Biol 244 Genomics

Cnidarian-Algal Symbiosis Lab Manual
Outline for Lab October 25, 2010

Meet and Greet: Cnidarian hosts and Dinoflagellate symbionts

Comparisons of symbiotic and aposymbiotic hosts and algae
a. Host: Cnidarian polyp body plan (dissecting microscope) 
b. Host: Cnidarian Feeding behavior (dissecting microscope)



c. Holobiont: Localization of symbionts in tentacles (compound microscope)

d. Holobiont: Fluorescence (we have to go to another room – let’s go at end)
e. Symbiont: Cultured Symbiodinium (compound microscope)

Methods in Symbiosis Biology
Quantification of symbiont population density (useful for measuring bleaching)
Comparisons of symbiotic and aposymbiotic hosts and algae

Prepare illustrations at different magnifications to help you observe the details.  
Record the magnification for each illustration.
Observe a symbiotic specimen (“sym”), using the dissecting microscope:
Select a Petri dish containing symbiotic Aiptasia pallida and observe the “holobiont” (the anemone with its symbionts) under the dissecting microscope:
· Under different magnifications  AND
· Under different light regimes (light below, or light from side)
· Now, select a magnification and light regime and observe the morphology and draw the anemone, becoming familiar with

· Tentacles

· Oral disk with mouth
· Column

· Basal disc
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· At the highest magnification, can you identify the pattern of distribution of the Symbiodinium cells?  Can you see individual spherical cells, or patches of cells, or some other pattern?

· What are the clear lines radiating from the mouth and running down the column?  To answer this, consult one of the invertebrate biology texts to explore the body plan of a cnidarian polyp.

Observe aposymbiotic anemones 
· Observe the prepared dishes of anemones that have been “bleached”  

· What differences do you observe the between the symbiotic and aposymbiotic anemones?  
· Are the aposymbiotic anemones completely free of symbionts?

· Can you think of ways that you might be able to experimentally “bleach” anemones?
Observe feeding behavior
· Observe feeding behavior of a symbiotic sea anemone
· Using a plastic transfer pipet, place a couple of drops of brine shrimp into the anemone dish

· Describe the feeding behavior of the anemone  (i.e., what is the series of events that leads from an alive, swimming brine shrimp to an anemone with that brine shrimp in its gastric cavity?)
· Given the anemones receive most of their nutrition from symbiont photosynthate, why do they capture prey at all?
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Observations of symbiotic and aposymbiotic tentacles under the compound microscope

1.  Prepare whole mount of tentacle from a symbiotic anemone and an aposymbiotic anemone:

· Anesthetize anemone using MgCl2
· When the anemone is open and expanded, slowly pour 0.37 M MgCl2 into the dish – add a volume that is roughly equal to that of the seawater
· Wait a few minutes for animal to become anesthetized
· Clip 1-2  tentacles and place onto slide
· Using the micro-scissors, clip one or two tentacles from an anesthetized animal.  You may wish to use the forceps to help hold the anemone in position while you do this
· [image: image11.jpg]


Place the tentacle(s) onto a microscope slide so that the tentacle is laying in a small drop of water – try and arrange the tentacle so that it is extended, and avoid a situation where it is all balled up
· Place a coverslip over the tentacle (as shown) by holding the coverslip at an angle against the slide, allowing the water to be drawn up against the edge of the coverslip, and then slowly lowering the coverslip.  The goal is to prevent air bubbles.

2. Observations of whole mount tentacles under compound scope:
· Position the stage at the lowest position
· Place prepared slide on stage, held into place with the metal clip
· Start at the lowest magnification (4x or 10x) and slowly raise the stage until the specimen comes into focus
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· Which tissue layers do you observe? (Ectoderm, gastroderm?)
· In which tissue layer does Symbiodinium live?  Draw this.
· What is the distribution of Symbiodinium in the tentacles (sparse, abundant?)
What are the clear capsule-shaped structures that have been discharged from the tentacles?

· Observe some of the individual Symbiodinium that have oozed out of the cut end of the tentacle.

· What color are they?

· Do you observe any distinctive cellular structures?
· Repeat observations under the 20x and 40x lenses – DO NOT GO HIGHER!
Prepare a slide of cultures Symbiodinium and observe using the compound scope.

· Do you observe motile flagellated forms?  Or are they all non-motile?

	METHODS: Determining the population density of Symbiodinium inside host tissues


	Hemacytometers were developed for counting blood cells, but can also be used to count Symbiodinium that have been released from host cells.   A hemacytometer has two chambers and each chamber has a microscopic grid etched on the glass surface. The chambers are overlaid with a glass coverslip that rests on pillars exactly 0.1 mm above the chamber floor.  Thus, the volume of fluid above each square of the grid is known with precision.   We can weigh a host anemone, then isolate Symbiodinium from host cells and place them into a known volume, then count the number of Symbiodinium from an aliquot of the host tissue prep, and then calculate the number present per milligram animal.
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Summary of Procedure

1) isolate Symbiodinium from host tissues using a tissue homogenizer to break open the host cells and dilute the homogenate in seawater to create a optimal concentration for counting

2) count the number of Symbiodinium in aliquots of the diluted homogenate, by placing aliquots of the homogenate onto the hemacytometer and then examining the hemacytometer under the microscope to conduct “cell counts.” 

