Chapter 1

Isolating DNA, the Blueprints of Life

Zero to Engineering Hero is unique in many w:
other biology books. So before we jump into
of Chapter 1, let's discuss how the chapte
book are written.

ation, but trust
se to compleuon

on exercise so that you have real
world skills and context to anchor the concepts in the
Fundamentals. If during the hands-on exercise you
are uneasy and want more, you can always start with
the Fundamentals and circle back to complete the
exercise, but we suggest doing the hands-on exercises
first.

will start your Genetic Engineering
simple, engaging hands-on exercise:
ct deoxyribonucleic acid (DNA) from a
ikely heard of DNA before in classic
sic Park, forensic television shows
in the news. However, few individuals have ever
seen DNA in real life or know how to extract it from
an organims, living or dead. As you learn how to
extract (separate) DNA from their cells and see it with
the naked eye, you will also be learning the general
principles of Breaking Cells Open & Extracting DNA.
You may even be surprised at how much DNA you
consume when you eat a single strawberry!

This exercise will help you to more richly understand
the knowledge gained in the "Going Deeper” sections
which focuses primarily on DNA, its structure and
function. Further, by completing hands on exercise,
youwill begin laying the foundation forunderstanding
and doing genetic engineering in the chapters to
follow.

For this chapter, you do not need any specialized
equipment and you can complete the exercise in your
kitchen or at your desk. Chapter 2 will cover setting up
the necessary equipment and space for the exercises
in later chapters.
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Getting Started
Equipment and Materials

You do not need any special equipment for this exercise. The materials can be obtained either by purchasing an
DNA Extraction Kit online at www.amino.bio, or by purchasing the components listed below at a local grocery
store or pharmacy. The last two bolded items are not included in the DNA Extraction Kit.

If you are eager to complete all of the exercises in this book, you can purchase a b tion of all the
wetware kits: a Zero to Genetic Engineering Hero Kit Pack is available at www.amino.b;

Shopping List

99% isopropyl alcohol (rubbing alcohel) - 2 Thsp

water (distilled, or bottled water) - 1 Thsp

white salt - 1/4 Tsp

clear shampoo, hand or dish soap with EDTA (ethyle inete! tic aci /4 Tsp
1 paper coffee filter (#4 or #5 are a good size to fitin a cy|

1 very narrow glass, such as a shot glass
1 small sandwich ziploe bag

1 small drinking cup

1 soft fruit (1/2 kiwi, 1/5 banana, but 1

Instructional Overview

Malke a saline solutio
iti ual cells
release the DNA

gl ol ol ol

ion Hands-on excercise: 20 minutes.

ntals section includes 2 breakout discussion / exercise.
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What is DNA? Breakout Session

While you wait for vour DNA Extraction Kif to arrive,
or if you'd like to prepare with some contextual
exercises on DNA prior to the exercise, you can get

going now!

Grab your laptop or head to your desktop computer
and go to the URL:
https://amino.bio/what-is-dna
on mobile devices.

nate: not available

What is DNA? is a simple exercise that will provide
you with basic context and historical facts about
DNA in relation to the genome. You can do the
exercise as many times as you like or need, and at
any point during this book. We've found that a few
tries at the drag-and-drop exercise really helps
grasp what genomic DNA is.

Inthischapter'shands-onlearningactivity, youwill
be getting a piece of fruit like a single strawberry
and mashing itup sothat the cells that make up the
fruit become separated. You will then break open
these cells to release the inside components of the
cells into the outer environment

ml:]udes

‘ane made up of an estimated one Trillion cells. There are
10 thousands of diflerent types of cells that make up the

With the exception of matune Fled Blood Cells, each human cell has.
& copy of thal person’s genome.

bacteria cells and this

shows in the size of a human genome. The human genome is about
3,000,000,000 base pairs long. This is about 1000x larger than
bactarial ganomes!

Uniike how an E. coll s a

ger

s made up of 6 ch
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Surfactants Pro-tip

‘There are many different kinds of surfactants used when doing genetic engineering experiments. In this
exercise you used SLS—a common surfactant in hand soaps. In laboratories, a very common surfactant
is called sodium dodecyl sulfate, or, SDS. Another popular surfactant which you will use in later chapters
is called Triton X-100. In general you can browse the internet to find which surfactant will work for your
experiment. In many cases you can use a number of surfactants for a particular ex periment. For example,
we could have used Triton X-100 for this exercise. We did notbecause Triton X-100 is much more expensive
and harder to get then household soap, which provides the same result in this case.

| Step 4. Filtering the cell debris |

You now want to separate the DNA that is still excess shampo
dissolved in the salt water from the rest of the cell
“debris” and micelles that you are not interested in for
this exercise. This debris includes the carbohydrates
and lipids from the walls of the cells, soapy micelles
with cell debris, as well as clumps of proteins. Simple
filtration will be sufficient to separate this debris and

Jles from the dissolved DNA.

oapy salt water in a
ltel:ed “DNA" for the

the precipitation may not work
on will explain why.

