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Presenter
Presentation Notes
This presentation is based on my experience in finding and isolating chytrids, but I learned most of what I know from  the references here.  The history of finding chytrids is just over 150 years old and many of the first sightings were made by phycologists studying freshwater algae, for example, Braun, who described Chytridium olla, a parasite of the zygotes of Oedogonium shown in the background here.



Finding and isolating chytrids for the introductory 
mycology lab

Collection for direct examination
Baiting for chytrids
Isolation into pure culture
The next step—sequence? 



Collecting for direct examination of 
substrates

Presenter
Presentation Notes
Depending on your geographic area and the time of year that your class is held, some substrates can be collected and examined directly in the lab.



Collect aquatic plants with thin leaves such as 
Eriocaulon, Elodea, Utricularia, or Myriophyllum. 

Presenter
Presentation Notes
In late summer or fall, examine moribund leaves immediately.  If your class is in the spring, collect plants and keep them in ambient lake or pond water for a week or two before examination.  Or heat treat a portion of the leaves (50C for 1 minute) and return the portion to the dish.  



Cladochytrium replicatum and 
Nephrochytriun aurantium

Presenter
Presentation Notes
Chytrids tend to be early invaders of aquatic plants, seen here before bacteria or other fungi are present.



Catenochytridium on Eriocaulon

Presenter
Presentation Notes
All of these species on aquatic plants are in the Cladochytriales.  Although they can be isolated into pure culture, they have long generation times  (about a week for a generation) that makes them difficult subjects for the introductory mycology lab.



Examine exuviae of mayflies, dipterans 
and other aquatic insects

Presenter
Presentation Notes
Insect exuviae harbor an interesting group of chytrids.  



Paramoebidium 
cysts 
(Mesomycetozoea)

Rhopalophlyctis 
sarcoptoides (Chytridiales) 
on freshly shed exuviae of 
Leptophlebia (mayfly)

Presenter
Presentation Notes
The cysts in the lower left corner are those of Paramoebidium, a member of the Mesomycetozoea.  By observing the condition of the cysts I can tell that this exuviae was freshly shed, but you can see that these zoosprangia--



Presenter
Presentation Notes
Are ready to discharge their zoospores, in fact some of them



Presenter
Presentation Notes
Did while I was watching, as you can see by these clumps of zoospores here. These zoospores must be attracted to other mayflies because this species does not continue to grow on mayfly exuviae once the cohort sporulate that infected the insect before the exoskeleton was shed. Nor can this species be subcultured onto pollen.  It does, however, grow in pure culture.



Sexually reproducing member of the 
Chytridiales (? Siphonaria) on eye of 
mayfly exuviae

Presenter
Presentation Notes
Another chytrid that can be seen upon direct examination of exuviae is what seems to be reported in the literature as Siphonaria. Regardless of its genus what can be pointed out to students is this type of sexual reproduction followed by the production of a resting spore—all taking place on the eye of a mayfly.



Sparrow advised “look—look—look” at algal 
populations.



Examine algae directly & heat-treat a subsample 
at 50o C for 1 minute (D.J.S. Barr)

Presenter
Presentation Notes
A way to increase the chances of finding chytrids that grow saprobically on algae is to use Don Barr’s method of heat treating a part of an algal collection at 50C for 1 minute and returning it to the culture dish in a place where it can be found and examined over the next several days.



Chytrids grow on most algae. Desmids, 
Oedogonium spp., Cladophora spp. and 

Nitella spp. often are particularly productive.



Chytrid on Nitella



Unknown chytrid on Desmidium

Presenter
Presentation Notes
Thin aquatic plant leaves, insect exuviae and algae are the 3 types of substrates that work well for direct observation.  Observing chytrids on natural substrates helps to answer the question, “ but what do they do?



Collect and bait dry soil, wet soil, aquatic debris; 
students can explore chytrid diversity and 

distribution



Baits for chytrids include pine or spruce pollen, 
cellulose (white onion skin, lens paper, 
cellophane), chitin (treated shrimp exoskeleton), 
keratin (snakeskin)

Presenter
Presentation Notes
Baits are recognizable and microscopically tractable stand-ins for naturally occurring organic mater that naturally are broken down by chytrids. Ordinarily substrates are brought into the lab for the baiting process but they may be placed in homemade net bags weighted with marbles and the bags placed in aquatic sites for 1—4 weeks, depending on temperature. 



Pollen attracts an abundance of “little, 
round chytrids”—

Presenter
Presentation Notes
Students need to learn what the pollen looks like and the general look of chytrids.



Blyttiomyces helicus occurs in our 
local bogs and lakes at the same 

time every year.

Presenter
Presentation Notes
When preparing for class, it helps to know that chytrids have a fidelity to site and to time of year.  For instance, Blyttiomyces helicus, seen here on the right, can be baited from our local bogs and lakes in May or June.



Pollen, and especially snake skin, attract 
Oomycetes. Isolate before bacteria build up.

Presenter
Presentation Notes
Pollen will attract things other than chytrids.  Seen here is the internally proliferating zoosporangia of the oomycete, Saprolegnia.



From collection from this tree hole to a 
pure culture



Pollen is an ideal bait for introductory mycology 
students—productive, often within one or two 
days.                 

