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1 OVERVIEW 
In the following figure (Fig. 1), the overall schedule of the course is summarized:  

 

Figure 1. General overview of the course schedule. Note: The dinner on July 2nd is not mandatory and is not specifically covered by 

the course fee. However, should the organizers have money left in the budget once all travel, accommodation, bench fees etc. 

have been accounted for, they will use that surplus to partially subsidize a dinner at a local restaurant. 

Labwork will mostly take place in the UnAk facilities at Borgir, Akureyri, although we will also do 

some labwork in the field. Lectures will be given either at Raufarhöfn (June 22 nd and 23rd) or in room 

M201 at Sólborg, Akureyri.  

In this course, we will attempt to mimic a typical bioprospecting-based microbial ecology research project 

(Figure 2). Due to time constraints, we will have to mimic some of the steps using pre-prepared 

enrichments and pregrown bacteria from the UnAk culture collection as stand-ins (Figure 3).  

 

Figure 2. This is a rough schematic overview of the workflow in a typical bioprospecting/microbial ecology project. We will try to 

mimic this in the course, although, due to time constraints, we will have to take some shortcuts and work in a non-linear fashion 
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Figure 3. This is the scheme we'll follow in the course. 

 

The labwork in this course aims to isolate, identify and characterize microbes from the Arctic environment. 

You will: 

 Plate out the samples you took in the field trip on several media and attempt to isolate 

representatives of the samples' microbiota in pure culture. 
 Extract DNA directly from your samples and test for the presence of selected bacterial groups 

by group-specific, multiplex PCR. Time permitting, you may also obtain an image of the 

bacterial diversity in your samples through PCR-DGGE. 
 You will be provided with pregrown enrichment cultures from similar samples as your own 

where growth of particular groups of bacteria has been enhanced by supplementation of 

particular nutrients and/or incubation conditions. From these, you will attempt to isolate 

bacteria that have particular properties (e.g., sulfur-oxidizers or chitin-degraders).  
 Isolate and identify bacteriophages with activity against Arctic bacteria. 
 Identify bacteria through 16S rRNA gene sequencing. You will be provided with unidentified 

strains previously isolated from similar samples as your own. You will amplify their 16S rRNA 

gene by colony-PCR, clean up the products by exonuclease/alkaline phosphatase (Exo-SAP) 

treatment and send them off to a sequencing facility. You will receive the results by email.  
 Characterize bacteria in pure culture using a variety of biochemical and microbial physiology 

tests. 
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2 THE FIELD TRIPS 
In this course module, we will go on one extended field trip in which we will collect samples from several 

biotopes to be processed in the lab. Students will be divided into pairs or small groups for field- and 

labwork, each group focusing on different types of environments. 

 

Figure 4. This year, we'll focus on NE-Iceland, being based at Raufarhöfn (near Rif on the map). 

This year, the course will focus on 4 themes/topics, with each student group focusing on one particular 

topic (Table 1). The themes are: 

 G: Geothermal habitats, biogeochemistry, thermophiles.  

 A: Astrobiology, biogeochemistry, psychrotrophs, cold and dry environments, Mars analogues. 

 S: Symbiosis, lichens as extreme microenvironments, microbial mats. 

 E: Environmental biotechnology, petrochemical degraders, biosurfactant producers. 

The field trips will be as follows (note that the particular sampling destinations may change, 

depending on conditions on-site and the whims of the teachers): 

June 22nd: Drive from Akureyri to Raufarhöfn, stopping at: (1) Hveravellir (groups G1 and S1 

sample geothermal water and microbial mats), (2) Húsavíkurhöfði-seashore site (groups G2 and 

S2 sample intertidal hot springs and crustose, saxicolous lichens and/or algal crusts), (3) Ásbyrgi 

(group S3 samples arboricolous lichens, group E1 samples water from Botnstjörn). We aim to be 

http://www.visitakureyri.is/
http://www.northiceland.is/en/what-to-see-do/towns/raufarhofn
http://www.islenskt.is/en/farmers/id/1940/hveravellir
https://www.lonelyplanet.com/iceland/the-north/husavik
http://www.vatnajokulsthjodgardur.is/english/education/asbyrgi/
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in Raufarhöfn in the late afternoon, giving those groups that sampled during the day some time 

to plate out some of their samples, prepare enrichment cultures or baiting-experiments, and/or 

extract DNA. In the evening, we’ll have a lecture. 

June 23rd: Assuming that the little-used mountain tracks in the area are passable, we will drive 

from Raufarhöfn to Öxarfjarðarheiði, where groups A1 and A2 will disembark and hike to suitable 

Mars analogue sites for sampling cold highland desert soils. The coach will pick them up again in 

the afternoon, but in the meantime it will take groups G3, E2, E3, and E4 to Austursandur í 

Öxarfirði, where they will sample seepage gas, hot water, mud and sediment at our OX and SX 

study sites. On the way back to Raufarhöfn, we will drive around Melrakkaslétta, stopping at Rif 

for group S4 to sample lichens. Non-sampling groups are free to choose which sites to visit. We 

aim to be in Raufarhöfn in the late afternoon, giving those groups that sampled during the day 

some time to plate out some of their samples, prepare enrichment cultures or baiting-

experiments, and/or extract DNA. In the evening, we’ll have a lecture. 

June 24th: During the drive back to Akureyri, we will (again, assuming passability) take the less-

traveled eastern road along Jökulsá á Fjöllum, stopping briefly at Dettifoss for a picture, and at a 

suitable “cold regolith desert” site at Hólssandur for sampling by group A3. The final sampling 

stop (for group A4) will be at Krafla, concluding the sampling with some more geothermal and 

Mars analogues. 

Table 1. Groups and sample sites. 

Topics 
1 2 3 4 

G (Geothermal) 

Hveravellir 
geothermal 

water HFZ spring water 

Austursandur (OX) 
gas seepage/hot 

water 

 

A (Astrobiology) 

Múlar á 
Öxarfjarðarheiði  

Urðir á 
Öxarfjarðarheiði 

Hólssandur desert 
soil 

Leirhnjúkur clay 

S (Symbiosis) 

Hveravellir 
microbial mats 

HFZ saxicolous 
lichens/crusts 

Ásbyrgi 
arboricolous 

lichens 

OX, SX or Rif: 
terricolous or 

saxicolous lichens 

E (Env. biotech) 

Ásbyrgi pond 
neuston 

Austursandur (SX) 
water and neuston 

Austursandur (OX) 
water and sand 

 

 

  

https://www.facebook.com/Rifresearch
https://en.wikipedia.org/wiki/Krafla
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2.1 SAMPLING AND IN-FIELD MEASUREMENTS 

Choose your sampling site carefully. Make sure it is relatively easily accessible and is representative for 

the area in general. Wear helmets and/or other appropriate safety equipment. If you need to wear the 

safety harness, fasten the life line securely to a large rock or other solid support (don't just ask someone 

to hold it!) 

In the field you will be working in groups and each group will be provided with a weather-proofed iPad  to 

capture field data. The main recording tasks will be: 

1. To take detailed field notes. Use GPS Log to record data at each sample point; add a spike at each 

sample point. take a photograph, set useful tags and take down detailed notes including a 

description of the sampling site. Important field recordings include the environmental 

temperature, the date, time and any environmental variables that may be appropriate (weather, 

snow cover, tide, etc.). These data will be useful for your presentation and your written report. 

There will be various apps on the iPads that you can use to collect field data, so please experiment; 

for example, use Skitch to annotate field photographs and My Altitude to estimate elevation.. 

2. To use the camera and video camera to record your impression of each site. You will be asked as 

a group to use these photo & video recordings to make a two-minute ‘digital story’ of your field 

experiences using Splice, so start thinking of your ‘story’ as you go along. 

Take at least two samples from your sampling site. Label each sample with a unique sample code. Please 

use the following code: S16+group+sample(+subsample, if needed). For example, group A1 will label their 

samples as S16A11, S16A12, etc. If needed, an alphabetic identifier can added to distinguish sub-samples 

(e.g., S16A11A, S16A11B, etc.). Make sure you take notes carefully and use the sample code in all your 

notes. In your final report, it needs to be absolutely clear which bits of data refer to which sample! 

Always wear gloves and sterilize them with 70% alcohol prior to sampling. Avoid breathing on or into 

the samples. In a closed setting, such as a cave, wearing dust masks and a hairnet or hat may be 

appropriate. 

2.1.1 SAMPLING BY SAMPLE TYPE: 

 Water: Apply alcohol to a piece of cotton and rub the cap and bottlemouth area of your sampling 
bottle. Remove the cap and immediately submerge the bottle in the water to be sampled, as far 
from the bank as you can comfortably reach. If you're sampling a stream, point the bottlemouth 
face upstream. Fill to the brim two bottles per sampling site (three if you're planning to measure 
BOD). Recap the bottle immediately. 

 Soil, snow or (non-glacial) ice: Apply rubbing alcohol to a piece of cotton and rub the cap and 
mouth area of your sampling tube. Also apply rubbing alcohol to your axe, pick, spoon or other 
sampling equipment. Remove the cap immediately prior to sampling and recap the tube 
immediately after shoveling soil, snow or ice into it.  

 Glacial ice: with a sterile chisel, cut the block of ice to fit into a sterile sampling bag. Place the bag 
into the pre-cooled metal cylinder and place the cylinder into a styrofoam box with as much dry 
ice as you can fit in.  
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 Stones, chipped rock or other solid samples to be transferred to the laboratory for processing 
should be placed in the sterile sample bags provided. Keep handling to an absolute minimum. 

 Non-destructive sampling 1 – cotton swab: Swab the sterile cotton pin firmly over an 
approximately 10x10 cm area by moving it back and forth while turning it. Place the pin 
immediately in a sterile receptacle (sample tube). Break the shaft if necessary to close the tube.  

 Non-destructive sampling 2 – adhesive sampling tape: Press the tape firmly against the surface 
to be sampled and leave it on for 1 min. Remove the tape and immediately place it face-down on 
an agar plate or in the sample bag provided. 

 Non-destructive sampling 3 – Rodac plate: Press the plate gently against the surface to be 
sampled and hold it in place for 10 sec. 
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3 CULTURING OF EVNIRONMENTAL BACTERIA 
NOTE: Before working in the lab, please read carefully the introductory notes on labwork and safety in 

microbiology in Appendix 4 (chapter 11). 

3.1 SAMPLE PRE-TREATMENT: 

Take great care not to contaminate your samples prior to plating. Wear gloves and sterilize them with 

benchtop ethanol. When appropriate, wear a clean lab coat, a hairnet and a dustmask. Work on a carefully 

sterilized benchtop near a live flame and pass all tools and bottlemouths through the flame before they 

come into contact with the sample. Do not clutter your benchtop with unnecessary items. 

 Glacial ice: Start by decontaminating the outside of the block of ice so that you will not 

contaminate the inside of the block when you hack or saw through it. Carefully swab the entire 

outer surface with benchtop ethanol. Using sterile tools, hack, chisel or saw the outermost layer 

off the sample, leaving only pristine, untouched ice for culturing (the shavings may be used for 

physicochemical measurements).  

 Water may be diluted and plated directly, but solid samples require some pre-treatment. Ice and 

snow should be allowed to melt and then treated as water. 

 Fine soil: weigh 10 g into a stomacher bag, add 90 mL diluent. Place the bag into the stomacher 

taking care to expel as much air from the bag as possible and stomach for 2 min. The pipettable 

liquid in the stomacher bag corresponds to your 10-1 dilution.  

 Course soil: If the soil is judged to be too course for the stomacher, place 4 g and 36 mL diluent 

into a sterile 50-mL screwcap centrifuge tube and vortex vigorously for at least 5 min. The liquid 

corresponds to your 10-1 dilution.  

 Crustose lichens, algal crusts, cave slime, etc.: Have a teacher show you how to sterilize a mortar 

by cleaning and burning off a small amount of 95% ethanol. Be careful not to burn yourselves! 

Using a sterile scalpel blade, scrape 0.2 g of crust off your rock sample into the sterile mortar, add 

1.8 mL diluent and crush the sample vigorously with a sterilized pestle for 2 min. The liquid 

corresponds to your 10-1 dilution. (Note: for some hygroscopic samples, a higher dilution may be 

required for efficient mortaring). 

 Plant leaves, stems, twigs, etc.: Weigh 25 g plant material into 225 mL diluent in a sterile blender 

jar and blend for 2 min. The pipettable liquid corresponds to your 10-1 dilution. Alternatively, plant 

material can be crushed in a sterile mortar as described for crusts, above. 
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3.2 SERIAL DILUTION: 

 

 

 

Dilute your samples in Butterfield's buffer (or halophile buffer, if appropriate). Pipet 1 mL sample into 9 

mL diluent and vortex briefly, yielding your first dilution (10-1, or 10-2 if the sample was diluted 10-fold 

during pre-treatment). Using a fresh, sterile pipette, transfer 1 mL of the first dilution into the second and 

so on (see figure, above).  

 

3.3 THE MEDIA 

A number of different growth media are used in this course for enrichment cultures, culturing directly 

from samples, and for the various characterization tests and assays in chapter 0. These include commonly 

used standard laboratory media, such as Tryptic Soy Agar (TSA), Nutrient Agar (NA), or Plate Count Agar 

(PCA), that are suitable for culturing a variety of microbes, including fastidious ones that need a variety of 

vitamins and growth factors, that thrive in environments rich in nutrients such as proteins/peptides (PCA, 

NA) or sugars and polysaccharides (TSA). Another very useful general medium for culturing a variety of 

bacteria from less nutrient-rich environments, such as river water or barren soil is Reasoner’s medium 

R2A, which has low enough nutrient concentration to allow growth of many oligotrophic organisms. 

More specialized media include halophile media for culturing of extreme halophiles (EHC, EHF, HA), 
carbon-free media for the selective cultivation of lithoautotrophs (BS4, 9K, SRB, MnB), dilute media for 
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the cultivation of oligotrophs (1%NA, R2A, BasalA), minimal media supplemented with specific carbon 
sources for the cultivation of bacteria with particular biodegradative properties (naphthalene, hexane, 
methyl, xylan, alginate, and others), and a variety of differential media for the selection of bacteria with 
particular biodegradative or other traits. 
 
Recipes for made-from-scratch media can be found in chapter 10. Information on the commercial media 

can be found in the Difco Manual (ctrl-click to download). 

3.4 INOCULATION OF ENVIRONMENTAL SAMPLES TO APPROPRIATE MEDIA 

We will use the spread-plate technique on all samples. Pipet 0.1 mL of the appropriate dilution (see Table 

2) onto each plate and distribute evenly using a sterile glass spreader. Sterilize the spreader by burning 

off 95% ethanol. Inoculate two plates of each medium for each dilution to be plated. Turn the plates 

upside down, bag them, and incubate at the appropriate temperature.  

Table 2. Some sample types, expected plate counts on general nutrient media and appropriate dilutions. 