Seta paper coffee filter in a cupand pour the conté
of your bag into the filter. Allow a few minute
for the salt water liquid containing DNAgte
through the filter As the water, salt, and di
DNA pass through the filter (accompanied by s

1-8. 5t

| Step cipitating the DNA |

In this last step, you are going to use chemistry to
cause the DNA to “fall” out of the solution so that it
can be seen with the naked eve. This “precipitation”
is one of the most commonly used techniques in
chemistry. Get your tube with 99% isopropyl alcohol

narrow/small glass and set it in front of you. You're
about to see some chemical wizardry!

If you look at the liquid that passed through the filter,
which scientists call the filtrate, vou will notice it is

or add 2 tablespoon 99% isopropyl alcohol to a

clear and tinted red thanks to some red pigment
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Inner Lipid Bilayer

Peptidoglycan

[Fac tory Floor

Protein

P >

Figure 3-21. Factory lobby vs. the Intermembrane Space of a cell. At your back is the outer brick wall and ut_@‘j‘ncmhranc. You can see
the Inner wall / Inner Membrane space just beyond the lobby, = »

inter membrane space (salt coneentrations, water
The LObby (c) molecules, and othg el il molemles);#é more
As we move into the factory, we pass through doors Similar to the ““‘g.. of the eell thamta the outer
into the lobby (Figure 3-14). Cells also have doors, in €nViroRment. In fother wofds, the infermembrane
a way. Some tubular-shaped proteins cross through R rans itighal 51% E thatd@lps to maintain a
the cell membranes and act as “portals”, serving as G
the entry and exit points of the cell. This is where food
enters the bacteria and waste exits the cell. We will be

learning in-depth about proteins very soon. Thl*hller ms {D)

Once you enter the lobby (Figure 3-21) you have also 4
entered the building. However, you are not yet on thé
factory floor. The lobby is a transitional location and

acts as an extra check point. In this lobby ther&is, s 3 all 1 ;
security guard keeping an eve open for any(fr ) Thes@inael factory walls also play a very important
The temperature, humidity, and air qua In l}fé:'f &ale.swe arts oflhg factory may need to hewarmer.
lobby is controlled, but may be differet | colder or mere humid than the lobby. These inner

Have a look around this beautiful lobby - we can very
%rly see théﬁner wall we just came through. We
canalsosee a gumber of innerwalls and passageways.

ool ety walls and pagsageways help to regulate the conditions
factory floor. Nevertheless, it is much eloser to those %ﬁe diffffent areas while contributing to the

structural integrity of the building. (Figure 3-22).

conditions than the outside environment.

The lobby-like space of K12 E. coli

is called the inter m
It is the space that &
membrane and the if
‘security.check point“since
or exi{;}&‘l‘ﬂfmusl go through this space. In the inter
me; _._"' ne space, lherer?gi_ n_additional physical
bafrier called thepeptid M"Peptidoglycan‘ is

(mesh-likedf CHiv rrier between the inner
fmembranes of E. coli cells (Figure 3-19  pigyre 3-22. Factory Inner Wall vs. the Inner Membrane of a cell.

and oute
and Figure 3-21). The chemical environment of  You have passed though the lobby.

Peptidoglycan G

Peptidoglycan is made of sugars (N-acetylglucosamine) that are connected to amino acids (alanine, gluta-
mate, alanine) to form the mesh. As you now know, cells can create hybrid macromolecules. These are a
combination of different macromolecules, for example a sugar bound to a lipid (to make LPS).

Peptidoglycan is a mix of sugars and amino acids. Over billions of years cells have been doing ‘molecular
mash-ups’ to find new and interesting molecules that help them survive. What is really cool, is that they
are almost exclusively made up of CHOPNS!
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and fun” state. All of the anticipation and fear have transformed into the feelings exhilaration and fun.
You also experience some relief, another by-product of the roller coaster reaction. The key parts of the
reaction were the reactants (you as “anticipation and fear”), the energy needed to start the chemical
reaction called the activation energy (the roller coaster car going up), and the products (exhilaration and
fun, with some scream and relief). In the case of most chemical reactions that happen in cells, there is not
enough activation energy, usually in the form of heat, in the cells to cause the chemical reaction to occur
on its own. This is where protein enzymes become important.

