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Abstract

In this experiment | attempted to mulate a strain of bacteria’s antibiotic resistance
by the use of Ultra-violet rays. [ isolated bacterial cells growing on the bow of my vielin,
tested their resistance to six antibiotics, and then irradiated the bacieria on plates
contaning ampicilling, an antibiotic they were not resastant to. The goal of my experiment
was 1o muiate the bacteria so that they would become resistant 1o ampicillin and then
uncover the exact mutation that ciused the change in the bacleria’s antibiotic resistance.
After rradimting thirny-five LB/ Amp. plates containing ampicillin-sensitive bacteria, |
discovered that the bacteria were still not able 1o grow on the LB/Amp. plates. Thus, no

mitations were achieved,

Introduction

Antibiotics are, by definition, “antimicrobial agents produced by microorganisms
that kill or inhibit other microorganisms™.' Therefore, antibiotics must be the product of
another microorganism. However, some synthetic agents that dismfect. such as
sulfonamides and gquinolones, are considered antibiotics. as well as semi-synihetic anti-
nfective agents, those who have a natural origin that has been altered for maximum
effectiveness.”

There are many types of antimicrobial agents, each of which act in one of five
basic ways to suppress the growth or destroy microorganisms. The first mechanism i
cell wall synthesis inhibition, in which antibiotics inhibil some step in the synihesis of
bacterial peptidoglyean, which is necessary for the formation of a cell wall. Cell wall

synthesis inhibitors do not affect humarns, who lack cell walls, Beta lactam antibiotics,



natural penicillins, and semisynthetic penicilling such as ampicillin, all inhibit cell wall
syrthesis, as do clavulanic acid, cephalolsporins, and bacitracin.”  Penicillins,
semisynthetic antibiotics produced by the organism Penicillium, are bactericidal,
meaning they can destroy any organism sensitive to them, provided their concentration is
sufficient, without the assistant of another antimicrobial agemt. Aminopenicilling, such as
ampicillin, broadened the spectrum of penicilling to include Gram-negative bacteria.”

Another mechanism for killing or inhibiting the growth of bacteria is cell
membrane inhibition, in which antibiotics disrupt the cytoplasmic and outer membranes
necessary for the survival of the bacteria. Some aniibiotics, including tetracyclines,
chloramphenicol, and kanamycin, inhibit protein synthesis by disrupting the processes
occurring in the ribosome.

Some antibiotics, such as nalidixic acid and rifamycins, cither affect the synthesis
of DNA or RNA, or bind to DNA or RNA so that they cannot be read. The final
amtibiotic mechanism for the inhibition or destruction of microorganisms is competitive
inhibition. Competitive inhibitors are all synthetic antibiotics and are structurally similar
10 hacterial growth factors, yet they do not compleie metabolic functions.”

While humans synthesize antibiotics to maximize their eflectiveness on
pathogens, many pathogens have built a defense against these antibiotics. resulting
antibiotic resistance. The two main sources of antibiotic resistance are inherent, or
natural resistance, and acquired resistance. Some types of bacteria may be naturally
reststant (o a particular antibiotic. This may be due to a number of reasons, such as an

organism lacking a transport system for the antibiotic, lacking a target necessary for the




covalent links to form between adjacent pirimidines. These “pyrimidine dimers™ can be
T-T, T-C, or C-C. These pyrimidine dimmers do not hase pair correctly, resulting in the
misreading of DNA during transeription and translation.™

A mutation is defined as a change in the DNA sequence. There are five main
types of mutations. Genome mutation occurs when chromosomes segrepate incorrectly
during mitosis or meiosis. ofien resulting in aneuploidy, having a chromosome number
that is not a multiple of the haploid number for the species. The rearrangement of
chromosomes, often causing transhocation, is a type of chromosome mutation, Gene
mutations are caused by base mutations, which can cause point mutations, deletions, or
insertions. Point mutations oceur when nucleotides are substituted for one another.
Frame shift mutations occur when a nucleotide has been deleted or inserted. causing the
three-nuckeotide codon sequence Lo be misread.”