Sample Expected 
CFU/mL 

Dilutions 
(assuming a 0.1 

mL inoculum) 

Sample Expected 
CFU/mL 

Dilutions 
(assuming a 0.1 

mL inoculum) 

River water 102 – 104 
 

100, 10-1, 10-2 Swab of a smooth, 
weathered stone 

101– 103 100, 10-1, 10-2 

Course riverbed 103 – 105 10-1, 10-2, 10-3 Swab of a course or 
lichenous stone 

103– 106 10-1, 10-2, 10-3, 
10-4 

Fine riverbed 104– 106 10-2, 10-3, 10-4 Crusts 104 – 108 
 

10-2, 10-3, 10-4, 
10-5, 10-6 

Dry barren soil 103 –  105 10-1, 10-2, 10-3 Lichen or plant 104 – 108 10-2, 10-3, 10-4, 
10-5, 10-6 

Farmland soil 105 – 109  
 

10-3, 10-4, 10-5, 
10-6 

Microbial mat  106– 1010 10-4, 10-5, 10-6, 
10-7, 10-8 

Lentic water in 
vegetated area 

103 – 107  10-2, 10-3, 10-4,  
10-5 

Snow / ice 100 – 102 100 (+ filter?) 

Lentic water in 
barren area 

102 – 105  100, 10-1, 10-2, 
10-3 

   

 

The appropriate media will depend on the type of sample and the type of microbes targeted. Select 4 

media to plate onto, consulting your group leader or another teacher. Some suggestions can be found in 

the following figures (Figure 5).  

http://www.bd.com/ds/technicalCenter/misc/difcobblmanual_2nded_lowres.pdf
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Figure 5. Suggested media for direct plating from some sample types. 

 

 

3.5 PLATING FROM ENRICHMENT BROTHS 

When attempting to isolate bacteria with particular properties from environmental samples, your target 

microbes need not be present in large amounts in the sample. They may form a tiny minority of the 

microbes present. So, in order to avoid having to screen thousands of colonies, one can pre-culture the 

sample under conditions that favour growth of the kind of microbe you’re interested in. The resulting 

enrichment culture will be dominated by the target microbe, even if it was present in only miniscule 

amounts in the original sample. 

In this course, we are interested in a number of different kinds of microbes.  

The astrobiology group (A). A surprising diversity of microbes can be expected to thrive (or at least 

survive) in the barren, apparently inhospitable Mars analogue sites. Of these, bacteria or archaea of 

interest include lithotrophs capable of growing on martian regolith, as well as microbes capable of 

withstanding extreme dryness and high amounts of radiation. Therefore, you may receive enrichment 

cultures for lithotrophs such as iron oxidizers or sulfide oxidizers, perchlorate reducers, extreme 

halophiles, or cultures grown under periodic exposure to UV radiation. 
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The environmental biotechnology group (E). Many environmental biotech applications hinge on the 

ability of microbes to degrade petrochemicals or complex biopolymers. For these properties to work in 

situ, the microbe may need to secrete the appropriate enzymes and/or produce surfactants for 

solubilizing environmental chemicals. Therefore, you may receive enrichment cultures for biodegraders 

of compounds such as naphthalene or hexane, biopolymers such as alginate or chitin, or enrichments for 

surfactant-producing neuston bacteria. 

The symbiosis group (S). A number of the bacteria associated with lichens appear to play both organic 

and inorganic nutrient-scavenging roles in the lichen thallus. For crustose, saxicolous lichens (especially 

those growing on seacliffs), tolerance to extremes of salinity and UV-radiation may also be of interest. 

Therefore, both lithotrophic and biodegradative bacteria, and extremophiles, are of interest and you may 

receive enrichment cultures for biodegraders of compounds such as naphthalene or hexane, biopolymers 

such as alginate or chitin, or enrichments for halophiles or cultures grown under periodic exposure to UV 

radiation. 

The geothermal group (G). Among biotechnologically useful enzymes that we are looking for in 

thermophiles are alginate lyases and chitinases. Also, lithotrophy is important in geothermal systems. 

Therefore, you may receive enrichment cultures for biodegraders of alginate and chitin, and for 

lithotrophs such as iron oxidizers, sulfide oxizers or sulfate reducers. 

Each group of students will receive two pre-prepared enrichment cultures, both generated from the same 

sample taken prior to the course. The cultures were prepared by inoculation of the samples in the 

following table into the enrichment media listed. Media recipes can be found in chapter 10. 

Make serial dilutions (see chapter 3.2) in either Butterfield’s buffer or halophile buffer, as appropriate, up 

to 10-6 and plate onto the suggested agar media (Figure 6) or as directed by your teacher. Incubate at 15°C 

or 50°C, as appropriate. 
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Figure 6. Suggested growth media for plating from selected enrichment broths. 
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4 BACTERIOPHAGES 
Bacteriophages (phages) are viruses that infect bacteria.  There are direct parallels between bacterial 
viruses and animal viruses.  Neither can replicate except within a suitable host cell, both require the 
transcription and/or translation apparatus of the host cell for their own replication and, by acting as 
parasites, they can exert severe effects on the host cell growth. 

4.1 THE PLAQUE ASSAY 

The plaque method is the fundamental assay in virology; it combines simplicity, accuracy and high 
reproducibility.  The assay is performed in the following way: a phage-containing sample is mixed with a 
small volume (but containing many million bacteria) of a suitable host bacterium in a few millilitres of soft 
(or "top") agar at 47°C. At this temperature the agar remains liquid and the phage and bacteria disperse 
evenly throughout it. The mixture is then poured over the surface of a Petri dish containing a layer of 
nutrient agar.  The soft agar spreads and sets as a thin layer. Upon incubation the bacteria in the soft agar 
layer grow to form a "lawn". Bacteria that encounter bacteriophage however become infected and lyse 
releasing several hundred progeny phages.  These in turn infect neighbouring bacteria to give local areas 
of lysed bacteria within the otherwise opaque bacterial lawn (Figure 1a). These are termed plaques.  The 

soft agar permits diffusion of the phage to 
nearby cells, but prevents convection to 
other regions of the plate; hence, 
secondary centres of infection cannot form.  
Therefore, each plaque arises from initial 
infection of a single bacterium with a single 
bacteriophage. The number of plaques that 
are formed is therefore a measure of  the 
number of viable bacteriophages in the test 
sample.  The size and appearance of the 
plaque is a characteristic phenotype for 
many bacteriophages and can also change 
when mutations occur (Figure 1b & c). 

Figure 1 a) schematic diagram of plaque formation.  

Bacteria grow and form a translucent lawn.  There are 

no bacteria in the vicinity of the plaque, which 

remains transparent.  b) Plaques of E. coli phage T4.  

Two types of plaques are present - the smaller are made by wild-type phage and the larger by a rII mutant.  c) Four plaque 

phenotypes in a single overlay - large clear (LC), large turbid (LT), small clear (SC) and small turbid (ST).  The difficulty of 

photographing agar plates containing small areas of cleared bacteriophage lysis means that the majority of images are effectively 

“negatives”, with the plaques showing up as dark areas. 
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4.2 DETERMINING PHAGE TITRE BY PLAQUE ASSAY 

4.2.1 EQUIPMENT AND GENERAL INSTRUCTIONS 

Each student is provided with the following equipment: 

1. Nutrient agar or other agarose plates suitable for growing your bacteria 
2. Solid 1% w/v agarose in a saline buffer such as Butterfields  
3. Butterfield's buffer for resuspending bacteria 
4. Capped test tubes for resuspending bacteria 
5. A 2 ml to 10 ml Syringe and syringe-filters 0.45 micron or smaller pore size, one per sample 
6. A benchtop vortex machine 

7. If the sample is not already in liquid form, suitable for filtration, you will need 1 ml of solution 
obtained by mixing environmental samples with buffer in a machine such as the stomacher 
 

4.2.2 EXPERIMENTAL PROCEDURE 

a) Label the bottoms of pre-made agarose plates with your name, date, bacteria name, and the 

environmental samples to be tested.  You will need one plate per sample+bacteria combination 

being tested plus one additional plate for uninfected bacteria.  If we have run out of the plates 

you need, make more. 

b) Melt the 1% agarose solution by loosening the cap and microwaving for a minute at a time.  

Use appropriate safety equipment to haldle the hot agarose.  Melted agarose makes a 

translucent, slightly viscous solution and is extremely hot.  Swirl the solution to check for 

chunks.  Agarose will blacken and burn if you heat it too long.  Transfer the molten agarose to 

the 50-55°C waterbath or else work very quickly.  If the agarose sets (it will set if it gets to body 

temperature), melt it again.  Don't shake the agarose too much – we do not want to introduce any 

air bubbles. 

c) Vortex to resuspend bacteria.  If the bacteria you will use are already in suspension, go to the 

next step.  If not, sterilise a spatula and use it to scrape a blob of bacteria off the culture plate.  

Fill a test tube with about 2 ml of Butterfield's buffer.  Add the bacteria to the buffer and vortex 

until you get a cloudy solution with no visible chunks of bacteria.  This can take up to 5 minutes, 

depending on the bacteria.   

d) Filter your potential virus-containing solution to remove bacteria and other contaminants.  Fill a 

sterile syringe with the virus-containing liquid, attach a syringe-filter disc to he end of the syringe, 

and filter the sample into a sterile 1.5 ml tube.   

e) Cool molten 1% agar on the benchtop slightly.  You can estimate the temperature by holding the 

tube in your hand.  It should feel warmer than your skin, but not hot enough to burn.  Heat over 

about 50°C may be enough to burst and inactivate myoviruses. 

f) Mix and plate the agarose overlays. 
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  For the bacteria-only controls:  Mix 3 ml bacteria-only solution with 7 ml 1% agarose and 

 immediately pour on an agarose plate.  Try to do this gently to prevent air bubbles.  Rock the 

 plate so that the agarose covers the entire surface.   

  For the bacteria+virus plates: Mix 3 ml bacteria+virus solution with 7 ml 1% agarose and 

 immediately pour onto an agarose plate.  Rock the plate gently as before to spread the agarose. 

g) Incubate the plates at whatever temperature best suits your bacteria, typically room 

temperature for non-obligate psychrophiles. 

i) Check for plaques after about 2 days – longer for slow-growing bacteria.  Use a microscope to 

check that your “plaque” is not really an air bubble.  Plaques will look like spherical holes. 

 

4.2.3 FOLLOW-UP PROCEDURE 

If you have plaques, prepare stocks of the viruses to archive for further study.   

 

a) Remove a small amount of agarose from the center of the plaque. 

b) Vortex in 1 ml Butterfield's or similar buffered saline 

c) Pipette 0.5 ml into a screw-capped 1.5 ml tube and store in a -20°C or -80°C freezer. 

 

4.3 PLAQUE PCR, ARCHAEA COLONY PCR AND SAMPLE PCR 

If the virus is present, it can be fragile.  Sometimes the most efficient way to detect the virus is by a 
relatively dirty method like colony PCR, in which the bacteria and viruses are added whole to the 
PCR reagents.  The initial 95°C denaturation step of PCR should lyse some bacteria and phage, 
releasing DNA which will be specifically amplified if a virus is present.  

Check for myoviruses with primer pair MZIA6 (fwd) and MZIA1bis (rvs) to amplify the g23 major 
capsid gene 500-700 bp if your sample came from a location with a temperature of 50°C or 
less. 

Check for phycodnaviruses in samples of ice and water with primer pair AVS1 (fwd) and AVS2 (rvs) – 
phycodnavirus DNA polymerase genes – 680 bp product from MpV and 800 bp product from 
PBCV-1 and NY-2A.  (note primer tubes say “ASV” instead of “AVS”) and primer pair MCPF 
(fwd) and MCPR (rvs) – to amplify phycodnavirus capsid genes. 

Check for archaeal viruses if your sample came from a location with a temperature of more than 
50°C with other primer pairs that will be supplied. 

 

Mix the reagents as for a standard PCR.  In place of the sample, use a micropipette tip to collect a 
tiny but visible amount of bacteria from: 
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 The centre of a viral plaque (Plaque PCR) or 

 A colony of potential archaea, which are often covered in non-lytic phage (Colony PCR) or 

 5 microliters of liquid from an unpurified resuspended sample (Sample PCR) 

Use a standard PCR protocol with 95°C denaturation, 50-60°C annealing and 68-72°C extension 
temperatures.  Make sure to include negative controls for each primer set. 

Run out the reaction mixture on a 1% agarose gel with a suitable dsDNA ladder to see amplified 
DNA. 
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5 ISOLATION AND PURIFICATION OF ENVIRONMENTAL BACTERIA 
Once appreciable growth has appeared on the isolation plates from your samples (chapter 3) and/or 

enrichment platings (chapter 3.5), you should attempt to isolate several strains and grow them in pure 

culture.  

Inspect the isolation plates carefully. Count the countable plates (those containing between 20 and 200 

colonies) and calculate the CFU/g sample.  

**Please note: Many psychrophiles and psychrotrophs will grow very slowly at cold temperatures and 

will not have appeared on your plates by the time you examine them. Therefore, please leave one of 

your duplicate plates of each medium unopened and minimize the time it stays outside the incubator 

and/or keep it on ice while examining it.** 

Select colonies that are clearly separate from other microbial growth on the plate. Make a note of colony 

colour and other morphological features (see the figure below) of the colonies from which you plan to 

obtain pure cultures. Also examine them under the dissection microscope and note coloured veins or 

other interesting features. Use a needle, loop or sterile toothpick to transfer the selected colonies onto 

fresh plates and streak carefully, sterilizing the loop between streaks, obtaining at least four separate 

streaks so that single colonies will be obtained in the subsequent culture. 

 

 

 

Figure 7. Commonly encountered colony morphologies 
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| 

 

 | 

  

When printed on A4 paper, the figures should fit a standard, 10-cm Petri dish. Using a marker, make a single tick 

mark on the wall of the dish, place the dish on top of the figure so that your mark aligns with the blak mark. 
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6 CHARACTERIZATION OF CULTURED BACTERIA 
You will be assigned several strains from the UnAk culture collection for characterization. Following are 

several protocols for biochemical and physiological characterization of various kinds of bacteria. You will 

perform some (but not all) of them. Consult your group leader or another teacher as to which tests are 

most appropriate or interesting for your strains. 

