Biology 220 The Living Cell Laboratory Manual

MODULE E

USING BIOTECHNOLOGY TO
CHANGE GENE EXPRESSION
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EDUCATIONAL OBJECTIVES

- Analyze and comparé genetic sequences>

= Practice aseptic technique and spectrophotometry

Ubserve

= Recognize methods to modify organisms and appropriate reasons to do so
—

Design @ onstruct to{increase protein production

= Write a technical report

SCIENTIFIC QUESTIONS
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MODULE E: USING BIOTECHNOLOGY TO CHANGE GENE EXPRESSION

BUILDING NEW BIOMOLECULES
Much of modern molecular biology research is done by combining an'

DNA sequences to learn how they function and make useful products. This.is known as
RecombinantDNAY where pieces of DNA from different organisms are combined to make
new products, or to make more of existing products.

One classic example of this technology is the use of E. coli to make insulin for diabetic
patients. In this case, the human version of the gene that codes for insulin is combined with
a strong promoter element on a circular piece of DNA. These are then moved into E. coli
cells, which transcribe the DNA and translate the resulting RNA to make protein (Figure 1).

These proteins are purified and checked for quality before being packaged and distributed
to patients.
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Figure 1. A schematic of recombinant DNA, in which human DNA is combined with a bacterial plasmid
and moved into bacterial cells to make human proteins. Modified from https://pmgbiology.com/2014/11/30/
recombinant-dna-a-understanding—for—igcse-biology/

Recombinant DNA can also be used to understand hol specific D

in cells and what happens if they are rokerﬁnu.sampm the sequef{ces that requlate
protein-coding genes in cis (like pfoma ‘ephancers (silenceps) make up about 10% of
the human genome and are not well understood. If we combine these regulatory sequences
about how the regulatory

with protein-coding sequences we do understand, we can learn
sequences work. For example, we can combine new regulatory sequences with a reporter
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MODULE E: USING BIOTECHNOLOGY TO CHANGE GENE EXPRESSION

gene, like GFP, and measure how much of the green fluorescent protein is made in cells.
When we put these reporter constructs in other organisms, we can answer questions like
where, how much and under what circumstances is the gene expressed?

Regulatory Sequence Reporter Gene
to Be Studied (e.g., encoding GFP
(e.g., a gene's promoter) or luciferase)

DNA

A Reporter Protein Amount
|s Easily Measured
(e.q., GFP by flourescence}

Figure 2. A schematic of a reporter construct. Modified from httsz/en.wikipedfa.org/Wiki/Heporter_gene

Originally, recombinan molecules, were built as or bacterial cells. Bacterial
plasmids are pieces of circular DNA with three defining features:

1. The bacterial origin of replication allows the vector (and its modified DNA) to be rep-
licated by the bacteria. This results in two simultaneous types of amplification. First,
each cell contains between 10-200 copies of the plasmid per cell. Second, each time
the bacterium replicates and divides, it also replicates the plasmid. Thus, if cells are
allowed to grow and divide overnight, millions of copies of the plasmid can be obtained.
This is helpful if you need to make a lot of a specific protein, like insulin. It can also
help if you need to amplify a signal for detection, such as when we build fluorescently

labeled proteins.

2 The recombinant DNA molecule is added to the recipient cells by transformation. The
efficiency of transformation is low; bacteria usually take up about 1 in 10,000 DNA
molecules. Thus, it is necessary to have a method for selecting those bacteria that
have been transformed. Bacteria that have successfully taken up the plasmid can be
isolated by growing the cells on antibiotics. The E. coli we are working with are not
naturally resistant to antibiotics. However, the plasmid contains a gene that renders
cells resistant to ampicillin. Thus, only cells that contain the plasmid will be able to
survive on plates containing the antibiotic ampicillin.
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MODULE E: USING BIOTECHNOLOGY TO CHANGE GENE EXPRESSION

3. Plasmids also typically have a place where new DNA can be easily insert.ed. This feglon
is known as the Multiple Cloning Site (MCS) and contains sites recognized by diverse
restriction enzymes. In some plasmids, this site is in the middle of a copy of.the LacZ
gene. As you know, LacZ encodes the protein, beta-galactosidase, that can digest lac-
tose into glucose and galactose. The enzyme can also digest other analogs of lactose,

hat the bacteria cannot

including X-gal. When digested, X-gal produces a blue productt i
metabolize further. Thus, we can screen whether the plasmid added to cells contains

an active copy of LacZ by looking at the colonies. If the colonies are blue, LacZ is s-till
functional and produces beta-galactosidase. If the colonies are white, LacZ produc_:tlon
was disrupted in some way (perhaps by the addition of new DNA) and the gene is no

