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Graduate Attributes Developed in this Course 
 

Science Graduate 
Attributes 

Degree of 
development 
0 = no 
development 
1 = minimal 
2 = minor 
3 = major 

Activities / Assessment 

Research, inquiry and 
analytical thinking 
abilities 

3 
Guided laboratory practicals, independent and collaborative 
lab research, assessment of open-ended investigations. 
 

Capability and 
motivation for 
intellectual 
development 

3 Semester project and 
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Course Schedule 
Week  Date  Lecture    Practical Tutorial  
Week 1  
  
  

Feb 14th  Introduction to MICR2011  JT  Aseptic technique Sterilisation 
Feb 17th  Unicellular structure and 

function  
JT 

  

Feb 18th  Microbial phylogeny  JT 
  

Week 2  
  
  

Feb 21st  Course Project  GL Project DNA extraction Phylogeny and classification 
Feb 24th  Microbial bioinformatics  MT 

  

Feb 25th  Microbial metabolism 1  BB 
  

Week 3  
  
  

Feb 28th  Microbial metabolism 2  BB Biochemical techniques for 
characterisation 

Biochemical techniques for 
characterisation 

Mar 3rd  Microbial evolution 
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Assessment  
Assessment type
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Administration Matters 

 
Expectations of Students 
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Academic integrity, referencing  and plagiarism 
 
Referencing 
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Additional support for students 
�x The Current Students Gateway: https://student.unsw.edu.au/ 

�x Academic Skills and Support: https://student.unsw.edu.au/academic-skills  

�x Student Wellbeing, Health and Safety: https://student.unsw.edu.au/wellbeing  

�x Disability Support Services: https://student.unsw.edu.au/disability-services  

�x UNSW IT Service Centre: https://www.it.unsw.edu.au/students/index.html 

 
  



 

 
WEEK 1 LABORATORY  13 
 

  
 



 

 
WEEK 1 LABORATORY  14 
 

 

Contents:  
WEEK 1 RISK ASSESSMENT .......................................................................................... 17 
WEEK 1 LABORATORY CLASS ...................................................................................... 18 
1. Welcome! ...................................................................................................................... 18 
1.1 Allocation of places ...................................................................................................... 18 
1.2 Introductions ................................................................................................................ 18 
1.3 Laboratory safety ......................................................................................................... 18 
Microbiology Laboratory Safety Rules ............................................................................... 19 
Risk management .............................................................................................................. 20 
Risk Management Form..................................................................................................... 22 
2. Media for the cultivation of microbes ........................................................................ 26 
2.1 Understanding media recipe composition .................................................................... 26 
2.2 Aseptic technique ........................................................................................................ 26 
2.3 Making and sterilising liquid broth and agar plates ...................................................... 28 
i) Luria broth ....................................................................................................................... 28 

Materials ..................................................................................................................... 28 
Procedure ................................................................................................................... 28 

ii) Pouring Luria agar plates ............................................................................................... 



 

 
WEEK 1 LABORATORY  17 
 



 

 
WEEK 2 LABORATORY  18 
 

 

 WEEK 1 LABORATORY CLASS  
 
 1. Welcome! 
 

1.1 Allocation of places 
Students should proceed to the appropriate laboratory (Lab 11 or 12 in Biosciences South 
E26 as advised) where practical class groups will be organised. 
 
1.2 Introductions 
Students and tutors should get acquainted: 

�x Briefly introduce individual backgrounds. 
�x A brief discussion of course objectives and requirements. 
�x Explanation of assessable components of this course. 
�x Brief overview of laboratory and tutorial programs. 

 
1.3 Laboratory safety 
Note: In addition to reading and signing off on the material below all students will be 
required to complete the laboratory BABS Health and Safety Quiz in Moodle before next 
week’s class (Week 2). You will not be able to proceed in further practical classes until you 
have completed this quiz. 
 

In the laboratory, individuals are exposed to hazards not normally found in a regular 
classroom. It is essential that students follow all laboratory rules and regulations. Failure to 
follow established rules may result in dismissal of the individual from the class. 
Laboratories have certain standard safety equipment. These typically include: 

�x general-purpose fire extinguisher 
�x fire blanket 
�x eyewash 
�x safety shower 
�x cut-off switches for electrical and gas outlets.  

 

It is the responsibility of the student to locate and know how to use the general safety 
equipment in the laboratory. Additionally, students should be aware of exits from the room 
in case of emergency, how to summon Campus Security (9385 6666), and how to obtain 
emergency medical assistance. 
 

The microbiology lab has some additional safety considerations. Since individuals work 
with potentially pathogenic organisms care must be taken to prevent possible infection     room  be 
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I have read and understand the above rules and agree to follow them. 
 
Signed______________________________________Date_______________ 
 
 
Name _________________________________________________________ 

 
 

Risk management:  

For every task we perform in the laboratory that involves new equipment or substances 
that are potentially hazardous we are legally required to prepare a risk management plan 
(Workplace Health and Safety Act and Regulation 2011).  
 
What is Risk Management?  

It is about identifying hazards, assessing them and controlling the risk of the hazards. 
When identifying hazards consider where, how and who is carrying out work. The level of 
risk is assessed and used to prioritise implementation of risk control measures.  
 
The risk control measures are:  

�x��  Eliminate the hazard(s)  
�x��  Substitute for something less hazardous  
�x��  Isolate the hazard from people  
�x��  Engineering controls e.g. plant guarding, work in fume cupboard or biosafety cabinet 
�x��  Administrative controls e.g. training, safe work procedures, signage  
�x��  Personal protective equipment (PPE) e.g. lab coat, safety glasses, gloves 

 
To prepare a risk management plan/assessment you need to do the following: 

�x Identify Hazards: Source of potential harm to people, property or environment 
�x Assess Risks: Chance of something happening - consequence vs likelihood 
�x Eliminate or Control Risks 

 
For the practical based studies you will undertaking in this course you will be required to 
read and sign the risk management plan associated with each individual laboratory class 
to provide evidence you have understood the associated risks and the control measures 
that have been put in place to minimise these risks. The risk management plans have 
been prepared by experienced staff however to help you understand this process we will 
ask you to identify the hazards and risks you may encounter in a microbiology lab and 
control measures we can use to minimise these risks and then discuss this with your fellow 
students and demonstrator. 
 
An example of a risk management form for working with a microscope is shown on the 
next page. Note all risk assessments at UNSW are now submitted on-line using the 
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SafeSys database (http://safety.unsw.edu.au/node/93/).  
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Risk Management Form 
 

Document details    

Document Number SCI-BABS-RMF-1603 Title Use of the light 
Microscope 

Author Jani O’Rourke Approver Jani O’Rourke 

Approval Status Approved Approval Date 02/06/2018 

Faculty Science School School of 
Biotechnology and 
Biomolecular Science 

Next Review date 02/06/2021   

 



 

 
WEEK 2 LABORATORY  23 
 

Hazards and Risks  

Hazard Category Ergonomic 
Associated Harm  Back, neck or eye strain due to extended use or too high intensity 

of light source 
Existing Controls  4 hour maximum booking allowed. Adjustable chairs provided. 

Training and risk assessment 
Risk Consequence Minor 
Risk Likelihood Unlikely 
Risk Rating Low 
Additional Controls - 
Hazard Task Exposure to biological materials 
Hazard Category Biologicals 
Associated Harm  Infection 
Existing Controls  PPE (lab
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Describe hazards and risks associated with working with unidentified microorganisms. 
 
 
 
 

 
Describe control measures that can be put in place to mitigate these risks. 
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maintain them free of external contamination is a basic microbiological technique. In this 
exercise you will have the opportunity of practicing sub-culturing and streak-plating 
techniques and of isolating organisms in pure culture. It all revolves around something we 
call aseptic technique. Accidental contamination may ruin your results completely. 
 
Aseptic technique is largely a matter of common sense, but it is essential to realise that 
bacteria and fungi are present almost everywhere. Correct methods of handling cultures 
and apparatus must be perfected.  
 
Consider carefully and remember the following points: 
 

�x Air contains many bacterial and fungal cells carried on dust particles or in water 
droplets. 