 

6.1 API STRIPS FOR BIOCHEMICAL CHARACTERIZATION OF UNKNOWN STRAINS 

 

When characterizing novel strains, a large number of nutritional and biochemical tests are potentially of 
interest. Preparing each test individually would be a tedious process. Many investigators therefore use 
ready made commercial characterization kits, of which several are on the market. We will use the API 
(Analytical Profile Index) 20E strips from Biomériaux, a commonly used characterization kit for Gram-
negative bacteria. The strips were originally developed for identification of enteric bacteria, but in this 
case we’ll use it for characterization purposes. The plastic strip holds twenty mini-test chambers 
containing dehydrated media having chemically-defined compositions for each test. These tests include:  
 

   Results 

Test Substrate Reaction Tested - + 

ONPG 2-Nitrophenyl β-D-galactopyranoside Beta-galactosidase Colorless Yellow 
ADH Arginine Arginine dihydrolase Yellow Red/orange 
LDC Lysine Lysine decarboxylase Yellow Red/orange 
ODC Ornithine Ornithine decarboxylase Yellow Red/orange 
CIT Citrate Citrate utilization Pale green/yellow Blue-green/blue 
H2S Sodium thiosulfate H2S production Colorless/gray Black deposits 
URE Urease Urea hydrolysis Yellow Red/orange 
TDA Tryptophan Deaminase Yellow Brown-red 
IND Tryptophane Indole production Yellow Red (2 min) 
VP Sodium pyruvate Acetoin production Colorless Pink/red (10 min) 
GEL Charcoal gelatin Gelatinase No diffusion of black color Black diffuse 
GLU Glucose (hexose) Fermentation/oxidation Blue/blue-green Yellow 
MAN Mannitol (sugar alcohol) Fermentation/oxidation Blue/blue-green Yellow 
INO Inositol (cyclic polyalcohol) Fermentation/oxidation Blue/blue-green Yellow 
SOR Sorbitol (sugar alcohol) Fermentation/oxidation Blue/blue-green Yellow 
RHA Rhamnose (methyl pentose) Fermentation/oxidation Blue/blue-green Yellow 
SAC Sucrose (disaccharide) Fermentation/oxidation Blue/blue-green Yellow 
MEL Melibiose (disaccharide) Fermentation/oxidation Blue/blue-green Yellow 
AMY Amygdalin (glycoside) Fermentation/oxidation Blue/blue-green Yellow 
ARA Arabinose (pentose) Fermentation/oxidation Blue/blue-green Yellow 
OX Oxidase Oxidase Colorless yellow Violet 

 

The OX test is a test for cytochrome oxidase which is performed separately from the above tests. It is done using a 
portion of a bacterial colony on a paper strip impregnated by the oxidase reagent N,N,N’,N’-
tetramethylphenylenediamine which turns blue if cells possess oxidase enzyme.  
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Please note: 

 Consult the teacher on which of your strains to select for this test.  

 Please take care that your incubation is at the appropriate temperature for the strain, which may 

be different from that in the general protocol, below! (e.g. 15°C if you're working with a 

psychrotroph) and incubate for the appropriate amount of time (e.g. about 4 – 5 days at 15°C). 

 

API 20E Test Strip protocol 

Note: the TUBE refers to the 
lower portion of the test well 
whereas the CUPULE is the 
bowl-like feature directly 
above the tube. 
 

 

 

 

Preparation of inoculum and oxidase 

Inoculate a single isolated colony from a young culture (24-48 hrs) into 5 mL of sterile saline (0.85% 

w/v NaCl) or distilled water using a sterile pipette. Carefully emulsify the solution to achieve a 

homogeneous bacterial suspension (must be used immediately after preparation). The turbidity 

must be equivalent to a McFarland 0.5 turbidity standard (Abs600=0,08-0,1). Perform an oxidase 

test in accordance with the manufacturer’s instructions. 

Inoculation of the strip 

Using the same pipette, distribute bacteria into the tubes of the strip by tilting the strip forward 

slightly to avoid the formation of air bubbles.  

 For CIT, VP, and GEL tests, fill both tube and cupule 

 For other tests, fill only the tubes (and not the cupules) 

 For ADH, LDC, ODC, H2S, and URE, create anaerobiosis by overlying with sterile 

mineral oil. (Note: tubes requiring oil are UNDERLINED) 

Close the incubation box after adding 5 mL of sterile dH2O (to provide humidity) and incubate at 

36°C ± 2°C for 18-24 hours. 

Reading and interpreting the strip 

After the incubation period, determine if 3 or more tests (GLU test + or –) are positive or negative; 

if the number of tests (including GLU) that are positive is less than three, incubate for another 24± 

2 hours after revealing the tests that require the addition of reagents (TDA, IND, VP). 

“Cupule” 

Tube 
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If three or more test, record the results of all spontaneous reactions and reveal the tests that require the 

addition of reagents as follows: 

 TDA test: add 1 drop of TDA reagent (10 g FeCl3/100 mL). A reddish-brown color indicates a 

positive reaction. 

 IND test (note: must be performed last!): add 1 drop of JAMES reagent (Kovac´s Reagent). A 

pink color developed in the whole cupule indicates a positive reaction. 

 VP test: add 1 drop of VP 1 (α-naphthatol) and VP 2 (40% KOH) reagents. Wait at least 10 

minutes. A pink or red color indicates a positive reaction. If a slightly pink reaction appears after 

10 minutes, the reaction should be considered negative. 

 NIT test (note: must be performed last!): Reduction of nitrates to nitrites and N2. Add 1 drop of 

each NIT 11 and NIT 22 reagents to the GLU tube. Wait 2 to 5 minutes. A red color indicates a 

positive reaction (NO2). A negative reaction (yellow) may be due to the reduction to nitrogen 

(may be evidenced by gas bubbles): add 2 to 3 mg of Zinc powder to the GLU tube. After 5 

minutes, if the tube remains yellow, this indicates a positive reaction (N2). If the test turns 

orange-red, this is a negative reaction as the nitrates still present in the tube have been 

reduced by the zinc. 

 Motility (MOB): inoculate an ampule of API M Medium. 

 Growth on MacConkey agar medium (McC): strea a MacConkey agar plate. 

 Oxidation of glucose (OF-O): inoculate an ampule of OF Medium. 

 Fermentation of glucose (OF-F): inoculate an ample of OF Medium and overlay with mineral oil. 

The results (positive or negative) for API 20E test strips should appear as follows: 

 

Record the results in a table (or MS Excel) as follows: 

Strain ONPG ADH LDC ODC CIT H2S URE TDA IND VP GEL GLU MAN INO SOR RHA SAC MEL AMY ARA OX NO2 N2 MOB McC OF-O OF-F 

E. coli 
ATCC 
25922 

+                           

                            

 

  

                                                                 
1 Nitrate Reduction Reagent 1 –0.02 g of N-(1-naphthyl)ethylenediamine dihydrochloride + 100 mL of 1.5 N HCl 

2 Nitrate Reduction Reagent 2- 1.0 g sulfanilic acid + 100 mL of 1.5 N HCl. 
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6.2 GRAM STAINING 

Time permitting, performing a Gram-stain is useful (even though the Gram-reaction is not used 

for classification purposes any more), as it provides a relatively simple and reliable method for 

microscopic examination of cell morphology. 

1. Smear bacterial culture on glass slide and heat fix over Bunsen flame 

2. Stain the slide with crystal violet for 1-2 min 

3. Pour off the stain and flood slide with iodine for 1-2 min 

4. Pour off the iodine and wash the slide briefly with ethanol 

5. Wash the slide with water to remove the ethanol 

6. Flood slide with safarin for 2 min 

7. Wash with water 

8. Dry excess water in hand over Bunsen flame 

Examine the cells under the microscope. If you're not very familiar with microscopy, please ask a 

teacher for help.  

 

 

6.3 BIODEGRADATION SCREENS 

Biodegradation is important in several 
biotechnology applications, including 
environmental biotechnology (such as for 
bioremediation of pollutants), industrial 
biotechnology (such as for degradation of pulp 
and other polymers), agricultural 
biotechnology (such as for enhancing nutrient 
availability), and many others. Various kinds of 
biodegradation assays are therefore a common 
feature in bioprospecting research projects. In 
this course, we will perform a few different 
biodegradation screens, some of which may be 
followed up on with more thorough 
degradatory enzyme assays in. We will follow 
two basic protocols: a plate-based protocol and 
a liquid microculture-based protocol. 
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If a plate-based screen is performed, you will receive pre-prepared plates containing an agar-based, 

relatively low-nutrient concentration medium 3  supplemented with the appropriate substrate. 

Inoculate strains onto the agar using a needle or sterilized toothpicks. Plates 

are grown until readable (in most cases about 5 days).  

Alternatively, a microculture-based assay may be performed. In this is the 

case, use sterilized toothpicks to inoculate the pre-prepared liquid media in 

the appropriate wells in the microtiter plates. Incubate the plate at the 

appropriate temperature and monitor for the appearance of a blue liquid. 

Following are protocols for screening for a few selected biodegradative enzymes. Suitable positive and 

negative control strains are given in Table 3 (p. 34). 

 

6.3.1 PROTEASES 

Like many biopolymers, proteins are in general too large for bacteria to ingest. Thus, many bacteria 

secrete proteases which degrade the proteins into smaller units (peptides and amino acids). Gelatinase, 

which is screened for in the API tests, above, is one type of protease, but others, such as caseinase or 

keratinase, may be more appropriate for some kinds of bacteria. 

6.3.1.1 CASEINASE (PLATE ASSAY). 

The milk protein casein is commonly used as an indicator of protease activity. Inoculate  skimmed-milk 

agar using a loop, needle or sterilized toothpicks and incubate at a temperature suitable for your strain 

for 2 days (or more, if your strain is slow-growing). Examine the plate for growth and the presence of a 

clear halo around the colonies. Halos are indicative of protease activity.  

6.3.1.2 KERATINASE (PLATE ASSAY) 

Keratin is a tough, fibrous protein that is found as a component of skin, spider webs, and is otherwise 

ubiquitous in nature. 

In order to screen for keratinase activity, students will be given 0.5% w/v keratin-R2A (starch-free) plates 

and stains will be inoculated by stabbing with a loop or toothpick. A positive reaction is indicated by good 

growth. 

 

6.3.2 GLYCAN HYDROLASES 

Glycan refers to any polysaccharide or oligosaccharide that consists of O-glycosidic linkage of 

monosaccharides. A great variety of glycans can be found; homoglycans contain one type of monomer 

subunit whereas heteroglycans contain several. Glycans can be linear or branched and may contain 

                                                                 
3 Probably R2A or a dilute NA, PCA or TSA medium. Details will be provided in the lab. 



ÖVN1108. Lab and field manual  2016 

26 
 

other modifications (such as attached esters, carboxyl groups, and so forth). Individaul subunits are 

always linked by a hetero atom (such as oxygen or nitrogen).  

One common group of glycan is a glucan; a glucan is a polysaccharide of glucose (starch is an example 

of alpha-glucan). In general, beta-glucan is more complex than e.g. starch so different kinds of enzymes 

are needed for degradation; beta-glucanase. We will use two kinds of beta-glucan; cellulose and barley 

beta-glucan. Xylan refers to polysaccharides made from units of xylose. Chitosan is a linear 

polysaccharide of glucosamine and chitin is a polymer composed of N-acetylglucosamine subunits. 

Fucoidan is an often linear polysaccharide composed of sulfated L-fucose units. 

For AZCL-crosslinked polymers (barley-beta glucan, cellulose, xylan), the appearance of blue halos 

around the colonies are indicative of degradation. Bacillus subtilis DSM10 is an appropriate positive 

control strain, Escherichia coli DSM1103 is a suitable negative control.  

 

6.3.2.1 STARCH (PLATE ASSAY) 

 

Starches are α-glycans and stores energy in plants. Starch 
consists of two major fractions: amylose (linear α-1,4-O 
linked D-glucose units; top) and amylopectin (branched α-
1,4-O linked D-glucose units; bottom). Many bacterial 
species secrete amylase to degrade the glucose polymers 
to smaller units.  

 

 

 
 

Students will be handed starch-agar plates (R2A supplemented with additional 0.2% potato 

starch) and strains are inoculated onto the agar using a loop, needle or sterilized toothpicks. 

Plates are grown for 5 days (or less, depending on your strains' growth rate). Colonies are then 

rinsed off with sterile water and the plate flooded with Gram´s iodine. A clear halo in the black 

iodine-stained medium is indicative of starch hydrolysis. 

6.3.2.2 CELLULOSE (PLATE ASSAY) 

 
Cellulose is a β-glycan which is much more difficult 
to degrade than amylose. β-glycanases (such as 
cellulase) has applications in the production of 
biofuels from biomass such as wood pulp and switch 
grass. 
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Students will inoculate solid R2A plates containing 0.5% (w/v) cellulose. After incubation, a 

positive test is indicated by flooding the plate with Benedict’s reagent and incubating the plate a 

100°C for 20 minutes. A zone of clearance around the colony indicates ceullose utilization. 

6.3.2.3 CARBOXYMETHYLCELLULOSE (PLATE ASSAY) 

Carboxymethyl cellulose (CMC, cellulose gum) is a commonly used thickening agent that is often 

used as a proxy for cellulose in the detection of cellulase activity since CMC hydrolysis results in a 

pH drop that can be detected by simple staining of the medium with a pH indicating dye. 

R2A media containing 1% w/v CMC is inoculated by stabbing. After incubation, the plate is stained 

with 0.5% (w/v) congo red. Transparent halos in the congo red are formed around the positive 

colonies. 

 

6.3.2.4 -GLUCAN (FROM BARELY, PLATE ASSAY) 

 

Students will receive R2A plates supplemented with the appropriate 0.2% AZCL-cross-linked 

barley-beta glucan. Inoculate strains onto the agar using a needle or sterilized toothpicks. Plates 

are grown for 5 days. The appearance of blue halos around the colonies are indicative of 

degradation. 

6.3.2.5 XYLAN (PLATE ASSAY) 

 

If a plate-based screen is performed, you will receive R2A plates supplemented with the 

appropriate 0.2% AZCL-cross-linked xylan. Inoculate strains onto the agar using a needle or 

sterilized toothpicks. Plates are grown for 5 days. The appearance of blue halos around the 

colonies are indicative of degradation. 

6.3.2.6 FUCOIDAN (EPPENDORF TUBE ASSAY) 

 

Fucoidan is a polymer composed of repeating L-fucose 
units many of which bear sulfate esters. Fucoidan is a 
difficult to degrade polymer  
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Students will inoculate an Eppendorf tube containing 0.1% w/v fucoidan as a substrate. After the 

incubation period, the amount of liberated L-fucose will be assayed as described below. 
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Standards should be prepared at concentrations of 0.1 to 3 mM methylpentose by 
dilution of the 100 mM stock standard. 
 

Standard Concentration 
(mM) 

Dilution Directions 
(µL of stock standard to Vf) 

0 (blank) Just dH2O 
0.1 10 µL to 10 mL 

0.25 25 µL to 10 mL 
0.5 50 µL to 10 mL 

0.75 75 µL to 10 mL 
1 10 µL to 1 mL 

1.5 15 µL to 1 mL 
2 20 µL to 1 mL 

2.5 25 µL to 1 mL 
3 30 µL to 1 mL 

 

Pipet a solution of containing methylpentose (up to 3 mM) into a microplate well. Add 
225 uL of cold 15.4 M H2SO4. Warm the plate to room temperature for 10 minutes and 
then incubate at 100°C for 20 minutes. Cool the plate at room temperature for 5 minutes 
and add 10 uL of 3% (w/v) cysteine hydrochloride and mix. Allow the plate to stand for X 
hours and read on a microplate reader at 405 nm. 