As previously discussed, some antibiotics are effective on certain types of bacteria
and not on others. One method that assists in the identification of unknown bacteria is
called gram staining. A Danish bacteriologist, Hans Christian Gram, developed Gram
stamming in [ 844, Gram’s method involves a number of stains, most importantly, crystal
violel. When microorganisms retain erystal violet, they appear purple under a
microscope and are called Gram-positive. Microorganisms that do not retain crystal
violet appear red or pink under a microscope, and are referred to as Gram-negative.
Gram-positive microorgamsms have s higher peptidoglvean and lower lipd

concentration than Gram-negative hacteria.



Methods

. Isolation of Bacteria

Materials: sterile swab. piano in Graves practice room GO3, violin, bow, LB plates, sterile

wothpicks, labeling marker, refrigerator

Ising a sterile swab, transfer bacteria from the [ key next to middle C on the
piano in Graves practice room GO3 onto an LB plate.

Autoclave 100 ml of distilled water for 30 minutes.

. Dip a sterile swab in the autoclaved water and transfer bacteria from the bottom of

a violin bow, another piano key, and the surface of a violin onto separate LB
plates.

Allow the plates 1o grow at room temperature for forty-eight hours, or until there
is growth on the plates.

Label each group of bacterial colonics on the original plate.

Using a sterile toothpick, streak some bacteria from each bacterial colony cluster
onto a separaie LB plate as shown below, labeling each new plate so that it
corresponds with its original number or letter. Refrigerate the original plates and
allow the newly streaked plates to grow at room temperature overnight.

{see appendix for picture of streaked bacterm #3)




Il Assessment of Antibjotic Resistance

Materials: seven LB plates, antibiotic discs for ampicillin, bacitracin, tetracycline,

chloramphenicol, kanamycin, lincomyen, and sterile blanks, sterile toothpicks, labeling

marker. ruler

hd

On seven LB plates, outline the shape of an antibiotic disc on the back of cach
plate in the center.

Using a sterile toothpick, streak bacterial colonies #1, 2, 3, and 4 onto ¢ach of the
plates as shown below, starting from the drawn circle and moving out towards the
edge of the plate.

The following six antibiotics should be lesied by placing one of their discs onto
one of the streaked plates in the previously outlined circle: ampicillm, bacitracin,
tetracycline, chloramphenicol, kanamycin, and Incomyein. (se¢ appendix for

description of each antibiotic)

. On the seventh plate, place a control disc, or sterile blank disc, in the previously

drawn circle.
Allow the bacteria on the plates to grow at room temperature overmight.
Measure and record the distance in centimeters from the end of the bacterial

growth to the antibiotic disc, as shown in the diagram.




Ill. Gram Staining

i

Materials: sterile toothpicks, thirteen glass slides, beaker, sterile water, p20 pipetie and

sterile tips, Bunsen burner, 5 ml pipette and sterile tips. sink, crystal violet, Gram's

iodine, 95% ethanol, safranin. microscope

b

With a sterile toothpick, move a small part of one of the bacterial colonies onto
the center of a slide and mix it with a drop of sterile water, Spread the mixture
over the slide.

Allow the slide to dry.

. Pass the slide through a Bunsen flame three times, bacteria facing upwards.

allowing the bacteria to adhere to the film 50 as not to be displaced during

staining.

. Flood the slide with crystal violet for | to 1.5 minutes. Use a 5 mi pipette when

doing more than one Gram test al @ time. (1 did six at one time and seven the
next.

Rinse the shide under rap water umtil the munofT is colorless,

Cover the slide with Gram’s iodine solution for 1 to 2 minutes.

Rinse the shde under tap water until the runofT is coloriess.

. Remove the excess solution by blotting.