3) Calculate the number of Symbiodinium per ml
Detailed protocol
1) Homogenize host tissue

Place a small anemone in a weigh boat. Place weigh boat in freezer at the front of the lab for about 10 minutes.
Homogenize anemone tissue to release symbionts from the animal cells

1. Transfer the frozen anemone into a blue 1.5ml microcentrifuge tube

2. Add 50-100ul seawater to the tube

3. Homogenize the tissue with the blue pestle
a. If there are chunks, try and smash them against the tube 

b. Keep working until you have a fairly uniform homogenate

4. When you have finished homogenizing, rinse any drops of  homogenate off of the pestle and into the tube, by holding the tip of the pestle just inside the top of the tube, and slowly pipeting a volume of 100ul over the pestle

Measure volume of homogenate: the goal is to accurately determine and record the volume of the homogenate:
· Set a p1000 to 200ul and slowly pipet the homogenate.  

If you see airspace at the end of the pipet tip, it means your total volume is less than 200ul.  In that case, slowly dial down the pipetman until the homogenate reaches the end of the tip.  Then eject the homogenate and re-measure to make sure that the volume is accurate.
------OR------

If you pipet 200ul but there is still homogenate left in the tube, eject the homogenate back into the tube, and then re-set the volume to a larger volume.  Then pipet the homogenate and assess if you have aspirated the entire volume.
2) Determine concentration of Symbiodinium in dilute homogenate 

	Loading the Hemacytometer: Place the coverslip over the chambers.  The tip of the pipette is placed in the V-shaped groove on the hemacytometer to load the sample into the chamber (about 15 microliters.) Capillary action will draw the fluid into the chamber. It is important not to overload the chamber, as doing so will give an inaccurate count. The same is true if the cover slip is moved after the sample is loaded.
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The sample is allowed to settle for 2 or 3 minutes so that the cells stop drifting around the chamber and most will be in the same plane of focus. 
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	Counting: The full grid on a hemacytometer contains nine squares, each of which is 1 mm square (see figure below). The central counting area of the hemacytometer (as it will be called here) has the most divisions. 
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	PROCEDURE TO DETERMINE # cells/mg anemone
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Calculate the mean to get the average number of Symbiodinium per square
4) Determine the concentration of Symbiodinium in host tissue
(# symbionts/mg anemone tissue)
Design a calculation to get from the # symbionts per square to the number of symbionts per milligram of anemone.  Here is some important information:

· Each counting square has an area of 1 square mm, and the coverglass rests 0.1 mm above the floor of the chamber. Thus, the volume over each square is 0.1 mm3 which is equivalent to a volume of 0.1 microliter (=10-4 ul). 
What was the population density of symbionts in the anemone?

How could you use this methods to determine whether anemones bleach in response to thermal stress?



Observe fluorescent pigments in Symbiodinium (chlorophyll) and Aiptasia (Green Fluorescent Protein)
The fluorescence microscope is based on the phenomenon that certain material emits energy detectable as visible light when irradiated with the light of a specific wavelength. The sample can either be fluorescing in its natural form like chlorophyll and some minerals, or treated with fluorescing chemicals.

The basic task of the fluorescence microscope is to let excitation light radiate the specimen and then sort out the much weaker emitted light to make up the image. First, the microscope has a filter that only lets through radiation with the desired wavelength that matches your fluorescing material. The radiation collides with the atoms in your specimen and electrons are excited to a higher energy level. When they relax to a lower level, they emit light.

To become visible, the emitted light is separated from the much brighter excitation light in a second filter. Here, the fact that the emitted light is of lower energy and has a longer wavelength is used. The fluorescing areas can be observed in the microscope and shine out against a dark background with high contrast.

1.  Take a whole mount prep down to the fluorescence microscope room

· First observe using regular light source, under several magnifications

· The select the Xenon lamp as the light source to shine UV/blue wavelengths onto the specimen.

· Observe the specimen using the different emission filter combinations to observe different wavelengths of emission.  Can you identify the sources of different colors of fluorescesce? 
· Discuss the phenomenon of fluorescence with the instructors.
· Why do you think chlorophyll has the property of fluorescence?

· Why do you think cnidarians might produce fluorescent proteins?

Observe the aposymbiotic anemones as well – could you determine whether an animal is completely bleaching by using fluorescence microscopy?
Fluorescence is a phenomenon in which a material or molecule absorbs light of one color (wavelength) and emits it at a different color (wavelength). Absorption occurs when an incoming photon (light particle) causes an electron to move from a stable ground state to a higher energy, unstable excited state. One of the ways for the excited electron to return to the ground state is to 'jump' back down, emitting a photon of light. There is always some energy lost to heat in the process, so the emitted photon has less energy than the original photon. The energy of a photon is related to its wavelength, which we perceive as color – higher energy corresponds to shorter wavelengths, lower energy to longer wavelengths.
The basic task of the fluorescence microscope is to let excitation light radiate the specimen and then sort out the much weaker emitted light to make up the image. First, the microscope has a filter that only lets through radiation with the desired wavelength that matches your fluorescing material. The radiation collides with the atoms in your specimen and electrons are excited to a higher energy level. When they relax to a lower level, they emit light.

To become visible, the emitted light is separated from the much brighter excitation light in a second filter. Here, the fact that the emitted light is of lower energy and has a longer wavelength is used. The fluorescing areas can be observed in the microscope and shine out against a dark background with high contrast.

Take an apo and a sym whole mount prep down to the fluorescence microscope room

· First observe using regular light source, under several magnifications


· The select the Xenon lamp as the light source to shine UV/blue wavelengths onto the specimen.

· Observe the specimen using the different emission filter combinations to observe different wavelengths of emission.  Can you identify the sources of different colors of fluorescence? 

· Why do you think chlorophyll has the property of fluorescence?

· Why do you think cnidarians might produce fluorescent proteins?

Observe the aposymbiotic tentacle – can you use fluorescence microscopy to determine whether an anenome is completely bleached?
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3) Count the number of Symbiodinium cells in 4 of the 9 main squares for EACH of the two chambers.