 

6.3.2.7 CHITIN (PLATE ASSAY) 

 

 

Chitin is a common biopolymer notable for its 
extreme toughness. It is a common component 
of materials such as shrimp shell and also found 
in the cell walls of fungi. 
 
Colloidal chitin media containing bromocresol 
purple (pH 4.7) when inoculated with 
chitinolytic Trichoderma, resulted in 
breakdown of chitin into N-acetyl glucosamine 
causing a corresponding shift in pH towards 
alkalinity and change of color of pH indicator 
dye (BCP) from yellow to purple zone 
surrounding the inoculated fresh culture plugs 
in the region of chitin utilization. 
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Chitinase detection medium consisted 0.45% w/v colloidal chitin is inoculated by stabbing and 

incubated. The formation of a colored zone is indicative of positive chitinase activity. 

 

6.3.2.8 CHITOSAN (PLATE ASSAY) 
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Chitosan is structurally similar to chitan and can 
be easily produced by deacylating chitin the 
prescence of a base such as sodium hydroxide. 
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Students are given a minimal salt (MS)-chitosan agar plates containing 0.5% (t/v) colloidal 

chitosan. Plates are inoculated by stabbing and incubated. Halo formation around the colony is 

indicative of positive chitosanase activity. 

 

6.3.3 ESTERASES AND LIPASES 

6.3.3.1 ESTERASE (PLATE ASSAY) 

Plates are incubated for 12 hr at 37°C (or the isolation temperature) and then are covered with a 

second layer containing the substrate (20 mL of buffer HEPES 50 mM, pH 7.5, 0.4% w/v agarose, 

320 uL Fast Blue RR in DMSO (80 mg/mL) and 320 uL of 1-naphthyl acetate solution in acetone, 20 

mg/mL). Positive clones appear to due to the formation of a brown precipitate. 

6.3.3.2 LIPASE (PLATE ASSAYS) 

 

Lipases catalyze the reversible 
hydrolysis of acylated alcohols 
(such as glycerol). Lipases are of 
tremendous importance in food 
preparation and industrial 
chemistry. 
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Media impregnated with 0.01% (w/v) CaCl2 and 1% (v/v) tween 40 (palmitic acid ester), Tween 60 

(stearic acid ester), Tween 80 (oleic acid ester) or tributyrin is inoculated by stabbing and incubated 

for at least 24 hours. A positive test is indicated by the formation of an opaque halo round the 

colonies which occurs due to the presence of insoluble calcium salts of fatty acids. 

 

6.3.4 OXIDOREDUCTASES 
 

Oxidoreductases (EC 1) are a large class of enzymes that, as the name suggests, carry out 

oxidations and reduction by transferring electrons from an electron donor to an electron 

acceptor. Oxidoreductases frequently use cofactors (NAD+, NADH, etc) to provide the reducing or 

oxidizing power for a given reaction. These enzymes have broad biotechnological applications in 

the areas of bioremedication and synthetic organic chemistry. 
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6.3.4.1 ALCOHOL OXIDOREDUCTASES (PLATE ASSAYS) 

 

Indicator plates containing 20 mM of an alcohol (1,2PD, glycerol, 23BD, 12ED as test 

substrates). Carbonyl compound production produces an intensely red Schiff base. Colonies 

producing a red color around the colony are thus positive whereas uncolored are negative. 

Indicator plates are prepared by adding 8 mL of Pararosaniline Base (2.5 mg/mL of 95% 

ethanol, NOT AUTOCLAVED) and 100 mg of sodium bisulfite to 400 mL of precooled (45°C) Luria 

agar lacking added carbohydrate.  

 

6.3.4.2 CATECHOL DIOXYGENASE SCREEN (MTP ASSAY) 

 

Liquid R2A in MTP wells (200 uL) is inoculated with bacteria and 
incubated for 12 hours. 100 uL of Tris-HCl (50 mM, pH 7.5 
containing 0.5 mM catechol and 0.4% w/v agarose) is then added 
to the reaction well. After incubation, the positive wells are 
revealed by an intense yellow color. 

OH

OH

Catechol  
 

6.3.4.3 NAPHTHALENE OXYGENASE (MTP ASSAY) 

 

Microtiter plates containing 250 µL of NSN medium with a 
crystal of solid naphthalene will be inoculated with a 
sterilized toothpick. After the incubation period, 1-
naphthol will be detected by the addition of 10 µL of a Fast 
Blue B (o-dianisidine, tetrazoitized zinc complex) solution 
(5 mg/mL). Positive cultures will appear deep purple-red 
on contact with the dye. 
 

Naphthalene

OH

1-Naphthol  

 

6.3.4.4 2,4-DICHLOROPHENOXYACETIC ACID OXYGENASE (PLATE ASSAY) 
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2,4-dichlorophenoxyacetic acid (24D) is a 
dihalogenated acetylated phenol derivative that is a 
third most widely used synthetic herbacide currently in 
use. It is a precursor to Agent Orange. It functions by 
mimicking natural plant horomones (such as indole-3-
acetic acid) and other auxins. 

 
An R2A plate supplemented with 0.5% 2,4-D will be 
innoculated by stabbing. After incubation, plates are 
lightly sprayed with a 5 mg/mL solution of Fast Blue B. 
Positive cultures (producing naphthol) will appear deep 
purple-red upon exposure to the dye. 
 
Note: this reaction may not work if the title compound 
is not dehalogenated to the corresponding phenolic 
compound. 
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2,4-Dichlorophenoxyacetic acid
(2,4-D)

O

Cl

OH
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Cl

2,4,5-Trichlorophenoxyacetic acid
(Agent Orange)

Cl

OH

O

Indole-3-acetic acid
(IAA)  

  

6.3.4.5 LIGNIN PEROXIDASE  

 

R2A plates supplemented with 0.1% Azure B. Prick strains on the agar using a needle or sterilized 

toothpicks. Plates are grown for 5 days. Appearance of clear halos is indicative of lignin 

peroxidase. 

6.3.4.6 MANGANESE PEROXIDASE (PLATE ASSAY) 

R2A plates supplemented with 0.1% Phenol red. Prick strains on the agar using a needle or 

sterilized toothpicks. Plates are grown for 5 days. Appearance of clear halos is indicative of 

mangan peroxidase. Please note that phenol red can also indicate a change in pH. If the agar 

changes to dark-red or yellow it is not an indicator of mangan peroxidase activity, only clear halos 

are. 

6.3.4.7 LACCASE (PLATE ASSAY) 

Laccase can also be screened for using degradation of an indicator compound such as guiacol or 

Remazol Brilliand Blue R to indicate laccase activity. 

0.05% Remazol Brilliant Blue R in starch-free R2A. Prick strains on the agar using a needle or 

sterilized toothpicks. Plates are grown for 5 days. Appearance of clear halos is indicative of laccase 

activity.  
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0.02% (w/v) guiacol (2-methoxyphenol) in starch-free R2A. Prick strains on the agar using a needle 

or sterilized toothpicks. Plates are grown for 5 days. The appearance of a reddish-brown halo is 

indicative of a positive reaction.  

OCH3

OH

Guaiacol  

6.4 NUTRIENT MOBILIZATION 

 

6.4.1 NITROGEN FIXATION (PLATE ASSAY) 

The nitrogen cycle is extremely important in many microbial habitats. The ability of nitrogen-fixing 

bacteria to bind atmospheric nitrogen and convert by 

reduction or oxidation to forms utilizable for higher 

organisms is important for the growth of plants. 

Nitrifying (nitrogen oxidizing) and denitrifying (nitrogen 

reducing) bacteria each fill important niches in many 

habitats.  

Both denitrification and several ammonification tests 

(ureolysis and amino acid metabolizing) are included in 

the API strip in section 6.1.  Here, we will screen our 

strains for nitrogen fixation. We will do a preliminary 

nitrogen fixation test by assessing absence/presence of 

growth on media (NFA) that contains no nitrogen. 

Luxuriant growth on NFA (see recipe in section 0) 

suggests the ability to fix nitrogen. The test is not 

conclusive, however, as alternative nitrogen sources may have been transferred with the 

inoculum. A positive test would therefore normally be followed up on with, for example, PCR-

based or blot-based screen for NifH and/or alternative nitrogenases. This we will not have time 

for, however.  

Use a needle or sterilized toothpicks to inoculate the NFA plates. Be especially careful to inoculate 

only a tiny amount of cell mass onto the plates to minimize the risk of false positives (if you can 

see the inoculum, it is too much!). Plates are grown for 5 days (or less, depending on how rapidly 

your bacteria grow) and only luxuriant growth will be considered as positive.  

Positive control: Arthrobacter sp. JF2608. Negative control: Bacillus sp. KA0514. 

 

 

Figure 8. Key reaction in the nitrogen cycle and examples 

of bacteria that perform them. From Brock Biology of 

Microorganisms, 10th edn. 
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6.4.2 PHOSPHATE UTILIZATION (PLATE ASSAY) 

Another important ecosystem 

service of soil bacteria is 

solubilization and mobilization of 

phytates and inorganic 

phosphates that otherwise would 

be unavailable to higher 

organisms. The ability of some 

bacteria to release inorganic 

phosphates from soil is thus 

important for the growth of plants. If the bacteria can grow on media with Ca3(PO4) as the only 

available source of phosphorus, it is an indicator of their ability to utilize inorganic phosphate. 

NBRIP plates (see recipe in section 0) have Ca3(PO4) as the only source of phosphorus. Strains are 

inoculated onto the agar using a loop, needle or sterilized toothpicks. Plates are grown for 5 days 

(or less, depending on how rapidly your bacteria grow) and then examined for clear halos that are 

indicative of inorganic phosphate mobilization. 

Rhodococcus sp. KA1105 is a suitable positive control and Bacillus sp. KA0514 is a suitable negative 

control. 

Figure 9. The phosphorus cycle. From http://www.extension.umn.edu/ 
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Table 3 - Control strains for biodegradation and other enzyme activity screenings 

Enzyme or process Substrate Positive control1 Negative control1 

Biopolymer hydrolysis    
Protease Casein Bacillus subtilis DSM 10 Sphingopyxis sp. AR0413 
Protease Keratin ? Escherichia coli DSM1103 
Amylase Starch Bacillus subtilis DSM 10 Escherichia coli DSM1103 
Cellulase Cellulose Bacillus sp. AR0245  Escherichia coli DSM1103 
Cellulase CM-Cellulosse Pedobacter sp. V10001 Escherichia coli DSM1103 
Betaglucanase Barley-glucan Saccharophagus degradans DSM17024 Escherichia coli DSM1103 

Xylanase Xylan Bacillus sp. KA0902  Escherichia coli DSM1103 
Fucoidanase Fucoidan ? Escherichia coli DSM1103 
Chitosanase Chitosan Lysobacter enzymogenes DSM 1895 Escherichia coli DSM1103 
Chitinase Chitin Chitinibacter tainenensis DSM15459 Escherichia coli DSM1103 
Lipase / esterase Tweens, Tributyrin Pseudomonas aeruginosa 

Candida cylindracea (DSM 2031) 
Staphylococcus sp. G092 

Xenobiotic or other recalcitrant compound degradation 
Carboxylesterase 1-Naphthyl acetate ? Escherichia coli DSM1103 
Catechol dioxygenase Catechol ? Escherichia coli DSM1103 
Napthalene oxygenase Naphthalene Novosphingobium naphthalenivorans DSM 18518 Escherichia coli DSM1103 
2,4D oxygenase 2,4-dichlorophenoxyacetic acid ? Escherichia coli DSM1103 
Lignin peroxidase Azure B Bacillus sp. KS0105 Escherichia coli DSM1103 
Laccase Remazol Brilliant Blue R Microbacterium sp. V10223 Escherichia coli DSM1103 
Laccase Guaicol Microbacterium sp. V10223 Escherichia coli DSM1103 

Other    
Nitrogen fixation Nitrogen-free medium Arthrobacter sp. JF2608 Bacillus sp. KA0514 
Phosphate mobilization Calcium phosphate Rhodococcus sp. KA1105 Bacillus sp. KA0514 

1 Please note: Not all the recommended control strains have yet been tested under the particular assay conditions performed in this course. Some of them may 

not perform as expected! 
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6.5 ANTAGONISM AND SYNERGISM 

Antagonistic properties are an important part of a microbe’s arsenal to gain competitive advantage in 

many environments. Thus, many microbes produce compounds that are bacteriostatic or even 

bacteriocidal to their competitors. These can include valuable antibiotics or bacteriocins. However, 

not all interspecies interactions are so unfriendly. In many cases, bacteria benefit from the presence 

of a friendly neighbour and may actively promote their growth. 

 

6.5.1 ANTAGONISM STREAK ASSAY 

In this simple plate assay, you will test whether your bacteria are antagonistic towards six reference 

strains: Escherichia coli DSM 1103, Pseudomonas aeruginosa DSM1117, Staphylococcus aureus 

DSM1104, Bacillus subtilis DSM10, Enterococcus faecalis DSM2570, and Candida cylindracea 

DSM2031. 

You will need to perform this experiment in two stages. First streak your strain and incubate it until 

the streak is covered by clearly visible growth (consult a teacher for expected incubation time and 

appropriate incubation conditions), then streak the reference strains and incubate again at 35°C for > 

24 h. 

 

 

Figure 10. Antagonism streak assay. 

 

 

6.5.2 CROSS-SPOTTING FOR SYNERGISTIC OR ANTAGONISTIC INTERACTIONS ASSESSMENT 

A similar, semi-quantitative approach can be used to assess both negative (antagonistic) or positive 

(synergistic) effects of two bacterial strains on one another. For each plate, select two of your strains 

to test.  

On the bottom of a 10-cm diameter agar plate containing a suitable medium for growth of both strains, 

mark six evenly spaced dots (i.e., one dot every 1.4 cm) so that they form a straight line across the 

plate. Turn the plate 90° and repeat so that you end up with twelve dots forming a cross. From liquid 

precultures, inoculate the plate with 10 µL onto each dot so that one of the strains is inoculated along 

one line, and the other strain along the other line. Incubate at an appropriate temperature for 2 to 5 

days. Examine the growth on the plate, measuring both diameter and transparency of each spot. Does 
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either strain benefit from growing in proximity to the other? Does proximity of one strain diminish 

growth of the other? 

 

Figure 11. Cross-spotting assay for antagonsism or synergism of the red and blue strain towards each other. 

 

 

 

6.6 BIOSURFACTANT PRODUCTION 

6.6.1 DROP COLLAPSE ASSAY FOR BIOSURFACTANT DETECTION 

Pipette 50 µl of distilled water on fixated parafilm. Use a sterile tooth pick to collect some test bacteria 

cells. Thoroughly suspend test bacteria in water droplet and transfer suspension to another point on 

the parafilm. Include water as control. Check for drop collapse. 

