermentation of ethanol is
used to create ethanol fuels, a more
environmentally friendly vehicle fuel.
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Fermentation in Foodstuffs

To make breads and wines, ethanol
fermentation found in cells and yeasts is
used.

^Figure 4, Ethanol fermentation,
www2.estrellamountain.edu

Ethanol fermentation is similar to lactic
acid fermentation, with the only
difference being that pyruvate (C3H4O3)
undergoes another transformation where
each pyruvate loses two oxygen atoms
and one carbon, turning it into 2
acetaldehyde (C2H4O)before being
reduced and converting into ethanol.

Fermentation in Biofuels

Ethanol, beyond foodstuffs, is also used
as a clean fuel source for transportation.
Ethanol is cleaner than both diesel and
gasoline simply because it is made from
biomass, which takes carbon dioxide
from the atmosphere to grow11. This fuel
can be made from any starches found in
plants, and is made by fermenting it in a
closed container to create ethanol, in the

same fashion as the figure above.
Crops used for ethanol fermentation can

vary from region to region based on
what can grow there.

Methane gas can also be used as a
biofuel, and this methane can be burnt to
create electricity or injected to the gas
grid9 for household needs. This methane
gas is produced by rotting any biomass,
an organic substance, in a closed
container.

^Figure 5, A Gas station,
stonecreekinsurance.com

Check your understanding

1) Why is glycolysis able to occur
under both anaerobic and aerobic
conditions?

Using a process of fermentation,
glycolysis can regenerate NAD+ by
converting pyruvate into lactate

2) Alpha-ketoglutarate is an
intermediate in which metabolic
cycle?

Kreb Cycle (also known as tricarboxylic
acid cycle)
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Relevant Fields in Biochemistry: Metabolism

Overview

Metabolism is a pathway for chemical
reactions within a cell. In order for the
reactions to occur at its capacity,
enzymes, proteins which encourage
chemical reactions,  are used as
catalysts, which aids in reactivity. The
enzymes are powered through dietary
means, which means that if the
metabolic rate is higher, more dietary
intake is required.

Significance

A high metabolic rate is valued in today’s
society, as it means more pleasure will
be maintained in the form of food. The
significance of metabolism, however, is
not in the amount of pleasure possible.
Metabolism is an essential element in
maintaining life in organisms. Metabolism
provides energy and products needed
for growth and maintenance of cells. In
short, organisms could not survive
without metabolism.

Main Metabolic Reactions (Animals)

The main reactions which occur in
animals are catabolic, which essentially
means degradative, and anabolic, which
means constructive (see figure 1). These
opposites produce essential reactions
within animals.

Figure 6: Anabolic and Catabolic Reactions

Catabolic reactions break down
substrates, molecules that bond with
enzymes, in order to produce ATP (see
figure 2), Adenosine Triphosphate. ATP is
the main energy source in all organisms.
ATP creates energy through a reaction,
which converts it to ADP, Adenosine
Diphosphate. The removal of the 1
phosphate creates energy, which is used
for reactions inside the cell. The
Catabolic reactions are so essential, that
without it, ATP would not be produced,
and energy would not be available to
organisms.

Figure 7: Structure of ATP
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Figure 8: ATP reaction

Anabolic reactions create biomolecules,
chemicals which are essential for life.
These are produced because the foods
eaten do not contain these chemicals.
The chemicals which are produced can
only be produced within anabolic
reactions and cannot be obtained
through other macro methods. Without
the chemicals, organisms would not
have the materials to develop and
maintain their cellular structure.

Main Metabolic Reactions

There are plenty of metabolic pathways
utilized by plants, but they are simply too
lengthy to list out. The most well known
metabolic reaction in plants is
photosynthesis (see figure 4).
Photosynthesis creates glucose from
CO2 and H2O. It is so essential because
all animal and plant life depends on this
process. Glucose is a fundamental
energy source, which powers all
organisms.

Figure 9: Photosynthesis Reaction

Nitrogen fixation (see figure 5) is
another essential metabolic process in
plants. Nitrogen fixation uses the
atmospheric nitrogen (N2) in order to
create ammonia (NH3). The ammonia can
be absorbed by plants by means of their
roots. This process is actually produced
by bacteria, which have a symbiotic
relationship with plants. They produce
the correct nitrogen compound, and in
turn, they get an environment with good
resources.

Figure 10: Nitrogen fixation

Figure 11: Reaction for Ammonia
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Figure 12: the
process of
photosynthesis
(https://bit.ly/
3bM74Mm )

Categories of Food

Carbohydrates, protein, and fat are the
main three groups of macronutrients
necessary for metabolic reactions (see
figure 13). Carbohydrates generally are
used in reactions in order to create
glucose. Proteins are used for hormones,
muscle, and energy production. Fats are
broken down to fatty acids, then used for
hormones and energy. Unlike
biomolecules, these must come from
diet.

Figure 13: Simplified food reactions

Glycolysis and Cellular Respiration

Glycolysis (see figure 14/15)is a main
metabolic reaction that happens within
humans. The reaction is the first part in
cellular respiration. Glycolysis essentially
breaks down glucose to pyruvate and

ATP (1 glucose → 2 pyruvate + 2 ATP).
This step is crucial and brings the
template for the Krebs cycle and
electron transport chain .

Figure 14: Glycolysis compounds in Reaction

The Krebs cycle and electron transport
chain are the next step in cellular
respiration and use oxygen along with
pyruvate in order to create ATP as well
as some waste products (CO2). The
overall metabolic reaction is catabolic
and breaks down reactants in order to
form useful products. This lengthy
process is used to create the majority of
the ATP used up by cells in the body. It is
undeniable that this metabolic pathway
is one of the most essential within
animals.

Figure 15: Production of ATP via Krebs and

ETC

NADH / NAD+

NAD+/NADH, Nicotinamide adenine
dinucleotide (+hydride), is an important
coenzyme, assists with enzymes, which
aids in energy production. NAD+ and
NADH are involved in a redox reaction

https://bit.ly/3bM74Mm
https://bit.ly/3bM74Mm
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(see figure 11), which essentially donates
and accepts electrons.

Figure 16: Redox Reaction  NAD+/NADH

The electron transfer between the two is
the main purpose between these
compounds. The transfer of electrons is
useful in reactions like glycolysis, which
makes NADH/NAD+ extremely important
molecules.

NADPH

NADPH, Nicotinamide adenine
dinucleotide phosphate, is another
coenzyme which is used in anabolic
reactions. The main purpose is also to
donate its electrons.  NADPH is also
included in several big metabolic
reactions. Photosynthesis is one where it
is the product of the first step, then
provides the energy for the second. The
electron donations are essential to
continuing reactions.

Figure 17: NADPH

Basal Metabolic Rate

The basal metabolic rate is the energy
required to keep organisms alive while
they are at rest. The basal metabolic rate
fluctuates with level of activity. The
metabolic rate for a general sedentary
animal would be lower than for a general
active animal. Even though the activity
level is the same at the moment, the
rates differ significantly. The reason first
is due to the body mass of the individual.
The person with higher levels of muscle
tissue will need to sustain it with more
energy, so more reactions are needed to
maintain the animal. The sedentary
animal may not have much muscle or
mass, so not as much energy is needed.

Figure 18: BMR among animals

BMR is also a good indicator if food is
available. A starving individual will
obviously have a lower BMR. Generally, a
high BMR indicates a healthy
individual,and it means that more
reactions are occurring to sustain the
individual. BMR provides key information
on diseases involving metabolism and
lifestyle choices



13

Relevant Fields of Biochemistry: Molecular Biology

Overview

Molecular biology is a field of biology
that focuses on cellular molecules: more
specifically, their structure, composition,
and interactions with each other. Since
the molecules have chemical structures
and reactions to each other, it is one of
the most relevant fields in biochemistry.

Molecular biology is especially
concerned with nucleic acids and
proteins. Nucleic acids (RNA and DNA)
are what make up the genetic structures
of all organisms, and nucleic acids help
generate proteins through biological and
chemical processes. These proteins help
catalyze and facilitate most of the
systems in our body; they can also be
used to scientists’ advantage when
manipulating genomes (see figure x)

Figure 19: the process of transcription,
where RNA acts as the template to build
proteins.[1]

Although molecular biology was
considered an area of science with little
relevance and applications until the

1970s when Hamilton Smith purified the
first restriction enzyme called Hind II, it
became immensely popular when
researchers started having
breakthroughs in synthetic biology and
genetic editing. Since enzymes are used
to facilitate DNA and RNA processes,
they became useful in cutting and
recombining segments of DNA to
manipulate genetic code. This
technology changed the face of biology
and science and is still continuing to
develop today.

Nucleic Acids

Nucleic Acids are macromolecules that
contain the genetic code for all life--DNA
especially. DNA, which stands for
deoxyribonucleic acid, acts similarly to
an instruction manual of an organism’s
traits, possible genetic diseases,
heritage, and how all biological functions
in the body are to work. (see figure x)

Figure 20:
the
structure of
DNA

DNA is made up of nucleotides, or units
that bond with each other to form the
easily identified ladder-like shape. There
are four types of nucleotides in DNA:
adenine, thymine, cytosine, and guanine.
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Adenine will always bond to thymine
with two hydrogen bonds, while guanine
will always bond to cytosine with three
hydrogen bonds. The law that these
bases will always only pair with one
other base is key to understanding
nucleic acids and is the foundation in
many gene-editing techniques. Each
nucleotide is composed of a phosphate
group, a nitrogenous base (the four
types that were mentioned earlier), and
deoxyribose sugar. When nucleotides,
which are monomers, bond together, the
resulting chain is a polynucleotide. See
Figure 21

Figure 21: the structure of nucleotides

The other form of nucleic acid is called
RNA, which stands for ribonucleic acid.
Like DNA, it is also made up of
nucleotides and contains genetic
information--however, it also differs from
DNA in both structure and function.

Figure 22: the differences between RNA and
DNA.

First of all, RNA and DNA do not share all
of the same nitrogenous bases. Thymine
doesn’t exist in RNA; instead, it is
substituted out by Uracil, which pairs
with Adenine. RNA is single-stranded,
while DNA is in the form of a
double-stranded helix. The structure of a
nucleotide in DNA contains the sugar
deoxyribose, while RNA contains the
same components except for a ribose
sugar instead of deoxyribose.

The functions of RNA and DNA are also
different. However, they’re related to
each other and depend on each other to
perform their main functions. DNA is the
template for RNA transcription, which is
the process of synthesizing an RNA
strand. After the RNA is synthesized, the
strand goes through translation where
the genetic sequences of the RNA are
synthesized into proteins that may help
with DNA replication.
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Figure 23: the process of RNA transcription

Proteins and Enzymes

Proteins are chains made out of amino
acids, which are coded for by RNA. They
oversee and are responsible for almost
every cellular process of life. They will
also receive signals from other proteins
and restore balance within the cells by
regulating protein production. There is
much diversity within proteins in size,
shape, mobility, function, and structure.
This variation in the different types of
proteins is because of the millions of
different amino acid sequences that can
occur.

Proteins all have different functions as
well, too. Enzymes, a particular category
of proteins, will catalyze and enhance
the rate of a chemical reaction. Some of
the broad processes that enzymes may
oversee are creating and building
muscle, digesting food, creating new

cells, and clearing cells of any
unnecessary toxins. Since our cells need
to perform necessary processes billions
of times in order to support our daily
activities, enzymes are necessary in
order to speed up the processes so that
they can keep up with us as we burn
energy throughout the day. See figure X.

Figure 24: an enzyme

Enzymes really work by reducing a
chemical reaction’s activation energy,
which is defined as the energy required
for the reaction to being. Although
enzymes don’t affect the energy input or
output of the reaction, they will reduce
the energy of the transition state. This is
a point in the reaction in which the
products turn into reactants.

In order to catalyze a reaction, the
enzyme will bind to a reactant molecule,
called the substrate. The portion of the
enzyme where the substrate binds is
called the active site.

Check your understanding

1) List 3 properties of DNA that is
different from RNA

DNA is double stranded. DNA has
thymine. DNA has Deoxyribose sugar.
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Unfortunately, enzymes aren’t
indestructible and are quite prone to
deterioration. Heat is a major factor. For
instance, if you have a fever of over 100
degrees, the structural integrity of your
enzymes may start to break down and
they will die. pH levels will affect
enzymes, as well as the function of
organs. Those with dysfunction in their
organs or those who have a disease that
will reduce their enzyme count to
below-average need to take enzyme
supplements (see figure x). Not having
enough enzymes can lead to problems
such as digestion, anxiety,
skin problems, and fatigue
because there isn’t enough
power to continue running
the cells’ necessary
routines.

Figure 25: enzyme supplement medication

Applications of Molecular Biology in
Genetic Engineering

Molecular biology is not only used to
study the molecular structure of
biological components, such as nucleic
acid--it also has many applications in
problem-solving whether that be
medicine development or gene therapy.

Application of molecular biology and the
knowledge of DNA on a molecular level
deepened the understanding of
microbial ecology research. Scientists
can better understand microbial
genomes through molecular biology as

they will know more about the bases,
reactions, and processes happening
within the DNA. With this knowledge and
hypotheses about how DNA will react to
certain foreign factors (such as
introducing new RNA into a cell), they
can better genetic engineering
techniques such as CRISPR or gene
switches.

Figure 26:
how gene
switches
work

Relevance of Molecular Biology in
Biochemistry

While biochemistry is about the chemical
aspect of biomolecules mainly involving
chemical reactions within molecules,
molecular biology deals with the
biological aspect of biomolecules and
their processes. Therefore, they are
closely linked and it is impossible to fully
understand one without the other.

Biomolecules are composed of
compounds and molecules and
elements. For example, nucleic acids
contain hydrogen, phosphate, and
sugars, which are non-living things and
therefore not biological. However, these
non-living components will react in
biological processes, which is why
biochemistry is so important in molecular
biology and vice versa.



17

Relevant Fields of Biochemistry: Genetics

Genetics

Genetics is a field of study which is
concerned with genes, genetic variation,
and heredity of organisms. Genetics
pertains to not only humans but all other
organisms. It identifies how and which
traits are inherited and passed through
generations. Such traits may include eye
color, height, etc.

Genes

Genes are made of DNA and instruct
molecules to produce proteins.

Figure 27, Description, Source.com

Humans have two copies of genes which
are inherited from each parent. While
most genes are similar in the human
population, slight differences in their
Alleles (one of two or more alternative
forms of a gene that typically arise by
mutation) result in unique features that
differentiate an individual from another.
Genes are kept track of by scientists in
symbols and letters. The chemicals of
genes come in four types. A, C, T, and G,
which are scrambled into many different
sequences in each individual.

DNA

DNA, which also stands for
deoxyribonucleic acid, is a long molecule
containing our genetic material. DNA is
passed along to offspring in
reproduction and helps ensure a certain
level of continuity from one generation
to the next while still making space for
small differences in its sequence to
contribute to the diversity and longevity
of life. DNA has a commonly known
shape of a double helix. It is built with
chemical building blocks called
nucleotides. Nucleotides are structured
from three parts: a phosphate group, a
sugar group, and nitrogen bases.

DNA is typically located in the cell
nucleus, but certain small types of it can
be found in the mitochondria. These
types of DNA are referred to as
mitochondrial DNA or mTDNA.
Mitochondrial DNA traces a person’s
matrilineal or mother line ancestry and is
passed down from only the mother
unchanged to all of her children
regardless of their sex. Mitochondrial

DNA is crucial for the
pathways of energy within the
mitochondria.

Figure 28, Description,
Source.com
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Alleles

Alleles is a shorter name for Allelomorph,
which are any of the two or more genes
that occur alternatively at a given locus
on a chromosome. They either befall in
multiple alleles that affect the
phenotype, or occur in pairs. Two alleles
make up the individual’s genotype. If an
organism has two companies of the
same gene, or in other words, have the
same Allele, it is called homozygous. AN
organism which has two different alleles
is referred to as heterozygous.

Punnett Square

A punnett square is a table that allows
you to determine the chance of a
different genotype in the offspring of two
parents. There are gametes produced by
each of the parents at the top and side
of the chart. The number of possible
combinations of alleles in offspring are
within the squares of the4 charges.

Figure 29, Description, Source.com

In the table shown above you can see
that the genotypes PP and pp have a
25% chance of getting chosen while the
genotype Pp has a 50% chance of being
produced. Though these predictions are
mostly accurate for a lot of plant and
animal breeding there are a lot of
exceptions.

Base Pairing

Base pairs are chemical bases bonded
together to create the iconic shape of a
DNA ladder. The molecule consists of
two strands that twist around each other
to create a spiral helix. The strands all
contain a backbone of deoxyribose.
Each of the sugar possesses one of the
four letters mentioned previously--
adenine (A) cytosine (C), Guanine (G), or
Thymine (T). The strands are held
together by hydrogen bonds with the
complementary combinations of
(A)denine + (T)hymen, and (C)cytosine
+(G)uanine.

Figure 30,
Description,
Source.com
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Chromosomes

Chromosomes are thin villi-shaped
structures that lie within the nucleus of
animal and plant cells. They’re made of
protein and a single molecule of DNA.
Chromosome’s unique formation keeps
the DNA traveling around a protein
called histones. They keep the DNA
molecules compact inside of cells and
prevent them from falling out. During cell
division, chromosomes make sure that
DNA is accurately copied and distributed
in the vast majority of cell division
(though sometimes they aren’t 100%
accurate). When the structure or amount
of chromosomes are differentiated in
new cells, it may lead to severe issues
like cancers and leukemias.
Chromosomes vary in number and shape
among living organisms.

