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1. Introduction 
 

Bacteria are the origin and the engines of the life on 
the Earth. These ubiquitous microorganisms are present 
in soil, in water, deep in the crust of the Earth, as well 
as in the organic matter and the living bodies of plants 
and animals. There are approximately 5×10^30 bacteria 
on the Earth and they form 90% of the world's biomass. 
The number of bacterial cells in the human flora is 
approximately ten times as big as the number of human 
cells in the body, with large numbers of bacteria on the 
skin and in gut. Although many have an important 
protective role in our immune system, several hundred species are pathogenic, and can 
cause infectious diseases causing the death of millions of people all over the world. 
Furthermore, their biochemical trickiness and antibiotic resistance are fighting against 
our antibiotics and vaccines. In the industry field, bacteria play important roles in the 
sewage works, production of cheese and yoghurt through fermentation, as well as in 
biotechnology and the manufacturing of antibiotics and other chemicals. The challenge 
remains to understand the difference between 
beneficial and harmful bacteria, as well as to fight 
pathogenic species. 

This project was introducing us to the exciting 
world of microbiology. We were doing examination 
on different bacterial strains from the laboratory and 
those collected from our environment. To distinguish 
between harmful and beneficial species, we used 
microbiology techniques like Gram staining, growing 
tests and biochemical reactions. We used 
antibiograms to inspect bacterial resistance to 
common antibiotics and study how these species change their resistance profile causing 
the development of multi-resistant strains that cause more and more deaths each year.  
 

2. Aims 
 

This project was introducing us to the exciting world of microbiology during three 
different parts of it. The very first step was to learn the safety rules of laboratory work 
and microbiology. 

�  We wanted to identify 11 different species (10 bacteria, 1 fungus) from the 
laboratory. To do that we had to learn several identification tests and methods, 
as growing tests, biochemical tests and staining methods.  

�  We examined theirs antibiotic resistance too,  
�  and studied samples collected from our environment.  
�  In the last part we studied the microorganisms’ opportunities to change their 

antibiotic resistance profile through horizontal gene transfer. 
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3. Examination 

3.1. Identification 
 

We had 11 different species (10 
bacteria and 1 fungus) grown on blood 
agar media (plate) from a medical 
laboratory. Some of these species can be 
found in the human flora (skin, intestine) 
and cause infection if the surface where 
they live is not intact (for example injury 
of the skin), or if the conditions and defect of human immune system permit theirs 
multiplication, and we can find some obligate pathogen between them. The 11 species 
were: 
 

Staphylococcus epidermidis 
Staphylococcus aureus 
Streptococcus pneumoniae 
Streptococcus pyogenes 
Pseudomonas aeruginosa 
Escherichia coli 

Bacillus cereus 
Serratia marcescens 
Klebsiella 
Candida albicans (fungus) 
Proteus vulgaris 

 
Our first aim was to distinguish them by several identification techniques of classic 
microbiology. We knew the names of species and had some previous information about 
their properties. Using this information we were planning the main steps of the 
identification process. Our identification algorithm was: 
 

 

10 bacteria + 1 fungus 

Proteus vulgaris 
Sarratia 
marcescens 

Bacillus cereus 

Streptococcus 
pneumoniae 

Pseudomonas 
aeruginosa 

Klebsiella 
pneumoniae 

Escherichia coli Streptococcus pyogenes 

Staphylococcus 
aureus 

Candida albicans 

Staphylococcus 
epidermidis 

similar 
morphology 

� -hemolysis 

Gram staining – bunches of grapes 

Gram staining – long chains 

swarming 

red pigment 

unregular border 

� -hemolysis 

oxidase test 

U- / I+ 

U+ / I- 

no � -hemolysis 

Methylane-blue staining – size, hypha 

Methylane-blue staining  

one-step 
detection 
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3.1.1. Growing and morphology 
 
Morphology  
This is the easiest and fastest way to describe a species. If you look to the plate with 
colonies of bacteria on it, you can examine the size, color, shape, border, distribution and 
number of colonies. Some strains cover the surface of the medium in special way; one of 
those is the swarming.    
 