Run 95% ethanol over the slide until color ceases to run off ol it. This processes

iakes between 30 seconds and 1| minwie,

10, Flood the slide with salranin for 30 seconds,

|1. Rinse the slide under tap water until the runoff is colorless, blot the slide dry, and

examine it under a microscope. Bacteria retaining the erystal violet stain, thus




appearing purple under the microscope, are Gram-positive, while those
decolonzed by the ethanol, thus appearing red or pik. are Gram-negative.

12. Repeat this process for each of the thirteen bacterial colonies. determining which
are {iram-positive and which Gram-negative. and recording their appearance as

seen under the migroscope,

IV. UV Mutagenesis
Materials; 5 mi pipette, LB broth, clean test tubes, sterile toothpicks. 37 degrees Celsius

incubator, counter, eleven LB plates, UV box, timer. LB/Ampicillin (or LB/ Tetracycline)

plates. p200 pipette and sterile tips
A. Determining the appropriate amount of UV rays

1. Aloguot 5 ml of LB broth into a clean test tube. Using a sterile toothpick, colleel
a small part of the bacteria growing on the streaked #3 plate. Drop the toothpick
into the test tube containing LB broth, making sure that there is contact between
the cells and the LB broth,

2. Incubate the test tube at 37 degrees Celsius overnight.

3. Aloguot 1 ml of the following dilutions of the LB broth/#3 hacteria culture into
separate test tubes: 1/10, 1/100, 10/1000, 1/10000.

4. Aloguot 100 microliters of each of the dilutions onto separate LB plates and allow
them to grow at room temperature overnight. Record the number of colonies on
each plate.

5. Aboguot 100 microliters of the 1/100 dilution onto six LB plates; each plate

labeled with the number of seconds it will be exposed to UV rays: 0, 2, 4, 6, 8, 11,



I

Expose the plates to the appropriate amount of UV rays and allow them 1o grow
ina 37 degrees Celsius incubator overnight. Record the number of colonies on
each plate.

Repeat step #5 using five LB plates, instead exposing to them to UV rays for
mtervals of 30 seconds, | minute, 2 mimstes, 3 mmutes, and 5 minutes, Allow the
plates to grow overnight in a 37 degrees Celsius incubator. Record the number of
colonies on each plate. This will provide a kill curve. {sec appendix for graph)

Irradiation

. Aloguot 100 microliters of the 1/100 dilution onto fourteen 50 micrograms/ml

LB/Amp. plates (or 10 micrograms/ml tetracycime plates).

Irradiate each of the fourteen plates for one mimune.

Allow the plates to grow overnight in a 37 degrees Celsius incubator and record
number of colonies grown the following day.

Aloguot 100 microliters of the 1/100 dilution onto ten LB/Amp. plates.
Irmadiate each of the ten plates for two minutes,

Allow the plates 1o grow overnight in a 37 degrees Celsius incubator and record
number of colonics grvwn the following day.

Aloguot 100 microfiters of the /100 dilution onto eleven LB/Amp, plates.
Irradinte each of the eleven plates for three minutes.

Allow the plates W grow overnight in a 37 degrees Celsius incubator and record

number of colonies grown the following day,



Results

Morphology of Colonies

Origin of colony Calony # Description

Bow | largest, white

Bow 2 very small, right above #1, pale yellow
[BOW faoe appemdin Sor pratun) i miedium sized, smealler than #1, bigger than £2. pale vellow
Surfoce under bridge 4 very small, bright yellow

Surface under bridge 5 very small, bright vellow

Surfice under bridge 6 very small, bright yellow

Surfisce under bridge 7 very small, vellow

Bow 8 large, thinly spread mass, off-white

Piano A largest mass, circular, dark vellow

Piano B 2™ largest mass. irregular shape. pale yellow
Piano C smiall mass, yellow

Piano D small, off-white

Pino E attached to B, smaller than B, ofl-white



Bacteria 1-4°s Resistance to Antibiotics

Antibaotic Colomy#l  #2  #3 4
Ampicillin [Hstance from growth 10 antibiotic disc {cm) 0 1] L1 4