Figure 31, Description, Source.com

While bacteria have circular
chromosomes with few in number,
plants, animals, and humans have linear
chromosomes that come in pairs in their
cell. One type of chromosome that does
not come in pairs are gametes, which

only carry one copy. Males have different
chromosomes than females. While
females have two X chromosomes in
their cells, male have one X and one Y.
As stated before, the wrong number of
chromosomes can lead to certain
differences in life. Some examples
include unusually tall heights in women
who carry an extra copy of the X
chromosome, and Klinefelter syndrome
for males who have tall stature and
impaired fertility.

DNA Replication

DNA replication is the process in which
DNA creates a copy of itself during cell
division. In the first step of DNA
replication, an enzyme called DNA
helicase disrupts the hydrogen bonds
between the base pairs and unzips the
double-stranded molecules into two
individual strands.

Figure 33, Description, Source.com

The Y shape known as the replication
fork is signified with a 5’ and 3’ end. In
the second step, a piece of RNA, the
primer (generated by an enzyme called
DNA primase), binds the 3’ end of the
strand. DNA polymerase then creates
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the new strand by a process called
elongation. The polymerases I, II, IV, and
V check for errors and possible places to
repair. DNA polymerase III binds to the
site of the primer and adds new
complementary base pairs to the strand.
DNA polymerase then adds Okazaki
fragments, which are pieces of DNA to
the strand. During the last step, all the
discontinuous strands are formed and
exonuclease removes the primers from
the original strand. Ligase joins the
okazaki fragments and forms a unified
strand. The ends of the parent strand
consist of a sequence called telomeres,
which act as protective ending caps of
the chromosomes. A different kind of
DNA polymerase enzyme theme sorts
the sequences at the end of the DNA
and completes the double helix that had
originally taken place.

The final product of DNA replication’s
new strand will ultimately have one
strand from the parent molecule and one
newly created strand.

CRISPR

Crispr-Cas9 is an acronym for Clustered
Regularly interspaced short palindromic
repeats. It is a method or technology that
is used by scientists to edit, cut out, or
insert genes in living organisms. The
protein in the name, Cas9, is an enzyme
that is able to cut strands of DNA. The
process is extremely complicated. DNA
from a virus is cut into the shorter
segments and is then inserted into the

CRISPR sequence as spacers. CRISPR
repeats and spacers in the bacterial DNA
will go through transcription, copying the
DNA into RNA.

Figure 34, Description, Source.com

RNA is then cut into shorter pieces
(which is referred to as CRISPR RNAS).
Scientists then guide the machinery to
destroy viral material. This creates better
applications of the defensive system and
allows the industry of medicine and
research to grow.

Check your understanding

1) In a family, there is a disorder that
affects men much more than
women. What is the most
probable mode of condition?

X-linked disorders affect much more men
than women. This is because men have
only one X-chromosome so even if they
carry one copy they will be affected.

2) What does CRISPR stand for?
CRISPR is an acronym for Clustered
Regularly interspaced short palindromic
repeats.
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Relevant Fields of Biochemistry: Structural Biology

Overview

According to the National Institute of
General Medicinal Sciences, structural
biology is the study of the molecular
structure and dynamics of biological
macromolecules, particularly proteins
and nucleic acids, and how alterations in
their structures affect their function. In
other words, it is the study of how
biological molecules are built.

Structural biology is particularly
concerned with the molecular structure
of macromolecules, especially proteins,
amino acids, RNA, DNA, and nucleotides.

Figure 35: structure
of hemoglobin, the
oxygen-transporting
protein found in red
blood cells

Proteins

Proteins are molecules in the body that
are made up of amino acids that perform
almost every activity in the body. They
do many tasks in the body such as
carrying oxygen in our blood.

Since proteins are made by a string of
amino acids, they always change their
shape. The way they change their shape
depends on the way the amino acids
interact with each other. Sometimes

proteins form standard corkscrew-like
coils called alpha helices or flat surfaces
called beta-sheets.

Figure 36: An Alpha helix

A codon table can be used to translate a
genetic code into a sequence of amino
acids. A codon in a 3 letter code that
makes a specific amino acid
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Figure 37: Beta Sheet

Role of Protein’s Shape

A protein’s functionality mostly depends
on its shape. For example, antibodies
which are cells that fight off foreign
substances, are Y-shaped.

Figure 38: the shape of proteins
(https://bit.ly/3wtOf8F )

Figure 39: Diagram of an antibody

This helps these immune-system
proteins bind to foreign molecules such
as bacteria or viruses with one end while
recruiting other immune-system proteins
with the other. DNA polymerase III is
donut-shaped. This helps it form a ring
around DNA as it copies its genetic
information.

Figure 40: DNA Polymerase III

Proteins called enzymes have grooves
and pockets that help them hold onto
other molecules to speed chemical
reactions.

Figure 41: Enzyme

https://bit.ly/3wtOf8F
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Dysfunctional Proteins

Sometimes proteins in the human body
can have mishaps. These mistakes often
happen when a protein or enzyme folds
or bends the wrong way, causing it to
have the wrong shape. This is also called
protein misfolding. When these
molecules take the wrong shape, they
perform tasks not desired which can
lead them to stop working altogether.
Consequently, these mishaps can cause
diseases such as Alzheimer's disease,
cystic fibrosis, and Parkinson’s Disease.

As mentioned above, cystic fibrosis is
caused by a mutation in the CFTR gene
or the cystic fibrosis transmembrane
conductance regulator gene. The CFTR
gene is a regulator and main production
of mucus in the human body.
Surprisingly, this gene is located in many
parts of the human body such as the
heart, lungs, and even sweat glands. In a
mutated CFTR gene, mucus production
can go out of control, causing the body
to create thicker and stickier mucus than
normal. This can cause blockages in the
lungs which can block proper airflow.

Figure 42: Diagram of cystic fibrosis

Transporter Proteins

Transport proteins are a special type of
protein that help substances travel
across membranes in the human body.
Usually, they are found in the membrane
itself where they form a channel to allow
substances to pass by. Usually, transport
proteins can carry sugars and proteins
and many more.

Figure 43: Diagram of transporter protein

Transport proteins have two types of
transportation. The first one is facilitated
diffusion where it can take substances
across the membrane without energy.
The second type of transportation is
called active transport where it is similar
to facilitate diffusion but requires energy
usually in the form of ATP.

Figure 44:
Facilitated
diffusion

Figure
45:
Active
transport
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Function of Transport Proteins

Because transport proteins regulate
what substances go inside and outside
of the body, it is crucial for the human
body to properly function. If a transport
protein fails to function, it may take in
harmful substances that can cause
diseases.

However, not all molecules need to be
passing in and out of the cell membrane.
For example, DNA needs to be kept
inside the cell the entire time otherwise
its genetic information can potentially
leak, causing genetic damage. Other
molecules like proteins and sugars,
however, may need to pass in and out of
the cell.

Some transport proteins only open their
channels when they receive a certain
signal. Thus, active transport proteins
only open when a messenger molecule
tells them to, which is why they can be
turned on and off.

Applications of Structural Biology

Scientists use structural biology
specifically for the development of
drugs. Drugs usually enhance a protein’s
activity or turn it off completely. When
scientists are deciding
what protein they want to change, they
first make a template of that protein.
Then, they make a computer model of
that protein to study its structure and
then design a molecule that would alter
its interaction with the protein.This
specific development process is seen in
anti-HIV drugs. Scientists knew that a
protein called the HIV protease is one of
the key enzymes that keeps the HIV
virus alive. Knowing this, scientists used
a computer model to make molecules
that would stop the production of HIV
protease. This process eventually led to
the medicine called protease inhibitors.

Figure 46: Truvada is an anti-HIV drug

Check your understanding

1) List the bonds during the tertiary
structure of a protein. Which of
these bonds is the strongest?

The tertiary structure of a protein
contains disulfide bonds, ionic
interactions, hydrogen bonds, metallic
bonds, and hydrophobic interactions.
The strongest bond is the disulfide
bonds

2) In a primary structure of a protein
there are many cysteines, what
can you infer about the tertiary
structure and its stability

Cysteines contain a sul�ydryl group
responsible for making disulfide bonds in
the tertiary structure. Since the strongest
bond is the disulfide bonds, the tertiary
structure will be very stable.
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Relevant Fields of Biochemistry: Enzymology

Overview

Enzymology is a branch of biochemistry
that focuses on the intricacies of
enzymes, including their structure,
function, and applications.

Figure 47, PLP synthase, Source.com

Enzymes are highly effective catalysts
made out of protein that accelerate
chemical reactions. Some properties
include their ability to act outside living
cells, high molecular weight, ability to
leave the equilibrium constant intact,
ability to diagnose diseases through
plasma, and ability to remain chemically
constant.

Figure 48, Description, Source.com

Nomenclature and Classification

Since enzymes are able to interact with a
select group of substances, called
substrates, enzymes are often called by
their substrate with the suffix “ase”.
However, not all enzymes follow these
properties, and thus a six-category
system was developed to further classify
enzymes.

1) Oxidoreductases. Representing
one of the largest groups of
enzymes with over one-third of
registrations in the BRENDA
database, these catalyze
oxidation-reduction reactions
between two distinct substrates
and are involved in mostly
electron transfers.
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Moreover, the second EC digit is used to
classify the hydrogen or electron donor.

1. Alcohol (CHOH)

2. Aldehyde or ketone (C=O)

3. -CH-CH-

4. Primary amine (CHNH2 or CHNH3
+)

5. Secondary amine (CHNH)

6. NADH or NADPH

2) Transferases. These catalyze the
transfer of a chemical group other
than hydrogen such as methyl,
hydroxymethyl, formal, glycosyl,
acyl, alkyl, phosphate, and sulfate
groups between different
substrates. These are not used
often.

3) Hydrolases. These catalyze the
hydrolysis of substrates, breaking
down the bonds with water. Some
examples include peptidases,
digestive enzymes, and
esterases.

4) Lyases. These enzymes help
substrates form double bonds by
adding/removing a chemical
group.

Note: Since transferases and hydrolases
are convoluted, this image depicts the
difference between the two.

Figure 49, Description, Source.com

5) Isomerases. These form isomers
by transferring groups within
molecules. The two subcategories
are structural and spatial isomers,
which can be split into further
categories.

Figure 52, Description, Source.com

6) Ligases. Also known as
synthetases, these catalyze the
formation of pyrophosphate
bonds through the joining of two
substrates.
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The three distinctive families of ligase
are shown below.

Enzyme Saturation

Enzyme saturation is the point where the
rate of reaction that the enzyme is
catalyzing reaches a stopping point.
Although the reaction can continue on,
the speed of catalyzing will no longer
increase.

(https://bit.ly/34eEcIk )

In the next section we will look at the 20
amino acids and also some common
enzymes.

Twenty Common Amino Acids

A majority of protein molecules contain a
hydrophobic core which becomes polar
when in contact with its surroundings.
When amino acids build up near the
core, both polar and charged acids cover
the surface of the molecule, coming into
contact with the  solvent.
(https://cheatography.com/deleted-2754/che

at-sheets/the-20-amino-acids/)

https://bit.ly/34eEcIk
https://cheatography.com/deleted-2754/cheat-sheets/the-20-amino-acids/
https://cheatography.com/deleted-2754/cheat-sheets/the-20-amino-acids/
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Figure 50: a guide to all of the most common amino acids that make up proteins. The
amino acids build on one another to create proteins and enzymes that catalyze reactions
in the body.

Figure 51: the most common enzymes (http://www.decebalia.ro/OMGenzime.html )

http://www.decebalia.ro/OMGenzime.html
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Catalyzed vs. Non-catalyzed Reactions

Both start off at the same initial state and
end state but at the transitional state, the
catalyzed reaction has more free energy,
measured in Gibbs.

Gibbs free energy, also known as G,
integrates enthalpy and entropy into a
single value.

where G is the Gibbs free𝐺 = 𝐻 − 𝑇𝑆
energy value, H is the enthalpy in joules,
T is the temperature in kelvin, and S is
entropy in joules per kelvin. Moreover,
the change in G can predict the direction
of the chemical reaction if the
temperature and pressure remain
constant.

Overall, the two energy graphs can be
depicted as follows:

The free energy of activation,
separating the reactants and the
product, is the energy difference
between that of the reactants and the
intermediate that occurs during the
product formation stage. Moreover,
enzymes accelerate the rate of reaction
by reducing the free energy of activation.

Models of Enzyme Action

There are two competing models for
mechanisms of enzyme action, and the
first one is the Fisher, or key and lock
theory.

The key, or the substrate, inserts itself
into a specific part of the enzyme or lock,
creating the new enzyme-substrate
complex. Both sides have a fixed shape
and thus directly complement each
other.

Figure 53, Description, Source.com
The second is the Koshland, or induced fit
model.

This theory proposes that enzymes
change their shape prior to bonding with
the substrate, inducing a confrontational
change.

Figure 54, Description, Source.com
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Measurement

Primarily, enzyme activity is measured
through the rate of the reaction (moles of
substrate converted product per
second).

A katal is defined by the moles of
enzymes required to increase the
turnover by one mol per second.

Moreover, an IU is the amount of
enzymes required to catalyze 1π mol of
substrate to product per minute.

Methods of Altering Enzyme Activity

1) The first method of affecting
enzyme activity is temperature.
The rate at which the reaction
carries on increases with
temperatures until around 40
celsius, at which it starts a sharp
decline.

Figure 55, Description, Source.com

2) The second method involves
altering pH levels. Enzymes act at
their optimal activity between 5
and 9 pH, after which their
efficiency rate decreases
exponentially.

Figure 56, Description, Source.com

3) The third method of altering
enzyme activity is called
balancing. If the reaction is
reversible, accumulation of the
product V2 leads to a decrease in
V1 until it reaches equilibrium.

Figure 57, Description, Source.com

4) The fourth method is enzyme
concentration. Up to a certain
level where the concentration of
the substrate is a limiting factor,
the velocity of the reaction
increases.

Figure 58,
Description,
Source.com
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5) The fifth method is substrate
concentration. Following a similar
pattern as the enzyme
concentration method, the
velocity of the reaction increases
with the substrate concentration
until it reaches saturation.

Optical Properties of Amino Acids

An optical property is the characteristic
of a substance when it interacts with
light. The optical properties of something
are studied in optical physics. Optical
properties encompass traits such as
refraction and refraction index,
absorption and reflection of light, and
photosensitivity.

Figure 59: common optical properties
(https://bit.ly/3bR4t3W )

Amino acids absorb ultraviolet light.
More specifically, their R-groups have
the ability to absorb UV rays until a
maximum of 280 nm

Enantiomers

An enantiomer is a pair of
non-superimposable mirror images. To
understand this concept, think about
your own body. Your feet, ears, arms,
legs are a type of enantiomer. No matter
what rotations and transformations you
perform you can never make them
identical. They are mirror images of each
other. The left and right feet, ears, arms,
legs are non-superimposable mirror
images. The dexter and laevus (right &
left) enantiomers are used to identify
between the 2 forms. L - Alanine and D-
Alanine are two forms of the same amino
acids. They are just the dexter and
laevus forms. This is vital → Albuterol, a
bronchodilator comes in 2 forms and
one form is effective and the other isn't.
A pharmaceutical company needs to
separate between these forms.

Albuterol Enantiomers
(https://favpng.com/png_view)

https://bit.ly/3bR4t3W
https://favpng.com/png_view
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Relevant Fields of Biochemistry: Forensics

Overview

Forensic chemistry is the field in which
scientists apply principles from chemistry
and biology in legal situations, most
often in criminology. Forensic chemistry
is heavily associated with biochemistry
because forensic chemists apply
chemistry and molecular biology
techniques to identify different
substances and individuals.

Figure 60: forensic chemists

Forensic chemistry plays a big role in
investigations and legal cases. A
chemist’s findings can either support or
refute an argument. For instance,
techniques such as gel electrophoresis
and fingerprint identification will prove
the identity of an individual at the scene
of the crime. Nowadays, there is
advanced technology that can be a
useful tool in the lab. Forensic chemists
who have worked on a certain case will
most likely be summoned in court to
testify and present their findings.
Although they will be asked to evaluate

the results and make conclusions and
their evidence will most likely be
considered heavily, they will never
determine the verdict of the suspect in
court.

Tools Used

In order to identify chemicals and
analyze crime scenes, forensic scientists
need a variety of advanced technology,
most commonly lab tools and machines.

SEMs: SEMs, or scanning electron
microscopes, allow scientists to see the
atomic composition of a substance. It
works by shooting a beam of electrons
onto a surface, which will interact with
the atoms. The interaction will give
indications on the topography of the
material and its composition.

Figure 61: a scanning electron microscope



33

Figure 62: the anatomy of a SEM.

There are also several different lighting
and photography techniques in forensics
that rely on ultraviolet light and
advanced imaging to reveal seemingly
insignificant details at a crime scene.
Most of the time, this technology will
help investigators and forensic chemists
recover trace evidence such as blood
and fingerprints, but in special cases it
can even identify which types of guns or
ballistics were used at the crime scene.

Alternative light photography: Alternative
light photography is a technique to
reveal hidden evidence and wounds on
a person or object. By shining ultraviolet
light, scientists can find things that would
otherwise go unnoticed to the naked
eye. Trace evidence like blood on dark
clothing, fingerprints that are hidden, and
powders that are hard to see can be
easily revealed. Additionally, wounds
beneath the skin are more easily
detected and treated in victims, such as
bite marks and bruising underneath the
skin. Therefore, these underlying
conditions can be easily detected and
treated before the internal bleeding or
other injuries can become too serious.

Figure 63: alternative light photography

High-Speed Ballistics Photography

High-Speed Ballistics Photography is the
practice of photographing bullets that
shoot through a medium. Observing and
studying what types of shatters and
holes happen in different substances
help scientists analyze which firearm a
person was using and how close they
were to the broken object.