 

6.6.2 OIL DISPLACEMENT ASSAY FOR QUANTIFYING BIOSURFACTANT ACTIVITY 

Pour 40 ml distilled water to a petridish and pipette 10 µl of mineral oil to the water surface. Pipette 

10 µl of bacterial suspension on to the center of the oil membrane. The clear area of oil displacement 

is measured as the biosurfactant activity. 

 

6.7 BIOFILM FORMATION 

The ability to form a biofilm on inert surfaces is important for bacteria in various environments and 

can have substantial environmental aand public health implications. The particular triggers and 

mechanisms for biofilm formation among bacteria are quite varied, but typically involve a stress 

response, surface motility, and the formation of an extracellular polysaccharide matrix.  

In this assay, we will assess whether bacterial strains form a biofilm on polystyrene. Pipet 100 µL of a 

slightly nutrient-limited broth medium, such as 0.5×TSB or starch-free R2B, into wells on a Bioscreen 

plate. Inoculate using a needle or sterile toothpick and incubate at an appropriate temperature for 5 
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days. After incubation, discard the liquid from the wells into an autoclavable waste receptacle and 

rinse the wells twice with distilled water. Pipet 125 µL of 0.1% crystal violet into each well and incubate 

at room temperature for 15 min. Rinse 4 times with distilled water and dry overnight. Examine the 

plate and make a note of blue or purple ring formation. Add 125 µL of 30% acetic acid and incubate 

for 15 min. Measure absorbance at 540 nm in the Bioscreen scanner. 

A more detailed video protocol can be found at this site (ctrl-click). 

 

Figure 12. Biofilm assay. 

 

6.8 SURFACE MOTILITY  

6.8.1 PETRI DISH ASSAY 

Using a sterile toothpick, carefully spot bacteria cells in the centre of two plates containing a low 

percentage agar medium (0.5% agar), one with and one without 0.01% TTC (triphenyl tetrazolium 

chloride). Stab through the agar to the bottom of the plate. Incubate at room temperature and monitor 

plates daily for 5 days. If swarming or gliding occurs, photograph the plate and examine it carefully 

under the dissection scope. Note whether the gliding front is even, lobate or rhizoid and describe the 

gliding front morphology carefully. Also, note whether the surface motility occurs on the top or bottom 

of the agar. 

6.8.2 MICROSCOPE SLIDE ASSAY 

Carefully pour the molten medium on top of the slide so that it is held in place by its surface tension. 

Leave to solidify for 30 mins. Inoculate with a single drop of exponential-phase liquid preculture and 

incubate (with and without coverslip) in a glass petri dish with a moist paper towel at 35°C for 2 to 5 

hours. Examine the gliding front under the microscope, being EXTREMELY CAREFUL NOT TO LET THE 

OBJECTIVE TOUCH THE MEDIUM!  Note any monolayer gliding rafts or single gliding cells (which would 

be unusual!) and look out for any “snapping” cells or cells gliding past one another. 

 

 

  

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3182663/
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6.9 SECONDARY METABOLITE PRODUCTION 

6.9.1 WHITE LINE-IN-AGAR ASSAY (FOR DETECTING TYPE OF CYCLIC LIPOPEPTIDE PRODUCED BY 

BACTERIA) 

Draw  two parallel horizontal lines (~3cm) across the underside of a KB medium plate.  Label the lines 

as two indicator strains, Pseudomonas tolaasi and Pseudomonas reactans. Using a sterile cotton 

bud/needle, streak the corresponding bacteria across both lines. The test bacteria should be streaked 

vertically, using a tooth pick, within a 1 cm distance between the indicator strains. Up to four test 

strains can be tested on the same plate at once. Incubate plate at 28°C.  Assess for white line–in-agar 

reaction within 1 to 2 days. Consider illustration below. 

 

  

 

Test strain 

P. tolaasi 

P. reactans 
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7 MOLECULAR METHODS 
 

7.1 DNA ISOLATION  

We will use DNA isolation kits from MoBio Laboratories (Ctrl-click on the links to download the 

protocols): 

 Soil samples, plant material, lichen thalli, crusts etc: PowerSoil DNA isolation kit. 

 Water samples: Power Water DNA Isolation Kit using Sterivex filters. 

 Pure bacterial cultures: UltraClean Microbial DNA isolation kit. 

Carefully read the appropriate MoBio protocol and follow the instructions, consulting the teacher for 

any alterations to the protocol. 

 

7.2 POLYMERASE CHAIN REACTION 

The polymerase chain reaction (PCR) is a DNA-amplification technique widely used in molecular 

biology. Using a thermostable DNA polymerase (such as the Taq polymerase), it will amplify a single 

copy (or several copies) of a piece of DNA across several orders of magnitude, generating millions of 

copies of a particular DNA sequence selected by base-pairing with oligonucleotide primers from which 

the polymerase will synthesize DNA using the sample as a template.  

We will do three separate PCR reactions, all amplifying parts of the 16S rRNA gene. Please take extra 

care to avoid contaminating the buffers and stock solutions! Pre-incubating the water, pipet tips etc. 

in the UV-cabinet for half an hour might be a good idea (don’t put anything with DNA or enzymes in it 

in the UV-cabinet, though!). Always wear gloves, never leave anything open for longer than absolutely 

necessary and avoid breathing into the solutions.  

 Keep all samples and materials on ice. 

 Count the samples you plan to amplify, remembering to add one sample for a positive control 

and another one for a blank, plus one additional sample (to allow for pipetting errors), and fill 

in the table below.  

 Prepare the mastermix (i.e., mix together all the components except your DNA samples), 

adding the polymerase last.  

 Pipet 24.0  L mastermix into each PCR strip tube. 

 Add 1.0 L sample (water into the blank tube). 

 Close the tubes securely and spin briefly in the microfuge. 

 Place the strips into the thermocycler and select the appropriate PCR program (or write a new 

one). 

 

https://mobio.com/media/wysiwyg/pdfs/protocols/12888.pdf
https://mobio.com/media/wysiwyg/pdfs/protocols/14600.pdf
https://mobio.com/media/wysiwyg/pdfs/protocols/12224.pdf
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                                                     Table 1  PCR mastermix 

 µL for each sample Total µL  

10x Buffer 2.5 µl  

dNTP 2.0 µl  

F Primer (10 M) 0.5 µl  

R Primer (10 M) 0.5  µl  

Taq Polymerase 0.15 µl  

DNA template 1.0 µl    

H2O 18.5 µl  

 
                     Table 2  A typical PCR program suitable for 27F/1492R 16S rDNA amplification. 

 T (°C) time No. of cycles 

Initial denaturation: 95 3 min  

Denaturation: 95 30 sek 

x 35 Annealing: 50 30 sek 

Extension: 68 90 sek 

Final extension: 68 7 min  

 4  forever  
 

                     Table 3  A typical PCR program suitable for 341FGC/534R 16S rDNA amplification. 

 T (°C) time No. of cycles 

Initial denaturation: 95 3 min  

Denaturation: 95 30 sek 

x 35 Annealing: 55 30 sek 

Extension: 68 30 sek 

Final extension: 68 7 min  

 4  forever  

 

7.2.1 COLONY-PCR 

When using cell mass or freezer stock as a PCR-template, do the following: 

 Pipet 25 µL Colony Lysis buffer (1% Triton X-100, 20mM Tris, 2mM EDTA,  pH8.0) into 

a PCR tube.  

 Using an inoculation needle or toothpick, transfer a small amount (barely visible!) of 

colony mass into the tube and stir vigorously. When using freezer stock, pipet 1 µL of 

a turbid stock into the lysis buffer.  

 In the thermocycler (or in a heating block), incubate for 10 min at 95°C. 

 Cool and store on ice. 

 Use 1.0 µL of this suspension as your PCR template, using the basic protocol outlined 

above. 
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7.2.2 MULTIPLEX PCR 
In conventional PCR, the goal is to amplify a single product. It is, however, possible to employ a mixture of PCR 

primers with similar annealing temperatures but different specificities to yield a mixture of specific products. In 

this exercise we will attempt to specifically amplify parts of the 16S rRNA gene of particular groups of bacteria, 

thus confirming their presence or absence in the samples. The protocol will be exactly as for conventional PCR, 

except that instead of a single forward primer, we will employ a mixture of different specific primers. The reverse 

primer will be the same as before, 1492R. When separating the products on an agarose gel (see below), make 

sure to run the gels for an adequate amount of time, and do not cast more than one row of wells per gel. 

F-primer Specificity Expected product size 

VerrF Verrucomicrobia ~1450 bp 

BP948F Betaproteobacteria ~550 bp 

DC627 Deinococcus-Thermus ~850 bp 

A235F Actinobacteria ~1250 bp 

 

7.3 AGAROSE ELECTROPHORESIS 

Materials : Agarose, 0,5 × TBE bufer, SYBR safe DNA stain, 6x loading dye, 100 bp DNA ladder 

 While the PCR reaction proceeds, prepare an 0.8% agarose gel: 

o Weigh 0.8 g agarose into 100 ml 0.5 × TBE buffer. 

o Heat in the microwave until the solution is fully clear. 

o Cool the solution until the bottle can be comfortably held in the hand. 

o For a small gel, pour approx. 30 ml into a small erlenmeyer flask and add 1 µl af SYBR 

safe DNA gel stain. Gently mix by swirling. 

o Pour the gel into the tray and place the comb into the slot. 

o Leave to solidify for at least 30 min. 

 If needed, pour additional 0,5 × TBE buffer into the tray until it covers the entire gel.  

 Cut a piece of parafilm and press onto an empty pipet tip tray. Pipet for each sample 1 µl of 6x 

loading dye onto the film. 

 Pipet 5 µl PCR product onto the 1 µl af loading dye droplet, mix by pipetting up and down a 

couple of times and then pipet into a well on the agarose gel. 

 Pipet 2 µl 100 bp DNA ladder into one well for each row on the gel. 

 Place the lid onto the gel cassette and turn the power source on. Check with the teacher 

whether the gel should be run briefly (115 V for 10-15 min) or if full separation is required (100 

V for 45-60 min). 

 Following electrophoresis, examine and photograph the gel under UV light. 
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7.4  PCR PRODUCT CLEANUP FOR SEQUENCING  

Before we can send the PCR products off for sequencing, they need to be cleaned of primer dimers, 

unused nucleotides and other impurities. We will use ExoSAP-IT for this step. 

Neither kit will, however, be able to remove large PCR artefacts, so if there are additional bands 

visible in the agarose gel, we will need to run a preparative gel, physically cut the appropriate band 

from the gel and extract the DNA from the cut piece. This we will do using the same NucleoSpin kit, 

but please do not attempt this unless supervised by a teacher. 

Materials: PCR product, ExoSAP-Mix (Mix for 50 reactions: 1.25 µL Exonuclease I [20 U/µL], 2.5 µL 

Shrimp Alkaline Phosphatase [5 U/µL], 496.5 µL dH2O). 

 To 22 µL of your PCR product, add 10 µL ExoSAP Mix. 

 Incubate at 37°C for 30 min 

 Inactivate ExoSAP by heating to 95°C for 5 min  

For further readings about this method ctrl-click here 

  

http://sequencingfacility.med.monash.edu.au/pdf/Exosap.pdf
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8 APPENDIX 1: ENZYMATIC ASSAYS 
 

Introduction 

While a number of techniques (such as active site titration) can reveal the concentration of a specific 

protein, whether or not the protein is folded properly and functioning properly may not be clear. For 

this reason, a quantitative measure of the reaction (its activity catalyzed by an enzyme can not only 

provide an indication that a specific enzyme chemistry is present, but also provide information such as 

the rate of the reaction, the nature of the enzyme’s substrate preference, and so forth. A number of 

metrics are used to calculate the amount of active enzyme in a solution. 

For the purposes of this course, we are mostly interested in whether or not a specific enzyme chemistry 

is present and thus the results can be treated qualitatively. 

 

Enzyme Activity 

As the quantity of a specific enzyme in a solution (or solid mixture) is often difficult to assess in absolute 

terms, the measurement of the activity of the target enzyme over a period of time. In all cases, enzyme 

activity is measured as the quantity of substrate converted to product and reported as an “enzyme unit” 

(U). To be clear, one enzyme unit is equal to one micromole of substrate acted upon per minute as 

shown in the equation below. 

𝑈 =
𝜇𝑚𝑜𝑙 𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒

𝑚𝑖𝑛
 

On occasion, the activity of an enzyme is defined in another manner. For instance, lysozyme, which acts 

on the peptidoglycan layer of Gram positive bacteria, is computed by the change in turbidity of a 

bacterial suspension over a period of time. 

Specific Activity 

Specific activity is a metric that reports the enzyme activity of a solution divided by the mg of protein 

present in the solution. The specific activity of pure enzymes is typically constant so the specific activity 

can be a rough metric of enzyme purity. 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =

𝜇𝑚𝑜𝑙 𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒
𝑚𝑖𝑛

𝑚𝑔 𝑝𝑟𝑜𝑡𝑒𝑖𝑛
 

Factors affecting enzyme activity 

The activity of an enzyme can be affected by numerous environmental factors including temperature, 

salt concentration, “crowding”, substrate saturation, pH, ionic strength. Inhibition (such as substrate or 

product inhibition) may also affect results. If an organism is not grown in the presence of a specific 

substrate, the target enzyme may not be produce by the cell.  
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8.1 ENZYME ASSAY PROCEDURES 

A general workflow for performing enzyme assay is outlined below: 

Grow Liquid Culture

Cell-free extract

(centrifuge 13000 x g, 10 

min)

(Store frozen/thaw before use)

Protein Determination

(Bradford)
Enzyme Assays

 

Figure 13- General workflow for determining enzyme activity 

 

Cell-free enzyme solutions 

Create a cell-free solution (which should contain any extracellular enzymes produced by the organism) 

by centrifuging ~1 mL of liquid culture at 13000 g for 1 minutes. Carefully pipet the supernatant into a 

clean Eppendorf tube. This solution can be used for multiple assays. 

If intracellular or membrane-bound enzymes need to be analyzed, a sonication step can be added prior 

to centrifugation. 

 

Bradford Protein Determination 

Reagent Preparation 

Bradford Reagent - 100 mg of Coomassie Brilliant Blue G-250 dissolved in 50 mL of 95% (v/v) 

ethanol; 100 mL of concentrated phosphoric acid; the mixture is then diluted to a final volume 

of 1 L with distilled water. 