Smell  
Some bacteria have characteristic smell (lime blossom, soil, etc). 
 
OF-tube 
This tube is filled by a special solid media, which changes its color if the inoculated 
bacteria multiplicities inside in the tube. Obligatory aerobic bacteria grow just on the top 
of the tube, while aerobic and facultative anaerobic bacteria can grow in the whole part of 
the media. 
 
Hemolysis  
Bacteria can change the color of the blood 
agar plate – which they are growing on – 
around the colonies by production of 
hemolysin enzyme. There are three types of 
hemolysis. 
· � -hemolysis: green zone around the colonies 
· � -hemolysis: transparent zone the colonies 
· � -hemolysis: no hemolysis zone 
 
Optochin test  
Susceptibility to optochin (or ethylhydrocupreine hydrochloride) is a simple and reliable 
method of differentiating Streptococcus pneumonias from other alpha-hemolytic 
streptococci (which are resistant). The growth of bacteria that are optochin sensitive is 
inhibited around the optochin disc. 
 

3.1.2. Staining methods 
Gram-staining 
By this staining we 
separate the bacteria in 
two groups: gram-
negative and gram-
positive bacteria. The 
base of this method is 
the difference in the 
structure of cell wall. 
Gram-positive bacteria 
have a thick mesh-like 
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cell wall made of peptidoglycan (50-90% of cell wall). The stain, called crystal violet can 
go through this wall and stains the Gram positive cells in dark purple color (by the crystal 
violet-lugol complex, what you can not get out of cells by ethanol).  
While Gram-negative bacteria have thinner peptidoglycan layer (10% of cell wall). That 
is why after the crystal violet stains the Gram negative cells, we can destroy this thin 
layer by ethanol and re-stain the cells by the stain called safranin in pink color.  

Methylene-blue staining 
It is a selective staining for fungi. It is a blend of two stains, eosin and methylene blue in 
the ratio of 6:1. Using this we can see the difference between fungi (bigger cells, hypha) 
and bacteria (smaller cells). 
 

3.1.3. Biochemical tests 
 
Catalase test 
Catalase is an enzyme that decomposes hydrogen peroxide into oxygen and water. Most 
aerobic and facultative anaerobic bacteria possess catalytic activity. The reaction can be 
detected by the appearing of oxygen bubbles. 
 

2 H2O2 �  2 H2O + O2 

Oxidase test 
Oxidase positive bacteria possess cytochrome-c-oxidase which catalyzes the transport of 
electrons in the process of terminal oxidation. We used tetramethyl-p-phenylenediamine 
(TMPD) as reagent, which is a compound that changes color when it becomes oxidized. 
The oxidase positive bacteria change the color of reagent to purple. 
 
Ureum test (ureum-indol tube) 
Urease is an enzyme that catalyzes the hydrolysis of urea into carbon dioxide and 
ammonia. If the bacteria produce any urease, this way we can detect the basic pH of the 
produced ammonia by pH paper. The reaction occurs as follows: 

 
(NH2)2CO + H2O �  CO2 + 2NH3 

Indole test (ureum-indol tube) 
Indole is generated by reductive deamination from tryptophan via the intermediate 
molecule indolepyruvic acid. Tryptophanase catalyzes the deamination reaction, while 
the amine group of the tryptophan molecule is removed. Final products of the reaction are 
indole, pyruvic acid, ammonia and energy. If a bacteria produces tryptophanase we can 
see a red ring on the top of the liquid. 
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3.1.4. Identification process 
 
Our aim was to identify all eleven species (10 bacteria and 1 fungus) that we had. First 
we recognized three species by morphology features: Bacillus cereus (irregular borders), 
Proteus vulgaris (swarming) and Serratia martescens (red/purple pigments).  
 

 
In the next step, we examined the production of hemolysin and identified Streptococcus 
pneumoniae by optochin test and green zone of alpha-hemolysis.  
 