Bait Wait Look

Presenter
Presentation Notes
Tap on side of container to add a small dusting of pollen.  To pick up pollen for observation, lower one side of a coverslip to the surface of the water where you can see pollen. Allow the side of the coverslip to touch the surface and then draw it away.  Usually pollen will adhere to the coverslip.  Sometimes after a coverslip has been cleaned with alcohol, it is too clean for the pollen to adhere.  Then I just rub it briefly with my finger, which leaves enough impurities to allow the pollen to adhere.



Attempt isolation as soon as mature chytrids 
can be seen on the spruce pollen bait. 

Presenter
Presentation Notes
After baiting and waiting, this is what I found from the treehole gross culture.  The best time to attempt an isolation is as soon as a target fungus is seen—before Oomycota. filamentous fungi, yeasts and bacteria have a chance to multiply.



Basic Chytrid Culture Media
Add Penicillin G (200 mg/L) and Streptomycin sulfate
(200 - 500 mg/L) after autoclaving, and before pouring 
agar into Petri dishes.

Barr’s PmTG (P)
Peptonized milk   0.5 g
Tryptone              0.5 g
Glucose                2.5 g
5 g agar for plates, 6 g agar for tubes
Distilled water  500 mL

mPmTG (m)
Peptonized milk  0.2 g
Tryptone             0.2 g
Glucose               1.0 g
Distilled water  500 mL 
5 g agar for plates, 6 g agar for tubes

Cellobiose-dilute soluble starch
Peptonized milk 0.1 g
Tryptone 0.2 g
Cellobiose 1.0 g
Soluble starch 1 .0 g
5 g agar for plates  6 g agar for tubes

Presenter
Presentation Notes
Many chytrids can be isolated with these 3 chytrid media. These recipes and others are available by request. 





Spread pollen on one side of isolation plate. Move 
individual infected pollen grains through agar with 
fine (#26 chromel wire) needle, place on clean part 
of plate or on new plate. Clean numerous thalli. 
Mark sites of cleaned thalli on bottom of plate with 
permanent marker. Parafilm plate, incubate.

Wait, Watch, Weed
(Sub-stage lighting is best).

Presenter
Presentation Notes
Depending on the fungus, the wait may be as little as 1—2 days.



Or, wash pollen through drops of water and spread 
cleaned pollen on nutrient agar; or incubate pollen 
in well slide to let zoospores discharge, then 
spread zoospores on plate of nutrient agar.

Parafilm lid to isolation plate, 
circle isolation attempts with 
permanent marker, incubate



Watch by inverting plate on stage of 
compound microscope; examine for 
growth of chytrid thalli with 10X 
objective.

Presenter
Presentation Notes
Here is the chytrid that grew from the treehole pollen.  I cleaned the infected pollen by washing it through water drops and spread the cleaned pollen and final water drop on a plate of nutrient agar.



Viewing through a dissecting microscope, remove single chytrid 
thalli or small colonies to clean plate. When a colony grows, free 
of bacteria, the fungus can be transferred to an agar slant in a 125 
X 20 mL, screw-capped culture tube to establish a stock culture.



Presenter
Presentation Notes
Record collection site and date, bait or substrate and provisional identification. Make two stock cultures on agar slants. Once growth is visible, refrigerate. Transfer approximately every 100 days.  



Tree hole fungus (Spizellomycetales) 
Collection from tree to photograph ~ 1 week



“Miller’s dentate” 
(Chytridiales) on 

sweetgum 
(Liquidambar) pollen

Presenter
Presentation Notes
Sweetgum pollenMature zoosporangia have evenly distributed oil globules, and often zoosporangia will discharge while being observed on a microscope slide.



• Make a stock culture to fulfill isolation 
requirement for Phylum Chytridiomycota. 

• Determine order from light microscopic 
features.

• Determine generation time—from 
zoospore to new zoospores.

• Amplify and sequence DNA to contribute 
to knowledge of chytrid diversity.

Now what?—
Student projects



Extract DNA

Inoculate FTA card with 125 μL of liquid culture or 
zoospore suspension. 

Presenter
Presentation Notes
Many more species of chytrids exist than were realized when identifications were done by morphological characters alone and probably we have not yet isolated some important clades of fungi.  By this method students can participate in discovery.



Amplify nucSSU or 5’ portion of 
nucLSU, sequence, and compare with 

data in GenBank.



James et al. 2006

Presenter
Presentation Notes
One example of where isolations and DNA sequencing by students could make an important contribution is in finding a close relative of the pathogen of amphibians, �Batrachochytrium dendrobatidis. As of now we know of no close relatives of this pathogen, as you can see by the long branch it is on in this 2006 phylogeny by James et al.  A near relative would be important as a research organism to compare genetically with Bd to help understand its pathogenicity.



References, recipes, and a list of equipment 
and supplies available by request 

(longcore@maine.edu)
• Couch, J.N. (1939) 
• Sparrow, F. K. (1943, 1960)
• Karling, J. S. (1945)
• Remy, E. (1948) 
• Emerson, R. (1950)
• Gaertner, A. (1954)
• Koch, W.J. (1957)
• Miller, C. E. (1980s)
• Barr, D. J. S. (1987)
• Whisler, H. C. (1987)

Presenter
Presentation Notes
I acknowledge those from whom I learned isolation techniques, and thank Rebecca, who helps with isolation and culturing tasks, Rabern who uses the cultures for research and Jerry, who helps me with collections.
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