Procedure 

Protein measurements are performed using a modified Bradford method according to 

Bradford (1976). 10 µL of enzyme solution or BSA (20 µg·mL-1 to 1400 µg·mL-1) standard was 

added to 500 µL of Bradford Reagent in a microtiter plate well and incubated for two minutes 

at room temperature and the absorbance was read at 600 nm against a distilled water blank. 
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Trypsin Activity 

Reagent Preparation 

12.5 mM Nα-Benzoyl-DL-arginine p-nitroanilide hydrochloride (BAPNA) – 54.4 mg of BAPNA 

is dissolved in 10 mL of dimethylsulfoxide (DMSO) 

100 mM Tris•Cl (pH 8.2) containing 10 mM CaCl2 – 1.576 g of Tris-HCl and 0.294 g of calcium 

chloride dehydrate is dissolved in ~80 mL of dH2O. Adjust to pH 8.2 and fill to a final volume of 

100 mL. 

Procedure 

Trypsin activity is measured according to Kristjansson (2001) modified for microtiter plates. 5 

µL of enzyme solution (or reference enzyme solution) is added to a solution of 475 µL of 100 

mM Tris•Cl (pH 8.2) containing 10 mM CaCl2 and 20 µL of 12.5 mM Nα-Benzoyl-DL-arginine p-

nitroanilide hydrochloride (BAPNA) dissolved in dimethylsulfoxide (DMSO). The absorbance of 

the wells was measured at 10 minute intervals at 405 nm for approximately one hour. An 8 µM 

solution of Bovine trypsin (Sigma-Aldrich XXXX) was used as an internal reference. 

One unit of trypsin activity will produce 1 µmol of p-nitroanaline per minute. Calculate the units 

of activity according to the equation below and assume that the molar extinction coefficient (ε) 

is 8480 M-1 * cm-1. 

 

𝐸𝑛𝑧𝑦𝑚𝑒 𝑢𝑛𝑖𝑡𝑠

𝑚𝐿 𝑒𝑛𝑧𝑦𝑚𝑒 𝑠𝑎𝑚𝑝𝑙𝑒
=

∆𝐴 ∙ 𝑉𝑡𝑜𝑡𝑎𝑙 ∙ 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟

𝑡 ∙ 𝜀 ∙ 𝑉𝑒𝑛𝑧𝑦𝑚𝑒

 

Equation 1 - Calculation of Units of Enzyme Activity (Bisswanger, 2004) 

Note that the dilution factor, for our purposes, will be 1 because we will not be diluting the 

enzyme solution being measured. 

 

Fucosidase 

 

 

Fucosidase activity is measured at 25°C, pH 6.5 by following the cleavage of p-nitrophenol from a-L-p-

nitrophenyl-fucopyranoside at a wavelength of 405 nm.  

Reagent Preparation 
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100 mM sodium citrate buffer (pH 6.5) – prepare by dissolving 2.941 g of trisodium citrate 

dehydrate in ~80 mL of dH2O; adjust to pH 6.5 with HCl and fill to a final volume of 100 mL. 

Prepare solution fresh. 

10 mM p-Nitrophenyl-α-fucopyranoside (PNP-FUC) – dissolve x g of the title compound in x 

mL of dH2O. 

200 mM borate solution (pH 9.8) –dissolve xxx g of sodium tetraborate hydrate 

Fucosidase enzyme solution (0.05 to 0.10 units/mL) – dilute according to reported units on the 

vial. Prepare immediately before use. 

Procedure 

Add 40 uL of 100 mM sodium citrate buffer (pH 6.5) and 50 mL of 10 mM PNP-FUC to a 

microtiter plate well. After the solution has equilibrated to room temperature, 10 uL of sample 

(dH2O = blank). Record the absorbance at a wavelength of 405 nm for a period of 60 minutes 

at an interval of 10 minutes at 25°C. 

Laccase 

As there are numerous laccases with many different substrate selectivities, we will be using three 
different assays for laccase activity in parallel. 
 
ABTS Assay (Li, et al., 2008) 

 
Procedure: into a mictrotiter plate well, pipet 150 µL 1 mM acetate buffer (pH 5.0), 150 µL ABTS 
(0.5 mM), and 150 µL liquid culture. Follow the change in absorbance for at least one hour at 
intervals of 10 minutes at a wavelength of 420 nm at 25°C. The exaction coefficient of the 
reaction product is 36000 M-1cm-1. 

 
Guaiacol Assay (Li, et al., 2008) 

 
Procedure: into a mictrotiter plate well, 300 µL acetate buffer (10 mM, pH 5.0), 100 µL guaiacol 
(2 mM), 100 µL culture medium. Follow the change in absorbance for at least one hour at 
intervals of 10 minutes at a wavelength of 450 nm at 30°C. The exaction coefficient of the 
reaction product is 12100 M-1cm-1. 

 
Catechol Assay (Suzuki, et al., 2003) 

 
Procedure: into a mictrotiter plate well, 250 µL 50 mM acetate buffer (pH 4.5) containing 5 mM 
catechol followed by 100 µL of culture. Follow the change in absorbance for at least one hour 
at intervals of 10 minutes at a wavelength of 475 nm at 30°C. The exaction coefficient of the 
reaction product is 740 M-1cm-1. 
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8.2 CALCULATING ENZYME ACTIVITIES 

 
The resultant plots should be linear (unless the reaction is not first order!) and if a specific enzyme 
chemistry is present, should look like the following if you are following the formation of a specific 
product: 
 

 
 
 
From the change in absorbance (ΔA) per unit of time (Δt), the micromoles of substrate can be calculated 
using Beer-Lambert’s Law where l is the pathlength of light, c is the concentration (which is what we are 
looking for), A is the absorbance, and ε is the extinction coefficient. 
 

𝐴 = 𝜀 ∙ 𝑙 ∙ 𝑐 
 
For our purposes, we need to calculate pathlength since we are using a shorter pathlength (a value of 1 
cm is typically used) as shown below. The radius (r) of each Bioscreen Honeycomb 2 microplate well is 
0.35 cm. 
 

𝑃𝑎𝑡ℎ 𝑙𝑒𝑛𝑔𝑡ℎ =
𝑉𝑡𝑜𝑡𝑎𝑙

𝑟2 ∙ 𝜋
 

 
This paired with the extinction coefficient (units: cm-1 mol-1) of the reaction products are all known so 
the number of micromoles of product generated can be calculated as follows: 
 

𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (𝑈) = 𝜇𝑚𝑜𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑝𝑒𝑟 𝑚𝑖𝑛𝑢𝑡𝑒 =

∆𝐴
∆𝑡

∙ 𝑡𝑒𝑠𝑡 𝑣𝑜𝑙𝑢𝑚𝑒 ∙ 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟

𝜀 ∙ 𝑙 ∙ 𝑒𝑛𝑧𝑦𝑚𝑒 𝑣𝑜𝑙𝑢𝑚𝑒
 

 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (
𝑈

𝑚𝑔 𝑝𝑟𝑜𝑡𝑒𝑖𝑛
) =

∆𝐴
∆𝑡

∙ 𝑡𝑒𝑠𝑡 𝑣𝑜𝑙𝑢𝑚𝑒 ∙ 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟

𝜀 ∙ 𝑙 ∙ 𝑒𝑛𝑧𝑦𝑚𝑒 𝑣𝑜𝑙𝑢𝑚𝑒

 𝑚𝑔 𝑝𝑟𝑜𝑡𝑒𝑖𝑛
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9 APPENDIX 2: GEOCHEMICAL AND PHYSICOCHEMICAL ANALYSIS 

9.1 CONDUCTIVITY 

The electrical conductivity of water measures its capacity to conduct an electric current and is thus an 

indirect measure of its ionic potential. Pure water is a very poor electrical conductor, but its conductivity 

increases rapidly with the concentration of dissolved ions such as natrium, chloride, phosphate, and so 

forth.  While natural, pristine water can vary considerably in ionic composition, conductivity 

measurements are nevertheless commonly used for monitoring purposes, as temporal or spatial 

variations indicate a perturbation of water purity, be it natural or anthropogenic.  For example, 

continuous conductivity measurements on glacier runoff rivers are used in Iceland to monitor sub glacial 

geothermal activity, with a sudden increase in conductivity indicating an impending melt water surge 

or, possibly, a sub glacial volcanic eruption. According to Icelandic legislation, surface water to be used 

for human consumption should have conductivity of no more than 2500 μS/cm at 20°C.   

Protocol: 

We will measure conductivity using a hand-held conductivity probe. 

9.2 PH 

The acidity or alkalinity of surface water is dependent upon the adjacent soil types and other 

environmental factors. It is thus one of the indicators of water quality, although the geology of the area 

should always be taken into consideration when interpreting the results. In Iceland, springwater is most 

often alkaline, due to the predominance of basaltic bedrock. In general, surface runoff water will have 

a higher pH value than spring-fed water.   

Protocol: 

We will measure pH using a hand-held pH probe calibrated against pH buffer solutions from pH 

4 to pH 10. 

9.3 COLORIMETRIC DETERMINATION OF PHOSPHATE 

 

Introduction 
 

This method is derived from Olsen and Summers (1982) and the directions are modified from EPA 
Method 

 
Ammonium molybdate and antimony potassium tartrate react in an acid medium with dilute solutions 

of phosphorus to form an antimony-phospho-molybdate complex. This complex is reduced to an 

intensely blue-colored complex by ascorbic acid. Only orthophosphate (PO4
3-) forms a blue color in this 

assay; sulfuric acid may hydrolyze polyphosphates and some organic phosphorus compounds to 

orthophosphate.  

 

Preparing Standards and Reagents 
 

100 µM (0.1 mM) Phosphate Stock Solution- Dissolve 0.035598 g of disodium hydrogen phosphate 
dihydrate in 2.00 L of distilled water. Alternately, this solution can be prepared by the dilution of a 
0.1 M phosphate salt solution. 
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Phosphate Salt Formula MW  
(g·mol-1) 

g/1 L for  
100 µM Soln 

g/2 L for  
100 µM Soln 

Sodium dihydrogen phosphate NaH2PO4 119.98 0.011998  
Sodium dihydrogen phosphate·1H2O NaH2PO4·H2O 137.99 0.013799  
Disodium hydrogen phosphate Na2HPO4 141.96 0.014196  
Disodium hydrogen phosphate·2H2O Na2HPO4·2H2O 177.99 0.017799 0.035598 
Trisodium phosphate·12H2O Na3PO4·12H2O 380.12 0.038012  

 
 
1-10 µM Phosphate Standard Solutions 
 

Standards in the range of 1 to 10 µM phosphate can be made from the 100 uM phosphate 
standard.  For 100 mL of 1 µM standard, you just add 1000 µL of phosphate standard to a 100 
mL volumetric flask and fill to the line; for 2 µM, you add 2000 µL to a 100 mL volumetric flask 
and fill to the mark with distilled water., 

 
Phosphate  
Standard 

X mL 100 µM PO4
3-  

Stock Soln 
Total Volume  

(mL) 

1 µM 1.00 mL 100.0 
2 µM 2.00 mL 100.0 
3 µM 3.00 mL 100.0 
4 µM 4.00 mL 100.0 
5 µM 5.00 mL 100.0 
6 µM 6.00 mL 100.0 
7 µM 7.00 mL 100.0 
8 µM 8.00 mL 100.0 
9 µM 9.00 mL 100.0 

10 µM 10.00 mL 100.0 

 
 

Mixed Reagent (MR)- Dissolve 6 g of ammonium molybdate in 250 mL of distilled water. Dissolve 0.1454 
g of antimony potassium tartrate in 500mL of sulfuric acid (73 mL of concentrated sulfuric acid into 427 
mL of dH2O, prepared VERY CAREFULLY as this dilution produces an incredible amount of heat).  When 
both reagents are completely dissolved, mix the two solutions together in the amber glass bottle and 
store in the fume hood. 
 
Color Developing Reagent (CDR)- Add 0.37 g of ascorbic acid to 70 mL of MR and shake thoroughly. This 
is adequate volume for about 60-70 phosphate analyses, and should only be prepared on the day of 
the analysis. 
 
Mehlich 1 Extraction Solution – 0.0125 M H2SO4+0.05 M HCl; 167 mL of concentrated HCl, 28 mL of 
concentrated sulfuric acid to a final volume of 40 L of distilled water. 
 

Procedure 
 
Extraction of Phosphate from Soil (not required for aqueous matrix) 
 

Weigh 5.0 g of air-dried soil into a 50 mL extraction flask (200 mg of charcoal may be added if 
a colorless extract is needed). Add 20 mL of Mehlich 1 extraction solution and shake for 5 
minutes at 180 rpm at room temperature. Filter through Whatman No. 2 filter paper. 

 
Colorimetric Assay (Macro-scale) 
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Note: Samples above 10 µM phosphate should be diluted as the curve becomes non-
linear about ~12 µM phosphate. 
 
Note: if the sample is being extracted from soil, Mehlich 1 extraction solution should 
be used as a blank. 

 
Add 1.0 mL of CDR to 10.0 mL of sample (or blank/standard) in a 15 or 20 mL screw cap test 
tube. Vortex the samples and allow the color to develop in the dark for 30 minutes. Read the 
samples in a glass cuvette at 880 nm on a UV-Vis spectrophotometer against the blank. 
 
After analysis, waste should be carefully poured down the sink with copious quantities of cold 
water. Tubes should be rinsed and then allowed to soak in a solution of 0.5 M HCl, rinsed 
carefully and then rinsed with distilled water. Tubes should be oven dried at 100°C for at least 
one hour. 

 
Colorimetric Assay (Microtiter plate variation) 

 

400 µL of sample + 40 uL of CDR. Read at a wavelength of ~600 nm. 

Waste disposal 
 

Carefully pour samples into cold running water and flush down the sink with copious amounts of cold 
water. 

References 

Olsen, S.R. and Sommers, L.E. (1982). Phosphorous, pg 403-430. In: Page, P.L., Miller, R.H., and Keeney, 

D.R. (eds.), Methods of Soil Analysis, 2nd ed. Agronomy Series No. 9., Part 2. Soil Science Society of 

America, Inc. Madison, WI. 
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9.4 TURBIDOMETRIC DETERMINATION OF SULPHATE 

Introduction 

The following method is based upon Tabatabai (1974). 

Preparation of Reagents 

Sulfate Stock Solution –dissolve 5.434 g of K2SO4 in 1.0 L of dH2O 

0.5 M Hydrochloric Acid – 42 mL of concentrated HCl to 300 mL of dH2O; fill to a final volume of 1.0L. 

Barium chloride-Gelatin Reagent – dissolve 0.6 g of gelatin (Difco Bacto gelatin) in 200 mL of hot (60-

70°C) dH2O. Store at 4°C for approximately 16 hours; warm to room temperature and dissolve 2.0 g of 

BaCl2·2H2O. Store in the refrigerator. Allow to stand at room temperature for approximately 2 hours 

before use. 

Preparation of Standards 

Prepare standards ranging from 0.1 to 15 µM by transferring (using a volumetric pipette, of course) the 

number of mL in the table below to a 1 L volumetric flask. 