 Streptococcus pneumoniae 

Bacillus cereus 

Proteus vulgaris Serratia masrcescens 
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Oxidase test was used to identify the Pseudomonas aeruginosa because this was the only 
oxidase-positive and aerobic bacterium (OF-tube) that we had. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
By urea-indol test (ureum-indul tube and pH paper) we identified two species thoose are 
morphologically very similar - Klebsiella pneumoniae and Escherichia coli. 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
There were four species left to distinguish. Two of them had strong � -hemolysis zone. 
We selected them and did Gram-staining. By this procedure we could distinguish them 
using microscope (immersion lens), because the distribution of the cells is different: 
Staphylococcus aureus looks like bunches of grapes, while Streptococcus pyogenes looks 
like long chains.   
 

Positive NegativePositive Negative

Pseudomonas aeruginosa 

pH 
5.0

pH 
6.5

Escherichia coli 
 

Klebsiella pneumoniae 
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Only two species left with weak � -hemolysis zone to identify. One of them is bacterium, 
and one is fungus. We stained them by methelyne-blue and observed under microscope. 
We saw hyphas and bigger cells in the case of fungus (Candida albicans) and smaller 
cells in case of bacterium (Staphylococcus epidermidis). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Staphylococcus aureus 
 

Staphylococcus aureus 
 

Staphylococcus epidermidis 
 

Candida albicans 
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For details of properties of our 11 species look at the following table: 

 
 

3.2. Antibiotic resistance profile (antibiograms) 
 

Antibiotics are substances that kill bacteria or slow down their growth (from the 
Ancient Greek: � ���  – anti, "against", and ���	  – bios, "life"). They work in several 
different ways. They can disrupt cell wall (the most famous antibiotic – penicillin), 
inhibit protein synthesis, nucleic acid synthesis, they can act as an antimetabolize etc. 
Some antibiotics are made synthetically, but some antibiotics are still produced and 
isolated from living organisms.  In our project we used Penicillin, Ampicillin, Neomycin, 
Oxolinic acid, and Cefotaxime. 

Penicillin is an antibiotic that is produced from Penicillium fungi. It works as a 
disruptor of cell wall. Penicillins are very effective and extremely low toxic so they are 
still widely used, even though a lot of bacteria are now resistant. Penicillin is usually used 
in the treatment of bacterial infections caused usually Gram-positive, organisms. 

Ampicillin  belongs to the group of penicillin antibiotics, so it also disrupts cell wall. 
It is effective both to Gram-positive and Gram-negative bacteria. Of concern is the 
number of bacteria that become resistant to Ampicillin. 
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Neomycin has excellent activity against Gram-negative bacteria, and has partial 
activity against Gram-positive bacteria. It is relatively toxic to humans, and many people 
have allergic reactions to it. It works as an inhibitor of protein synthesis.  

Oxolinic acid works by inhibiting the enzyme DNA-gyrase. It is mainly used in the 
treatment of urinary tract infections. 

Cefotaxime has broad spectrum activity against Gram-positive and Gram-negative 
bacteria. It inhibits bacterial cell wall synthesis. Cefotaxime is used for infections of the 
respiratory tract, bones, meningitis, and septicemia. 

 
To detect which bacteria are sensible to which antibiotics we made antibiograms. We 

covered the blood agar plates with 8 different bacteria, put antibiotic disks onto the plates 
and leave them in the incubator overnight. We measured the distance from each antibiotic 
disk where the bacteria were not able to grow. If bacteria are resistant, there are now zone 
around the disc. 
 