�x Any surface exposed to air quickly becomes contaminated, and if material is to be 
kept sterile exposure to air must be minimized.  

�x Instruments which can be sterilised by heating in a Bunsen flame (e.g. metal 
inoculating loops) can be left exposed, but they must be flamed thoroughly before 
use, and again before being replaced in the holder. 

�x Items of equipment that cannot be treated in this way are sterilised in wrappings or 
containers from which they must not be removed until actually needed. They must 
not be allowed to touch non-sterile surfaces during use. Plugs and caps of tubes 
and bottles must not be laid on the bench nor must sterile containers be left open to 
collect falling dust. 

�x Clothes, hair, skin and breath all carry a heavy microbial load and where strict 
asepsis (sterility) is essential (eg. surgery) sterilised gowns, caps, gloves and 
masks are worn. Even in normal microbiological work care must be taken to prevent 
contamination from the above-mentioned sources. 

�x A clean laboratory is the foundation of good aseptic technique. 
�x Microbial contamination in the lab is most often due to currents of non-sterile air. 

Ideally biosafety cabinets are used to minimize contamination. In the absence of a 
biosafety cabinet, a Bunsen burner can be used to create an updraft, thereby 
preventing contamination by settling dust particles. This protection can also be 
supplemented by keeping all windows and doors shut and by cutting down 
movement within the laboratory.  

�x Before commencing any operation, all necessary materials should be assembled on 
the bench for convenient access with provision for protecting sterile objects until 
needed. 

 
At this stage of this practical class each tutor group will be divided into four mini-groups 
(with 4 students each). You will also use these mini-groups for the main course project.  
 
Each group will initially be allocated to one of the following exercises:  

1. Pouring agar plates,  
2. Making Luria broths,  
3. Or choosing your environment for the study of its indigenous microbes 

 
Each group will then rotate through each exercise. It is anticipated that each exercise will 
take roughly half an hour. 
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2.3 Making and sterilising liquid broth and agar plates 

Luria broth, originally know as Lysogeny broth, was devised by Giuseppe Bertani in 1952 
for growing pathogenic Shigella lineages. It is now commonly used for the growth of 
enteric species such as the research workhorse Escherichia coli and in recombinant DNA 
work. It is a complex media that is easy to prepare and contains a wide range of nutrients 
with the following ingredients: 

• Tryptone: peptides and peptones providing essential amino acids 
• Yeast extract: vitamins, trace elements and certain organic compounds 
• NaCl: sodium ions for transport and osmotic balance. 

 
i) Luria broth 
 
Materials:  
 

�x Tryptone 
�x Yeast extract  
�x Sodium chloride 
�x 50ml polyproylene centrifuge tube 
�x Spatula, weighing boat, balance 
�x Specimen container and pipettes. 

 
Procedure: 
 

1. Using a spatula, weighing boat and a balance, each student should weigh out the 
following ingredients into a conical (Erlenmeyer) flask. Rinse and dry the spatula 
between different chemicals to avoid mixing (no double dipping).  

�x Tryptone: 0.2 g 
�x Yeast extract: 0.15 g 
�x NaCl: 0.2 g 

 
2. Dissolve in 20 mL of distilled water. 
 
3. Using a pipette aliquot 2 x 10 mL volumes into the 50 ml tube provided. Label the lid 

of your bottles with your name and date and place in the tray provided. The tubes will 



 

 
WEEK 2 LABORATORY  29 
 

 

Is Luria broth defined or complex? Name one of the carbon and energy sources in the 
media. 
 
 
 
 
 

 
For the three individual components state whether they are defined or undefined. 
 
Tryptone: 
 
 
Yeast extract: 
 
 
NaCl: 
 
 

 
 
ii) Pouring Luria agar plates 
 
Materials: 

�x 40 mL Luria agar 
�x sterile petri dishes 

 
Each student will be provided with 40 mL of molten Luria agar. This media has the same 
ingredients as the Luria broth above but 1.5% (weight/volume) agar has been added as a 
VROLGLI\LQJ�DJHQW��$JDU�GLVVROYHV�DW����Û&�DQG�VR�ZLOO�GLVVROYH�GXULQJ�DXWRFODYLQJ�����Û&���
7KH�DJDU�ZLOO�QRW�VHW�XQWLO�WKH�WHPSHUDWXUH�GURSV�WR�EHORZ���Û&��$JDU�FDQ�EH�NHSW�LQ�D���Û&�
water bath to keep it molten before being poured into petri dishes. 
 
Procedure: 

1. Collect two petri dishes – take care when handling them as these dishes are sterile 
inside. Label the bottom of each dish with your name, tutor group and date. Place 
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What weight of agar (in grams) would be added to 40 mL Luria broth to give a 1.5% 
(w/v) concentration? 
 
 
 
 

 
How do you think petri dishes are sterilised? 
 
 
 
 
 
 
 

 
Why do we label the bottom of the petri dish? 
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 3. MICR2011 course project 
Whilst each weekly practical class involves independent laboratory activities, one exercise 
runs throughout the session and forms the basis of a total of 24% of the course 
assessment. In essence, the course project makes a comparison between traditional 
cultivation based microbiology and contemporary molecular microbiology. In your mini-
group of four students will: 

1) select an environment of interest 
2) extract DNA from the environment of interest 
3) identify microbes in that environment from DNA sequence data 
4) isolate microbes from the environment of interest 
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                                                     WEEK 2  

                                                                   LABORATORY 
 
 
 

  
OVERVIEW 

This week we begin the course project. We will take two approaches to studying the 
microbial communities (microbiomes) of the samples you have chosen. The first is a 
contemporary molecular approach and the second is a traditional cultivation approach. 
The molecular approach involves extracting DNA directly from the sample and using DNA 
sequencing technology to determine what microorganisms are present. We will perform 
the DNA extraction today and analyse sequence data in subsequent weeks. The 
cultivation approach involves growing individual microbial lineages present in the sample 
and subsequently characterising them using biochemical tests, microscopy, and DNA 
sequencing. We will inoculate growth media today and do some cell staining and 
microscopy training exercises. 
 
LEARNING OBJECTIVES 

�x Understand the difference between modern DNA sequencing-based techniques and 
traditional cultivation-based techniques for identification microorganisms.  

�x Understand the advantages and disadvantages of each approach. 
�x Develop skills for visualising microbial samples by light microscopy. 
�x Be able to Gram stain a bacterial sample and understand the basis of the stain.  

 
ACTIVITIES 

1. DNA extraction of project samples for sequencing. 
2. Staining bacteria for observation by light microscopy. 2.-



 

 
WEEK 2 LABORATORY  34 
 

 

Contents:  
WEEK 2 RISK ASSESSMENT .......................................................................................... 35 
WEEK 2 LABORATORY CLASS ...................................................................................... 36 
1. DNA extraction of project samples for sequencing .................................................. 36 
Procedure .......................................................................................................................... 36 
Materials ............................................................................................................................ 37 
Step One - Sample collection and preparation .................................................................. 38 

Solid samples (soil, food etc.) ..................................................................................... 38 
Aqueous samples (seawater, pond water etc.) ........................................................... 38 
Surface swab samples (skin, ear, benches etc.) ........................................................ 39 

Step Two – Lysis ............................................................................................................... 39 
Step Three - Clean up (solid samples only) ....................................................................... 39 
Step Four - DNA binding and column washing .................................................................. 39 
Step Five – Elution ............................................................................................................. 40 
Sequencing ........................................................................................................................ 40 
2. Introduction to light microscopy ................................................................................ 41 
Parts of a light microscope ................................................................................................. 41 
Setting up the light microscope .......................................................................................... 42 
Resolution .......................................................................................................................... 44 
Oil immersion ..................................................................................................................... 45 
Microscopy trouble shooting .............................................................................................. 45 
3. Staining bacteria for observation by light microscopy ............................................ 46 
Materials ............................................................................................................................ 47 
Procedure .......................................................................................................................... 47 
Smear preparation ............................................................................................................. 47 
Gram staining your heat fixed bacterial smear ................................................................... 49 
Observations ...................................................................................................................... 49 
4. Inoculating agar plates to obtain pure cultures and liquid broths as enrichment 
cultures ............................................................................................................................. 50 
Materials ............................................................................................................................ 50 
4.1 Procedure for inoculating samples to obtain single colonies (pure cultures) ................ 50 
4.2 Procedure for setting up enrichment cultures .............................................................. 50 
Technique for subculturing agar plates for single colonies ................................................ 51 
 