[Sulfate] 
(µM) 

Sulfate S  
µg/20 mL 

mL of stock soln  
to 1 L VF 

~A600 

0 0 0  
31.192 20 1  
62.384 40 2  
93.576 60 3  

124.768 80 4  
155.956 100 5  

 

Procedure 

20 mL of sample (or standard in a 50 mL Erlenmeyer flask). Add 2.0 mL of 0.5 M HCl, mix, and add 1.0 

mL of barium chloride-gelatin reagent. After 20 minutes, read on a UV-Visible spectrophotometer at 

360 nm. 

Microtiter plate scale-down: 400 uL sample, 40 uL of 0.5 M HCl, and 20 uL of BaCl2-gelatin reagent. 
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9.5 COLORIMETRIC DETERMINATION OF NITRATE 

Introduction 

The following method is based upon EPA Method 352.1 (1971). This method is based upon the reaction 

of the nitrate ion with brucine sulfate in a 13 N H2SO4 solution at a temperature of 100°C. The color of 

the resulting complex is measured at 410 nm. Temperature control of the color reaction is extremely 

critical. Nitrate can be detected in the range of 0.1 to 2 mg per liter (1.61 µM to 32.3 µM nitrate). 

Interferences 

Dissolved organic matter will cause an off color in 13 N H2SO4 and must be compensated for by additions 

of all reagents except the brucine-sulfanilic acid reagent. This also applies to natural color present not 

due to dissolved organics. 

The effect of salinity is eliminated by addition of sodium chloride to the blanks, standards and samples. 

All strong oxidizing or reducing agents interfere. The presence of oxidizing agents may be determined 

with a total residual chlorine test kit. Residual chlorine interference is eliminated by the addition of 

sodium arsenite. Ferrous and ferric iron and quadrivalent manganese give slight positive interferences, 

but in concentrations less than 1 mg/L these are negligible. 

Uneven heating of the samples and standards during the reaction time will result in erratic values. The 

necessity for absolute control of temperature during the critical color development period cannot be 

too strongly emphasized. 

Reagent Preparation 

13 N Sulfuric Acid – slowly add 500 mL of concentrated H2SO4 to 125 ml of cold distilled water. Caution: 

the solution will boil. Store in an airtight bottle. 

30% (w/v) Sodium chloride – add 300 g of sodium chloride to 1000 mL of distilled water 

Brucine sulfate/sulfanilic acid reagent – carefully dissolve 1 g brucine sulfate and 0.1 g sulfanilic acid 

monohydrate in 70 mL hot distilled water. Add 3 mL concentrated HCl, cool, mix and dilute to a final 

volume of 100 mL with distilled water. The solution is stable for several months when stored in a dark 

bottle at 5 °C. A pink color will develop with time but will not affect the analysis. CAUTION: Brucine 

Sulfate is very toxic; take care to avoid ingestion. 

Potassium nitrate stock solution #1– This solution is 0.1 mg/mL Nitrate. Dissolve 0.7218 g anhydrous 

potassium nitrate (KNO3) in distilled water, add 2 mL of chloroform, and dilute to 1 liter in a volumetric 

flask. This solution is stable for at least 6 months. 

Potassium nitrate standard solution#2 – This solution is 0.001 mg NO3/mL. Dilute 10.0 mL of the stock 

solution (6.5) to 1 liter in a volumetric flask. This standard solution should be prepared fresh weekly. 

 

25% (v/v) Acetic Acid (for pH adjustment) - Dilute 1 volume glacial acetic acid (CH3COOH) with 3 

volumes of distilled water. 

1 M Sodium hydroxide – dissolve 40.0 g of sodium hydroxide in 1 L of distilled water. 
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Standard Preparation 

Standards in the range of 0.1 to 2.0 mg/mL (1.61 µM to 64.6 µM) nitrate should be prepared by diluting 

Nitrate Stock Solution #2 to a final volume of 100.0 mL. 

Standard Concentration 
µg/mL (µM) 

µL Nitrate stock 
 solution #2 

A 0.1 (1.61) 100.0 
B 0.2 200.0 
C 0.3 300.0 
D 0.4 400.0 
E 0.5 500.0 
F 0.7 700.0 
G 0.9 900.0 
H 1.0 (32.3) 1000.0 
I 1.5 1500.0 
J 2.0 (64.6) 2000.0 

Procedure 

Sample Preparation 

Samples should be stored at 0-4°C. Samples that must be stored for more than 24 hours should 

be acidified with the addition of 2 mL of concentrated sulfuric and refrigerated.  

Prior to analysis, adjust the pH of the samples to approximately 7 with acetic acid or sodium 

hydroxide. Samples may be filtered to remove turbidity. Samples with values outside of the 

concentration range (0.1 mg to 2.0 mg of nitrate per L) should be diluted. 

If it is necessary to correct for color or dissolved organic matter which will cause color on 

heating, a set of duplicate samples must be run to which all reagents except the brucine-

sulfanilic acid have been added. 

Extraction of Nitrate from Soil (not required for aqueous samples) 

The following is based upon Keeney and Nelson (1987). 
Place 5 g dry-weight soil into each flask; add 25 ml extraction solution (2M KCl) to each. Stopper 
flasks.  
2) Place flasks in shaker box and shake 1 hour, medium speed.  
3) Filter flask contents through funnels lined with filter paper 
 

Assay Procedure 

Pipette 10.0 mL of sample (or standard) into the sample tubes. If the samples are saline, add 2 

mL of the 30% sodium chloride solution to the reagent blank, standards and samples. Mix the 

contents of tubes by vortexing and cool the samples to 0-4 °C in an ice bath. Pipette 10.0 mL of 

sulfuric acid solution into each tube and vortex. Allow tubes to come to thermal equilibrium in 

the cold bath (approximately 10 minutes). 

Add 0.5 mL brucine-sulfanilic acid reagent (Caution: highly toxic!)  to each tube (except the 

interference control tubes and vortex. Place the rack of tubes in the 100°C (±2°C) water bath 

for exactly 25 minutes. Remove rack of tubes from the hot water bath and immerse in the cold 

water bath and allow to reach thermal equilibrium (20-25°C). 

Read absorbance against the reagent blank at 410 nm using a 1 cm or longer cell. 
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Procedural Notes 

The procedure can be scaled down so that the following volumes of samples and reagents are 

required: 1.0 mL sample, 1.0 mL sulfuric acid, 50 uL brucine sulfate reagent. 

Waste disposal 
To be determined. 

References 

1. Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 427, Method 419D 

(1975). 

2. Annual Book of ASTM Standards, Part 31, "Water", Standard D 992-71, p 363 ( 1976). 

3. Jenkins, D., and Medsken, L., "A Brucine Method for the Determination of Nitrate in Ocean, Estuarine, 

and Fresh Waters", Anal Chem., 36, p 610, (1964). 

 

Keeney, D. R. and D. W. Nelson. 1987. Nitrogen--Inorganic Forms, sec. 33-3, extraction of exchangeable ammonium, nitrate, and nitrite. pp.648-9. 

In A. L. Page et al., eds., Methods of Soil Analysis: Part 2, Chemical and Microbiological Properties. Agronomy, A Series of Monographs, no.9 pt.2, 

Soil Science Society of America, Madison, Wisconsin USA.  
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9.6 DISSOLVED OXYGEN (PROBE METHOD) 

Several wet chemical methods for the determination of DO are commonly used. The 

Wrinkler titration involves the precipitation of oxygen with a manganese (II) salt 

leading to the formation of manganese (II) hydroxide which is then quantified by 

titration following acidification of the sample and the liberation of iodide (I-). 

Biological Oxygen Demand (BOD) determinations are usually based upon the 

Wrinkler titration. 

The use of a DO probe, however, is often more convenient for most applications and is 

based upon the partial pressure of oxygen (pO2) in solution. A Clark-type electrode is 

the most used oxygen sensor for measuring oxygen dissolved in a liquid. 

Polarographic electrodes have a silver anode surrounded by a gold cathode. The basic 

principle is that there is a cathode (gold) and an anode (silver) submersed in an 

electrolyte. Oxygen enters the sensor through a permeable membrane by diffusion, and 

is reduced at the cathode, creating a measurable electrical current. 

There is a linear relationship between the oxygen concentration and the electrical 

current and a determination is possible with a two-point calibration (0% and 100% air 

or water saturation). 

One drawback to this approach is that oxygen is consumed during the measurement 

with a rate equal to the diffusion in the sensor. This means that the sensor must be 

stirred in order to get the correct measurement and avoid stagnant water. With an 

increasing sensor size, the oxygen consumption increases and so does the stirring 

sensitivity. In large sensors there tend to also be a drift in the signal over time due to 

consumption of the electrolyte. However, Clark-type sensors can be made very small 

with a tip size of 10 µm. The oxygen consumption of such a microsensor is so small 

that it is practically insensitive to stirring and can be used in stagnant media such as 

sediments or inside plant tissue. 

To clean the anode, first remove the membrane, then soak in a 3% solution of ammonium 
hydroxide overnight. For quicker cleaning, remove the membrane and soak in a 14% solution 
of ammonium hydroxide for no more than 2 to 3 minutes. Longer soaking time in 14% 
ammonium hydroxide will damage the electrode. After either treatment the probe should be 
flushed thoroughly with distilled water, and then made ready for service. 
Some gases are known to interfere with DO readings. Check for significant concentrations of 
hydrogen sulfide, sulfur dioxide, halogens (e.g. chlorine), neon, and nitrous and nitrite oxide. 
Additionally, strong acids, bases, or solvents may attack the probe. 

 

  



  

56 
 

9.7 COLORIMETRIC DETERMINATION OF FERROUS AND TOTAL IRON 

Introduction 

The ferrozine determination of ferrous (Fe2+) iron is commonly used for aqueous samples of non-silicous, 

microbial, and aquatic matricies. Ferrous iron forms a violet-colored complex with ferrozine (3(2-

pyridyl)-5,6-diphenyl-1,2-4-triazine-p,p’-disulfonic acid) which is read at a wavelength of 560 nm. 

(Braunschweig, Bosch, Heister, Kuebeck, & Meckenstock, 2012) 

This method can be extended to measure the total aqeous iron in solution of ferric iron (Fe3+) is reduced 

prior to measurement. 

The following methodlogy is taken from Braunschweig, et al., (2012). 

 

Preparation of Reagents 

Ferrozine solution – Dissolve 501.02 g of ammonium aceate in ~600 mL of dH2O in a 1 L volumetric flask. 

Add 1 g of ferrozine (Sigma-Aldrich 82950) and fill to a final volume of 1 L. Store in a dark brown bottle, 

away from light, at 4°C. 

1.4 M Hydroxylamine Solution – dissolve 97.286 g of hydroxylamine hydrochloride in 1 L of 1 M HCl. 

Store in a dark brown bottle, away from light, at 4°C. 

1 M HCl – dissolve 83 mL of concentrated HCl in 600 mL of dH2O; fill to a final volume of 1.0 L in a 

volumetric flask. 

10 mM Fe2+ Stock Solution – Dissolve 2.7801 g of ferrous Sulfate heptahydrate in ~600 mL of 1 M HCl. 

Fill to a final volume of 1 L with 1 M HCl. 

Standards should be prepared by dilution of the 10 mM stock solution. 

Procedure 

Determination of Ferrous (Fe2+) Iron 

Samples should be diluted to a working range of 0.1 to 10 mM Fe2+ using 1 M HCl. 40 µL of 

acidified sample (or standard) and 320 µL is placed in a microtiter plate well. The absorbance 

is then read at 560 nm. 

Determination of Total Iron 

Acidified samples are diluted 1:10 with 1.4 M Hydroxyamine solution and shaken for 15 

minutes in an Eppendorf tube. Afterwards, the solutions are diluted and mixed with ferrozine 

as described above. 
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10 APPENDIX 3: MEDIA RECIPES 
Following are several media recipes, many (but not all) of which you'll use in the course. For commercial media, 

please consult  the Difco Manual (ctrl-click to download).   

9K agar   

A medium  selective for acidophilic iron-oxidizing bacteria. 

1. Ten g FeSO4*7H2O dissolved in 300 mL dH2O, titrated to pH 2.5 with H2SO4. Filter-sterilized. Heated to ca. 50°C 

before mixing. 

2. A solution of: 

 3.3 g  (NH4)2SO4 

 0.11 g  KCl 

 0.25 g  Ca(NO3)2 

 0.55 g  MgSO4*7H2O 
was titrated to pH 3.0 with HCl and the volume adjusted to 550 mL using dH2O. Autoclaved. 

3. Ten g agar dissolved in 150 mL dH2O. Autoclaved. 

Solutions 1, 2 and 3 mixed and poured onto plates. 

 

9K enrichment broth 

For enrichment of iron-oxidizing bacteria. 

1. Ten g FeSO4*7H2O dissolved in 300 mL dH2O, titrated to pH 2.5 with H2SO4. Filter-sterilized. Heated 

to ca. 50°C before mixing. 

2. A solution of: 

 3.3 g  (NH4)2SO4 

 0.11 g  KCl 

 0.25 g  Ca(NO3)2 

 0.55 g  MgSO4*7H2O 
was titrated to pH 3.0 with HCl and the volume adjusted to 700 mL using dH2O. Autoclaved 

and allowed to cool to ca. 50°C. 

Solutions 1 and 2 mixed. 

 

  

http://www.bd.com/ds/technicalCenter/misc/difcobblmanual_2nded_lowres.pdf


  

59 
 

BS4 agar  

A medium selective for sulfur-oxidizing bacteria. 

1. Elemental sulfur is "sterilized" by dry-heating twice @ 100°C for 1 h each time. 

2. A solution of: 

 0.4 g  (NH4)2SO4 

 0.25 g  CaCl2*2H2O 

 0.01 g  FeSO4*7H2O 

 3.0 g  KH2PO4 

 0.5 g  MgSO4*7H2O 
was titrated to pH 4.0 with HCl and the volume adjusted to 500 mL using dH2O 

3. Fifteen g agar dissolved in 500 mL dH2O. 

Solutions 2 and 3 were autoclaved separately, mixed after cooling to about 50°C, and 10 g sterile elemental sulfur 

added. 

 

BS4 enrichment broth 

For enrichment of sulfur-oxidizing bacteria. 

 

1. Elemental sulfur (10 g) is "sterilized" by dry-heating twice @ 100°C for 1 h each time. 

2. A solution of: 

 0.4 g  (NH4)2SO4 

 0.25 g  CaCl2*2H2O 

 0.01 g  FeSO4*7H2O 

 3.0 g  KH2PO4 

 0.5 g  MgSO4*7H2O 
was titrated to pH 4.0 with HCl and the volume adjusted to 1000 mL using dH2O 

Solution 2 was autoclaved and after cooling to about 50°C, 10 g sterile elemental sulfur was added. 

 

Butterfield´s buffer 

 

 Dissolve 34 g KH2PO4 in 500 mL distilled water 

 Add 1 M NaOH until pH is 7.2 (ca. 175 mL) 

 Make up to 1.0 L 

 Autoclave 
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CEM enrichment broth 

For enrichment of cellulolytic bacteria. 