 
 
 
 
 
 
 
 
 

Streptococcus 
pneumoniae

Escherchia coliBacillus cereus

Staphylococcus 
aureus

Candida 
albicans

Staphylococcus 
epidermidis

Pseudomonas 
aeruginosa

Klebsiella 
pneumoniae

Streptococcus 
pneumoniae

Escherchia coliBacillus cereus

Staphylococcus 
aureus

Candida 
albicans

Staphylococcus 
epidermidis

Pseudomonas 
aeruginosa

Klebsiella 
pneumoniae
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3.3. Bacteria around us  
 

3.3.1. Did you wash your hands? 
 

Another part of our project was to collect samples 
from our environment. Sterilized, wet cotton sticks were 
used to collect bacteria from different locations: 
 

�  Human flora: throat, nose, teeth, skin on hands 
and face 

�  Toilet (seat) 
�  Keyboards 

  
Inoculated blood agar plates were left in the incubator for overnight. On the next day 

we counted the number of all colonies and the number of different species. The most 
bacteria colonies were found bathrooms, especially in female leaders’ bathroom. The less 
different bacteria colonies were found on our skin. 
 

Neomycin Ampicillin Oxolinic acid Cefotaxime

Candida albicans Resistant Resistant Resistant Resistant

Klebsiella 
pneumoniae

Resistant Resistant 6 1

Staphylococcus 
aureus

Resistant Resistant Resistant Resistant

Pseudomonas 
aeruginosa

3 Resistant Resistant Resistant

Escherichia coli 5 11 8 1

Streptococcus 
pneumoniae

2 Resistant 1 6

Bacillus cereus 8 Resistant 9 Resistant

Staphylococcus 
epidermis

2 Resistant 4 1

Species
Distance between border of the antibiotic disc and bacteria (mm)
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Number of different species 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Total number of colonies 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0

1

2

3

4

5

6

7

8
Igor's left arm
Igor's right arm
Viktoria's left arm
Viktoria's right arm
Adrienn's left arm
Adrienn's right arm
Kaur's arm
Kaur's face
Boys' bathroom
Girls' bathroom
Male leaders' bathroom
Female leaders' bathroom
Empty room (54)
Room 49
Dra�en's keyboard
Dra�en's students' keyboard
Inja's keyboard
Inja's students' keyboard
Viktoria's throat
Igor's throat
Viktoria's nose
Igor's nose
Kaur's teeth before wash
Kaur's teeth after wash

0

100

200

300

400

500

600

700
Igor's left arm
Igor's right arm
Viktoria's left arm
Viktoria's right arm
Adrienn's left arm
Adrienn's right arm
Kaur's arm
Kaur's face
Boys' bathroom
Girls' bathroom
Male leaders' bathroom
Female leaders' bathroom
Empty room (54)
Room 49
Dra�en's keyboard
Dra�en's students' keyboard
Inja's keyboard
Inja's students' keyboard
Viktoria's throat
Igor's throat
Viktoria's nose
Igor's nose
Kaur's teeth before wash
Kaur's teeth after wash
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3.3.2. Colgate or Vademecum? 
 
 
 

From teeth and gum we took two samples. The first one was taken before teeth 
brushing, and the second one after brushing it. We made paper discs filled different 
toothpastes and put them onto the inoculated blood agar plates, and left them in the 
incubator. Next day we measured the distance between border of the disc containing 
toothpaste and bacterial colonies. The results are in the following table. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Ethanol 
70%

6. Water

4. Plidenta

5. Amodent

2. Vademecum3. Colgate

1. Ethanol 
70%

6. Water

4. Plidenta

5. Amodent

2. Vademecum3. Colgate
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3.4. Factory of ‘superbugs’  
 

Antibiotics work in different ways, but the 
main effect is to destroy the bacterial cell wall 
or to inhibit important programs in the cell 
(like protein production).  

Bacteria become resistant against 
antibiotics using different methods too. The 
main points of this process are to get the 
antibiotics out of the bacterial cells, or not to 
allow in the cells, or to change the targets of 
antibiotics, eventuate ineffective drugs. To 
increase the efficiency of efflux pumps is one 
of these tricks, it is responsible for extrusion 

of toxic substances and antibiotics outside the cell. Efflux pumps are proteinaceous 
transporters localized in the cytoplasmic membrane of all kinds of cells. 