  
 



 

 
WEEK 2 LABORATORY  35 
 

 

WEEK 2 RISK ASSESSMENT 
 

BABS Teaching Laboratory 

 

MICR2011_RMF_Wk3 
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 WEEK 2 LABORATORY CLASS  
 
 

 1. DNA extraction of project samples for sequencing 

DNA extraction underpins many modern techniques for the identification of 
microorganisms. Whether from a pure culture of a bacterial pathogen or a complex 
microbial consortium such as a stool sample, knowing what microbes you are dealing with 
starts with DNA extraction. DNA extraction from any given sample involves breaking open 
the cells, separa-3 (i)0.9-3 (ng w)- -( D)1 (her)-3.1 ( f)1 ( f)- 
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Materials: 
 

�x PureLink Microbiome DNA purification kit 
�x Forceps, blades, swabs, saline solution, mortar and pestle 
�x Pipettes, tips, microfuge tubes, microcentrifuges and vortexes 
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Step One - Sample collection and preparation: 

The method used to collect and prepare your sample will depend on the nature of the 
sample. Follow the appropriate guide for your sample type. 
 
Solid samples (soil, food etc.) 

i. Add 600 µL of Buffer S1 – lysis buffer to a bead tube (with red screw cap) 
ii. Weigh out approximately 0.2 grams of your sample using the balance provided and 

add it to the bead tube. For food samples, it may be necessary to crush the sample 
using a mortar and pestle first. 

 
Aqueous samples (seawater, pond water etc.) 

i. Unscrew the blue nut on the top of the Vacuum Filtration Unit and remove the lid 
ii. Remove a filter from its package using filter and place the filter in a container of 

deionized water to wet it completely. 
iii. Remove the filter from the water using the forceps or soft-nosed tweezers and 

center it on a support screen. Make sure that the filter completely covers the 
screen. 

iv. Using forceps, place a nitrocellulose filter disk onto the manifold (A) taking note of 
the position (1-12). 

v. Replace the lid on the manifold and tighten the blue locking nut (B) 
vi. Place stoppers in any positions around the manifold that do not contain filters. Add 

barrel extensions (max volume 50ml). 
vii. Switch on the vacuum pump and filter the first 50ml of your sample, add more as 

the sample is filtered. Turn of the manifold and remove the lid (as in step i). 
viii. Add 800 µL Buffer S1 – lysis buffer to a bead tube (with red screw cap) and add the 

filter membrane.  
 

 
 
 
 
 
 
 
 

 
A: Setting the filter onto the manifold.        B: Filter loaded into the manifold.  
C: Manifold with stoppers and barrel extensions connected to the vacuum pump. 
   

       

       

A B
 

C
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Surface swab samples (skin, ear, benches etc.) 

I. Add 600 µL of Buffer S1 – lysis buffer to a bead tube (with red screw cap) 
II. Moisten the tip of a sterile cotton swab in sterile saline. 

III. Swab the surface to be sampled thoroughly, making sure to use all sides of the 
swab. 

IV. Place the tip of the swab into the bead tube and cut/break off the remainder.  
Ensure that any remaining handle does not prevent you from being able to cap the 
tube. 

 
Step Two – Lysis 

I. Label your bead tube with your group’s identification on the side of the tube. 
II. Add 100 µL of Buffer S2 – lysis enhancer to the bead tube. Cap tightly and mix tube 

contents briefly using the vortex mixer. 
III. Incubate the tube in a heat block at 65°C for ten minutes. 
IV. Homogenise the sample by shaking on a bead beater for 3 x 45 second cycles. 

(Note: This step will be performed by the technical staff) 
V. Proceed to Step three (in the box below) if you are extracting from a solid sample. 

For all other samples proceed directly to Step Four. 

 
Step Three - Clean up (solid samples only) 

I. Centrifuge the tube containing your sample at 14,000 x g for 5 minutes. 
II. Transfer up to 400 µL of supernatant to a clean microcentrifuge tube.  Take care to 

avoid disturbing the pellet or transferring any debris. 
III. Add 250 µL of Buffer S3 – Cleanup buffer to the supernatant and vortex 

immediately. 
IV. Incubate on ice for ten minutes.  Proceed to DNA binding (Step Four). 

 
Step Four - DNA binding and column washing 

I. Centrifuge the tube containing your sample at 14,000 x g for 2 minutes. 
II. Transfer up to 500 µL of supernatant to a clean microcentrifuge tube, taking care to 

avoid disturbing the pellet or transferring any debris. Discard the tube containing the 
pellet. 

III. Add 900 µL of Buffer S4 – 
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Step Five – Elution 

I. Transfer the column to a clean microcentrifuge tube labelled with your group 
identification. 

II. Add 50 µL of Buffer S6 – Elution buffer to the column. Cap the column and allow it 
to sit at room temperature for one minute. 

III. Centrifuge the column (in its microcentrifuge tube) at 14,000 x g for 1 minute. The 
DNA will now be eluted from the column into the tube, and is ready for quality 
analysis and sequencing. Hand your DNA extract to your demonstrator. 

 
Sequencing: 

The DNA extracted from your sample will be submitted to the Ramaciotti Centre for 
Genomics for further analysis. The quality of your DNA samples will be checked by gel 
electrophoresis and the quantity determined with a Nanodrop UV-
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 2. Introduction to light microscopy 

The compound light microscope is an optical instrument designed for producing magnified 
images of objects using two or more glass lenses. The term light refers to the method by 
which light transmits the image to your eye. Compound deals with the microscope having 
more than one lens. Microscope is the combination of two words; “micro” meaning small 
and “scope” meaning view. 
 
The size of organisms and the internal structures to be observed determine the type of 
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Setting up the light microscope: 
 

 

 

1. Switching on microscope 
 
Turn the power switch �  on. 
 
Rotate the voltage control ②  clockwise 
to reduce light intensity or counter 
clockwise to increase intensity. 
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2. Specimen placement 
 
Open the spring-loaded finger of the 
specimen holder �  and insert the slide. 

3. Focus 
 
Swing in the 10x objective � . 
 
Bring the specimen into focus using the 
course and fine adjustment knobs ② . 

4. Interpupillary distance 
 
Looking through the binocular tube, 
move the knurled dovetail slides �  until 
a suitable binocular vision is obtained. 
 

5. Dioptre adjustment 
 
Look at the image through the right 
eyepiece with your right eye, and focus 
on the specimen with the fine focus 
adjustment. 
 
Looking at the image through the left 
eyepiece with your left eye, rotate the 
dioptre adjustment ring �  to focus on 
the specimen without using the focus 
adjustment knobs. 
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Your lens is dirty. Use lens paper, and only lens paper to carefully clean the objective 
and ocular lens. The ocular lens can be removed to clean the inside. 

 
�x Can't see anything under high power!  

Remember the steps, if you can't focus low power, you won't be able to focus 
anything under high power. 
 

�x Only half of the viewing field is lit, it looks like there's a half-moon in there! 
You probably don't have your objective fully clicked into place 

 
Apparent fault Possible cause Correction 

 
 
Field dark 

Power (lamp) not on or turned 
down too low 

Turn power on & check 
voltage 

Condenser diaphragm closed Open diaphragm 
Lamp filament burnt out Replace lamp 

Colour of objects 
indistinct 

Condenser diaphragm closed 
too far 

Open diaphragm 

Poor resolution Condenser either too far open 
or too far closed 

Adjust condenser 
diaphragm 

 
 
 
Unable to focus on 
object 

Cover-slip too thick Replace 
Slide up-side down Invert slide 
Focusing attempts too rapid Use fine focus and adjust 

more slowly 
Objective has insufficient 
resolving power 

Use higher power 

Objective covered with dried 
immersion oil from previous use 

Clean with lens tissue and 
solvent 

 



 

 
WEEK 2 LABORATORY  47 
 

 
Materials: 

�x Three broth cultures, one pure culture of a Gram-positive organism, and one pure 
culture of a Gram-negative organism, and one unknown. 