Figure 64: a bullet shooting through an
apple during a high-speed ballistics
photography workshop

In an article about the annual high-speed
imaging class hosted by Rochester
Institute of Technology, Ted Kinsman
describes the photography process as:

“The students use an open
shutter technique to capture the
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images.  The subject to be
photographed is located on a
small stand located in the action
field.  The position is adjusted to
take into consideration how the
bullet will slow down going
through the target.  The flash is
triggered by hand to evaluate the
exposure and focus.  After the
students all have focused and set
the camera’s exposure settings,
the rifle is loaded.  The room
lights are turned out, the camera
shutters are opened, the safety
shutters are closed, are the room
lights turned on again and the
exposure checked.”

By studying and analyzing how exactly
different types of firearms and bullets will
affect different types of mediums and
substances, forensics experts can
determine the specifics of how a weapon
was used at the crime scene. For
instance, most professionals can
determine how far the gun was shot from
and at which angle with just a pane of
shattered glass. Although the angle may
seem insignificant, it is actually crucial to
the narrative of the crime because it
reveals the general area that the
projectile was shot from and where it
went after hitting the object.

Figure 65:
forensic
scientist
extracting
shards of glass

Techniques in Forensic Chemistry

Special tools and instruments are not the
only important components of
forensics--scientists use various methods
and applications of advanced
technology. Many of these methods of
identification of organisms and
chemicals have been around for
decades, and have proved useful in
countless situations.

Hair analysis and DNA sequencing: The
average human will lose around fifty to a
hundred hairs every day. The many
possible DNA evidence left behind as
well as modern technology that helps
match DNA from different sources works
in favor of forensic scientists when they
are trying to identify possible suspects
that could have been at the scene.
Strands of hair even have the potential
to be as efficient as DNA in identification.

DNA sequencing is the technique of
precisely getting the sequence from a
particular strand of DNA. DNA is made of
four bases: adenine, cytosine, guanine,
and thymine. In order to read the
sequence of a particular DNA sequence,
there must be enough DNA. However,
most samples taken at crime scenes are
minuscule and microscopic--not nearly
substantial enough to read the
sequence. However, most labs these
days use PCR (an acronym for
polymerase chain reaction), a technique
used to amplify and exponentially grow a
sample of DNA.
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Figure 66: the process of Polymerase Chain
Reaction

After the DNA is amplified and there are
enough copies to read, scientists will
input the strand into an automated
sequencing machine that will output a
string of letters that represent the
different nucleotide bases: A, G, C, and
T. When there are identified sequences
of all of the different DNA samples, they
can be compared to one another to see
which ones are a match. For example, if
the DNA from the crime scene closely
matches that of one of the suspects but
not the others, then that would be solid
evidence that the match was at the
scene.

Figure 67: DNA sequence from a
sequencing machine

Check your understanding

1) How does using the PCR
technique (polymerase chain
reaction) help with DNA
sequencing, and how does DNA
sequencing work?

PCR helps amplify the DNA found at the
crime scene to do DNA sequencing. PCR
can produce up to a billion copies with
only a few rounds of PCR.

2) Who committed the crime?
Explain your reasoning

Suspect 2 committed the crime.
Comparing the bands between the crime
scene and the suspects, Suspect 2 has
the identical pattern thus verifying that
he has committed the crime.

3) List the three steps of PCR
(Polymerase Chain Reaction) &
the temperature at each step.

(1) denaturation [94 - 95 ℃]
(2) annealing [50 - 56 ℃]
(3) extension/ synthesis [72 ℃]
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Relevant Fields of Biochemistry: Polymer/Polymerization

Introduction

Polymers are long chains of molecules
made from smaller molecules called
monomers. Polymers often consist of
repeating monomers making up a long
chain, attached through chemical
bonding. For example, as shown in
Figure 69,  Polyethylene, a polymer
responsible for the material of plastic
bags, is formed from CH2 monomers.
Polymers can be found all around us,
such in the proteins we consume which
are polymers made of amino acid
monomers and even DNA, our genetic
material.

Figure 69, Chemical Structure of
Polyethylene,

Polymerization is the chemical process
by which polymers are produced from
their monomer subunits. Polymers can
and are often made of multiple elements,
and can be of several geometries. These
geometries include linear, branched, or
cross-linked. A polymer that consists of
a single repeating unit is known as a
homopolymer. Co-Polymers are
polymers formed from two or more of
its monomer subunits. Polymerization

reactions can be divided into two steps,
Step and Chain.

Dehydration Synthesis

A key fundamental in polymerization is
Dehydration Synthesis or the release of
water molecules as a byproduct due to
the covalent bonding between
molecules of macromolecules.

In unionized Dehydration Synthesis, the
hydrogen of a monomer bonds and joins
the hydroxyl (OH) group of another
monomer as shown in the example
formula shown below:

RCO2H + R′OH ⇌ RCO2R′ + H2O

This combination creates H2O or water
which then must be dispelled in order for
the monomers to bond as seen in Figure
70 below. The removal of a hydrogen
group and a separate hydroxyl group
allows the monomer to share an electron
in covalent bonding. Essentially, the
monomers are being dehydrated in
order to allow for the creation of a larger
molecule.

Figure 70,
Simplified
Diagram of
Dehydration
Synthesis,
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Meanwhile, dehydration synthesis
functions in a slightly different process
when ionized. For example, when amino
acids are found in aqueous solutions,
two hydrogens from one monomer
bonds with an oxygen atom from another
monomer, also producing water and
allowing the two molecules to covalently
bond but with differently arranged
reactants.

Dehydration Synthesis repeats
numerous times in order for a polymer to
form, the process which we will discuss
further in-depth in the next section.
However, monomers bond in different
fashion and configurations, allowing
different macromolecules to form. In
glucose alone, it can be differently
assembled to make up starch, glycogen,
and cellulose due to the differences in
the location of the covalent bonds.

¾ Macromolecules are assembled from
Dehydration Synthesis, consisting of
Complex Carbohydrates made from
monosaccharides, proteins from amino
acids, and nucleic acid from
mononucleotides. Different types of
monomers can also alter the properties
and function of the polymer. There are 5
types of Nucleic Acid and 21 amino acid
monomers, in which any difference in
sequencing and arrangement creates a
different molecule/polymer with different
functions and properties.

Hydrolysis

Directly opposite to Dehydration
Synthesis, hydrolysis is when a polymer
is split into multiple monomers, often
using a water molecule to break the
covalent bond between monomers.

As the process is in complete reverse to
the dehydration synthesis mentioned
previously, an un-ionized polymer is split
into two monomers, one given a
hydrogen atom while the other is given a
hydroxyl group at the expense of a water
molecule.

Similarly, ionized polymers are split into
two monomers, one receiving two
hydrogen atoms and a positive charge
while the other is given a singular
oxygen atom with a negative charge.
Hydrolysis and Dehydration Synthesis
can both be sped up by enzymes.

Hydrolysis is vital to the human body and
a significant area of study within
biochemistry due to its role in digestion.
In the intestines, catalyst enzymes break
down food polymers into smaller
monomers through hydrolysis in order to
allow easier absorption of nutrients by
intestinal cells. As shown in Figure 71, the
enzyme amylase is demonstrated to
catalyze hydrolysis in starch found in the
intestines, breaking starch into the
sugars displayed for easier absorption.
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Figure 71: Diagram of Amylase’s use of
hydrolysis in the Small Intestines

Once absorbed, they are often further
broken down by enzymes, with the
release of energy through the systematic
hydrolysis of macromolecules providing
energy for cells.

Step (Condensation) Polymerization

Step polymerization needs there to be
one or more reactive functional groups
at the end of the monomer that will react
with the groups of other ones. Functional
groups include -OH, -COOH, -COCl, and
-NH2, just to name a few. In step
polymerization, the molecular weight
builds up slowly. Polymers such as
tetramers, pentamers, and hexamers can
be formed through a number of different
pathways. Functional groups themselves
can also be on different monomers such
as the reaction to form polyester from
diols and dibasic acids. Through this, a
polymer can be formed such that the two
different structural units can come
together and become the repeating unit.
In step polymerization, only the fraction
of the functional groups (denoted by A

and B) that have reacted is measured.
Letting p denote this fraction:

where M represents the concentration of
either A or B functional groups, and M0

represents the initial concentration.

The number-average degree of
polymerization is the average number of
structural units per chain. Letting Xn

denote the number of structural units per
chain:

The number-average molecular weight is
defined just as the average molecular
weight of structural units per chain (Ms)
multiplied by the number-average
degree, plus the molecular weights of
the end groups, Megg. Since Megg is
usually an extremely small value, it is
neglected, and thus:

Chain (Addition) Polymerization

Meanwhile, Chain Polymerization
involves two chemical entities and
happens over three steps. The monomer
accounts for one entity while the other is
the catalyst, usually a free radical
peroxide which is a component that



39

contains a free electron allowing it to
covalently bond with another molecule.
In Chain Polymerization, monomers
almost always contain a carbon-carbon
double bond.

Firstly, the free radical catalyst reacts
with the double-bonded carbon
monomer in initiation. During initiation,
the double bond between Carbon atoms
breaks in order for the free electron to
be transferred to the outer carbon atom.

Next, propagation occurs which is when
monomers line up and open up their
carbon double bond, receiving the free
electron as they line up to form and build
the polymer chain. This reaction and
continuous bonding of many monomers
is made possible as single bonds are
often more stable than double bonds.

Finally, termination happens when
another free radical leftover from the
splitting of peroxide arrives and bonds to
the other end of the polymer chain. The
free radical terminates the polymer chain
by bonding with the last component of
carbon.

This series of reactions often produce
complete polymers in the matter of a
single millisecond.

Step vs. Chain Polymerization

Although step and chain polymerization
have similarities, there are certain
comparable differences that should be
noted.

1) Firstly, the creation of the polymer.
While in chain polymerization
where monomers are added to
the end of the chain, step
polymerization instead involves
the assembly of monomers into
oligomers before combining
these oligomers to form the
polymer.

2) Another key difference between
the two types of polymerization is
termination. As mentioned before,
chain polymerization terminates
when a second free radical from
peroxide bonds to the other end
of the polymer chain, giving its
free electron and stopping the
process. However, there is no
termination in step polymerization
meaning that the end oligomers
remain reactive throughout the
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process and continue to be active
after the process.

3) Furthermore, while step
polymerization is exempt from
this, chain polymerization requires
an initiator in order to begin the
process, such as peroxide which
usually results in the production of
free radicals (reactive atoms) or
atoms with an odd number of
electrons, capable of starting
successive linking between
monomers.

4) Finally, Molecular Weight over
time between the two
polymerization processes
progresses at different rates. As
shown in Figure 72 below, step
polymerization requires a large
amount of conversion in order for
its molecular weight to increase
whereas molecular weight in
chain polymerization increases at
a relatively stable, constant rate.

Figure 72, Graph comparing Step-Growth
and Chain-Growth’s molecular weight as the
conversion percentage increases,
Source.com

Types and Classifications of Polymers

Because of the large variety of polymers
with unique structures, behaviors, and
applications, specific classifications are
needed. There are also different types of
classifications, based on different
features of the polymer.

One type of classification is based on the
source of ability. There are two types of
classification in this category: natural,
and synthetic. Natural polymers, as the
name suggests, occur naturally in plants
and animals. Examples of this include
nucleic acid, proteins, rubber, etc.
Synthetic polymers are man-made
polymers, modeled after natural
polymers. These include plastics, nylon,
Teflon, etc.

Another type of classification is based on
the structure of the polymer. Organic
polymers have a carbon backbone,
while inorganic polymers have
non-carbon backbones.

Carbon backbone polymers can be
further classified into the structure of the
backbones themselves and the resulting
physical properties.

1) The first type is fibers, which are
utilized to create thread. These
are composed of long carbon
chains with little to no branches.
The molecules are lined up in
parallel, with strong, ordered
intermolecular forces. As a result,
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these fibers are flexible and
strong, allowing them to be easily
woven together. Fibers include
polymers such as nylon, silk, and
cotton.

Figure 73, Example of the structure of a fiber
polymer, Source.com

2) The second type is
thermoplastics, which are
materials that are flexible at
specific temperatures.
Thermoplastics contain weak
secondary bonds, allowing these
bonds to weaken and cause the
polymer chains to move around.
When the temperature is too low,
there is not enough energy to
overcome the secondary bonds,
making the material become hard
and brittle. Polypropylene,
polyethylene, and polycarbonate
are examples of thermoplastics.

Figure 74:
Structure of a
thermoplastic
resin

3) The third type is stretchy
polymers known as elastomers.
When a force is applied to these
materials, they stretch, and when
the force is removed, they return
to their original shape. Without
applied force, the polymer chains
are irregularly coiled and tangled,
and when force is applied, the
molecules are stretched and
straightened. Examples of
elastomers include rubber and
spandex.

Figure 75: Structure of an elastomer

4) The last type of carbon backbone
polymers are thermosets. These
are polymers in which when heat
is applied, irreversible crosslinks
are formed between polymer
chains, hence becoming solid.
Epoxy resins are examples of this.

Figure 76: Structure of a thermoset resin
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Important Polymers

One major synthetic polymer is
polyethylene, a resin made from the
polymerization of ethylene and a part of
the polyolefin resin family. It is commonly
used as packaging for numerous
household products, making it the most
popular plastic in the world.

Figure 77: Image of polyethylene

Ethylene (C₂H₄) itself is a gaseous
hydrocarbon which can either be
produced from the cracking of ethane
(C2H6), or the distillation of petroleum.
Ethylene molecules are made out of two
CH₂ units. When it undergoes
polymerization upon contact with
catalysts, the double bond breaks and
the extra single bond is used to link to
the carbon atom in another ethylene
molecule. This creates a large, repeating

polymeric
molecule.

Figure 78:
Structure of
Polyethylene

Other important polymers are natural,
and include nucleic acids, such as DNA
(deoxyribonucleic acid) and RNA
(ribonucleic acid), both crucial to the
genetic structure and growth of all living
things. They are made out of long
strands of nucleotides, or the monomers,
made out of a phosphate group, 5
carbon sugar, and nitrogenous base.

Figure 79: Structure of DNA

Impacts and Benefits

Since the very beginning, polymers have
been used in human civilization, in
products such as rubber and starch.
However, it wasn’t until the 19th century
in which scientists began to study
synthetic polymers. The advancements
in the study of polymers have
significantly improved the comfort and
quality of human life, in almost every
aspect.
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Polymers have an immeasurable
contribution to the packaging and
shipping industry. Almost every item you
will find at a grocery store is packaged in
some type of polymer plastic. This
includes the packaging of food, clothes,
medicine, and many other commercial
products. Polymer plastic is a popular
choice for packaging due to its strength,
cost efficiency, and availability.  The most
popular polymer plastics used in the
food packaging industry include
polyethylene terephthalate (PET),
high-density polyethylene (HDPE),
polyvinyl chloride (PVC), and many more.
Each type of polymer plastic is chosen
for their own unique properties and
advantages. In the United States, the
plastic packaging industry is a significant
contributor to the economy, responsible
for billions of dollars put to the economy
each year.

Figure 80: The use of polymer plastic in food
packaging

Additionally, natural and synthetic
polymers play a huge role in the textile
industry. Testiles are made out of natural
or synthetic fibers, which are a type of

polymer mentioned in the section Types
and Classifications of polymers. Natural
polymers used in textiles include silk and
cotton, while synthetic polymers include
nylon and polyester. Without polymers,
the fashion industry would not exist.

The Ideal Chain Model

The ideal chain model, also known as
the freely-jointed chain model, is the
most simple model to describe a
polymer in solution. While simple, the
ideal chain model serves to provide a
significant insight into the physics of
polymer, and is a fundamental model of
polymer theory.

As stated before, a polymer consists of
smaller subunits called monomers. Each
monomer occupies a point in a
d-dimensional space. Letting ri denote
these points, and bi denote the bonds
between two monomers:

We can then proceed to derive a
probabilistic model for our polymer.
Since ri must be a distance of b units
away from ri-1, and each point in space
has an equal probability, therefore, we
get the probability distribution for our
bond:

Where represents the delta function.δ(𝑥)
Each bond is statistically independent
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from each other bond, and therefore, if
we have two bonds bi and bj, then:

Therefore, for a chain of N-bonds, we
can get the joint-probability distribution:

Now, we want to know the properties of
the end-to-end distance:

Where R denotes the end-to-end
distance itself. Mainly, we are interested
in the distribution function for our
end-to-end vector R. This therefore can
be calculated through the distribution of
our bonds:

In order to solve this integral, we should
first write out the integral notation of the
delta function:

Through this, our distribution function,
then becomes:

After substituting our integral with polar
coordinates, and solving the Gaussian
integral that results after further
calculations, the final probability
distribution becomes:

Where R represents the length of our
vector. It should be noted that the
following probability distribution is a
normal distribution in three dimensions.

This ideal chain distribution is extremely
significant in modelling the spatial
arrangement of the monomers, and the
bonds, which come together to form our
polymer under focus. The distribution
also has implications with regards to
further properties of polymers. Such
properties include: entropic elasticity,
polymer deformations, polymers under
tension, polymer confinements, and a
variety of other properties not listed.

We recommend that you go back and
review all the math in this section. If it
goes above your head, try to pick up an
applied mathematics book. Remember:
Biology is a multidisciplinary study.
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Relevant Fields of Biochemistry: Organic Chemistry

Organic and Inorganic Compounds

Organic compounds are associated with
living organisms, including fats, proteins,
enzymes, sugars, and nucleic acids.
They usually always have hydrogen,
carbon, and oxygen. Some organic
compounds/molecules include DNA,
sucrose, benzene, methane, ethanol, or
grain alcohol. On the other hand,
Inorganic compounds consist of metals,
salts, and usually single elements that
lack hydrogen. Only some inorganic
molecules have carbon in them.