The base of every resistance mechanisms are coded in the level of genes and proteins 
(for example the gene for protein of efflux pump). These processes eventuated by 
selection of mutated, surviving bacterial cells and gene transfer mechanisms between 
cells. In the last part we wanted to present how bacteria can change their resistance 
profile by horizontal gene transfer.  

 

3.4.1. Horizontal gene transfer 
 

We used Escherichia coli as a model to present the usual ways of this procedure: 
conjugation, transduction, and transformation. By these ways bacteria get new genetic 
information, causing new properties, advantages for surviving or mutations.    

Transformation is process of getting 
new genetic information (DNA fragments) 
from the cell’s environment.  Bacteria get 
plasmid DNA through pilus (‘plasma 
bridge’ between cells) in conjugation 
process. While DNA fragments can be 
grabbed by bacteriophages (virus which 
infect only bacteria) and transferred to other 
cells during the phage’s infection process – 
it’s called transduction. 
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3.4.2. Conjugation  
 

To present conjugation we used three 
different types of Escherichia coli cells on 
LB solid plates. First was Tetracycline-
resistant (XL1-Blue, chromosomal gene), 
second one was Ampicillin-resistant 
(pEGFP plasmid) with fluorescence and the 
third one was used only as a helper-cell 
(pRK2013). We made competent cells and 
put the plasmid from the pEGFP cells to 
XL1-Blue cells by pRK2013 cells. Finally 
our new E. coli was Ampicillin-resistant and 
Tetracycline-resistant and fluorescent. To 
check these new properties, we used LB 
plates added Ampicillin and Tetracycline. 
Only our new, ‘multiresistant’ bacteria could grow up on these plates, and could 
fluorescence under UV lamp. We left the plates in the incubator for overnight to grow 
them up. 

 
 

 
 
 
 
 
 
 
 
 
 
 

Fluorescent

Ampicillin resistance
(pEGFP plasmid)

Tetracycline resistance

(XL1-Blue strain)

Resistance to the 
both antibiotics

“Helper”

(pRK2013)

Fluorescent

Ampicillin resistance
(pEGFP plasmid)

Tetracycline resistance

(XL1-Blue strain)

Resistance to the 
both antibiotics

Fluorescent

Ampicillin resistance
(pEGFP plasmid)

Tetracycline resistance

(XL1-Blue strain)

Resistance to the 
both antibiotics

“Helper”

(pRK2013)

Control: XL1-Blue (E. coli)  Conjugated, ‘multiresistant’ 
fluorescent cells 
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3.4.3. Transformation 
 
     To present transformation, TSS method was used on E. coli cells. We wanted to exam 
if the cells (XL1-Blue) got up plasmid DNA from their environment. But in the very first 
step we had to make purified plasmid DNA (pEGFP) from the other strain. MiniPrep 
protocol was used for the purification procedure. We needed to use different detergents 
and reagents to get the solution of isolated plasmid.   
 
 
 
 
 
 
 
 
 

 
 
Furthermore, we wanted to check what we isolated, that is why restriction enzymes 

and gel electrophoresis techniques were used. Restriction enzymes are DNA-cutting 
enzymes found in bacteria. They recognize and cut DNA only at a particular sequence of 
nucleotides. We used ScaI and XbaI enzymes to fragment the isolated pEGFP plasmid. 
ScaI cuts this plasmid at one place, thus make the circular plasmid to linear form, while 
XbaI cuts it in two pieces. Gel electrophoresis technique was used to separate the 

restricted fragments. Gel electrophoresis is a 
procedure which enables the sorting of 
molecules based on size and charge. Pockets 
of the gel are filled by DNA solution, and the 
gel is placed in an electrophoresis chamber, 
which is then connected to a power source. 
When the electric current is applied, the larger 
molecules move more slowly through the gel 
while the smaller molecules move faster. After 
the electrophoresis is complete, the molecules 
in the gel must be stained to make them 
visible. We used ethidium-bromide to do that. 
After the staining, UV light was used to see 
the fragments. We used DNA ladder to know 
the size our samples. 