�x Gram reagents. 

 
Procedure: 

The Gram stain is the most important differential stain in bacteriology. All bacteria can be 
classified as Gram positive or Gram negative, a characteristic that is produced by marked 
differences in cell wall structure and correlates with many other characteristics of the 
microorganism. 

 
Smear preparation: 

i. Obtain a clean glass microscope slide. Using an indelible marker such as a 
CHINAGRAPH�£ pencil, draw a small circle on the slide where you intend to locate the 
smear. 
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ii. Sterilise loop by flaming in Bunsen burner as previously described (bacteriological loop 
method). 

 
 

iii. Using aseptic technique, collect a portion of a single colony with the loop and mix with 
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Gram staining your heat fixed bacterial smear: 

i. Flood air-dried, heat-fixed smear of cells for 1 minute with crystal violet staining 
reagent. Please note that the quality of the smear (too heavy or too light cell 
concentration) will affect the Gram Stain results. 
 

ii. Wash slide in a gentle and indirect stream of water for 2 seconds. 
 

iii. Flood slide with the mordant: Gram's iodine. Wait 1 minute. 
 

iv. Wash slide in a gentle and indirect stream of water for 2 seconds. 
 

v. Flood slide with decolorising agent (alcohol). Wait 15 seconds or add drop by drop 
to slide until decolorizing agent running from the slide runs clear. 
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 4. Inoculating agar plates to obtain pure cultures and liquid broths as 
enrichment cultures 
Most techniques for the isolation of bacteria involve streaking an aqueous suspension of 
cells onto agar medium (to dilute the inoculum and obtain single colonies) and incubating 
for colony development. If a cell can grow on the media it will replicate until ultimately there 
is a colony of cells visible to the naked eye. The steps taken to obtain pure cultures are 
usually carried out a number of times in succession to safeguard against the transfer of 
contaminants. Sub-culturing is a useful microbiological technique and competence in it is 
desirable. Check your method with your demonstrator. If your plates are not adequate, 
repeat the initial isolation step. 
 

In some instances, the organisms you are trying to detect may be present in your sample 
in very low numbers and may not grow successfully on plates directly from the original 
sample. In such instances the original sample can be incubated in a broth culture that will 
promote the growth of organisms – i.e. an enrichment culture. This is particularly relevant 
when trying to detect small numbers of possibly pathogenic organisms in human samples, 
especially blood cultures, or food samples or isolating microbes from environmental 
samples with specific abilities (e.g oil degrading bacteria from soil samples). 
 
Materials: 

�x Samples of your choice for course project 
�x Luria broth  - that you prepared in last week’s class 
�x Agar plates: 

- Luria agar – plates you prepared in last week’s class 
- LB20 – Luria agar with additional sodium chloride for marine samples 
- M9 – minimal salts agar with glucose as a carbon and energy source 

 

4.1 
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Label the broths with your name, date and demonstrator’s name and give them to your 
demonstrator. Suggest an incubation temperature
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WEEK 3 RISK ASSESSMENT 
 

BABS Teaching Laboratory 

 

MICR2011_RMF_Wk4 

Student Risk Assessment 

 
Hazards Risks Controls 
General See below At all times follow demonstrators’ instructions when 

handling all biological substances, chemicals and 
equipment items. Notify demonstrator immediately 
of any spills or other incidents. 
Proper handwashing with antibacterial handwash 
before leaving the laboratory. 

Biological agent 
(Microorganisms, Risk 
Group I and Risk 
Group II) 
 
Glass 
slides/coverslips 
 
Bunsen burner 

infection  
 
 
cuts 
 
burns 

PPE (lab coats, closed in shoes & gloves as 
required). Adhere to aseptic techniques. Work in 
PC2 laboratory or BSC if required. 
Dispose of any broken/used sharp/glass items 
immediately in Sharps containers provided.    
Never leave a lit Bunsen Burner unattended or 
reach over an exposed flame. Keep long hair tied 
back. 

Chemical (hydrogen 
peroxidase & indole 
reagent, gram stain) 

corrosive, irritant to eyes, 
respiratory system and skin 

PPE (lab coats, closed in shoes, safety glasses & 
gloves. SDS. 

Electrical Equipment 
(microscope, vortex) 

Electric shock/ electrocution 
Exposure to biological 
agents (see above) 

Avoid water/spillages when working with electrical 
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 WEEK 3 LABORATORY CLASS  
 
 

 1. Examination of cultures obtained from project samples 

Examine your plates from last week and select isolated colonies for further examination 
and subculture. Sub-culturing isolates will be a routine exercise until Week 8. If adequate 
biomass has formed on your plates or in your broth, Gram stain the colonies you have 
sub-cultured using the protocol described in last weeks’ class.  
 
Save and store photos of your plates. Record your Gram stain results here (you’ll need 
these for your final report): 
 

 

Suggestive learning activity: 
 
Weekly group discussion for your course project - check Collaboration Checklist for 
suggestive topics 
 
Don’t forget to record group meeting minutes (meeting minute template) and develop 
weekly action plan (And stick to the plan!). 
 

 
 
2. Selective and differential media
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Most other organisms grow well but any haemolytic effect shown is irrelevant for 
differentiating between bacterial isolates, e.g. some strains of Staphylococcus aureus 
produce lysis while other strains show no lysis at all. 
 
MacConkey agar (MAC) 

Contains bile salts that inhibit many non - 



 

 
WEEK 3 LABORATORY  59 
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What is the media component that makes Mannitol Salt Agar selective? Explain. 
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Biochemical tests used for phenotypic characterisation 

Staining bacteria and observation by light microscopy provides information about bacterial 
morphology, gram reaction, and potentially the presence of structures such as 
endospores. However, microscopic examination alone gives little information as to the 
genus and species of a particular bacterium.  
 
To phenotype bacteria, some form biochemical analysis must be performed. The types of 
biochemical reactions each organism undergoes acts as a ‘fingerprint’ for its identification. 
Different species of bacteria have unique DNA and since DNA codes for protein synthesis, 
then different species of bacteria must, by way of their unique DNA, be able to synthesise 
different protein enzymes. Enzymes catalyse all the various chemical reactions of which 
the organism is capable. Therefore, different species of bacteria must carry out unique 
sets of biochemical reactions. By determining which enzymes are present in an unknown 
organism a description of that organism may be made and hence a step toward 
identification by phenotyping. 
 
For example, all bacteria contain enzymes that can reduce oxygen to hydrogen peroxide 
and, in smaller amounts, to the more toxic free radical, superoxide. In most aerobes and 
facultative anaerobes, accumulation of these two toxic materials is prevented by the action 
of two enzymes, catalase and superoxide dismutase. Catalase is a hemoprotein enzyme 
of the oxidoreductase class that catalyses the conversion of hydrogen peroxide to water 
and oxygen. Superoxide dismutase is a copper-and zinc-containing enzyme present in all 
oxygen-using organisms that scavenges free radicals and converts them into H2O2 and 
O2). Organisms that can tolerate exposure to oxygen always contain superoxide 
dismutase and may contain catalase. Lactic acid bacteria, being unable to synthesize 
heme molecules, do not contain catalase. Therefore, they are catalase negative.  This 
group contains the enzyme peroxidase which catalyses the oxidation of organic 
compounds, such as NADH2 by H2O2 which is thereby reduced to water. Lactic acid 
bacteria are therefore protected from H2O2 toxicity in the absence of catalase. 
Enzymes are detected by the chemical reaction they carry out. However, it is necessary to 
have a means of observing and possibly measuring an enzyme’s chemical reaction. One 
common measuring technique involves the reaction of a pH indicators that respond to the 
hydrogen ion, (H+), concentration by changing colour as a direct result of an enzyme’s 
activity. The quantity of H+ in a solution is a measure of how acid or basic (alkaline) a 
solution is. Thus, if an enzymatic reaction produces acids, which increases the H+ 
concentration, pH-
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Materials: 
�x Culture plate of Staphylococcus  
�x Culture plate of Lactobacillus 
�x Hydrogen peroxide 

 
 
Procedure: 
For each bacterial culture, place one drop of H2O2 (10%) on a glass slide.  
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Grow organisms for the test on any appropriate medium. 
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3.3 Indole 

Amino acids may arise as a result of the hydrolysis of proteins, peptones and peptides. 
Tryptophan is an amino acid that can be used as an energy generating substrate by 
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An overnight broth culture of the yeast Saccharomyces cerevisiae (prepared by technical 
staff) will be counted using the spread plate method. Aliquots (100 µL) of appropriate 
dilutions will be spread evenly onto the surface of nutrient agar plates.  
 