Figure 81, Description, Source.com

Some inorganic molecules include
carbon dioxide, diamond, which is pure
carbon, silver, salt, or sulfur. Organic
compounds are usually explosive and
highly flammable. They’re insoluble to
water, contain carbon-hydrogen bonds,
and construct covalent bonds. Inorganic
compounds, however,  exist as solids,
are soluble in water, lack

carbon-hydrogen bonds, and create
ionic bonds. The reaction rates of
organic molecules are also significantly
slower than that of an inorganic
molecule.

Hybridization/Orbitals Chemistry

There are only four known kinds of
orbitals: S, P D, and F. S and P orbitals
are among the most common in organic
chemistry.  They are categorized by size,
shape, and orientation. A smaller shaped
orbital has a higher possibility of getting
an electron near the nucleus. S-orbital is
spherical, while p-orbitals are shaped
like an hourglass along the x y z of the
cartesian system. An atom can contain
numerous possible numbers of orbitals
in them.  Hybridization is the concept of
orbital fusion, forming new hybridized
orbitals.

Figure 82, Description, Source.com
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Hybridization is a mathematical model,
meaning the atomic orbitals have zero
change before bonding with other
atoms. It describes how atomic orbitals
would potentially seem from looking at
the observable molecular orbitals. In the
formation of the hybridized orbitals,
individual bonds take 2 electrons to
complete. In order to create four bonds,
carbon separates its s-electron to the
p-shell.

Figure 83, Description, Source.com

Rearranging the electrons not only
brings the orbitals closer and makes
them virtually degenerate but also allows
for hybridization. Mixing the orbitals
would then result in a group of hybrids.

Figure 84, Description, Source.com

SP3 hybridization is mixing an s-orbital
and 3 p-orbitals which results in 4 sp3

orbitals. The four hybrid sp3 orbitals
degenerate in energy and are essentially
the same. Orbitals must be symmetrical

around each other as much as possible,
which gives the tetrahedral structure
(which is shaped like a windmill) bond
angles of 109.5.

Scientists can utilize the molecule orbital
theory to predict electron densities from
the molecule and real physical
observations.

Dot Structures

Lewis dot structures require knowledge
of bonds, molecular shape, polarity, and
more. The structure conveys the sharing
of electrons between atoms in either
covalent or polar bonds. In a lewis dot
structure, the dots are portrayed by the
valence electrons of atoms, while its
placements show how the electrons are
distributed.

Figure 85, Description, Source.com

The octet rule of a lewis dot structure
indicates that atoms gain, lose, and
share electrons in their outer electron
shell. Once the lewis dot structure
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indicates the number of electron atoms
to gain, the octet rule is applied. Only the
S and P electrons are included in the
octet rule.

There are generally 5 steps to drawing a
lewis dot structure for any compound.

1) Step 1 is to determine the number
of valence electrons of the atoms
within the molecule. You add the
additional electron for each
negative charge, and subtract for
each positive.

2) The second step is to draw lines
to show the bonds between the
atoms.

3) Step 3 is to subtract the number
of valence electrons from the total
number you receive in step 1 to
find your remainder.

4) Step four is applied only when
there are unassigned remainders
from step 3. If there are
unassigned electrons, place them
on the central atom.

5) By step 5, it should look like the
model presented below.

Figure 86, Description, Source.com

If there are no more electrons remaining
from step three, the central atom lacks
an octet, which calls for the use of one or
more lone pairs of electrons to form a
triple or double bond.

Bond Line Structures

There are three ways to convey chemical
structure in organic molecules, a bond
line, or also known as skeletal line, is one
of them. Bond line structures portray
bonds between carbon atoms and
heteroatoms. The formula is essentially
its name, being full of bonds and lines
that tend to make in molecules and
create a zig-zag shape. Carbons are not
drawn in and replaced by bends of lines
and ends. Usually, hydrogens are not
drawn on the formula structures that are
connected to carbon.

Figure 87, Description, Source.com

Electronegativity

Electronegativity is the tendency of an
atom to lure electron density. It is
affected by the atomic number and
distance of valence electrons residing
from a charged nucleus. If the atoms are
equally electronegative, they will
average around half way between the
two atoms. If one has slightly more
electronegative energy than the other,
then the electron density leans slightly
towards that side, being either slightly
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negative or slightly positive depending
on the position of its dominance.

Resonance and Acid-Base Chemistry
Overview

According to Anne Marie Helmenstine,
Resonance is a method of describing the
delocalized electrons in some molecules
where the bonding cannot be explicitly
expressed by a single Lewis structure.

Each individual Lewis structure is called
a contributing structure of the target
molecule or ion. Contributing structures
are not isomers of the target molecule or
ion since they only differ by the position
of delocalized electrons.

Before learning about resonance, we
first need to know what the Lewis
Structure is. According to Anne Marie
Helmenstine, Lewis’s structure is a
structural representation of a molecule
where dots are used to show electron
positions around the atoms and lines or
dot pairs represent covalent bonds
between atoms. The Lewis dot structure
particularly helps in determining the lone
electron pairs in molecules which will
eventually determine the chemical bond
formation of that specific compound.

Because electrons are shared in a
covalent bond, Lewis structures can
model molecules that contain covalent
bonds and coordination compounds. The

writing method was first introduced in
the article “The Atom and the Molecule”
in 1916 where Gilbert N. Lewis first
coined the idea.

Figure 88: Lewis Structure of Nitrosyl
Chloride

In order to write a Lewis Structure for a
neutral molecule, there are five steps:

1. Find the number of valence
electrons each atom in the
molecule has. For example, in
carbon dioxide, each carbon
molecule has four valence
electrons while each oxygen
molecule has six valence
electrons.

Figure 89: Lewis Structure of carbon dioxide

2. In molecules that have more than
one type of atom, the atom with
the least amount of
electronegativity is placed in the
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center. In order to find the
electronegativity, it is common
that electronegativity decreases
as it moves away from fluorine on
the periodic table.

Figure 90: Periodic Table showing
electronegativity of the elements

3. Rearrange the electrons so that a
single bond is formed between
each atom from each atom
contributing to one electron.

4. Finally, count the electrons
around each atom. If each has
eight or an octet, then the octet is
complete. If not, proceed to the
next step.

Figure 91: Representation of the octet rule

5. If one of the atoms is missing
dots, rewrite the structure so
that there are pairs of
electrons on each atom. For
example, with carbon

dioxide, the initial structure has
seven electrons associated with
each oxygen atom and six
electrons for the carbon atom.
The final structure puts two pairs
(two sets of two dots) on each
oxygen atom, two oxygen
electron dots facing the carbon
atom, and two sets of carbon dots
(two electrons on each side).
There are four electrons between
each oxygen and carbon, which
are drawn as double bonds.

Figure 92: Molecular Formula vs
Lewis Dot Structure

Overview of Alkanes

Alkanes are fundamental materials of
many different applications. The most
commonly used alkanes are in forms of
combustible gas. At its core, alkanes are
hydrocarbons which are joined through
a single bond. This means that alkanes
will be compounds only consisting of
hydrogen and carbon (see figure x for

example).

Figure 93:
Alkane
structures
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In their simple forms, alkanes are
typically gases, but as they gain size,
they are found as liquids or solids.

Structure of Alkanes

With the materials being the same in all
alkanes, the structures must be similar.
The structure is so predictable that there
is a formula which can determine the
amount of carbons/hydrogens given the
other half (CnH2n+2). When creating a
lewis structure of an alkane, there will be
only single bonds present, while lone
pair electrons, unbonded pairs of
electrons, will not be present.

Figure 94: Complex Alkanes

Isomers and Alkanes
Isomers are the possible variations in
structure for the same compounds.
Generally, as the size of particular
compounds increases with more atoms,
the number of possible isomers
increases as well. With alkanes
consisting of the same atoms and the
sizes growing to great amounts, it is no
wonder there are so many isomers.

Figure 95: Structures and Possible Isomers

Figure 96: Methylpentane Isomer

Overview of Cycloalkanes

When alkanes no longer resemble
alkanes, they become cycloalkanes.
Cycloalkanes are hydrocarbons that form
a ring (see figure x). The shape allows for
stronger London dispersion forces, as
the contact area for intermolecular
forces is increased. This allows
cycloalkanes to have a higher boiling
point. The strong IMFs are significant in
the reactions that cycloalkanes undergo.
Cycloalkanes are also mostly used for
combustible reactions in modern
appliances.

Figure 97:
Cycloalkane
Structures
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Structure of Cycloalkanes

Besides the ring-like shape of
cycloalkanes, the general formula of
cycloalkanes also differs from alkanes.
CnH2n+2 was the alkane formula, but
cycloalkanes consist of CnH2n.
Cycloalkanes also start off much more
complex than alkanes, as it begins with
C3H6, while the simplest alkane is CH4.

Figure 98: C6H12 Structure

The type of ring the cycloalkanes form
depends on the substance.  General
structures can look like triangles,
squares, pentagons, hexagons,
septagons, octagons, nonagons, and 2
semi hexagons with a total of 10 sides.

Figure 99:
Types of
Structures
Given
Formula

Overview of Functional Groups

Functional groups are groups of atoms
within compounds that have individual
properties. The groups are predictable
and the behavior can be predetermined
within a functional group. The functional
groups determine the characteristics of
the molecule.

Figure 100: Main Functional Groups

When different molecules fall within the
same functional group due to an
underlying structure, the reaction is
bound to be similar to its functional
group. For example, there are several
types of different compounds which are
all noticed as alcohol. Ethanol, methanol,
isopropanol, and tert-butanol are all
alcohols even though their structures
differ significantly (see figure 101).

Figure 101: Alcohol Structures
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For the substance to be alcohol, the
compound must have a carbon singly
bonded to an OH group. All of the
structures above have a C bonded to
OH, which makes them part of alcohol’s
functional group. The underlying
structure in these compounds led it to be
an alcohol, and therefore, they will have
the characteristics of alcohol.

Functionalization

Functionalization adds certain functional
groups onto a compound. Compounds
can be functionalized in order to
produce the desired reaction. The
process is achieved through chemical
synthesis, and molecules can bind,
usually covalently.

Figure 102: Functionalization

Buffers

Buffers are systems which can resist
changes in pH due to its levels of weak
acids and bases. If a base, or an acid is
added to the system, the weak acids or
bases will negate the substance added
and keep the pH at essentially the same
level. There is, however, a buffer
capacity. If the buffer capacity is
exceeded, the pH will change drastically.
Buffers are essential in laboratory work,

but they are also needed within many
types of organisms. Humans have a
blood pH between 7.35 and 7.45, and if
there is a change between that, then
death would ensue. The buffer within
organisms keeps them from kicking the
bucket, so it is quite obvious of the
necessity of buffers.

Figure 103: Buffers (https://bit.ly/34cdYX6 )

pH and pOH

Figure 104:
pH Scale of
Common
Items

(https://www.usgs.gov/media/images/ph-scal
e-0)

https://bit.ly/34cdYX6
https://www.usgs.gov/media/images/ph-scale-0
https://www.usgs.gov/media/images/ph-scale-0
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pH and pOH are two sides of the same
coin. pH is the negative log of the
concentration of H+, and pOH is the
negative log of OH-. Both these
measurements can be added, which
makes 14. This is why both scales
measure from 0-14, with 7 being neutral.
To put it simply, a low pH indicates an
acid (weak or strong based on how low),
and a low pOH indicates a base (weak or
strong).

Henderson-Hasselbalch equation

The Henderson-Hasselbalch equation
(pH = pKa + log([A-]/[HA]) is a commonly
used equation which determines the pH
of a buffer. The pH of the buffer is equal
to the negative log of the acid
dissociation constant plus the logarithm
of the concentration of the conjugate
base divided by the concentration of an
acid. There are also derivations of the
equation, which can provide insight on
other systems at play (see figure x).
Another significant usage of this
equation is for finding how much of an
acid or conjugate base is needed for a
certain pH in the buffer.

Derivations
of the

Henderson
Hasselbalch

equation

Check your understanding

1) Using the pH scale below. How
many times more acidic is Black
coffee compared to water?

Each point on the pH scale shows a
10-fold increase in acidity or basicity. So
the pH of Black coffee is 5.
Solving: 7 - 5 = 2 → 102 = 100. Black
coffee is 100 times more acidic than
neutral water.

2) Name the 4 orbitals in terms of
increasing energy

The four orbitals are the s, p, d, and f



54

Applications of Biochemistry: Animal

Introduction

In almost every animal, if not all,
biochemical processes play a vital role in
maintaining homeostasis and carrying
out the functions and reactions needed
for an organism to function normally. The
field of study in how these biochemical
processes impact animals is called
Animal Biochemistry. In this section, we
will expand on the principles of
biochemistry by displaying their
functions and impact on animals.

Macromolecules

There are 4 types of macromolecules,
large molecules crucial for animal
survival. These molecules are long
chains of polymers, made of unique
monomer units. Macromolecules are
responsible for the maintenance of many
bodily processes and functions, ranging
from keeping our genetic material to
providing nutrition for growth and repair.

Carbohydrates

Carbohydrates are the most common
macromolecule found in the biosphere.
Carbohydrates serve a wide array of
functions and often contribute to the
synthesis and structures of other
macromolecules.

A vital impact of biochemistry from
carbohydrates can be found in the
bloodstream. A carbohydrate named H
Antigen, which is produced in all
animals, binds to the outer surfaces of
red blood cells. Then, enzymes
synthesized by the ABO gene attach
monosaccharides to the carbohydrate,
the product determining a person’s
blood type.

Figure 122 is a table displaying the
differences in the carbohydrates between
blood types

Another impact of biochemistry from
carbohydrates in blood are
demonstrated in Heparin, an
anticoagulant carbohydrate that
prevents blood clots. Heparin is naturally
produced but is also often injected into
the bloodstream before surgery to avoid
blood clotting.
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Next, carbohydrates are also involved in
protein trafficking, also known as the
sorting or transport of a finished protein
to a respective organelle/area of the cell.
This involves glycosylation where a
carbohydrate, usually a glycosyl donor,
attaches to the hydroxyl of protein
molecules to mark them with a
designated location within the cell.

In addition, carbohydrates are
responsible for the structure of some
cells. Cellulose, chitin, and peptidoglycan
are all complex polysaccharides, making
up the cell walls of plant, fungi, and
bacteria cells respectively. In cell
membranes, carbohydrates are a
valuable molecule for cell recognition as
well as adhesion to other cells.

Proteins

The second macromolecule to be
covered is proteins. Proteins are vital to
life on Earth in numerous ways such as
providing structural elements to cells,
facilitating chemical reactions, and
defending the body against disease.

Figure 123: Chemical makeup of Insulin

One example of protein’s biochemical
impact on animals is the production of
protein hormones by endocrine cells.
While not all hormones are proteins, a
few important ones such as insulin,
which regulates blood sugar levels,
epinephrine, also known as adrenaline
and is part of the flight or fight response,
and norepinephrine, a stress hormone,
all are protein polymers made from
amino acid sequences.

The variability of amino acid sequences
and protein properties also play a key
role in the diversity of animals in the
same species as well as others. The
slight differences in between the protein
sequences of different humans, for
example, is both responsible for certain
differences as well as many obvious
similarities. All humans possess collagen
in their skin but also carry different eye
colors and skin colors due to slight
variations in the amino acid sequences.
However, this variability can have
extremely negative effects as a change
in sequencing could lead to devastating
genetic conditions such as Huntington’s
Disease.

Furthermore, enzymes are proteins that
catalyze, or speed up biochemical
reactions. Enzymes play an important
role in the function of animals and are
split into catabolic and anabolic types,
the former being enzymes that break
down their substrate while the latter
being used to create a more complex
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substrate. An example of a carbolic
enzyme is pepsin which catalyzes
proteins in the stomach. Aside from
trypsin, lipase and amylase, all of which
are catabolic, anabolic enzymes also
play a large role in our bodies. An
example of this is DNA Polymerase, an
enzyme that catalyzes new strands of
DNA and ribosome components, which
catalyze the formation of amino acid
changes.

Denaturation in proteins occurs when
the secondary structure, which is
correlated with the bonding interactions
and tertiary structure are disrupted.
During this process, weak bonds that lie
within protein molecules break. The
proteins hold a looser structure that is
insoluble after this process.

Lipids
Lipids are esters made of glycerol and 3
fatty acids, each of which are
hydrocarbons with carboxylic groups at
their ends. Similar to proteins, lipids are
also extremely diverse. This is due to the
fatty acid double bonds creating both cis
and trans isomers, creating many
different types of lipids.

Figure 124,
example
chemical
structures of
lipids

The most common biochemical
application of lipids in animals can be
found in the cell membrane. Cell
membranes are composed of a
phospholipid bilayer, an amphipathic
structure featuring hydrophobic fatty
acid tails and the hydrophilic phosphate
group. This property allows the cell
membrane to provide protection to the
cell by acting as a barrier, allowing
certain small polar or nonpolar
molecules such as Hydrogen and
Oxygen to pass through while large
polar molecules such as glucose cannot.

Figure 125, 3D image of Cell Membrane

Steroids are another class of important
biochemical lipids, molecules with 4
fused rings. One example of a steroid is
cholesterol, a steroid produced in the
liver which is responsible for the creation
of other steroids as well as being a
crucial part of the cell membrane. Other
steroid hormones which are lipids
include the anabolic testosterone and
estrogen, the respective male and
female sex hormones. Steroid hormones
are often involved in influencing the
fluidity of the cell membrane.
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Lipids are also indispensable to an
animal’s insulation. Lipids’ hydrophobic
property keeps animals relatively dry,
allowing us to remain warm. Lipids also
act as the source for electrical insulation.
In the brain, neurons are wrapped by a
lipid-based substance called the myelin
sheath, produced by Schwann cells
which comprise the lipids, cholesterol,
and galactosylceramide whose
electrical insulation allows for signals to
travel at extremely fast speeds.