Bacitracm i ] a 7
Tetracycline gJ 15 18 1.8
Chloramphenicol 0 0 n 0
Kanamycin 2 4 4 9

Lincomycin i ] il 0
Control (sterile blanks) 0 0 0 0

If the bacteria grew up to the antibiotic dise (0 em distance growth from antibiotic
disc), that type of hacteria was resistant to thai antibiotic. [ the bacteria did not grow up
to the disc (there was a measurable distance from the growth to the antibiotic disc), then

that type of bacteria was not resistant to that antibiotic.

Results of Gram Staining

#1 — Gram-positive rod, some with spores, some in filaments, a few alone
#2 — Gram-negative rod. very thin not in filaments, no visible spores

#3 — Gram-positive rod, thinner than #1, 2, and 4 {see appendix for picture)
#4 — Gram-positive rod, exactly the same as #1

#5 — Giram-positive cocci, mostly in tetrads

it6 — Gram-positive coccl, mostly in tetrads, smaller than #5




#7 — Gram-positive cocei, tend to chimp at random, smaller than #5 and #6
#8 — Gram-positive rod, very thin, evenly distributed across slide, few clumps
A — Gram-positive rod, very large, fat, filaments

B — Gram-positive rod, filaments, thin

L — Crram-positive coced, small, diplococei

D — Gram-positive coccl, tend to clump

E — Gram-positive cocei, clump, less clumpy than [

Results of UV Irradiation

1100 Dilution of LBA#3 Bacterial Culiure

# seconds exposed approxinate # colonies

i 140
2 166
4 212
6 292
B |




Kill Curve (see appendix for graph)

# minutes exposed approximate # colonies

3 175
1 146
2 1)
i 22
5 A

Cirowth of Mutants atter Irradiation

After irradiating thirty-five LB/Amp plates streaked with #3 hacterial cells, there

was no growth on any of the plates.

Discussion:
L. lsolation of Bacteria

I found it interesting to compare the morphology of the bacterial growth on LB
plates with the bacteria’s place of origin. The three straing of bacteria gathered from my
bow looked very different from one another, one being white, and the others, pale yellow.
The size differences may have been because the bacteria grew at different rates, or may
have been caused by a difference in concentration among the bacteria originally swabbed.
Bacteria cight, also laken from my bow, was extremely different from the others. The
vells grew at a much faster rate than the other three until they formed a thin layer of cells

over almost half of the LB plate.




The bacteria isolated from the surface of my violin underneath the bridge
possessed more similanities. Bacterda four, five, and six were all bright yellow in color
and very small. Bacteria seven, while very small and yellow. did nol possess the same
glowing color, suggesting that it is a different strain.

Oul of the five bacterial colonies originating from a single key on the piano in
Graves practice room G03, each colony looked completely different from the others. The
colonies differed in size, the cause of which was previously mentioned. The five colonies
were displaved in four different colors, another indication that they may be unigue from

o another,

1. Assessment of Antibiotic Resistance

In general, the four bacterial colonies whose antibiotic resistance | lested were
quite resistant to a number of antibiotics. Bacterial colonies #1 and #2, originating from
my bow, were sensitive only to the antiblotics tetracycling and kanamycin. Bacteria #3,
like, #1 and #2, were sensitive to tetracycline and kanamycin, but also to ampicillin.
Bacteria #4 were also resistant 1o tetracycling, kanamycin, and bacitracin, as well as
ampicillin.

Bacteria #1. #2, and #3 onginated from my bow, so their common antibiotic
sensitivities may be a result of their relation to one another. Bacteria #4, on the other
hand, came from the surface of my violin, so its additional sensitivity to bacitracin may
be o result of its origin.

The control discs, which contained no antibiotics, were used to make sure that the

resistance test was done correctly. Had bacteria not grown completely up to the control






