longer functional.
Ultimately, the ability to add, remove, and modify DNA seguences is important for all
types of biological research. The most recent advancement of this technology is called
CRISPR/Cas9. This technology uses guided bacterial restriction enzymes to specifically
cut and repair DNA. Some researchers believe CRISPR/Cas9 may eventually be used to
edit genomes in human cells to cure genetic diseases. You can read more here: https.//
www.neb.com/tools-and-resaurces/feature-articles/crispr-casQ-and-targeted-genome-

editing-a-new-era-in-molecular-biology

INTRODUCTION TO THIS EXPERIMENT

In this experiment, we will use the Lac operon to understand recombinant DNA technolo-
gies. We will use the amount of beta-galactosidase protein produced as a measure of how
“strong” a promoter is. The regulatory elements of the Lac operon have been well-studied.
By modifying these regulatory sequences, we should be able to increase or decrease the
amount of RNA produced, which is correlated to the amount of protein produced. You
will need to think critically about how changes to the DNA sequence could alter protein
production. Importantly, changes to either the cis- or trans-elements, or the gene itself
can alter gene expression. Also, not all alterations are bad. It is possible to alter the DNA
sequence such that an activator binds better (or a repressor binds less well} and induces
more expression. Once we understand our plasmid and have identified the strongest pro-

moter, we will consider how we could insert a new gene to produce a more useful protein.

Ultimately, your goal is to design a plasmid that induces high concentrations of fetal hemo-
globin in human cells, which can be used to treat sickle cell anemia.' Sickle cell anemia
is a disease that arises from mutations in the adult hemoglobin gene {Hb). Mutations to
Hb cause the hemoglobin molecules to bind together and create long protein chains. This
changes the phenotype of the cells, which become sickle shaped; they can break easily,

causing anemia, and can get stuck in blood vessels, causing pain.
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Fetal hemoglobin is a variant of the adult version of the protein. Fetal hemoglobin is
typically only expressed during fetal development and the first 6 months of infancy. Fetal
hemoglobin holds oxygen more tightly than the adult version and therefore can be used
to transport oxygen in sickle cell patients. Furthermore, fetal hemoglobin does not form
protein chains in adult cells and therefore will compete with mutated adult hemoglobin pro-
teins and decrease symptoms of sickle cell anemia. Because hemoglobin is a tetramer with
complicated quaternary structure, it's hard to produce outside of human cells. However,
the genetic code for fetal hemoglobin is still present in adult cells; it is just repressed by
a protein a called BCL11A. If we can repress this repressor by increasing the amount of
RORFH (the repressor of the repressor), presumably the gene encoding fetal hemoglobin
will be induced in human cells and sickle cell patients can be treated.
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You have obtained a job working at a biotechnology company. The company has recent[y
discovered a gene that codes for a protein, Repressor of Repressor of Fetal Hemoglobin
(RoRFH). You have been tasked with designing a plasmid that will produce this protein at
levels that can be injected into patients with Sickle Cell Anemia.

There's just one problem. The lab has several bacterial strains that could be transformed,
but your manager did not keep a useful laboratory notebook. You'll need to identify which
E. coli strains are missing their LacZ gene. This is important; if the E. coli already have
LacZ in their genomes, you can't use beta-galactosidase as a reporter gene. Additionally,
the lab has several plasmids with different promoters. You'll need to identify which one
has the strongest promoter to produce the most protein. Your tasks include the following:

1. Identify a strain of bacteria that does not have the LacZ gene in it. This strain can be
used for the reporter assay.

2. Identify the plasmid with the strongest promoter and confirm it through spectropho-
tometry.

3. Write up your results in a short report to your manager. Your report should include the
design of a plasmid that will produce RoRFH and an experimental plan to check that the
gene has been inserted into the plasmid.

Your ability to do this work quickly will determine whether you are hired permanently to
this position.

SCIENTIFIC BASIS OF OUR EXPERIMENT
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MODULE E: USING BIOTECHNOLOGY TO CHANGE GENE EXPRESSION

= Some strains have been transformed with a plasmid. Some strains already have a
functional LacZ gene in their genomes. You will be looking for the E. coli strain that is
NOT transformed and does NOT have a functional LacZ gene. i

You will analyze the sgquence of your plasmid-and predict whether you expect the strain to

produce beta-galactosidase under various nutrient conditions.

= You will be given a set of DNA sequences.
= You will then compare your plasmid to the wild-type using the DNA alignment program
ClustalOmega.

= You will draw a map of the plasmid. Then, identify the mutations in the p_lasmid and
use your knowledge of the Lac operon to predict the outcome of the mutation on gene

expression.

You will isolate total protein and perform an enzyme assay using spectrophotometry.
= You will induce protein production using several sugar supplements.

= You will permeabilize the cells with toluene. Toluene is used here because it permeab
izesthe cell wall and membrane without adversely affecting the proteins. Toluene is

foxic if inhaled. DO NOT leave bottles open any longer than necessary.