NOTE: Calculations have to be made to ensure that between 30-300 organisms are likely to 
be in one of the dilutions. You don’t want more than 300 colonies on your agar plate 
because it gets too crowded to count. You don’t want less because small numbers don’t 
accurately reflect reality. 
 
Materials: 

�x An overnight culture of Saccharomyces cerevisiae in Sabouraud broth (test sample) 
�x A series of suspensions of S. cerevisiae in Sabouraud broth (reference samples 

with known cell concentrations) 
�x 15 mL of sterile saline (per pair of students) will will willni   
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END OF WEEK 3 
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                                                     WEEK 4  

                                                                   LABORATORY 
 
 
 

OVERVIEW 
In the tutorial and lectures this week you studied microbially 
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 WEEK 4 RISK ASSESSMENT 
 

BABS Teaching Laboratory 

 

MICR2011_RMF_Wk7 
 

Student Risk Assessment 

 
Hazards 

 



 

 
WEEK 4 LABORATORY  76 
 

 

 WEEK 4 LABORATORY CLASS  
 
 

 1. Winogradsky column 

You have reviewed the Winogradsky column in this week’s tutorial, but if you’d like some 
more information before answering the questions below, here’s a little refresher: 
 
The study of microbial ecology can be approached in 2 ways: 
 

(i) By isolating, identifying, enumerating and studying the physiology of individual 
bacterial types of the ecosystem 

 
(ii) By studying the activity (for example, chemical conversions) of the microbial 

population in the natural habitat. 
 
One of the previous lab experiments, the exercise on isolation and identification of a given 
bacterial type, focuses on the former approach. 
 
Bacteria and Archaea exhibit an astonishing metabolic diversity, which far exceeds that of 
the eukaryotes (animals, plants, fungi and other higher organisms). Bacteria and Archaea 
literally keep the biological world turning by recycling all the mineral elements necessary 
for life support. Two famous microbiologists pioneered the study of these processes, 
Sergius Winogradsky (1856-1953) and Martinus Willem Beijerinck (1851-
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not use water as the reductant; instead they use H2S. The following simplified equations 
show the parallel. 
 
6 CO2 + 6 H20  �Æ C6H12O6 + 6 O2 (plant photosynthesis) 
 
6 CO2 + 6 H2S  �Æ C6H12O6 + 6 S (bacterial anaerobic photosynthesis) 
 
The purple sulphur bacteria typically have large cells and they deposit sulphur granules 
inside the cells. The green sulphur bacteria have smaller cells and typically deposit sulphur 
externally. 

The sulphur (or sulphate formed from it) produced by the photosynthetic bacteria returns to 
the sediment where it can be recycled by Desulfovibrio - part of the sulphur cycle in natural 
waters. 
 
Most of the water column above the photosynthetic bacteria is coloured bright red by a 
large population of purple non-sulphur bacteria. These include species of 
Rhodopseudomonas, Rhodospirillum and Rhodomicrobium. 
 
These bacteria grow in anaerobic conditions, gaining their energy from light reactions but 
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1.1 Winogradsky column demonstration 

At the front of the class there are two mature Winogradsky columns for you to observe. 
When indicated by your tutor, head to the front of the class and observe the different 
stratified communities present in the column. Unlike most occasions in microbiology, you 
can see the different microbial communities and differentiate some simply by their 
colouring.  
 
In the space overleaf, you should sketch the column and indicate the different 
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What is the purpose of the following ingredients that were added to the column? 

Mud  
 

 

Powdered cellulose 
 

 

Calcium sulphate 
 

 

Calcium carbonate 
 

 

 
 

Sketch the Winogradsky column below and indicate and microbial communities that you 
can identify with your group and tutor. 
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Predict the location within the column and the chronological order of the 
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2. Soil based Microbial Fuel Cells 
 
Harvesting energy from the environment is the primary activity of all living things. There 
are three principal ways to do this. Photosynthesis, fermentation and chemotrophic 
respiration.  The latter is how we do it. As with humans, respiration in microbes involves 
the transfer of electrons to a suitable electron acceptor. For us this is oxygen, but for 
microbes there are many options. For example, bacteria can respire things like oxygen, 
nitrate, sulphate (seen in the Winogradsky column), iron, uranium, arsenic and even solid 
electrodes. Electrons can be transferred from bacterial cells to electrodes via soluble 
charge carrying molecules (electron shuttles), conductive appendages (nanowires or pili) 
or by direct cell contact. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The MudWatts provided (one per group) give us an opportunity not only to play with mud 
but also to bear witness to microbial respiration by linking the transfer of electrons from 
bacterial cells via an electrode to an LED. That’s right, microbes can create enough 
potential in a bioelectrochemical system to make an LED blink. Not bad given the size of 
them. The following diagram illustrates the flow of electrons. 
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Materials:  
 

�x Carbon felt cathode and orange wire 
�x Carbon felt anode and green wire 
�x Vessel, hacker board, capacitor and LED 
�x Additional items including, multimeters, buzzers and clocks will be available in 

ensuing weeks to play around with. 
�x Mud – this is ‘sampled’ from the beautiful gardens around UNSW… discreetly. You 

wil be provided will either:  
1. Soil 
2. Soil supplemented with extra organic carbon (cellulose) 
3. Soil that has been autoclaved and is now sterile 

 
Procedure: 

Completely saturate your soil with water. 
 
Bend both wires 90° where the plastic sheath ends. Straighten out the bare end of the 
wire. The green wire will be used to make the anode, and the orange wire will be used to 
make the cathode. 
 
Insert the bare end of the anode (green) wire into the side of the thin felt disc. Try to keep 
the wire from exiting the felt. Repeat this step with the cathode (orange) wire and the thick 
felt disc. 
 
Pack a layer of mud into the bottom of your container, at least 1 cm deep. Pat down the 
soil so that you have a smooth layer. 
 
Place the anode (with the green wire) on top of the layer of mud. 
 
Fill your container with more mud, at least 5 cm deep, pressing down firmly to squeeze out 
air bubbles. Let your mud rest for a few minutes and drain any excess liquid. 
 
Place the cathode (with the orange wire) gently on top of the mud. Do not cover the 
cathode with mud. 
Attach the hacker board into the indentation on the lid. 
Pass the electrode wires through the lid. 
 
Facing the semicircular indentation, the cathode (orange) should be on the left and the 
anode (green) on the right. Now press the lid down onto the jar to snap it into place. 
 
Connect the cathode wire (orange) to the ‘+’ and connect the anode wire (green) to the ‘-‘.  
 
Place the long end of the capacitor to pin 1 and the short end to pin 2. Connect the long 
end of the LED to pin 5 and the short end to pin 6. 
 
It will take a few days for the microbes in the soil to colonise the anode at the bottom of the 
vessel and for the LED to start blinking. Over the next 2 weeks you will record the 
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group to take every 2-3 days. Record your results in the spreadsheet provided on the class 
OneNote Notebook (Content Library > Student Results > Soil microbial fuel cell results) 
and linked here.   
 
 
 3. Maintenance of project microbes  

 
For those of you that haven’t commenced or completed your phenotypic testing spend 
some time performing these tests as described previously. Don’t forget to subculture your 
culture for future use. Photograph your culture plate and any of the tests you have 
performed. Keep your data and notes here. 
 