Figure 126, Galactoceramide

Nucleic Acid

The final macromolecule is nucleic acid,
a large polymer made of nucleotide
monomers. Nucleotides consist of 3
parts: A 5 carbon sugar, a phosphate
group and a nitrogenous base. Nucleic
Acid is responsible for the storage and
expression of genetic information and is
represented in animals through 2 main
types: DNA and RNA.

DNA consists of many genes, varying in
amount based on species, but are all
interconnected in their function of
storing information vital to the
production of bodily items and
characteristics. RNA are single stranded

molecules, appearing in 3 different types
(mRNA, tRNA and rRNA) which are all
crucial in the synthesis of proteins.

Although genomics and molecular
biology are fields with heavy focus on
the function of DNA and RNA,
biochemistry can also be utilized to
understand the fundamental chemical
interactions within a biological structure
containing nucleic acids.

Dehydration Synthesis and Hydrolysis

Earlier, we mentioned how hydrolysis,
the usage of a water molecule to break
bonds between monomers, was utilized
in the digestive system to break down
starch. However, the biochemical
impacts of hydrolysis also apply to other
macromolecules.

The enzymes trypsin, pepsin and
peptidase are responsible for breaking
down proteins through hydrolysis. The
enzyme lipase also carries out hydrolysis
on lipids. Macromolecules found in the
digestive system are often broken down
numerous times by many types of
enzymes. The primary purpose of the
consecutive hydrolysis reactions are to
break down larger molecules into
smaller ones that can be easily handled
as well as to release energy for the
body’s use.

Dehydration Synthesis, meanwhile, is
reflected in translation. As the ribosome
begins to form a polypeptide chain of
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amino acids, water is removed through
the donation of a hydrogen atom from
one amino acid and a hydroxyl group
from the other to form peptide bonds.

Figure 127, Dehydration Synthesis depicted
in translation diagram

Van Der Waals Bonding

Van Der Waals bonds are important
bonds that are reflected in a diverse
range of aspects within organisms.
Named after Dutch Physicist Johannes
Diderik Van Der Waals, these bonds are
weak as they are not chemically
electronic and are dependent on
proximity between molecules,
disappearing quicker when further away
from each other. Van Der Waals forces
are split into three main types of bonds:
London Dispersion, dipole-dipole and
Hydrogen Bonds depending on the
strength of the bond.

London Dispersion is the temporary
attraction between atoms as a result of
atoms forming temporary dipoles.
Occasionally, electrons are distributed
unsymmetrically around the nucleus

creating a dipole which can then distort
nearby atoms due to repelling forces,
creating an electrostatic attraction
between atoms

Dipole Dipole Interactions are the
attraction of slightly charged atoms to
each other. These form dipole dipole
bonds but the bonds are extremely
fragile and require atoms/molecules to
be very close to each other. Dipole
Dipole bonds are another representation
of Van Der Waals forces and their
fragility

Hydrogen Bonds, the last type of van
der waals forces is the outcome of
hydrogen’s slightly positive charge when
engaged in polar covalent bonds due to
its low electronegativity. As this occurs,
hydrogen’s slight positive charge attracts
other negatively charged
molecules/atoms to bond with the
hydrogen atom, creating weak hydrogen
bonds. These bonds are present in the
genome as bonds between nitrogenous
bases and are also present in protein
structures.

Figure 128,
diagram
depicting a
simple effect
of Van Der
Waals forces
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A common, textbook example of Van Der
Waals forces in animals arises in geckos.
Geckos have toes covered with many
microscopic hairs called setae with each
setae being split further into bristles
called spatulae. These hairs get so close
to the surface on which the gecko is on,
making Van Der Waals forces step in,
creating electromagnetic attraction
between the gecko’s feet and its surface
and allowing adhesion to occur. The
weak property of van der waals forces
also permits the gecko to make minimal
effort whilst travelling across its surface.

Other Biochemical Processes

Cellular Respiration is a key biochemical
process conducted in many animals.
Cellular Respiration is crucial towards an
animal’s function as it is responsible for
the synthesis of most of the body’s
energy, in the form of ATP. Errors
involving the genes which account for
cellular respiration can have extremely
detrimental effects on an organism’s
body. In humans, Kearns-Sayre
Syndrome is an example of the result of
abnormalities in the mitochondrial DNA.
The disease, driven by mutations to
DNA, causes progressive immobility of
the eyes as well as other areas such as
the brain and skeletal system. This is due
to the inability of the mutated
mitochondria to produce sufficient
quantities of ATP and as a result, often

manifests its effects in aerobic-reliant
organs such as the eye.

Figure 129, eye of person with Kearns-Sayre
Syndrome

Conclusion

Biochemistry is an extremely large field
of science and as demonstrated in this
section, has many impacts on animals.
Other biochemical processes such as
Cellular Respiration, Dehydration
Synthesis and Hydrolysis (not
mentioned) are alsoutilized in many
aspects of an animal’s body as well as
biochemical principles, such as the van
der waals forces, which can be used to
analyze phenomena within the
biosphere. Animals are a microscopic
portion of the applications of
biochemistry and this will be
demonstrated in the next section which
will discuss biochemistry’s impact
towards the environment and related
aspects.
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Applications of Biochemistry: Environmental

Environmental Biochemistry

Environmental Biochemistry, or the study
of biochemical factors in context of the
environment, encompasses two factors:
the methods in which organisms adapt to
environmental stressors, and the ways
biochemistry can help benefit the
environment.

Moreover, it can also be used to
accurately explain how the environment
around us works, analyzing chemical
species and the effect of humans on the
environment.

Background

Until the 1960s, the environment wasn’t
considered to be an important part of
our day-to-day livelihood, and thus
suffered serious damage. The unearthly
amount of emissions from industrial
factories constantly threaten the survival
of mankind, whether it be through
polluting our water sources, melting the
ice caps, or destroying crop yields.

Environmental segments

There are four major segments that
make up our environment.

First, the Atmosphere. It is made up of a
protective layer of gasses that protect
our planet from hostile cosmic rays,
ultraviolet radiation, and extreme

temperatures. Primarily made up of
carbon dioxide, argon, and oxygen, the
atmosphere fosters many crucial cycles
including the hydrological cycle, carbon
cycle, nitrogen cycle, and phosphorus
cycle.

It can be split up into five concentric
layers.

1) Troposphere. This is the layer
where all organisms, including
humans live.

Figure 130

2) Stratosphere. Since there aren’t
any clouds in this layer, the
temperature is quite low.

Figure 131
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3) Mesosphere. The temperature in
this layer drops to around -95
Celsius, and it consists of N2, O2,
O2

+, and NO+.

Figure 132

4) Thermosphere. Here, the
radiation ionizes most gasses,
creating electrically charged
particles like O+, O2

+, and NO+.

Figure 133

5) Exosphere. Here, the radiation
from the sun makes temperatures
really high.

Overall, the layers of the atmosphere can
be explained by this image.

Figure 134

The second segment is the
Hydrosphere.

Encompassing more than three fourths
of the Earth’s surface, this layer contains
all of its water resources including
oceans, seas, rivers, lakes, streams,
reservoirs, glaciers, ice caps, and
groundwater.

However, more than 97% of the water
available on Earth cannot be consumed,
as it is in the ocean with a high salt
concentration.

Figure 135
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The third segment is the Lithosphere.

This is the outer mantle of the solid
earth, consisting of minerals and the soil.

Containing the crust, mantle, outer core,
and inner core, the lithosphere is
important to store minerals and water,
conserve soil fertility, productive crops,
and maintain wildlife.

Figure 136

The fourth and final segment is the
Biosphere.

Heavily depending on the environment
for oxygen and carbon dioxide, the
biosphere represents living organisms
and their interaction with the
environment.

Toxic Chemicals in the Environment

Although progress has been made in the
field of pollutants, it has simply not been
enough. Every single day, factories put
out significant amounts of toxic
chemicals into our air, water, and soil,
disrupting natural processes and causing
adverse effects.

The toxicity levels of most of the roughly
4 million compounds that exist in the
world is still unknown, but a few
elements which pose environmental
hazards such as Al,  Sb,  As,  Ba, Be,  Cd,
Co,  Cu, Ce, In, Pb, Hg, Mo, Ag, Te, Tl,
Sn,  Ti,  W, U, and Zn are still needed in
animals for regular growth and
development. Fortunately, we can
classify and experiment with distinct
compounds to evaluate the level of
toxicity.

1) Firstly, Mutagens. These are
physical or chemical agents that
change DNA through producing
mutagenic compounds through
metabolic processes in cells.

2) Second, Carcinogens, which are
able to cause cancer in humans
and animals. Some common ones
include radioactive isotopes,
pesticides, and other heavy
metals.

Figure
137
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3) Third, Pesticides. Often used to
protect crops from insects and
pests, pesticides such as DDT can
interfere with nerve cells and
harm the environment.

Figure
138

4) Finally, Food Additives.  These are
chemical substances that are
added to help preserve flavor and
enhance the experience. There
are many types including
anti-caking agents, colors, flavor
enhancers, stabilizers, raising
agents, and more.

Figure 139

Water Pollution

Water is one of the most essential and
fundamental resources on our planet.
Unfortunately, our anthropogenic
activities are deteriorating water quality,
hurting crop yields and spurring
diseases.

The extent of pollution is defined by
three factors.

1) Physical parameters such as color,
odor, density, and temperature.

2) Chemical parameters such as pH,
DRS, and their ionic composition.

3) Biological parameters including
bacteria, algae, crustaceans, and
more.

Figure
140

Overall, it is important to prevent
pollution by identifying and protecting
waste disposal sites, water treatment
plants, sewage leakage points, sewer
overflows, residue tips, and sanitary
landfills. Moreover, a lot of sources do
not have an explicit location.

Take Industrial chemicals for example,
where the chemical substances from all
over the world spread through the water,
air, and soil. Over 11 million pesticides,
fertilizers, aromatic polychlorinated
compounds, flame-retardant chemicals,
preservatives, washing powders,
detergents, resins, and other poisonous
chemicals are known to mankind.

In addition, there are a select few trace
elements shown on the next page in
natural water sources which can be
extremely dangerous to us all.
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Figure 141
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Applications of Biochemistry: Agricultural

Introduction

Biochemistry has a wide range of
applications in agriculture. Biochemistry
has been an essential aspect of farming,
agricultural techniques, and a variety of
other aspects of biochemistry.

Agriculture Applications

1) One application of biochemistry in
agriculture is that it is known to
prevent disease in plants.
Biochemistry can be used to
develop prevention methods for
certain diseases that affect plants.

2) Another application of
biochemistry is that it can
enhance plant growth.
Biochemistry is known to enhance
the yield and quality of grown
plants as well. Plant yields can be
enhanced through the application
of biochemistry to plant
hormones. Biochemistry can also
be used to improve the soil
conditions in which plants are
grown. This in turn would give rise
to healthier plants.

3) Biochemistry can also be used to
prevent contamination of plants
with other substances, and
therefore has a significant
application in preventing the
adulteration of plants.
Biochemistry can also be used to

monitor the quality of water, which
in turn could lead to healthier fish
in a water environment. Such
applications of biochemistry in
fisheries include monitoring and
altering the chemical composition
of water. This would keep the pH,
temperature, and waste
accumulation of water at optimal
levels, which in turn would lead to
the growth of better fish

4) Biochemistry also allows for
chemical tests which determine
the nutrient composition of certain
foods, which represents a
nutritional application of
biochemistry. Biochemistry can
also be used to alter the structure
and function of plant cells. The
function of plant cells can be
altered through chemical
modification in plant genes, which
in turn could lead to enhanced
properties in plants.

5) Biochemistry can also be used to
modify a number of plant
hormones, proteins, amino acids,
and a variety of macromolecules
that, in turn, would lead to better
agriculture.

Note to remember: Agriculture, and
almost every other field will make use of
biochemistry. Its use is everywhere! We
are only scratching the surface.



66

Applications of Biochemistry: Medical

Introduction

Biochemistry is one of the most
prominent and important fields in
medicine. Biology and chemistry are
crucial in order to understand how
diseases work and how humans are
affected by them. Chemistry helps
diagnose the diseases and the damage
that the pathogen or condition has done
to the body already.

Figure 143: biochemistry in medicine

Biochemistry also helps scientists
understand the anatomy of the human
body and its processes like the digestive
system and the circulatory system. There
are many factors that depend on
chemical aspects, such as enzymes and
pH. Without chemistry, it would be
impossible to fully understand the
reactions that happen within the body
that keep us alive.

The body is built up of complex chemical
reactions and substances, and without

them, there would be no activity.
Systems within the human body are
catalyzed by enzymes, which is a protein
formed and composed of chemical
aspects. These enzymes can also slow
down or stop reactions when
unnecessary; therefore, they act as a
chemical regulator for all the biological
processes within a living organism.

Figure 144: an enzyme

Chemistry is also essential to treat
diseases and strengthen the body. All
medications and injections are
composed of chemical compounds that
either fight pathogens or deliver
beneficial ingredients. Chemistry also
plays an important role in the
development of topical treatments such
as lotions and ointments that can treat
arthritis, infections, skin inflammations,
and dry eyes among many other
conditions, as it is necessary to study
how different chemicals within the
medicine will react with one another and
whether it will be beneficial or harmful
within the body.
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Figure 145: topical treatments

Medicinal Chemistry

Medicinal chemists use their knowledge
of chemistry and use it to synthesize new
medications and pharmaceuticals. All
medicines are composed of different
chemicals and compounds, and chemists
are necessary for their development to
ensure that all reactions are efficient and
completely safe within the body.

Most medicines work by interacting with
proteins in the body and therefore
influencing the way that the body works.
When the synthetic chemicals from the
drug are fully absorbed by enzymes and
other cells, the cells can change slightly
to perform whatever function the drug
intends. For example, ibuprofen, a very
common drug that alleviates symptoms
of the flu and reduces fevers, works by
stopping the production of
prostaglandins. Prostaglandins are
hormones that react to pathogens by
inflammation, causing a fever. Ibuprofen
can block the enzyme that creates
prostaglandins and will lower the fever.

Drugs are all composed of chemicals
that either actively have a function in the
body or act as a buffer or filler that will
either synthesize the physical pill itself or
help the medication be delivered
successfully.

Active ingredients are the chemicals
that will actually serve a function within
the body. The amount of an active
ingredient within the total medication is
minuscule, usually less than 1%.
Additionally, most drugs need only
around 5 micrograms to be effective in
the body. A microgram is 0.001% of a
gram, which is a minuscule amount.
Putting too much of an active ingredient
won’t do significant harm in the body but
they are expensive and a waste.
Because taking only tiny amounts of a
chemical and consuming it that way is
very hard, the other inactive ingredients
act as transporters of the drug.

The majority of the formulation of a drug
is inactive ingredients. The inactive
ingredients don’t actually affect the
function of cells or enzymes, but they
help the active ingredients work better.
Because the amount of actual active
ingredients is so minuscule, it is hard to
ensure that all of it will enter the body
successfully. Therefore, the active
ingredient is mixed with other chemicals
and substances that will deliver it. Other
ingredients also help improve the
synthesis and the convenience of
consumption.
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Laboratory Testing

The usage of biochemistry is essential
for the diagnosis of multiple diseases.
Biochemistry is used to create laboratory
tests for levels of various components in
bodily fluids and tissues. There are many
types of laboratory tests, however the
most common ones include the testing
of blood or urine.

The testing of urine is known as
urinalysis, and can be utilized to detect a
number of conditionals, including kidney
failure, urinary tract infections, liver
problems, etc. Urinalysis examines urine
in 3 ways: visually, through a dipstick
test, and a microscopic exam.

For the visual exam, a technician will
examine the urine’s physical
characteristics, as well as the odor.
Healthy urine is generally pale
yellow-amber in color, with no-little order.
Any irregularities may indicate an issue,
but a visual exam alone is not enough to
diagnose a disease specifically.

For further investigation, a technician
may use a dipstick test, which is a small
test strip with small colored squares.
When the technician dips the test into
the urine, the test strip will change colors
according to the concentration of the
component of the urine the technician is
measuring. Components such as acidity,
proteins, sugar, ketones, bilirubin, and
more can be measured through these
tests. For example, the normal pH of

urine ranges from around 5-8. If the pH
of the urine is under 5, or too acidic,
there is a higher chance of kidney stones
forming.

During the microscopic exam, the
technician will examine drops of the
urine under a microscope, as the name
suggests, for cells and bacteria. For
example, a high concentration of white
blood cells or leukocytes can be a sign
of a urinary infection.

Abnormal results in urinalysis is not
enough for a diagnosis by itself; as a
result, a doctor may request a follow up
if the results and other symptoms are
concerning.

Blood tests, like urine tests, are used to
monitor bodily functions through
measuring components of the blood.
Some tests use the whole blood, while
others use the clear, liquid portion of the
blood known as the plasma, left over
after the cellular components of the
blood are taken out. There are many
types of blood tests, however the 5 most
common are complete blood counts
(CBC), basic metabolic panels, blood
enzyme tests, lipid panels, and
coagulation panels.

A complete blood count is the most
common type of blood test, done in
routine checkups. This test measures
many different components of the blood,
including the count of red and white
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blood cells, platelets (cell fragments
which aid with blood clotting),
hemoglobin (oxygen-carrying proteins),
and hematocrits (the proportion of red
blood cells to plasma). For example, if a
complete blood count shows the patient
has a lower amount of red blood cells
compared to the normal amount
(4.35-5.65 trillion cells/L for males,
3.92-5.13 trillion cells/L for females), this
patient has anemia.

A basic metabolic panel measures the
level of glucose, calcium, sodium,
potassium, carbon dioxide, chloride, and
BUN (blood urea nitrogen, a byproduct
of kidney functions). It provides
information on the body’s chemical
balance and metabolism, or the process
the body uses to create energy from
food. For example, an abnormal amount
of glucose found in the blood may
indicate diabetes.