Per litre: 

 3.0 g   NH4NO3  

 2.5 g   KH2PO4  

 2.0 g  K2HPO4 

 0.2 g  MgSO4*7H2O 

 0.1 g  FeSO4*7H2O 

 10.0 g  Cellulose 
 

If necessary, adjust pH to 7.2 - 7.5. Autoclave. 

 

COM enrichment broth 

For enrichment of collagenolytic bacteria. 

Per litre: 

 3.0 g   NH4NO3  

 2.5 g   KH2PO4  

 2.0 g  K2HPO4 

 0.2 g  MgSO4*7H2O 

 0.1 g  FeSO4*7H2O 

 10.0 g  Collagen 
 

If necessary, adjust pH to 7.2 - 7.5. Autoclave. 
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DFM 

DFM is a defined minimal medium for Staphylococcus and several other bacteria. 

„Teaching-DFM“ 

 100 mL lausn A 

 10 mL lausn C 

 390 mL kranavatn (ekki eimað!) 
 

DFM without amino acids 

 100 mL lausn A 

 10 mL lausn C 

 0,5 mL lausn D 

 0,5 mL lausn V 

 389 mL dH2O 
 

DFM with amino acids 

 100 mL lausn A 

 5 mL lausn B 

 10 mL lausn C 

 0,5 mL lausn D 

 0,5 mL lausn V 

 389 mL dH2O 
 

Basal solution A  

 K2HPO4   34,8 g 

 KH2PO4   9,9 g 

 Na3cítrat*2H2O  2,0 g 

 MgSO4*7H2O  0,52 g 

 (NH4)2SO4  5,3 g 

 dH2O   1.000 mL 
 

 

Solution B (Amino acids) 

 Glu 10 g 

 Ser 0,3 g 

 Met 0,03 g 

 Tyr 0,5 g 

 Ala 0,6 g 

 Lys 0,5 g 

 Thr 0,3 g 

 Phe 0,4 g 

 His 0,2 g 

 Gly 0,5 g 

 Trp 0,1 g 

 Ile 0,3 g 

 Val 0,8 g 

 Leu 0,9 g 

 Asp 0,5 g 

 Arg 0,5 g 

 Pro 0,8 g 

 Cys 0,2 g 

 dH2O 1.000 mL 
 

Solution C (1.5 M C-source) 

 Glucose  270 g 

 dH2O  1.000 mL 
(or other source of carbon and/or energy => approx. 

1-1.5 M or 10-30% solution) 

 

 

Solution D (Trace minerals) 

 FeCl2*6H2O  2,6 g 

 MnCl2*4H2O  1,0 g 

 Na2MoO4*2H2O  0,01 g 

 ZnSO4*7H2O  0,01 g 

 CuSO4*5H2O  0,01 g 

 CoCl2*6H2O  0,01 g 

 H3BO4   0,01 g 

 dH2O   1.000 mL 
 

Solution V (Vitamins) 

 Níacín  1,2 g 

 Bíótín  0,005 g 

 Pantoþenat 0,2 g 

 Þíamín  1,0 g 

 dH2O  1.000 mL 
 



 

Glucose-Casamino Acid Yeast extract (GCY) Medium 

15 g D(+) glucose 

1.5 g DifcoTM Casamino acids 

1.0 g DifcoTM yeast extract 

1.5 g KH2PO4 

1.0 g MgSO4 

18 g DifcoTM Bacto agar 

1000 ml Distilled water; autoclave and pour onto plates 

 

GYC medium for xanthomonads 

10 g/l Glucose 

5 g/l Yeast extract 

30 g/l CaCO3 

pH to 7.0 with HCl 

 

Halophilic agar or broth (HA or HB) 

10.0 g   casamino acids 

10.0 g   yeast extract 

5.0 g   proteose peptone 

3.0 g   Na3citrate 

2.0 g   KCl 

25.0 g   MgSO4*7H2O 

250.0 g   NaCl 

(20.0 g   agar) 

1.0 L   dH2O 

 

 

 

KB (King’s B) Medium 

20 g Proteose peptone nr. 3 

1.5 g K2HPO4 

1.5 g MgSO4 
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15 g Bacto agar 

10 ml Glycerol  

1000 ml Distilled water, autoclave and pour on to plates 

 

 

 

 

Lichen extract media (PEA, PEMA, UEA, UEMA, CEA, etc.). 

 Lichen extract: 50 g lichen (cleaned of all visible "dirt" and rinsed twice in water) + 5 g NaCl, boiled in 

500 mL tap water for 40 min., filtered through Whatman No. 1, diluted with dH2O to 1000 mL and 

autoclaved. 

 Minimal lichen agar (PEMA, UEMA, etc.): 10 mL lichen extract + 0.1 g Na2HPO4 + 0.1 g KNO3 + 0.1 g 

MgSO4.7H2O + 1.5 g agar + H2O to make 100 mL. pH = 7.0. Heat until boiling. Autoclave. Cool to 50°C 

and pour onto plates. 

 Lichen-nutrient agar (PEA, UEA, etc.): 10 mL lichen extract + 0.1 g tryptone + 0.05 g yeast extract + 0.25 

g NaCl + 1.5 g agar + H2O to make 100 mL. Heat until boiling. Autoclave. Cool to 50°C and pour onto 

plates. 

 

 

Luria-Bertani (LB) Medium (0,5%) 

10 g Tryptone 

5 g Yeast extract 

10 g NaCl 

5 g Bacto agar 

1000 ml Distilled water, autoclave and pour on to plates. Use at the latest within two days after preparation. 

 

MEM enrichment broth 

For enrichment of methylotrophic bacteria. 

Per litre: 

 3.0 g   NH4NO3  

 2.5 g   KH2PO4  

 2.0 g  K2HPO4 

 0.2 g  MgSO4*7H2O 
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 0.1 g  FeSO4*7H2O 

 10.0 ml  Methanol 
 

If necessary, adjust pH to 7.2 - 7.5. Autoclave. 

MSM 

 MEM + 1.5% agar. 

 

Modified Wolfe’s Minimal Medium 

See recipe here: http://www.atcc.org/~/media/A457A0AE8C604A12B5597E5EB1A6583A.ashx 

 

NBRIP-agar for inorganic phosphate mobilization screening 

Weigh: 

Glucose (dextrose)  10.0 g 

MgSO4∙7H2O  0.25 g (or 0,12 g anhydrous MgSO4) 

Ca3(PO4)2∙7H2O  5.0 g 

KCl   0.2 g 

(NH4)2SO4  0.1 g 

Agar   1.5 g 

dH2O   1,000 mL  

 

Autoclave. Cool to ca. 60°C, swirl so that the undissolved Ca3(PO4)2 is evenly distributed throughout the liquid 

and pour onto plates (swirling periodically between plates. 

 

 

NGG (Pseudomonas spreading medium) 

  
 Tryptone  4.0 g 
 Yeast extract  2.0 g 
 Gel-gro   8.0 g 
 H2O   to 1000 mL 

 

Nitrogen free media (NFA, SNFA). 

 NFA: 5 g glucose, 5 g mannitol, 0,8 g KH2PO4, 0,2 g MgSO4*7H2O, 0,15 g CaCl2, 0,04 g FeSO4*7H2O, 0,005 

g Na2MoO4*2H2O dissolved in 500 mL dH2O and pH adjusted to 7,0. Add 15 g agar and dH2O to 1000 mL. 

Heat to the boil while stirring. Autoclave. Pour onto Petri dishes and allow to solidify. 

http://www.atcc.org/~/media/A457A0AE8C604A12B5597E5EB1A6583A.ashx
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 Salt-NFA (SNFA): 2,5 g glucose, 2,5 g mannitol, 5 g NaCl, 0,4 g KH2PO4, 0,1 g MgSO4*7H2O, 0,08 g CaCl2, 

0,02 g FeSO4*7H2O, 0,003 g Na2MoO4*2H2O dissolved in 250 mL dH2O and pH adjusted to 7,0. Add 15 g 

agar and dH2O to 500 mL. Heat to the boil while stirring. Autoclave. Pour onto Petri dishes and allow to 

solidify. 

 

 

Potato Dextrose Agar (PDA) Medium 

39 g PDA 

1000 ml Distilled water, autoclave and pour onto plates 

 

 

 

PY2 (Flavobacterium/Flexibacter spreading medium) 

 
 Peptone    2.0 g 
 Yeast extract  0.5 g 
 Agar   10.0 g 
 H2O    to 1000 mL (pH 7.3) 
 
 

Skim-milk agar (UA or SMA). 

100 mL 2X-NA (4.6 g NA-powder in 100 mL H2O) + 100 mL autoclaved skimmilk ... NB: mix after autoclaving!  

 

SWT (Vibrio growth medium) 

 
 Seawater  700   mL 
 Water   300   mL 
 Tryptone    5.0 g 
 Yeast extract   3.0 g 
 Glycerol    3.0 mL (3.75 g) 
 

Tributyrin agar. 

Sigmaaldrich: 91015 + glyceryl tributyrate (Sigmaaldrich: 91010), autoclaved by filtering and mixed with 

medium at approx. 60°C i. Shake thoroughly before pouring onto plates! 
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11 APPENDIX 4. INTRODUCTORY NOTES ON MICROBIOLOGICAL LAB WORK 

11.1 LABORATORY SAFETY AND MICROBIOLOGICAL PROCEDURE 

The following notes are for your guidance during the lab work.  The specific methods used during the 

practicals are preceded by some general notes about aseptic technique and working with bacterial 

cultures.  You should read them carefully. 

The individual procedures used during the practicals describe the equipment, the reagents supplied 

and how you will use them.  Read the notes carefully before each practical so that you know what you 

should be doing.  When you get to the laboratory make sure that you have all the equipment and 

reagents required - tell the demonstrator if any items are missing. 

Each class will generally begin with a brief introduction to the practical - make sure you pay particular 

attention as you will be told about any changes to the procedure at this point. 

The practical protocols are written out point by point.  Because of time constraints the methods used 

are generally shortened versions of those commonly used in research laboratories.  It is therefore 

critical that the methods are followed precisely - You may want to tick off individual points as you 

complete them.  Should you make a mistake there may not be sufficient time to repeat the method.   

11.1.1 ASEPTIC (OR STERILE) TECHNIQUE  

Aseptic technique is the method by which microbiologists minimise the contamination of the culture 

they are working with, and the environment in which they are working (remember that the 

environment includes you, and the other students working around you!).  Sterile is a practical 

definition, usually applied to equipment and solutions which have been autoclaved at 15psi. for at 

least 15 minutes.  This is generally sufficient to kill most common bacteria (though this is affected by 

the concentration of organisms and the culture medium; furthermore, certain micro-organisms are 

particularly resistant to heat e.g. the spores of Clostridium species).  The majority of the equipment 

and solutions used in this series of practicals has been sterilised in this way. 

The following basic rules should be observed throughout these and other microbiology practicals: 

1. Treat all micro-organisms as potentially dangerous pathogens, even though you may think 

otherwise. 

2. Perform all transfers (see below) and inoculations at the bench, working in close proximity to a 

Bunsen burner.  The flame has two functions: 

a) It allows you to sterilise needles, loops and the necks of bottles and tubes. 

b) It provides an up draught of air which carries airborne contamination away from your 

work area. 

3. Open the lids of bottles and tubes for the minimum possible time that allows you to perform 

the required task.  When inoculating or transferring a culture this is best achieved by holding 

the tube in one hand, and using the other hand to hold the pipette and to remove the lid from 

the tube (at the same time).  This might feel inconvenient at first - get your demonstrator to 

show you how to hold the pipette with the thumb and the first two fingers, while using the third 
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and fourth fingers of the same hand to remove the cap from the bottle.  It's a lot easier than it 

sounds! 

4. Keep the bench as clean as possible - if you spill a culture (which will probably happen) report it 

to the class supervisor, and deal with the spillage following the guidelines in the Laboratory 

Rules.  Similarly, if you contaminate your hands with the culture wash them immediately.  Do 

not put contaminated pipettes on the bench - discard them into the containers provided.  

Inoculating needles and loops should always be sterilised before and after transferring colonies. 

5. We all carry an extensive and varied commensal flora of bacteria, yeasts and fungi on our skin - 

keep your fingers away from pipette tips, loops and the necks of bottles. 

6. Follow the guidelines set out in The University of Reading School of Animal and Microbial 

Sciences laboratory rules. 

11.1.2 "PURE" CULTURES 

The majority of microbiology experiments - excluding those designed to study communities of 

microbes - are based upon the assumption that the culture under study contains only one type of 

micro-organism - a "pure" culture.  The best way to achieve this is to streak out any cultures on agar 

plates to obtain single colonies.  The isolated colonies that develop grow from a single cell, and should 

therefore yield a pure culture. Bacteriophage plaques produced in lawns of bacteria similarly develop 

from a single phage particle. 

11.1.3 TRANSFERS, OR SUB-CULTURING 

Transferring cultures from an old culture to start a fresh culture is a basic microbiological technique.  

Transfers from solid medium (plates or slopes) to either solid or liquid media are usually done with a 

wire loop mounted in a handle.  Remember always to sterilise the loop by heating to red heat in the 

Bunsen flame, and subsequently to cool it by touching briefly on the agar surface.  Only then use the 

loop to pick up a small quantity of cells from the old culture and transfer this to the new culture.  Re-

sterilise the loop after use. 

Sub-culturing from liquid media on to solid or liquid media can also be achieved using a loop; surface 

tension allows the loop to carry a small quantity of the liquid.  If you want to transfer a small (up to 

1000l or 1ml) set volume it is better to use a Gilson "pipetteman" with a sterile tip.  It is very 

important that you learn how to use this properly - to avoid both pipetting errors and contamination 

of the Gilson.  (Larger volumes of liquids (greater than 1 ml) are normally transferred by sterile glass 

pipettes).  The demonstrators will show you how to use these items of equipment correctly. 

11.1.4 PLATING OUT 

This involves pipetting a small amount of culture on to a fresh agar plate and then spreading the liquid 

over the surface using a sterile bent glass rod (a "spreader").  If the bacterial culture is sufficiently 

dilute this will give rise to single colonies evenly distributed over the surface of the plate.  It therefore 

allows the number of bacteria to be determined (usually expressed as colony forming units per ml 

(cfu/ml)).  A modification of this method, the "Miles and Mistra" technique is used to determine 

cfu/ml in these practicals as it avoids the use of large numbers of agar plates. Your demonstrator will 

go through the technique with you if you are unsure how to do it.  
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The plate count is the total number of colonies that come up on the experimental media under 

the conditions and within the timeframe of the study and, after taking sample dilution into 

account, usually given as colony-forming units (CFU) per g, mL or cm2 of sample.      
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12 APPENDIX 5. MATRIX OF LAB ACTIVITIES 
While it is not necessarily a goal that all groups complete all lab activities, this matrix can help you keep track of where your group is at  
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