Suggestive learning activity: 
 
Weekly group discussion for your course project - check Collaboration Checklist for 
suggestive topics 
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Number of colonies on lowest dilution (least dilute): 
 
 
Number of colonies on intermediate dilution: 
 
  
Number of colonies on highest dilution (most dilute): 
 
 
Cell concentration in original solution (CFU/mL) = 
 
 
Was the 10-fold dilution series apparent in your colony counts? If not, give reasons why: 

 
 
 
 
END OF WEEK 4 
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 WEEK 5 RISK ASSESSMENT 
 

BABS Teaching Laboratory 

 

MICR2011_RMF_COMP  

Student Risk Assessment 

 
Workstation set-up 

Ergonomics 
 
Electrical 

Musculoskeletal 
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 WEEK 5 LABORATORY CLASS  
 
 

1. Course project: sub-culturing, MALDI-TOF and storing project 
microbes 

Examine your agar plates from last week. Take a photo and save to a location where you 
can access it for your final report (create a MICR2011_Report folder in your student drive). 
Based on colony morphology do you have a pure culture or mixed lineage growth on your 
plate? Pick a colony and subculture onto a new plate. Check next week that your 
microorganism is still alive. To ensure the culture is not lost during the following weeks 
stocks of the culture can be frozen and revived at a later time point if necessary as follows. 
 
Procedure: 

- Only continue today with the following if you are sure you have a pure culture. 
Otherwise, this step can be performed next week. 

- Obtain a culture plate showing good growth of a pure culture of your isolate. 
- Aliquot 0.5 mL of Luria broth (containing 15% glycerol) into a cryotube. 
- Using a sterile loop, pick two or three colonies and transfer and suspend in the 

cryotube from above. 
- Labeled with your name and date. Give this to your demonstrator who will store it at     

-��Û&�XQWLO�UHTXLUHG� 
 
 

Identify your microorganism 

Once you are satisfied that you have a pure culture, you may begin your identification. You 
will use two methods: a more classical biochemical characterisation, and phylogenetic 
analysis of the 16S rRNA gene from your microorganism. 

Flow charts of the tests required to identify your microorganism are provided in Appendix 1  
and are adapted from Bergey’s Manual of Determinative Bacteriology. The stains and tests 
listed (and instructions for performing the tests) are available in the lab and you should 
discuss with your tutor the best way to identify your microorganism. You will need to start 
with a Gram stain to determine the Gram reaction and cell morphology. This will also help 
you determine if you have a pure culture. 

In the next practical, you will sequence part of the 16S rRNA gene from your 
microorganism and, using the skills you will learn today, identify your microorganism using 
phylogenetics. 

 
MALDI-TOF mass spectrometry analysis of project isolates 

Mass spectrometry (MS) is a relatively recent addition to the microbiologist’s toolkit. MS 
can be used to create a “fingerprint” of the molecular weight of the most abundant proteins 
in the cell. These proteins are predominantly ribosomal proteins and there is sufficient 
variation in the molecular weight between genus, species, and sometimes strains to 
determine the microbe’s identity.  
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The major advantage of using MS to identify microorganisms is the speed of identification. 
From a pure culture, you can identify the microorganism in less than an hour. Almost all 
MS instruments for bacterial identification use matrix-assisted laser desorption/ionization 
(MALDI) to vaporise and ionize your sample microorganism for MS. Your sample is mixed 
with a “matrix” soluWLRQ��LQ�WKLV�FDVH�ZH�ZLOO�XVH�Į-Cyano-4-hydroxycinnamic acid (HCCA) 
that will absorb energy from the UV laser of the MALDI to generate free radicals and heat 
that will ionize and vaporise the sample.  

The ionised sample vapour containing proteins from your bacterial sample is then fed into 
a Time-Of-Flight (TOF) mass spectrometer, hence the name MALDI-TOF. The TOF 
spectrometer will measure the mass/charge ratio (m/z) of the proteins in the sample 
creating a fingerprint of the molecular weights of the most abundant proteins in the cell. To 
identify our microorganism we compare the spectra from the 2-20 kDa range of proteins 
against a database of spectra from previously characterised bacteria. In this way we can 
match the MALDI-
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 2. Introduction to sequence analysis 
 
Bioinformatics now plays a central role in medical and environmental microbiology. From 
tracking the evolution of pathogenic viruses, to identifying a fungal isolate, or identifying 
bacteria in a sputum sample, making sense of DNA sequence data is crucial. 
 
Over the past decade there has been a technological revolution in sequencing, with the 
costs dropping dramatically and the amount of sequence data increasing. For example in 
2001 the cost of the Human Genome project was $100 million. Today genomes can be 
sequenced for around $1000. 
 
This revolution has meant that sequence data is much more readily available to a wide 
range of scientists than was previously the case. In microbiology, this has resulted in the 
capacity to deeply sequence the DNA of microbes from any sample and readily identify 
community composition and function. As a consequence, much of the skill involved in 
medical and biotechnological research has moved from the “wet lab” to the computer lab, 
and you will need to become comfortable using (or even developing) many types of 
bioinformatic software during your career. 
 
One good thing about playing around with bioinformatics is that you can’t really do any 
harm, spread a dangerous virus, burn down the lab, etc. You can probably take down a 
server with some bad code but this can generally be fixed pretty easily. Feel free to 
explore the software we will use (and any other similar packages you can find). Much 
newly developed software is open source, so if you are computationally inclined 
downloading, installing and trying out new methods is a great way of advancing your 
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The secondary structure of the SSU rRNA molecule is useful to understand the methods 
we use to explore diversity using the gene. When folded in two dimensions RNA forms a 
series of stems and loops. In general, as the stems require base-pair bonding, it is 
important that these regions of the gene are conserved. Nucleotide mutations in stem 
regions can stop secondary structure formation and render this essential molecule useless 
and the organism will die. That’s a strong selection pressure for conservation. Loop 
sequences on the other hand don’t base pair so they mutate more and are less conserved. 
 
When you learn and read about using Illumina sequencing to examine microbial 
assemblages from different environments you will hear about variable regions V2-V3, or 
V4, or V6. These designations refer to specific sub-parts of the SSU gene that contain 
variability between species so are useful for telling one species from another. 
 
 
Exercise 1. Accessing software for phylogenetic analysis of SSU rRNA sequences 

Today you will be working in pairs and using a software package called MEGA for analysis 
of your mock SSU rRNA sequences. You will use MEGA to analyse your 16S rDNA 
Sanger sequencing results of your pet microbe for your final report. 
 
The MEGA software package is freeware that allows us to visualise and manipulate 
sequence data, create multiple alignments, estimate evolutionary distance, and build 
phylogenetic trees, amongst many other uses. You can access MEGA using your student 
zID through myAccess: 
 
https://www.myaccess.unsw.edu.au 
 
Click on Access my apps and select MEGAX 
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Opening an Alignment 

The Alignment Explorer is the tool for building and editing multiple sequence alignments in 
MEGA. 
 

1. Launch the Alignment Explorer by selecting the Align > Edit/Build Alignment 
on the launch bar of the main MEGA window. 

2. Select Create New Alignment and click OK. A dialog box will appear asking, “Are 
you building a DNA or Protein sequence alignment?” Click the button labeled “DNA”. 

 
3. From the Alignment Explorer main menu, select Data > Open > Retrieve 

sequences from File. Select the ‘ Micro2011_16S_rRNA_sequences.fasta’ file 
from the location that it was saved. You should see something like this: 

 
 

 
 
Notice the different coloured blocks for each nucleotide (A= green, T= red, C = blue,                
G = purple) 
 
Use the scroll bar at the bottom to see how long each of the sequences are. 
 
You can manipulate the order of the sequences by dragging and dropping. Try moving the 
sequences up or down in order by dragging the names.  
 
For example, move Candida_glabrata down so it is above the two Saccharomyces 
sequences at the bottom. Then move all the eukaryotes to the bottom (Saccharomyces, 
Candida and Penicillium) 
Double click in the “Group Name” box next to one of the sequences and type in something 
to represent the Genus name. e.g. ‘Pro’ for Prochlorococcus. Do this for the rest of the 
groups (e.g. ‘Bord’ for the Bordetella sequences). Group Candida with the 
Saccharomyces. 
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Aligning Sequences Using Muscle 

Before you can do ANYTHING with your sequences they must be aligned (matched up so 
that you compare the right base pairs to each other). 
 