Diabetes is a disorder caused by high
glucose levels in the bloodstream. There
are two types of diabetes. While type 1 is
treatable with insulin intake, type 2 is
associated with obesity and cannot be
treated with excessive insulin. Usual
tolerance curves for glucose levels of
anormal person is much less than that of
a person with type 2 diabetes.

In type 1 diabetes, there is an increase of
glucagon. When an individual is unable
to stock lipids and synthesize TAGs, it
oxidizes and produces acetyl-CoA. This

also processes proteins. As stated
before, Type 1 diabetes is treated mainly
through insulin injections; having too
much or too little insulin could create
consequences like hypoglycemia.

In type 1 diabetes, there is an increase of
glucagon. When an individual is unable
to stock lipids and synthesize TAGs, it
oxidizes and produces acetyl-CoA. This
also processes proteins. As stated
before, Type 1 diabetes is treated mainly
through insulin injections; having too
much or too little insulin could create
consequences like hypoglycemia.

Type 2 diabetes is typically more
common in adulthood, and is
characterized by hyperglycemia. This
may be because of an insulin secretion
of pancreas β cells. Due to insulin
resistance in tissues and an excessive
amount of triglycerides, it has become
one of the largest issues and causes of
cardiovascular disorders.

Figure 146, blood glucose curves
(https://themedicalbiochemistrypage.org/
diabetes-type-1-and-type-2/)

https://themedicalbiochemistrypage.org/diabetes-type-1-and-type-2/
https://themedicalbiochemistrypage.org/diabetes-type-1-and-type-2/
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There are multiple types of blood
enzyme tests, measuring the levels of
different enzymes, which control
chemical reactions in the body, in the
blood.

One usage of these tests is measuring
the likeliness of a heart attack. Cardiac
enzyme tests measure for enzymes such
as troponin and creatine kinase.
Troponin is a type of protein found in the
muscles of the heart, used to help the
muscles contract. Under normal
conditions, troponin is not found in the
blood, but if heart muscles are damaged,
troponin gets sent into the bloodstream.
The higher amount of troponin in the
bloodstream, the more intensive the
damage is to the heart. Creatine kinase
(CK) is an enzyme found in the heart,
brain, and other tissues, and is released
when there is damage to a muscle.There
is a small amount of CK normally in the
blood, from skeletal muscles. However, if
there is severe muscle damage, the
levels will increase. CK measures
general muscle damage, but specifically
CK-MB is found primarily in heart
muscles. High amounts of CK-MB
indicate heart damage.

Figure 147,
Troponin test
result

Lipid panels are blood tests which
measure the levels of lipids in the blood,
which are fats and other fatty
substances. These give the total
cholesterol level, LDL & HDL, and
triglycerides levels. Cholesterol is a
fat-like substance found in the cells, and
is used in the creation of hormones,
vitamin D, and digestion. HDL (high
dentistry lipoprotein) is known as good
cholesterol as it carries the cholesterol
from around the body back to the liver.
LDL (low density lipoprotein), however, is
known as bad cholesterol as it increases
cholesterol buildup and blockage in the
arteries. The buildup may rupture and
form a clot and it might restrict the flow
of oxygen-rich blood to the heart
muscles, causing a heart attack.

Lastly, coagulation panels measure the
proteins in the blood which aid with
blood clotting, or coagulation factors.
Bleeding disorders can increase the risk
of bleeding/ blood clots. For example,
hemophilia, one of the most well known
bleeding disorders, is caused when the
coagulation factors VIII or IX are
defective. This disease reduces the
ability to form blood clots, and small
injuries can cause a lot of bleeding.

Similar to urinalysis, blood testing is not
able to provide a specific diagnosis for
diseases, and will most likely occur in
combination with other tests in order to
diagnose a patient.
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Appendix: History of Biochemistry

Before the 1900s

Before the start of the exponentially
growing science knowledge of
biochemistry, the term had just risen in
the late 1800s. The word “biochemistry”
arose and was used by medical schools
and students as a synonym for
physiological chemistry.

Early 1900s

In the early 1900s, 1910s specifically,
Albert Einstein and Marian
Smoluychowki developed the
“Einstein-Smoluchowski equation,” which
was D = λ2/2τ, which connected
microscopic particle diffusion with
macroscopic diffusions. The equation
itself arose as the scientists assumed
that the particles were randomly walked.

One of the most notable features of the
1910s, however, was the Fritz Haber
Nobel Prize in Chemistry award. He was
able to synthesize ammonia from
nitrogen and hydrogen. This process and
invention were called the Haber-Bosch
process. Like my aspiring scientists, he
studied chemistry in the late 19th
Century at the University of Heidelberg
and was able to pursue his interest in
combustion chemistry with the study of
petroleum.

Figure 153, An image of Chemist Fritz Haber,
en.wikipedia.org/wiki/Fritz_Haber

A Japanese Scientist named Umetaro
Suzuki also created a large impact on
the 1910’s biochemistry field. He was a
member of the imperial academy and
had vigorous research done on vitamins.
Suzuki withdrew water-soluble
micronutrients from rice bran. This
substance cured patients of Beriberi, and
he later named it aberic acid.

Figure 154, an image of Chemist Umetaro
Suzuki, prabook.com

https://en.wikipedia.org/wiki/Fritz_Haber
https://prabook.com/web/umetaro.suzuki/1717121
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While Umetaro Suzuki attempted to
translate his articles into German, he
forgot to publish his certification to it and
the idea was later taken by a biochemist
named Kazimierz Funk. The compound
was described as thiamine in 1935.

Biochemistry in the 1930s

One highlight to the 1930’s dark age of
dust bowls and the great depression was
the founding of the Tricarboxylic acid
cycle/Krebs Cycle and the Urea Cycle.
The Krebs cycle is a reaction that takes
place in the mitochondria by which most
living cells generate energy during
aerobic respiration. It not only consumes
oxygen, produces CO2 and water as
waste, but also fills ADP with energy and
converts it to ATP.  The Urea Cycle
excretes ammonia and carbon dioxide,
which are two very harmful gases, from
the body. This cycle also takes place in
the mitochondria and cytoplasm. CO2
and NH3 are condensed into carbamoyl
phosphate and carbamoyl synthetase 1.
These two cycles had a vital impact on
the history of biochemistry. Their
founder,

Hans Krebs was a German/British
biologist who studied cellular respiration.
His discovery of the two most important
sequences of chemical reactions within
cells brought out his scientific popularity
and eventually won him the award of the
Nobel prize in chemistry in 1953.

Figure 155, A brief overview of the Urea
Cycle in which Chemist Hans Krebs
uncovered, drawittoknowit.com

Chemistry During the World Wars

During the world war, there was a mass
race towards not only the production of
machine guns but for science-related
weapons that could win countries over.
Several harmful chemicals involved
during the wars included Explosive
bombs, grenades, ammunition, mines,
poisonous gases, and metals and alloys
to use for the making of weapons.
Chemists were wanted for the
manufacturing of essential war materials.
High explosives and propellants were
weakening points for many countries
due to the shock waves and picric acid
that was incorporated within them.
Several explosives utilized in World War 1
included a popular formula:
C6H2(NO2)3OH. Its IUPAC name is
2,4,6-trinitrophenol.

https://www.drawittoknowit.com/course/biochemistry/glossary/biochemical-pathway/urea-cycle
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Figure 156, Several artillery shells and
explosives used during WWI, degruyter.com

The formula mentioned above was
applied on the sides of the explosive to
fill the shells. The substance also
includes ammonium nitrate and
aluminum which creates the initial
blasting explosion during bomb attacks.
The British were also able to substitute
TNT with amatol, which is highly
explosive and doesn’t use as much TNT
mixture during scarce times. Poison
gases consisted of chlorine gas.
Germans typically used this during wars
and created multiple catastrophes in
other countries. The excessive use of
chemicals was hardly maintained
throughout the warfare. Many poisonous
“gases” were actually liquids. Mustard
gas released an oily substance that
unleashed a toxic mist.

Figure 157, victims of mustard gas attacks,
wikiwand.com

The chemical formula being C4H8Cl2S.
It was a prototypical substance that was
sulfur-based and created large blisters
on exposed skin and in the lungs. Most
people suffered from the swelling lung
tissue and eventually died from
suffocation. There were also several
chemical fights against infections. Some
of these infectious diseases included
Dysentery, Typhoid, Gas Gangrene, and
Typhus. As the war shook on, Chemists
were rushed to find disinfectants and
antiseptics to combat the infections.
Calcium Hypochlorite was used to
disinfect trenches, sterilize drinking
water, and also used as an antiseptic
preparation for wound treatment.

Figure 158, a person during WWI receiving
the anti-typhoid vaccination,
commons.wikimedia.org

Iodine was used as an essential first-aid
tool and was prepared by dissolving in
potassium iodine, ethanol, and water.
Most chemical substances helped the
lives of fighting soldiers. Chlorine, picric
acid, and phosphorus, and ammonium
nitrate did not only result in destruction,
but were used as disinfectants, burn
treatment, smoke screens, and
anesthetic.

https://www.degruyter.com/document/doi/10.1515/ci-2016-0106/asset/graphic/ci.2016.38.1.8.2.jpg
https://www.wikiwand.com/en/Mustard_gas
https://commons.wikimedia.org/wiki/File:Anti-typhoid_vaccination_in_World_war_I._Photograph._Wellcome_V0028232.jpg
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History of Biochemistry

In modern biochem, new features within
traditional fields have sprung up. A
noticeable example is the Human
Genome Project, which was founded in
1990. The success of the project
occurred in the early 21st century and
created a high-quality human genome
sequence in 2003.

Figure 159: Human Genome Project
en.wikipedia.org

The Human Genome Project provided
the fundamentals for modern
biochemistry, and new branches formed
as a result.

OMICS

OMICS is one of the new disciplines in
the 21st century. OMICS is a discipline
that holds different fields that end with
“omics”: genomics, transcriptomics,
proteomics, metabolomics, lipidomics,
glycomics, etc can be included in this
novel discipline. OMICS is mostly
concerned with cancers. OMICS deals
greatly with cells and molecules in
humans, so cancerous research is where
it is best utilized.

Figure 160: OMICS Areas of Study
https://en.wikipedia.org/wiki/Omics

OMICS Disciplines (Genomics)

Genomics concerns itself with mainly the
structures and functions of genomes,
chromosomes in each cell of an
organism (humans in this case).

Figure 161: A Brief Guide to Genomics
genome.gov

Genomics, in the 21st century, has
decoded hundreds of viruses, plasmids,
mitochondria, etc.

OMICS Disciplines (Proteomics)

Proteomics studies proteins within
organisms and provides support to
genomics and is an essential piece in the
discipline of OMICS. As the field is
relatively new (1994), it is quite
remarkable that there are over 8,000
publications per year regarding the field.
A quarter of the publications were about

https://en.wikipedia.org/wiki/Human_Genome_Project
https://en.wikipedia.org/wiki/Omics
https://www.genome.gov/about-genomics/fact-sheets/A-Brief-Guide-to-Genomics
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cancer, so it is quite essential for cancer
research. The bulk of the DNA and
protein information was only created in
the last decade, which illustrates modern
biochemistry’s role in cancer research in
the present, and its potential role in the
future.

Figure 162: Protein Structure
sciencedirect.com

Methods

Proteomics is mostly concerned with
evaluating human proteins. In order for
this feat to be accomplished,
two-dimensional protein
electrophoresis is utilized.

Figure 163: 2D Protein Electrophoresis

Two-dimensional electrophoresis
resolves thousands of proteins. The
process works as follows.

Figure 164: Example of Usage
creative-proteomics.com

1) Protein Sample Preparation:
Extraction of the proteins and
separating protein mixtures are
essential to this process. Only the
relevant classes of proteins will
be taken and interfering
molecules will not be present.

2) First-Dimension Electrophoresis:
Proteins are separated based on
pI, an isoelectric point which is
the point where the pH of a
protein carries no charge.
Because there is no charge, it will
not be affected by the electrical
energy and stay where it is rather
than going towards the electricity.

3) Second-Dimension Separation: A
negative charge is added to the
proteins so they will separate
based on their weight

https://www.sciencedirect.com/topics/neuroscience/proteomics
https://www.creative-proteomics.com/blog/index.php/two-dimensional-gel-electrophoresis-2-de/
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4) 2-D Gel Staining: Proteins are
stained in order for scientists to
be able to see them

5) 2-D Gel Imaging: Collects the data
and digitizes it for storage and
future use.

6) 2-D Gel Image Analysis: Software
(PDQuest is most common) is
used to analyze the gel images
and protein spots

7) Protein Identification: Proteins of
interest are selected and the
proteins are taken from gel and
identified

Figure 165: Proteomics Process
mcponline.org

Oncology and Biochemistry

Cancer is one of the main focuses of
biochemistry today. Oncology, the study
of cancers, is aided with technologies
and techniques in biochemistry.
Malignant cell lines, cancerous cells
previously harvested, and biochemistry
technologies are used for finding
specific molecules in external conditions.
These are used in order to find
anti-cancer drugs, but because it is
performed outside of the body, it has
limitations on its use. A more effective
method is performed inside organisms.
3D Cell Culture models are more
accurate in representing malignant
tumors. This model is created not inside
an organism, but in an environment that
mirrors the inside of an organism. The
cells can grow in all directions (3D),
which is similar to how they would inside
an organism. The 3D cell culture model
is the most accurate and one of the best
tools for studying cancers.

Figure 166: 3D Cell Culture researchgate.net

https://www.mcponline.org/article/S1535-9476(20)34659-4/fulltext
https://www.researchgate.net/figure/Different-approaches-for-3D-cell-culture-model-development-a-Cellular-spheroids_fig2_319208358
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Appendix: Lab Equipment and Safety

Overview

In a lab, it is crucial to use the lab
equipment in a proper and safe manner
to keep experiments sanitary and
secure.

Safety

As dangerous chemicals are often being
handled in a lab environment, safety
should be the #1 concern of the scientist.

First and foremost, when someone
enters a lab, proper protective gear is
required to keep the scientist safe.
Scientists should wear long, well-fitting
clothing, closed shoes, and long hair
should be tied back. Lab coats that cover
the arms are required, along with safety
glasses with side shields or goggles to
protect the eyes. If you are working with
chemicals that are harmful to the eyes,
or have the potential to spray, be sure to
wear full coverage safety goggles or a
face mask.

Figure 167: Full coverage safety goggles

Proper protective gear also includes
gloves, to keep experiments sanitary and

to protect the skin of a scientist’s hand.
Disposable nitrile gloves are commonly
used as they have more chemical and
tear resistance, and they should be
discarded as you exit the lab to avoid
contaminating anything.

Another important safety precaution is
keeping lab spaces neat and organized.
This means no eating or drinking, and
discarding any unnecessary items. Aisles
should be clear of any clutter, to avoid
falls, and table counters should only
have what is required for the experiment
to avoid any spills. If a spill does occur,
clean it up immediately if possible, or
seek assistance. If a spill comes in
contact with the skin or eyes, rinse the
area thoroughly with water until
assistance can arrive and if needed,
provide you with further instructions.
Good behavior in a lab is crucial for a
safe experience. Scientists should be
professional and responsible; do not
play jokes or pranks, especially when
toxic chemicals or fragile items are being
handled.

Lastly, one should always inspect the
equipment before use, to avoid using
any damaged devices. The usage of
damaged devices can lead to gas leaks,
explosions, and other harmful events. If
any devices are found damaged, report
it immediately and do not use it.
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Liquid Containers

Some of the most common lab
equipment include beakers and flasks.
Beakers are cylindrical containers used
for the stirring, pouring, heating, etc. of
liquids, and usually contain a small spout
or beak, used to help with the pouring of
liquid. Most beakers are also graduated,
meaning that there are measurements
marked on the side. The most popular
type of beaker is a Griffin beaker, or a
low form (the height is about 1.4 times
the diameter) beaker with a beak.

Figure 169: Beaker

A flask is very similar to a beaker in use
but is uniquely shaped. It is
characterized by its wide body and
narrow neck.

Figure 168: Flask

For containing precise amounts of liquid,
scientists may choose to use a
graduated cylinder; or a long, narrow
cylinder with a stand at the bottom, and
marking on the side to indicate the
volume of the liquid. These are usually
transparent, to allow the scientist to
accurately pour the desired amount of
liquid.

Like the beakers, flasks, and graduated
cylinders, test tubes are also used to
contain liquids (or solids), but a
significant amount less. Generally, test
tubes are about a finger-length long,
although size can vary. Test tubes
created for chemistry use are generally
made out of glass, or other heat-resistant
materials. Some test tubes come with a
lid, making it convenient for chemists to
use them while working with chemicals.
In biology, the lid allows biologists to
create cultures of live organisms, or hold
samples.
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Figure 170: Chemistry test tubes

Pipettes and Burettes

Another very common item used in labs
is a pipette. It is a tool that scientists can
use to transfer small, precise amounts of
liquid from one place to another. Many
contain measurements on the side to
measure the specific amount of liquid
the scientist wants to move. The most
simple type consists of a small, narrow
tube into which liquid is sucked into by
pressing the bulb at the end of the
pipette, and retained by releasing the
pressure on the bulb. However, there are
several designs of pipettes for different
purposes, ranging from
machine-operated to simple plastic
pipettes.

Figure 171: Pipette

A burette, similar to a pipette, is also
used in the accurate dispensation of
liquid. It is a graduated glass tube with a
stopcock on one end, and a tapered tip
on the other. The inflow of liquid is
controlled by the stopcock, allowing it to
take in a precise amount of liquid.