= You will incubate your protein mixtures with ONPG (o-nitrophenyl-beta-D-galactoside),
a synthetic analog of galactose. ONPG is hydrolyzed by beta-galactosidase to produce
galactose and O-nitrophenol. The O-nitrophenol is yellow and absorbs light at 420 nm.
Thus, we can identify the increase in product over time using spectrophotometry.
Remember from Module B that the amount of product produced can be used as a

measure of@ function and, consequentlyprotein abundancg.

= Review how spectrophotometry works in Appendix 5.

= The bacteria themselves also absorb light betwenm. Thus, we will also
alueto

measure the absorbance at 550 nm and use this v correct for the turbidity of the
solution.

EXPERIMENTAL PROTOCOLS

EXPERIMENTAL OUTLINE
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DAY 1: DBSEEVING A BLUE/WHITE ASSAY AND SEQUENCE ANALYSIS

PRE-LAB

1. We will be loaking for an E. coli strain that is not transformed and does not yet contain
LacZ. Given the data below, does this strain contain a plasmid? Does it contain a func-
tional LacZ gene? How do you know?

% SReagent: /| L Psswell ey parid Ui e DR TR SO I gl = U
No Ampicillin White White
+ Ampicillin Dead
wor B4 L

T A dwdl be Wbt So

2. Draw a picture of a plasmid that has a) selective marker, b) origin of replication, and
c) a LacZ promoter upstream of the multiple cloning site within the LacZ gene.

what color would they be?

Dead J
(Al HA¢- ez Leen flten Al ples VVlJ
Lol bc C&‘{qabfc ok QMML,?V?, aMJ o)z wh

2“ by_ C’—c;'f.‘-"'g——H
He g iy wl Apitillen e

4. a. If you plated cells containing the plasmid from Question 2 on plates + amp, + X-gal,

Llad Qlov

+X-gal, what color would they be?

r ’ﬂ\ “\
Liwg
& ek

@ If you plated the cells containing the plasmid from Question 3 on plates +amp,

w‘\i*(_;
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1. Obtain plates of transformed and untransformed cells. The lab managers plated cells
from several E. coli strains, which are labeled with numbers. The cells are plated on
either LB+X-gal or LB+X-gal+ampicillin.

2. Count the number and color of colonies on each plate and record your data in the lab
notebook page(s) you will turn in with your technical report. Use this data to determine
which strains have plasmids and which already contain plasmids.

Recommended strain for lab managers to transform with plasmids.

PART 2: ANALYZE DNA SEQUENCES

1. Open the website http://www.bioservérs.org/bioserver/

a. Load your assigned plasmid sequence and the wild-type sequence intothe sequence
server and align them with ClustalOmega. '

b. Note where the mutations are and compare them to the location of the LacZ gene
and promoter on the map you were given in class.

c. Use the literature to predict the consequence of these mutations.

2. Record your class data.

DAY 2: INDUCE BETA-GALACTOSIDASE
APTIATV ARIN MEACHRF FNZYME ACTIVITYRAA

D

Scanned with CamScanner



 Tube Number v ofg'u(;:‘::e | Supplement ;os::;':r s 4‘0\;‘3\?::21 Final Volume j‘_“‘_ !
1 5 mL wild-type Lactose oo v 7190~ 5.42ml )
2 5 mL wild-type Glucose 200 220~ 5.42mL
3 5 mL wild-type Both o0 /00 20 5.42 mL
4 5 mL wild-type None €] Y20 5.42mL
5 5 mL mutant Lactose Do 220 5.42mL

.6 5 mL mutant Glucose Ao o R 5.42 mL ]

N 5 mL mutant Both Qoa fZe0 ) 5.42 mL
8 5 mL mutant None 0 2 5.42 mL

)/ﬂwater to each tube as necessary so that the final volume in each tube is 5.42 mL.

1 AReturn all cultures to the shaking incubator for grmnules During this time, the cells
will transcribe mRNAs and translate proteins.

During this time, we will discuss your plasmid maps, how to insert new DNA
| sequences, and how to assay for recombinant plasmids.

hortly before the end of the 45-minute incubation, label 8 culture tubes (1-8 as above)

and add two drops of toluene to each tube. Cap the tubes immediately and place them
onice.

3 -Atthe end of the incubation, add 2 mL of the appropriate bacterial culture to each tube.
"1 Vortex and return the tubes to ice.

Q./When you have collected all samples, place the tubes in a 28°C water bath f@ ’

utes, swirling occasionally. During this time, the cell walls will weaken, allowing them
~ to take up the substrate.

| During this time, we will discuss the writing expectation for this lab.

A Transfer all of your tubes to the lab bench and add 0.4 mL of ONPG solution to each tube
in intervals of 15 seconds.

-l/?{iﬁéubate your tubes on the bench fo( 20 minutes; During this time, the ONPG will be
_~ 7 hydrolyzed to produce a yellow color.
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Make sure to obtain complete class data.

—ASSIGNMENT FOR NEXT WEEK
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