1. On the Alignment Explorer
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at the start and at the finish. This is a problem because you can’t accurately compare 
sequences of different length. To resolve this we need to do one of two things: 
 

�x Delete the base pairs of all the other sequences from the start and end so they 
match up with NATL1. This will allow us to keep NATL1 in our tree but remove a lot 
of data we use to build the tree, or 

 
�x Remove NATL1 from the alignment before we make the tree, and just trim the ends 

to make the other sequences the same length. 
 
Your decision will depend on whether you are interested in the position of NATL1 and the 
intergroup similarities in Prochlorococcus, or more so in the rest of the sequences? 
 
If you want to remove NATL1 click on the name and then Edit > Delete to remove it.  
 
OR 
 
If you want to keep all your species for now, delete all the columns in the alignment from 
the start of the alignment to the start of the NATL1 sequence, and from the end of the 
alignment to the end of the NATL1 sequence, by highlighting the appropriate grey boxes at 
the top of the alignment and then Edit > Delete.  
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3. Select all five records again and display the full GenBank record (including 
sequences) by selecting Summary > GenBank (full) to load the data in the correct 
format. Once that has loaded, you can import these closely related sequences into 
MEGA using the Add to Alignment button at the top of the screen. 
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4. The related sequences will now be added to your Alignment Explorer window 
and you can repeat your alignment and phylogenetic tree construction (Exercises 2, 
3, and 4) using your additional related SSU sequences. This will be particularly 
important for Week 11 when you have your unknown project samples and will need 
to id



 

 
WEEK 7 LABORATORY  105 
 

 
 

 

WEEK 7  

                                                                    LABORATORY 
     
 
 

OVERVIEW



 

 
WEEK 7 LABORATORY  106 
 

2. Assessment of DNA extract quantity and quality. 
3. PCR amplification of the SSU rRNA gene of project microbes. 
4. Record the output of your Microbial Fuel Cell 
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 WEEK 7 LABORATORY CLASS  
 
 
 

1. DNA extraction, biochemical characterisation, and antibiotic resistance 
analysis from sub-cultured project isolates 

Working in your mini-group follow the protocol below to extract DNA from the microbes 
isolated by your group. We’re using the same DNA extraction kit as we did previously so 
refer back to Week 2 to get an overview of the protocol. Detailed instructions are given 
below. 
 
Materials: 

�x 
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13. After the second spin, transfer the column (with DNA now bound to the filter inside) 
to the clean collection tube provided.  

14. Add 500 µL of Buffer S5 – Wash buffer to the column, cap it and centrifuge for 1 
minute as above. 

15. Discard the flow through, replace the column in the tube and centrifuge for an 
additional 1 minute (this step removes residual wash buffer from the column). 

 
Step Four - Elution 

16. Transfer the column to a clean microcentrifuge tube, labelled with your group 
identification and the date. 

17. Add 50 µL of Buffer S6 – Elution buffer to the column.  Cap the column and allow it 
to sit at room temperature for one minute. 

18. Centrifuge the column (in its microcentrifuge tube) at 14,000 x g for 1 minute. The 
DNA will now be eluted from the column into the tube and is ready for quality 
analysis PCR and sequencing. 

 

Continue - Biochemical characterisation of project isolate 

You will continue with the biochemical characterisation of your project isolate using the 
guide provided in the Appendix.  
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methods for checking DNA quantity and purity that we won’t pursue today include agarose 
gel electrophoresis combined with fluorescence imaging or quantifying directly with DNA 
binding fluorescent dyes using Qubit technology.   
 
Materials: 

�x DNA sample from step 1 above 
�x Pipette and tips 
�x Nanodrop and Kimwipes™ 

 
Procedure: 
 

1. To determine the absorbance of various wavelengths of electromagnetic radiation 
by DNA in elution buffer, first you need to see what the elution buffer looks like 
itself. Aliquot 2 µL of Buffer S6 – Elution buffer onto the Nanodrop stage, lower the 
arm and instruct the software to take a blank reading. This tells the Nanodrop that 
this is what the background of the sample looks like. Wipe the droplet off the stage 
with a Kimwipe™/tissue. 

 
2. 1RZ�DOLTXRW���ȝ/�RI�\RXU�'1$�VDPSOH�RQWR�WKH�1DQRGURS�VWDJH�DQG�LQVWUXFW�WKH�

software to measure the DNA concentration. This will give you a spectrum and a 
concentration for your DNA. 

3. Your spectrum should look 
something like this. The 
absorbance maxima (peak) 
of the spectrum should be at 
260 nm. It is this reading that 
is used to calculate the DNA 
concentration. A 50 ng/µL 
solution of DNA will give you 
an absorbance at 260 nm of 
1 so you can easily figure out 
DNA concentration from 
absorbance. The software 
also gives you absorbance 
readings at 230 nm and 280 
nm. The ratio between the 
260 nm and 230 nm readings 
(260/230 ratio) and the ratio between the 260 nm and the 280 nm readings 
(260/280 ratio) give you information on purity. The 260/280 ratio should be close to 
1.8 for pure DNA. The 260/230 ratio should be above 1 if the sample is free from 
carbohydrates and phenolics. If your 260/230 and 260/280 ratios are not as 
expected you should not trust the concentration as measured by the Nanodrop. 
Note that the Nanodrop tends to slightly overestimate the DNA concentration.  

 
 
 
 

Results: 
 
 
Absorbance (230 nm): 
 
 

260 nm 
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Absorbance (260 nm): 
 
 
 
Absorbance (280 nm): 
 
 
 
260/230 ratio: 
 
 
 
260:280 ratio: 
 
 
 
DNA concentration (ng/µL): 
 
 
 
 
 
 
 

Draw the absorbance spectra of your DNA sample below: 
 

 

 

 
 
 3. PCR amplification and sequencing of SSU rRNA genes  
 
The DNA sequence that encodes the SSU rRNA sequence is used for taxonomical 
classification of microbes as there are conserved regions in the sequence (due to the 
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conserved function of SSU rRNA) and hypervariable regions that enable us to distinguish 
between close relatives. The gene encoding SSU rRNA is approximately 1500 base pairs 
long and can be amplified in a single PCR to obtain the sequence for the whole gene. 
Discuss with your demonstrator what primers should be used for sequencing. 
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END OF WEEK 7 
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 WEEK 8 LABORATORY CLASS  
 

 
Materials: 

�x 4 plates nutrient agar (per bench group) 
�x 4 plates mannitol salt agar (per bench group) 
�x 4 plates Sabouraud agar (per bench group) 
�x 4 plates MacConkey agar (per bench group) 
�x 2 sterile "Stomacher" bags (per bench group) 
�x 4 x 50 ml volumes physiological diluent (saline) (per group) 
�x 30 g of an unprocessed food in a sterile petri dish (per group) 
�x 30 g of a processed food in a sterile petri dish (per group) 
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Macroscopically examine the plates set up last week. Do you have any evidence of 
different population sizes on the processed and unprocessed foods? 

 
Does comparative growth on different selective media and the colony appearance of the 
populations suggest any qualitative differences in the populations of the two foods? 

 
Comment on the predominant colony types on each food 
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Phenotyping verses genotyping: 
DNA was isolated from three bacteria that grew from the food sources. You are provided 
with three 16S sequences from these bacteria. The sequences have been uploaded in 
fasta format to the MICR2011 Moodle page under Week 7.  :
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                                                     WEEK 9  

                                                                   LABORATORY 
                           
 
 
OVERVIEW 
Bacteriophages are viruses that infect and multiply within bacteria. Bacteriophages play a 
major role in regulating the abundance of bacteria in the environment, including the human 
body. Bacteriophages are used to prevent the souring of petroleum resources caused by 
sulphate reducing bacteria and to prevent, and even treat, bacterial infection. This week 
you will learn to quantify bacteriophage and examine bacteriophage mediated transfer of 
genes between bacteria in a process called transduction. 
 