Protein enzymes are ‘magical’ macromolecules that can ‘catalyze’ the chemical reaction. This means
that even though there isn't enough energy, they can still cause the reaction to happen - they have a nifty
“hack” to make the reaction happen. In technical terms, the “hack” is that the enzyme catalyst lowers
the ‘activation energy’ required to cause a chemical reaction. This can catalyze a chemical reaction that
wouldn't normally happen.

Each enzyme has a specific purpose and can catalyze a specific chemical reaction. is w]

biology sospecial. There are thousands of proteln enzymes that r:atalyme the chemjeal
for ]]In, including the creation of enzy lyze more -

\:“/“‘”\Q;

Activation Energy

I I D)

Figure 3-27. A normal chemical and activation energy in order to turn into products. Enzymes lower
m:mmmlm«nm needed an cause reactions to happen in cells that wouldn't normally happen.
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downstream

Promoter

Figure 4-26. RNA polymerase can bind to the DNA nucleotides in
oneway which points the RNA polymerase in the correct direction.

During transcription: Which DNA
strand does RNA polymerase
read?

There are lots of nucleic acid strands to keep track

of! During transcription there are three nucleotide
strands involved:

coding region.

Here's where things get a little wacky - ready for a
mind bender? Even though our point of reference
is the (+) strand, and the RNA polymerase travels
from 5' to 3" on the (+) strand, the RNA polymerase
actually reads and transcribes from the other strand,
the Template Strand. Another name for this is the
‘minus’ (-) strand. In the next section we're going to
see why RNA polymerase does this, along with the
‘cipher’ that it uses to transcribe DN uences into
RNA sequences.

+ strand for this ge

5

NA polpterase would bind to the blue region
¢t toward the 3" OH end of that strand.

» The RNA strand that is being made ( ibed)
by RNA polymerase

» The two complementary DNA strands t
up the DNA double helix, one of which
read by RNA polymerase

How does RNA polymerase know
DNA to bind to so that it goes in

depends on the strand
in. In Figure 4-27 yo
region) can actually b
the arr inting
direction

ter sequence is situated
trand or ‘Leading Strand’
will be oriented so that it
m of the promoter into the

After discovering DNA's structured in the 1950s,
the next great mystery was how DNA could hold the
information for other molecules such as RNA and
proteins. It took decades of research to unravel this
mystery.

As you saw in Figure 4-19 and Figure 4-20 RNA
nucleotide structures are quite similar to DNA
nuclectides. There is one other important difference
between DNA and RNA: There is no ‘T thymidine
nucleotide in RNA. Instead there is a ‘U’ nucleotide
for uridine, hence, GAUC.

What DNA strand should you use when ordering DNA? If you see a DNA sequence for sale online, or if
you plan to design a DNA sequence to order, ignore the sequence of the template strand. In all instances,
euse the DNA sequence of the Leading (+) strande in the order of 5" to 3", If you know the coding (+) strand
sequence, itis easy to determine the template (-) strand. This is simply a convention that the research and
biotechnology community has agreed upon.
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Check Point!

You've accomplished quite a lot so far on your journey, Congratulations! Below isa 21 point checklist summary
of what we learned and did in Chapters 1-5. Review it before going further, and make sure to repeat any
exercises or breakouts if you feel it necessary!

LB agar plates are made. They are the food (sugar, amino acids) and substrate (solid agar scafolding in
a petri dish) that E. coli can grow on. Non-selective LB agar plates are used to grow “Blank cells”, while
selective LB agar plates are used to grow genetically engineered cells that have a selection rker.

caleium chloride so that the cells are better able to take in DNA.

A DNA plasmid is mixed into the chemically competent ¢
in order to help the DNA plasmids pass through the cell mi
cooled to trap the DNA inside.

The cells are recovered in Recovery Media at 37" C to begm 1h2|r
begin expressing their selection marker, such as an antib; E

Inorderto express the selection marker, the D
has a promoter, RBS, and protein coding se

ip off” the DNA. The RNA polymerase then releases the RNA
the E. coli cell - transcription ends.

ping around the cell bump into the RBS sequence of the RNA transcript
ruit the ribosome which also binds to the RBS and locks in thanks to

don is present, a special starter tRNA (fTMet) binds to the ribosome and kicks starts
. The ribosome rides down the RNA transcript like a train on train tracks and the
oacyl tRNAs that are complementary to the particular RNA codon in the RNA
allow the ribosome to know what amino acids to add to the growing amino acid

e ribosome encounters a Stop Codon where a release factor resides and concludes the
translation of the amino acid string. The ribosome falls off the RNA transeript

‘While translation is happening, as well as afterwards, the amino acid string folds up on itself
to form a three-dimensional macromolecule called a protein. It is the three-dimensional
structure of the protein that determines its function.
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