Figure 172: Burette

Bunsen Burner
The next piece of lab equipment is a
Bunsen Burner, or a device that
produces a single open gas flame with
flammable gas and a controlled amount
of air. The flames depend on the amount
of air allowed in to mix with the gas; less
air results in a cooler flame, while more
air results in a hotter flame. It is used for
heat, sterilization, and other procedures
that require a flame. Because the device
produces an open, high-temperature
flame, scientists must always take
caution around Bunsen Burners to avoid
fire hazards. Always operate the Bunsen
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Burner in a clean, tidy environment, and
never leave it on or unattended.

Figure 173: Bunsen Burner

Microscope

One of the most famous pieces of lab
equipment includes a microscope.
Microscopes are used by scientists to
observe small objects by bending the
light through lenses towards the eye to
magnify the object. As microscopes have
been around since the 17th century,
many different designs have been
created, each with different advantages.
In biochemistry, powerful microscopes
are able to magnify cells to the molecular
level, allowing scientists to study the
shape and organelles of a cell.

Figure 174: Scientist using a microscope

These pieces of equipment are common
in almost any lab, regardless of the field
of science. However, there are more
specific apparatuses useful to the
biochemistry field in particular (along
with other fields).

Centrifuge

For example, a centrifuge is a device for
the separation of different solids, fluids,
or gas based on the density of the
material by spinning the materials at a
high speed. The centrifugal force causes
the heavier materials to the outside of
the vessel, and the lighter materials to
the center, thus separating the materials.
In some lab centrifuges, test tubes may
be used, and in these, the high-density
materials will settle at the bottom of the
tube while the low-density materials will
rise to the top. In the field of
biochemistry, this device is used to
research or purify materials such as cells,
proteins, viruses, etc.
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Figure 175: Example of a centrifuge

Incubator

Another device used in biochemistry is
an incubator. Incubators are defined as
enclosures in which the temperature,
humidity, and other conditions are

regulated and perfected to the optimal
levels for the growth of organisms. In
biochemistry, they can be used to culture
cells, allowing scientists to study the
biological processes. In addition to
biochemistry, incubators have other,
more common applications. They can be
used to nurture larger organisms, such
as chicken eggs or reptile eggs. Because
of this, there are many different types of
incubators curated for different uses.

Figure 176: Cell cultures in an incubator

Figure 177: common lab symbols (https://bit.ly/347iuGt )

https://bit.ly/347iuGt
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Appendix: Current Biochemistry Research

Cancer

Challenging the conventional model of
cancer in which mutations created
cancerous cells, researchers at the
Arizona State University found that
cancer is a form of resurrection for
ancient cellular functions like healing
wounds, developing embryos, and more.

Figure 167: A Cancer Cell,

www.sciencedaily.com

Although these mechanisms are
traditionally turned off and essentially
extinct, irregular regulatory control can
result in them being turned back on,
proliferating cancer cells.

This model has gained an immense
amount of traction over recent years, as
it can be easily tested and proven. A
better understanding is still needed to
develop newer therapeutic strategies,
but this is an important start.

Figure 168: A Nurse and a patient,

cdn.cancercenter.com

Ocean

In order to track down new species,
researchers at the Graduate School of
Agricultural Science at Tohoku University
in Japan are using apparatuses such as
skin and bodily fluids to track down the
eDNA of organisms, and eventually
identify endangered species. The
research was conducted at the Florida
keys, where researchers used their
newly developed FeDS kit to sequence
and identify eDNA from the Cassiopea
jellyfish. Since it is hard to metabarcode,
they had to amplify the mixed DNA
template using battery-operated
thermocyclers that sped up the
polymerase chain reaction process.
Moreover, since only tiny bits of DNA
exist in the skin samples and fruits, they
have to use a NGS, or a large and
complicated machine used to identify
each and every unique piece of code in
DNA strands. A drop of an eDNA mix is
added to portable sequencers, and the
machine displays the results in real time.

https://www.sciencedaily.com/releases/2021/05/210520133840.htm
https://cdn.cancercenter.com/-/media/ctca/images/others/blogs/2021/03-march/blog-chemotherapy-l.jpg?h=630&w=1200&hash=89410032FAD8CB68C5B8C42AA22675A7
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Figure 169: Underwater Plant,

media.eurekalert.org

Already, their team was able to detect 53
previously unreported species of jellyfish
including the Cassiopeia. One day, they
hope to use this technology to mitigate
jellyfish stings along with observing
weather patterns and maintaining
biodiversity.

Figure 170: Underwater Organism,

upload.wikimedia.org

Pets

Finally, researchers were able to
determine the root cause behind the
hereditary hearing loss in Rottweilers.

Figure 171: Two Dogs,

vetstreet-brightspot.s3.amazonaws.com

Unfortunately, hearing loss is a daily
issue with dogs. It can stem from various
heredity and environmental causes, and
manifests in different levels of severity.
Fortunately, researchers from the
University of Helsinki identified the
disorder in the “LOXHD1 gene, which
plays a key role in the function of the
cilia of the cochlear sensory cells”
(Helsinki 21). The specific mechanism
which causes this is still unknown, but it
is common knowledge that similar
disorders are also quite prevalent in
humans.

Figure 172: A Chart, www.google.com

Although the trait is recessive, around
800,000 dogs across this world have
this defect, significantly enhancing the
significance of this study.

https://media.eurekalert.org/multimedia_prod/pub/web/265615_web.jpg
https://upload.wikimedia.org/wikipedia/commons/5/5c/Fkeysmacro.jpg
https://vetstreet-brightspot.s3.amazonaws.com/e5/88/d93f3d544570b968c0c36f0cdf62/rottweiler-ap-pven0l-645.jpg
https://link.springer.com/article/10.1007/s00439-021-02286-z
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Brain Development

Researchers from the German Research
Center for Environmental Health recently
discovered the influence of various
endogenous retroviruses on brain
development, significantly helping
research on therapies. Ever since our
ancestors were infected with
retroviruses, these elements have
remained in our genes, modernly known
as HERVs.

Figure 173:  , www.google.com

These have fortunately lost their ability
to replicate, and are still five times more
prevalent in non-coding parts than
coding genes. Fortunately, new
technologies offer a key insight into the
functions of these viruses.  Using CRISPR
technology, these researchers activated
a group of retroviruses in human
embryonic stem cells, activating various
developing factors. Cortical neurons lost
their function entirely, and axons were
shortened.

Figure 174: , www.google.com

Since many neurological diseases are
associated with these factors such as
cortical neurons and shortened axons,
these developments are essential to
develop therapies and cures.

Moreover, we can manipulate these
elements to support healthy brain
development.

Since these elements have been present
in our brain for 40 to 70 million years,
their presence has to be beneficial in
some way or form.

Figure 175: Evolutionary Path,

cdn.the-scientist.com

https://www.researchgate.net/figure/Retrovirus-endogenization-and-human-endogenous-retroviruses-HERV-formation-During_fig3_317958015
https://www.nature.com/articles/s41580-019-0131-5
https://cdn.the-scientist.com/assets/articleNo/65212/iImg/30200/hervs.png
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Appendix: Experimental Design & Scientific Method

Overview

The Scientific Method is essential in
conducting a successful scientific
experiment. It is a combination of highly
focused, yet rigorous steps designed to
ensure and preserve full accuracy and
scientific integrity.

A key component within the scientific
method is experimental design, the
process of creating and carrying out an
experiment in a controlled, planned
environment in order to draw data and
possible conclusions. As this section will
discuss, there are many steps to the
scientific method, and each of them is
vital in order to carry out successful
research.

Figure 148, step by step diagram of the
Scientific Method

The Scientific Method consists of six key
steps, each of which we will discuss in
detail in the subsequent paragraphs of
this section:

1. Observation/Question
2. Conduct Research
3. Draw Hypothesis + Predictions
4. Experiment
5. Analyze Data
6. Identify Conclusions + Modify

Observation/Question

The first step in the process can have a
strong impact on the entire experiment.
During this stage, scientists create a
question based on accumulated, often
quantitative data.  The question should
attempt to draw a testable comparison
between two objects, known as
variables. This question can be altered
and replaced but it is important to be
concrete with a certain question in order
to fully align the following steps with the
project goal.

Conduct Research

Interchangeable with the first step,
research is a crucial part in the scientific
process, often aiding in the following
stages and experimental design with
accurate, pre existing information.
Conducting Research should be
approached in a multi-pronged
approach.
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Firstly, it is suggested that the scientist
solidify basic vocabulary and knowledge
regarding the particular area in which the
project question revolves around.

Then, scientists are encouraged to
conduct literature reviews - they are
intended for the scientist to read and
respond to relevant research that has
already been conducted in the past.
Literature Review topics can range from
similar research to experiment methods
and tools which you plan on using. It is
important that you compile a sizable, yet
a diverse list of sources with detailed
analysis in order to best enrich yourself
with existing research. Literature reviews
are solely for the evaluation and
consolidation of past research and
should not be used as documentation for
the synthesis of new research.

Finally, the information can be utilized in
creating a scientifically appropriate
hypothesis and experimental design.
Information from research conducted
should be utilized in drawing more
connections and crafting a more
scientifically accurate hypothesis. While
it was discouraged previously to change
your project question, literature reviews
often reveal scientific flaws in the
question and help to evaluate the
practicality of the proposed question.
Therefore, it is key that if changed, the
revised experiment question should
incorporate gained knowledge from the
literature reviews.

Creating a Hypothesis
After completing the first two preliminary
steps, it is then time to create a
hypothesis. A hypothesis is a statement
which details a cause and the predicted
effect of the cause before contrasting it
with other alternatives. Hypothesis
sometimes leads in with an introductory
sentence describing the project or
significance of the experiment.
Characteristics for a good hypothesis
include whether or not it is scientifically
accurate and possible, whether it can be
tested and whether it can include both
independent and dependent variables.
Another important indicator for a
successful hypothesis is falsifiability.
Falsifiability is the ability to prove that a
hypothesis is wrong which is just as
important as being able to prove it
correct.

Experimental Design

Once a final hypothesis has been
generated, your project enters the stage
of experimentation. In order to ensure
reliability while maintaining efficiency,
experimental design is required to
ensure that any experimental bias can
be eliminated.

A basic experiment requires an
independent variable, the variable which
is changed in order to generate results
for different test objects but does not
rely on another factor or variable for its
variability, and a dependent variable, the
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variable whose values are the product
measurement of the independent
variable.

The experiment should also include
controls, the maintenance of similar
conditions or standards in areas that can
potentially cause experimental bias, the
favoring of certain outcomes. Controls
should ensure that certain conditions in
an experiment’s environment which
could alter or affect the results of the
experiment are the same. This is
necessary in order for scientists to know
that their experiment is responsible for
the data and not any external factors.

Control Groups can also be employed to
ensure greater reliability. Control Groups
are used to collect data from people or
objects with the default, non experiment
affected conditions. Control groups can
be labeled as positive or negative based
on the desired control condition. In
positive control groups, the
people/objects are given the standard,
conventional treatment which is
commonly given in relation to the
hypothesis. Meanwhile, in negative
control groups, people are given no
treatment at all.

In the negative control, participants can
also be given a placebo. This is due to
the placebo effect, another bias in which
subjects react to a control treatment in a
way that can affect the data despite the
control treatment having no actual effect.

Placebo groups are effective as it
permits scientists to assess differences
between placebo and actual effects.
Sometimes, placebos are not sufficient
to prevent experimental bias.

Double-blind experiments, in which
both the scientist and the subject are
unaware of whether a placebo or actual
treatment is being used, is even more
effective in preventing bias as it means
that scientists and subjects respond
equally to any type of treatment.

When assigning test subjects to either
receive placebo or actual treatments,
randomization should be used.
Randomization can either be completely
random or be assigned in organized
clusters or groups of people to a certain
treatment.

In an experiment that does not involve
live test subjects, controls should still be
applied and taken into account but they
may not require the same, meticulous
application in areas such as the placebo.

Once all controls have been accounted
for, the conduct of the experiment can
be planned. There are three types of
experimental frameworks often used:

1) The first is Independent Measure
where subjects are randomly
assigned to different conditions of
the independent variable. This
framework can be beneficial as it
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ensures that each subject is equal
in energy levels and not suffering
from fatigue. However, it can also
have negative consequences and
cause potential experimental bias
due to each individual possibly
having extraneous variables such
as gender and age.

2) The second is Repeated
Measures where all participants
take part in all conditions of the
independent variable. This
reduces the effect of individual
differences but can cause an
order effect where fatigue and
anticipation for tests affect data.

3) Finally, Matched Pairs Design is
where participants are split into
groups based on certain
extraneous variables before being
split further into experiment and
placebo groups. This requires a
lot of logistical planning but it
allows scientists to reduce
variables and compare between
participants with similar
characteristics

Experiment

While conducting this experiment, it is
important to keep in mind that safety is
of utmost importance. Ensure that you
are wearing the appropriate gear (etc.
lab coats, safety goggles) and taking
into account the various hazards within
your lab/experiment area. (This will be
covered in-depth in another section)

It is also important to run the experiment
multiple times if possible in order to
ensure accuracy and identify possible
outlier data. The experiment should be
conducted at minimum, three times, and
whose results should all be incorporated
in the final data. Data collected during
the experiment can be classified as
quantitative, anything numerical or
involving figures, and qualitative,
descriptive observations. Both are
important for the next steps but
quantitative data is often prioritized as it
provides concrete evidence.

Analyzing Data:
The first step in data analysis is ensuring
that all values collected during the
experiment are accounted for. This
includes converting between units and
calculating averages. It is helpful for data
to be arranged into a table if possible.
After finalizing all of the raw data/values,
scientists then select a graph in order to
visually present their data. Graphs come
in many forms, each fulfilling certain
types of experiments and it is important
to select the most appropriate in order to
best communicate to readers/the
audience. Here are some examples of
commonly used graphs:

1)
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2)

3)

4)
Figures 149-152. from up to down,
explained below

1) Line Graphs: Shows continuous
data, often in relation to time

2) Scatter Plots: Similar to line
graphs but the trend line is used
instead of connecting every
single point

3) Pie Chart: Used to demonstrate
ratios/proportions of the
dependent variable values of

different independent values at a
specific point in time

4) Bar Graph: Used to compare
quantities between different
variables. Should not be used to
identify trends over time

From the created graphs, scientists can
infer and identify trends in the data
which can then be used to prove
whether the hypothesis was correct or
not. This leads to the final step in the
Scientific Method.

Conclusions and Modifications

Using the data compiled in both raw and
visual forms, scientists are now able to
create conclusions regarding the
hypothesis with evidence to back their
statements.

A conclusion statement should begin
with a restatement/rephrasing of the
project objective and hypothesis before
including a brief overview of the data
and explaining whether it proves or
disproves the hypothesis. Scientists
should also mention potential errors and
holes in their experimental design or
conduct that may have affected the
experiment. Occasionally, scientists may
make a significant error in their
experiment or receive extraneous data.
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Appendix: Careers in Biochemistry

Overview

Biochemistry is a vast subject that
ranges from epidemiology to food, and is
considered by some to be a hard major.
Large schools, such as Harvard and
Stanford, offer courses on biochemistry.

It is common for one job to be
categorized as another, as biochemistry
is a large field yet it deals with the
interactions in chemistry and biology.

Figure 115, Science.ubc.ca

Prerequisites

As a science, biochemistry requires
many traits and knowledges to get into
the field. In order to get accepted into
most colleges for biochemistry, it is
recommended that you have the
following:

● Knowledge of biology, including
an introduction to “genetics, cell
biology, and enzymology, all key
biochemistry topics”

● Chemistry skills, such as working
in a lab, forming a scientific

hypothesis, chemical principles
that are used in biochemistry, and
overall skill in conducting an
experiment

● Mathematics for calculating
statistical data, physics, and
concentrations.

Courses

In a typical biochemistry course
according to the Biochemical Society,
you are expected to learn the following
subjects:

● Metabolism in living cells, such as
learning the basic principles,
control of metabolism, and the
chemical reactions of energy
transfers.

● Molecular cell biology, due to the
overlapping fields between
microbiology and biochemistry.

● Ethics of biochemistry and
environmental concerns

● Understand the challenges faced
by biochemistry; ethical,
environmental, and social

● Have skills in understanding,
sorting, and handling large
quantities of data

● Keeping up-to-date with relevant
developments in biochemistry

● Skills such as having a concern
for detail and an overall interest in
interpreting data
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Geneticists

Like most careers mentioned, geneticists
fall under a large branch of
microbiologists. Geneticists study genes
and heredity, conduct experiments to
determine origins of genes, diagnose
genetic disorders, and treat genetic
diseases. Some types of geneticists also
modify DNA for experiments, called
gene editing. This process changes the
phenotype of the specimen in the
experiment and products like these can
be found nearly everywhere. Geneticists
use biochemistry to alter and study
genes.

Microbiologist

Microbiology is a vast topic when it
comes to careers. In jobs in
microbiology, it is likely to see scientists
isolate and keep bacteria alive for study,
prepare technical reports, and present
their research to other scientists.
Microbiologists work by either
conducting basic research or applied
research, with the basic research goal
being to increase scientific knowledge3.
Applied research is using said basic
research to make hypotheses and to
conduct experiments, as well as to solve
problems.  As microbiology is a vast
topic, jobs can range from making
transportation fuel to the study of
diseases. Biochemistry is tied into
microbiology during experimentation
between living organisms and chemicals
used to alter the organisms.

Biomedical Scientist

Biomedical scientists are scientists who
use data on diseases and sicknesses to
diagnose, treat, and experiment
diseases. Biomedical scientists can be
divided into 4 different specialties with
their own subsections including infection
sciences, blood sciences, cell sciences,
or molecular pathology. As the term
biomedical is broad, it is no doubt that it
extends into many different career paths.
As a biomedical scientist, you could end
up as a nurse, a doctor, a researcher, or a
laboratorian.