LEARNING OBJECTIVES 

�x Bacteriophages are obligate intracellular parasites and do not form independent 
colonies. This poses challenges for standard culture-based enumeration. Student’s 
should understand how to cultivate and enumerate bacteriophages using plaque 
assays. 

�x Horizontal gene transfer allows bacteria to exchange DNA between species and 
accelerates bacterial evolution. Bacteriophages facilitate horizontal gene transfer 
through transduction and students should understand how this occurs and how we 
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 WEEK 9 LABORATORY CLASS  
 

 1. Bacteriophage propagation and enumeration 
Bacteriophage infection consists of a number of sequential events (refer to lecture by Prof. 
Peter White). The phage is first absorbed by the host cell, then replicates and assembles 
into mature 
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Materials: 
 

Per mini group of students: 
 

�x 1 x 0.5 mL PRD1 bacteriophage stock 
 
 
 
 
 
 
 
 

�x 1 mL 24 h Z broth culture of Salmonella typhimurium LT2 
 
 
 
 
 
 
 
 
 
 

�x 10 mL Z broth 
�x 4 x Z agar plates (1 for control, 1 for each phage dilution to be plated) 
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Panel A shows a schematic of the structure of the bacteriophage P1, with head and tail 
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END OF WEEK 9
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                                                     WEEK 10  

                                                                   LABORATORY 
       
 
 
 
OVERVIEW 
Today you will be looking at how we can track the spread of viruses (or many infectious 
agents) during an outbreak. Specifically, you’ll be looking at a case study of Ebola 
infection and using ELISA analysis of blood serum samples to determine the source of the 
infection.  
 
LEARNING OBJECTIVES 

�x Understand how viral pathogens can be detected and monitored in infected 
individuals using an ELISA. 

�x Understand how the combination of molecular detection techniques and patient 
meta-data is used determine the epidemiology of an infectious agent and trace the 
source of infection in an outbreak. 
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 WEEK 10 LABORATORY CLASS  
 
 

 1. Background 
 

 
Figure 1. Reported active human transmission in 2014-2016 (CDC website) 
Background by Professor Vincent Racaniello, author of “This week in Virology”  
Reference: http://www.microbe.tv/twiv/twiv-341/ 
To see more about Vincent: http://www.virology.ws/about/ 
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Ebola virus: 

 
The widespread outbreaks of Ebola virus in the West African nations, together with the 
fatality rate of up to 90% have propelled this virus into the limelight in recent years. What is 
this virus and where did it come from? 
 
History: 
 
Ebola virus was first identified in 1976 and is named after a river in the Democratic 
Republic of the Congo (formerly Zaire). Outbreaks have been sporadic since its discovery, 
and several strains have been identified in outbreaks across the African continent. 
Between 2014 and 2016 there was the largest Ebola outbreak in history, resulting in the 
most human fatalities since the discovery of the virus. Following the first confirmed case in 
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Outside of Africa there have been several cases of Ebola virus reported in countries 
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Group 3 remains in Freetown where they work with staff and officials at Abanita Hospital. 
The group includes:  

- Prof Peter White  
- Prof Zuri Babatunde  
- Prof Leighton Scott 
- Dr Jai Tree  
- Mr Brandon Sy 
- Dr Tendai Idowu 

 
September 24th 2018 
 
After collecting samples from the Abanita Hosptial in Freetown, the epidemiological 
research team travel to the MRC Unit in The Gambia to deliver samples of Rift Valley Virus 
and Ebola for sequencing. The experiments will take 3 weeks, so Brandon Sy and Dr 
Tendai Idowu leave Freetown early for the MRC Unit and Dr Jai Tree stays behind in 
Freetown to attend the Grand Opening of the WABIRT laboratories at the end of the week. 
  
September 28th 2018 
 
After observing and supporting the implementation of the new testing kits in Kenema and 
Kambia, the AusAID teams return to Freetown for the Grand Opening of the new 
Australian Foreign Aid funded WABIRT laboratories. Over 120 invited guests attend 
including those from WABIRT, University of Makeni, Njala University, the Sierra Leone 
Ministry of Health, the Australian embassy, the Sierra Leone government, a number of 
local hospitals and many other sources.  
 
Both Dr Rowena Benton and Dr Jenny Morgan have had headaches and sore muscles for 
the previous 2 days. They do not attend the Opening and Dr Jenny Morgan is admitted to 
Abanita Hospital in the early afternoon with some blood in her vomit. 
 
On examination she was unwell, with a high fever of 39.9°C and signs of bruising and 
blood from her eyes and nose. Antigen testing (using the new Australian antigen assay) of 
a blood sample reveals that Jenny had been infected with Ebola virus. Over the 
subsequent 12 hours Jenny’s haemorrhagic symptoms worsens accompanied by seizures 
and loss of consciousness. From there, her condition deteriorates and she died at 11:45 
pm the following day. 
 
October 6th 2018 
 
Seven people who attended The Grand Opening became ill with Ebola-like symptoms and 
are admitted to Abanita Hosptial. These include: 
 
Prof Peter White  
Dr Afia Ayodele   
Prof Zuri Babatunde 
Prof Subira Arendse 
Dr Masamba Ejiro  
Mr Amadi Afolabi 
Dr Tinashe Kayode 
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obtaining samples under your direction. The official may also help you to trace the 
whereabouts of specific individuals prior to the Opening. To aid your investigation you 
have been given a state-of-the-art Enzyme Linked ImmunoSorbent Assay or ELISA 
(developed at UNSW and commercialised through UNSW Innovations, the commercial 
arm of the University), which can detect with high sensitivity Ebola antigens (the Ebola 
virion) in blood samples. 
 
 

Aim: To trace outbreak of Ebola virus, and identify the source of the outbreak 

�x First of all find how many of the seven attendees of the Grand Opening who 
became ill have the Ebola virus. You will also test sera from Drs Benton and 
Morgan. This will help you become familiar with the ELISA.  Include a positive and 
negative control. 

 
Suspected Cases Ebola Test Result   
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Materials: 
�x Pipettes and tips 
�x Plates 
�x A positive test sample and a negative test sample 
�x Paper towels 
�x Antibody solution 
�x Washing solution 
�x Colour reagent solution (TMB) 

On the 6th October blood samples are taken from those people in Freetown that came into 
contact with Drs Morgan and Benton, and attendees from The Opening. You have blodd 
samples from:  

- Dr Jenny Morgan and Dr Rowena Benton 
- 6 samples from the Kenema Team 
- 10 samples from the Kambia Team 
- 15 samples from the Abanita Hospital  
- 7 people displaying symptoms after the Grand Opening 
- 15 samples from passengers on flight KQ504 that were still in Freetown 

 
- 120 samples from The Opening are not available for testing. 
- 125 samples from flight KQ504 are also not available. 

 
Procedure: 

1. Label the tubes appropriately using the marker provided. 
2. Your team will run an ELISA assay on your samples using the microtiter plates 

provided.  
Initially each team will do one positive and one negative control. Add 100 µl of a 
positive test solution into two wells and 100 µl of a negative test solution into a 
different set of two wells. Be sure to write down which wells are positive and which 
are negative controls. 100µl should fill one third of the well.  

3. Add 100 µl of your nine suspected Ebola virus samples into each of two wells. 
Record which wells contain your samples. 

4. After adding the samples leave the plate on the lab table undisturbed for 5 minutes.  
5. Shake off the fluid into a nearby sink or designated container, making sure that the 

fluid has emptied from each well. Tap the plate upside down onto the paper towel to 
remove any excess liquid or bubbles.  

6. Wash the plate using 150µl of washing solution in each well.  Repeat a total of three 
times.  

7. Remove excess solution and bubbles by again tapping the plate face down onto a 
paper towel.  

8. Add 100 µl of the enzyme conjugated antibody solution to each well.  
9. Allow for 5 minutes incubation time on the lab table and then shake off the fluid.  
10. Repeat steps 6 and 7.  
11. Add 100 µl of the colourising (TMB peroxidase substrate) solution to each well.  
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