 
 
 
 
 

Fluorescent

Ampicillin resistance
(pEGFP plasmid)

Tetracycline resistance

(XL1-Blue strain)

Resistance to the 
both antibiotics

Purified and detected 
plasmid

Fluorescent

Ampicillin resistance
(pEGFP plasmid)

Tetracycline resistance

(XL1-Blue strain)

Resistance to the 
both antibiotics

Purified and detected 
plasmid
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Finally we got the expected result on the photo of the gel. The length of fragments 

(base pairs) fit to pEGFP plasmid, so the purification process was effective.  
Then, we inoculated the bacteria (XL1-Blue) into the LB solution media contained 

purified pEGFP plasmid and enzymes that help bacteria to take the DNA. In the end, just 
like in the case of conjugation, we got the new, ‘multiresistant’ bacterium with 
Ampicillin-resistence, Tetracycline-resistence and fluorescent. 

 
           

 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

pEGFP
3354 bp

ScaI (cut:1861)

3354 bp

XbaI (cut: 258, 1021)

2591 bp

736 bp

3.0 kb

LadLad circ ScaI XbaI

2.0 kb

1.0 kb

0.5 kb

pEGFP
3354 bp
pEGFP
3354 bp

ScaI (cut:1861)

3354 bp

ScaI (cut:1861)

3354 bp

ScaI (cut:1861)

3354 bp3354 bp

XbaI (cut: 258, 1021)

2591 bp

736 bp

XbaI (cut: 258, 1021)

2591 bp

736 bp

3.0 kb

LadLad circ ScaI XbaI

2.0 kb

1.0 kb

0.5 kb

3.0 kb

LadLad circ ScaI XbaI

2.0 kb

1.0 kb

0.5 kb

3.0 kb

LadLad circ ScaI XbaI

2.0 kb

1.0 kb

0.5 kb

Control: XL1-Blue (E. coli)  Conjugated, ‘multiresistant’ 
fluorescent cells 
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4. Conclusion 
 
We enjoyed working in the lab. It was 

a very new and great experience. It was 
also educational because we all would 
like to choose similar jobs in the future. 
Our mentor, Adrienn, taught us how to 
use tools and machines in the lab and be 
safe in the same time. We learned a lot of 
new things. 

First, we started to identify different strains of bacteria. Identification of bacteria is 
not a rapid process. It takes a lot of time to determine what kind of bacteria is in your 
body. We can identify them by using some tests. There are a lot of tests and we learned 
how to make an algorithm to identify some bacteria. We can do it by non-chemical tests 
(hemolysis, morphology etc.) or by different more complicated biochemical tests. 

We also collected bacteria from our environment and our bodies. It was very exciting 
and interesting because we knew that there are a lot of bacteria around us, but we had no 
idea there are as much colonies on our arm, or face.  

Antibiotic resistance poses a significant problem. The antibiotic resistance is the 
result of horizontal gene transfer (conjugation, transduction, or transformation). The 
antibiotic action against the pathogen can be seen as an “environmental pressure”, those 
bacteria which have a mutation allowing them to survive will live on to reproduce. The 
fighting against these multiresistant species (as MRSA, VRE, PRSP, etc.) is a very 
problematic point of the medical microbiology. 

Some facts about bacteria were very surprising. We realized that we must use 
antibiotics just when it is absolutely unavoidable. We must take the antibiotics for the 
exact time that is determined by the doctor because it needs exact time to reach the doses 
that are needed to cure us completely. If you don’t pay attention to the risks and proper 
dosing, bacteria will gain multiresistance because they can adapt to the harsh condition. 
They do it by horizontal gene transfer and selection. Horizontal gene transfer is 
exchanging genetic material between two cells. Processes which bacterium cell can use to 
exchange genetic material are conjugation, transformation and transduction.  

These all things seem so much for one week, 
but we didn’t feel it too heavy. We enjoyed every 
time that we spent in the laboratory by working on 
this project. We gained a lot of new knowledge, 
experiences in a fantastic group. 
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