1. Infection sciences: Infection
sciences are the studies of
pathogens that cause infections
and diseases. In infection
sciences, there are two main
subsections, medical
microbiology and virology.
Medical microbiology focuses on
the study of bacteria, fungi, and
parasites; and experiments with
antibiotic treatments. Virology
focuses on the study of viruses,
their replication, and vaccines and
treatment to prevent and treat
infections. Recently, virologists
collaborated with research from
epidemiologists to create
vaccines for SARS-CoV-2. With
the collaboration between the two
professions, the COVID-19
pandemic was heavily slowed
down.
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2. Blood Sciences:

Figure 116 Blood Cells, healthengine.com.au

Blood sciences are the studies of
blood; its uses, diseases,
interactions in the body, and
transfusions between patients.
Blood sciences can be divided
into 4 specialties, consisting of
clinical chemistry, hematology,
immunology, and transfusion
science. Clinical chemistry deals
with the analysis of blood and
bodily fluids for the diagnosis of
diseases and research.
Hematology, the study of blood,
focuses on the composition and
function of blood and blood
diseases. Immunology in blood
sciences focuses on the immune
system and the way it fights
diseases, as well as tumors and
autoimmune diseases. Lastly,
transfusion sciences study the
shape of blood and monitor and
study blood transfusions.

3. Cell sciences: In cell sciences,
scientists study the architecture,
shape, and functions of cells and
tissues in the body. Cell sciences

can be divided into two main
groups, including cellular
pathology and cytology. Cellular
pathology is the study of the
tissue in the body and for the
diagnosis of cancer. Cytology is
also the study of cells found in
tissue, however, the difference
between the two is that cytology
is the study of one or a few cell
types while histology focuses on
the tissue structure.

Figure 117 Plant cells, biologyonline.com

4. Genetics & Molecular Pathology:
Both of these sciences are similar,
as they both have to do with the
study of genetics. However, the
difference between the two is that
molecular pathology, unlike
genetics, focuses on the general
functions of DNA while genetics
focuses on the heredity of genes
and how they are passed down
from generation to generation.

Biotechnologist

As the name suggests, a biotechnologist
is an engineer that puts biological
processes to use in a practical
application. Biotechnology has a lot of
uses, and so can be divided into 4
different sections.
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1. Medical: Biotechnology has many
medical uses and has also
created some of the most
important products today; such as
antibiotics, technology to alter
genetic material, and vaccines.

2. Agricultural: Biotechnology in
agriculture can be found in
livestock and crops.
Biotechnologists alter the
genetics of an organism so it
presents more favorable traits. If
an organism is genetically altered,
it is called a GMO, or genetically
modified organism.

Figure 118, A cornfield,
pretty-terrible.com

3. Industrial: In industrial uses,
biotechnology is used for the
production of materials such as
plastics and papers, chemicals
used in everyday life such as
contact fluid, biofuels, and food
preservation. Industrial
biotechnology is also currently
being explored for uses to reduce
carbon emissions, pollution, and
for resource conservation.

4. Environmental: Due to the
prevalent use of biotechnology,
there is no doubt that it is also
being used to tackle some of
Earth’s biggest challenges.
Biotechnology is starting to be
used in groundwater treatment,
cleaning leachates, and to stop
and slow pollution’s harmful
effects on ecosystems.

Figure 119, Biotechnology in wastewater
treatments, resistancecontrol.info

Forensic Scientist

Biotechnology is used in forensics in
order to help identify a suspect or
compare two crime scene samples.
Forensic scientists do this by comparing
the genomes of two samples and seeing
the similarities between the two.
Samples left in crime scenes can be any
biological substance left behind, such as
hair, skin, and blood.

Nanotechnologist

The usage of biotechnology in
nanotechnology, known as
nanobiotechnology, has changed the
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world of engineering. Biotechnology is
used in nanotechnology to create
improved drugs that can target locations
in cells and deliver a gene or specific
drug.

Pharmacologist
Pharmacologists are scientists who use
scientific knowledge to test and develop
drugs and therapies, as well as the
prevention of drug interactions in case
one person is receiving two medications
at the same time. Pharmacologists study
drugs’ chemical properties, uses, and
biological effects on the human body.

Environmental Engineer

Environmental engineers are
professionals who use the combined
knowledge of biology, chemistry,
geology, mathematics, and hydraulics to
create engineered solutions.

Epidemiologist

In a pandemic, epidemiologists are
scientists who study, contain, and
monitor disease outbreaks. They collect
data on who the disease targets, who or
what the disease came from, and
collaborate with the correct type of
scientists to fight outbreaks.
Epidemiologists also alert public
authorities to warn and give safety
instructions to the general public. Unlike
other biochemists, epidemiologists also
need a PharmD from a pharmacy. The
PharmD is a degree from a pharmacy

school and requires 8 years of studying
and work. One of the biggest impacts of
epidemiologists in recent years was in
the COVID-19 pandemic, where
epidemiologists studied SARS-CoV-2
and warned the general public of the
transmission and methods to slow the
spread. These epidemiologists then
communicated with virologists to create
vaccines.

Figure 120, A vaccine, citywire.co.uk

Figure 121: types and frequency of jobs in
the chemical field (https://bit.ly/3hO8YQE )

Check your understanding

1) What groups can Cell sciences be
divided into?

Cell sciences can be divided into two
main groups, including cellular pathology
and cytology. The difference between
the two is that cytology is the study of
one or a few cell types while histology
focuses on the tissue structure.

https://bit.ly/3hO8YQE
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Ethics

According to the American Society of
Clinical Laboratory Sciences, there are
three main parts of ethics in the lab: duty
to patient, duty to colleagues, and duty
to society. Even though many lab
scientists usually do not actually see
their patients, they must act in their best
interest and never do things that would
intentionally harm anybody. They also
have a duty to their colleagues to create
the best work environment possible in
order to achieve their goals and help
society with their findings. Although most
scientists try to act in the most ethical
way possible while also inventing
techniques and products, there have
been many controversial events in
science history. Oftentimes, scientists
and the general public may disagree on
the best balance between ethics and
innovation.

CRISPR and Human Genome Editing

CRISPR, or Clustered Regularly
Interspaced Short Palindromic Repeats,
is one of the most popular and useful
techniques in the lab today. However,
many view CRISPR as unethical because
with it, scientists are able to edit human
genes. Human genome editing is an
extremely controversial topic because
most of the time, it must be done in the
womb before a baby is born; therefore,
the actual human subjects cannot
consent because they are still fetuses.

Figure 121,
Potential Options
for designer baby
modifications,
shorturl.at/hnoN4

Editing human genes also raises the
question of whether having babies with
desirable genetic traits such as
resistance to certain diseases or physical
traits, or “designer babies,” is an ethical
practice. If the rich can pay to have
designer babies superior in strength,
looks, and intelligence, it may eliminate
diversity and individuality in a significant
portion of the human race.

Animal Testing

Currently, activism against animal testing
and supporting “cruelty free”
manufacturers is a movement that is
gaining momentum. Documentaries,
short films, and articles from different
organizations and activists are trending
all over social media and the news,
depicting the dangerous lives of millions
of helpless small animals such as mice
and rabbits. However, many may argue
that animal testing is necessary for
medications and pharmaceutical
products because if scientists do not test
on animals, humans may be the ones to
use underdeveloped products and face
health repercussions
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Conclusion: Glossary

Active ingredients Ingredients that serve a function in a medicine.

Active site (MoBio) The portion of the enzyme where the substrate binds is called the

Adhesion The clinging of one substance to another

Alkanes

A group of saturated hydrocarbons with no additional functional groups and similar
properties. By definition, their carbon backbone only consists of single bonds and
each carbon has a maximum number of covalent bonds with hydrogen

Amino acids The monomer of proteins. Made of an amino and carboxyl group.

Amphipathic Having both hydrophobic and hydrophilic parts

Amylase
An enzyme which catalyzes the hydrolysis of starch into sugar. Present in the
digestive system.

Anabolic Contrasted with Catabolism, constructive chemical processes

Animal Biochemistry
Branch of biochemistry focusing on the chemistry of the biological processes within
animals

Anoxygenic/anaerobic Processes which do not require oxygen presence

Anthropogenic The product of human activity

Atmosphere
The layer of gases that surround a planet, with earth's containing oxygen, nitrogen,
argon, and carbon dioxide.

Basal metabolic rate Number of calories needed for the body to function at rest

Biomass Any mass that is made of organic matter.

Biomolecules
A molecule that is produced and used by living organisms. The 4 major
biomolecules are carbohydrates, lipids, nucleic acids, and proteins.

Biosphere The "layer" of earth that contains all of life on the planet.

Blood type A variation of blood that is determined by its antigen characteristics

Carbohydrates
One of the major 4 biomolecules, Carbohydrates are "foods" that often include
sugars, starches, and cellulose.

Carboxylic
An organic acid that contains a carboxyl group. These include amino acids and fatty
acids.

Carcinogens Any substance that is capable of causing cancer.
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Cartesian system A coordinate system that uses a pair of coordinates, such as (x,y,z)

Catabolic A metabolic pathway that breaks down molecules into smaller units

Catalysts A substance that increases or starts a chemical reaction.

Cell membrane
The membrane of a cell, also known as the cytoplasmic membrane or plasma
membrane.

Cholesterol Crucial Lipid Steroid, a common precursor for other lipid steroids

Chromosomes
Long, threadlike DNA molecule containing large sections of an organism's genetic
material

Cis and trans isomers
Variations between similar compounds, having differences in the arrangement of
atoms/groups around double bonded carbons

Coenzyme
Small organic molecules which assist enzyme catalysis of reactions by binding to
their active sites

Copolymer Polymer containing more than one type of monomer

Covalent Bond The Bonding of Atoms/Molecules via the sharing of electron pairs

Creatine kinase
An enzyme found in muscles, organs, and skeletal systems that are released when
muscle tissue is damaged.

Criminology The study of crime, including the intentions and how the criminal committed them.

Cyanobacteria A group of bacteria with photosynthetic capabilities.

Cycloalkanes Hydrocarbons that are arranged to form a ring.

Dehydration Synthesis
A process in which monomers are covalently bonded in a chain while releasing
water

Delocalized (Ochem) The distribution of electron density in a group of atoms.

Dibasic An acid that has two replaceable hydrogen atoms.

Digestion (polymers)
In polymers, digestion occurs when water molecules are added to polymers to
break them down into monomers.

Diols A chemical containing two hydroxyl groups.

Dipstick test A test where, using chemicals, a stick is used to determine abnormalities in urine

Elastomers A polymer with elastic properties

Electron density The probability of an electron being at a point at any given point in time

Electronegativity A measure of an atom's attraction of electrons

Enthalpy Enthalpy is the comparison between heat and work in science and engineering.
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Entropy The measure of the amount of intrinsic disorder within a compound.

Enzymes A substance produced by a living organism that is used in a biochemical reaction

Esters An acid where at least one hydroxyl group is replaced with an alkyl group

Fatty acid tails A structure that consists of carbon-carbon bonds

Fibers A thread-like structure

Fisher theory The theory of why the sex ratio of most species remains at 1:1

Forensic chemistry The use of chemistry in forensics and criminology

Functional groups Groups of atoms within molecules that have their own properties

Functionalization The process of adding new functions to a material by changing its surface

Galactosylceramide Major glycolipid found in myelin

Genomics
The branch of chemistry involving the structure, function, and passing down of
genes

Gibbs free energy The amount of work that can be extracted in a thermally closed system

Glycerol A viscous, and sweet liquid that is also colorless and odorless

Glycolysis
Anaerobic Metabolic Pathway in the process of cellular respiration which converts
glucose into pyruvate for energy

Glycosylation Reaction where a carbohydrate attaches to the functional group of another molec.

H Antigen A major precursor to other blood type antigens (ABO)

HDL (high dentistry
lipoprotein)

(High dentistry lipoprotein) is known as good cholesterol as it carries the cholesterol
from around the body back to the liver, where the cholesterol will be disposed of

Hematocrits The proportion of red blood cells to plasma

Hemoglobin Protein within red blood cells, responsible for carrying oxygen

Hemophilia Disorder in which blood doesn't clot properly

Heparin
Anticoagulant used to decrease clotting in the blood to prevent harmful clots from
forming

Heteroatoms Any atom that is not Carbon or Hydrogen

Heterozygous Carrying two different alleles for a specific gene

Homopolymer Polymer built from only one type of monomer

Homozygous When both alleles are the same for a particular gene

Huntington’s Disease Neurodegenerative Disease involving the progressive deterioration and breakdown
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of brain nerve cells

Hybridization The concept of orbital fusion, forming new hybridized orbitals.

Hydrocarbons A compound consisting of hydrogen and carbon

Hydrogen Bonds Weak Bond involving hydrogen bonding to a more electronegative atom/molecule

Hydrolysis
Process involving the breakdown of a polymer chain into individual monomers by
inserting water to break covalent bonds

Hydrosphere General term encompassing all of Earth's water

Ibuprofen Anti-Inflammatory Painkiller used to treat a plethora of aches and pains

Inactive ingredients. Ingredients that don't actually affect the function of cells or enzymes

Initiation (polymers)
When the double bond between Carbon atoms breaks in order for the free electron
to be transferred to the outer carbon atom.

Initiator Molecules which bind to the start of a polymer chain while producing a free radical

Inorganic In chemistry, anything which does not involve carbon

Insulin Anabolic Hormone which assists body in regulating blood sugar levels

Ionized/ionization Something that will begin the process of polymerization

Isomers The possible variations in structure for the same compounds.

IU Amount of enzyme required to catalyze 1π mol of substrate to produce per minute.

Katal The moles of enzymes required to increase the turnover by one mol per second.

Kearns-Sayre
Syndrome

A rare neuromuscular disorder with onset usually before the age of 20 years. It is
the result of abnormalities in the DNA of mitochondria - small rod-like structures
found in every cell of the body that produce the energy that drives cellular functions

Koshland model

A model that supports the Koshland theory in which that when the active site on
enzymes make contact with the proper substrate, th enzyme molds itself to the
shape of the molecule

LDL (low density
lipoprotein)

Makes up most of the body's cholesterol. Considered bad as it can increase risk for
various diseases such as heart disease and stroke

Leukocytes Cells in body fluids responsible for counteracting foreign substances and disease

Ligase
An enzyme which brings about ligation of DNA or another substance. Typically seen
in DNA replication where it is used to connect Okazaki fragments together

Lipid Contains fatty acids which are insoluble in water but soluble in organic solvents

Lithosphere The rigid outer part of the earth, consisting of the crust and upper mantle.
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LDFs The weakest intermolecular force which creates a temporary attraction.

Lone pair electrons A pair of valence electrons which are not bonded

Macromolecules

A macromolecule is a very large molecule, such as a protein. They are composed of
thousands of covalently bonded atoms. Many macromolecules are the
polymerization of smaller molecules called monomers.

Molecular weight Weight of a molecule per mole

Monomer Single molecule which, when linked with other monomers, forms a polymer

Myelin sheath Fatty tissue that protect the axon

Natural Polymers Occur naturally in plants and animals

Neurons Cells in the brain which transmit information

Nitrogen fixation Essential metabolic process in plants

Nitrogenous bases The main bases of DNA and RNA

Nucleic acids
Type of Macromolecule composed of nucleotide monomers. Types include DNA
and RNA.

Nucleotide
Monomer of Nucleic Acid, consisting of a 5 Carbon Sugar, a phosphorus group and
a nitrogenous base

Complete blood count The most common type of blood test, done in routine checkups

Orbitals (chemistry)
A 3D region around an atom's nucleus where an electron spends 90% of its time
orbiting in.

Organic Anything that involves carbon

Oxidizing agent Substances which is able to accept electrons from other substances

Oxygenic/aerobic Processes that require oxygen's presence

Pepsin Main digestive enzyme in the stomach, breaks down proteins into smaller units

Pesticides Used to protect crops from insects and pests

Phosphate group. A group with phosphorus and oxygen.

Phospholipid bilayer A 2 layered polar membrane which forms the boundary of cells and vesicles

Photosynthesis The process where organisms make energy out of sunlight

Plasma Liquid portion of the blood

Platelets Cell fragments which aid with blood clotting

Polyethylene A polymer responsible for the material of plastic bags
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Polymerization The process by which polymers are produced from their monomer subunits

Polymers Long chains of molecules made from smaller molecules called monomers

polysaccharides A carbohydrate consisting of many monosaccharides linked together

Propagation
When monomers line up and open up their carbon double bond, receiving the free
electron as they line up to form and build the polymer chain

Protein A nutrient that is essential in the body

Protein trafficking The sorting/transport of a finished protein to a respective organelle/area of the cell

Reducing agent An element that loses an electron

Ribonucleic acid Otherwise known as RNA

RNA/DNA transcription The process of transcribing RNA from DNA.

Schwann cells Cells that produce myelin sheath

Setae Microscopic hairs on geckos

Soluble Able to be dissolved in water

Spatulae Bristles on geckos

Steroid hormones A steroid that acts as a hormone

Steroids Molecules with 4 fused rings

Structural biology The study of the molecular structure and dynamics of biological macromolecules

Substrates Molecules that bond with enzymes, in order to produce ATP

Synthetic polymers Man-made polymers, modeled after natural polymers

Termination
Another free radical leftover from the splitting of peroxide arrives and bonds to the
other end of the polymer chain.

Testosterone and
Estrogen

The respective male and female sex hormones. They are released into your
bloodstream by the ovaries and adrenal glands.

Thermoplastics Materials that are flexible at specific temperatures

Thermosets
Polymers in which when heat is applied, irreversible crosslinks are formed between
polymer chains, hence becoming solid

Translation The ribosome begins to form a polypeptide chain of amino acids.

Troponin A type of protein found in the muscles of the heart

Urinalysis Testing of urine
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