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	Working With Worms
	


Introduction
The nematode worm, Caenorhabditis elegans is a small free-living worm which is found in soil. Its principle food is soil bacteria and it grows to about 1.0 mm in length as an adult. The worm life-cycle consists of the following stages: zygote, embryo, L1 larva, L2 Larva, L3, Larva, L4 larva and the reproductively mature adult. The adult worms are hermaphroditic (self fertilize). However when conditions are appropriate, male worms will arise in the population and mating will occur. The worm’s life cycle can be completed in approximately 3 days at 20oC. These worms can be grown on agar plates seeded with E. coli bacteria (strain OP50) which require nutritional supplementation for growth. These bacterial are spread on agar plates containing a medium which allows them to live, but not to grow (NGM). The worms are then seeded on the plates and will grow and reproduce until all the bacteria are consumed.
These worms have many advantages for the study of genetics, cell, molecular and developmental biology. Among them are: 

· Ease of culture

· The worms are transparent and all organs can be easily viewed

· The worms have fixed number of cells, 959 somatic cells, and the lineage of each cell in the adult worm is known

· Mutants can be easily created and detected
· Genetic analysis is easy

· The entire genome of the worm has been sequenced and many genes have been identified and characterized.

· Transgenic worms can be created 
· Specific genes can be “knocked out or reduced in expression by a technique called RNAi
· Mutant and transgenic strains are available free of charge from the Caenorhabditis Genetics Center

· Many researchers are using C. elegans as a model organism, because C. elegans genes are homologous to genes involved in human diseases.

There are many sources of information about C. elegans. I suggest that you visit the major C. elegans genomics web site, Wormbase http://www.wormbase.org/
The front page of this site can serve as a jumping off site for endless web surfing. You can learn a lot about C. elegans by surfing the web.

Assignment

Before coming to lab read through the Worm Starter Kit- the Worm Goes to School instruction manual at http://www.imcb.a-star.edu.sg/worm/Manual.pdf
Concentrate your reading on pages 1-11 but you should skim through the whole manual to get a feeling for what one can do with the worms. Print out the manual for your own use. Bring it to lab.
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http://www.wormatlas.org
Goals for this Laboratory Session
· View mixed stage cultures under the stereo zoom dissecting microscope.

· Identify aspects of the worm’s anatomy & behavior

· Learn to operate the Differential interference Contrast (DIC)/ Fluorescence microscope

· Learn to make mounts of worms on agar pads or glycerol for viewing in the   Differential Interference Contrast/ Fluorescence microscope

· Identify anatomical features of the worm using DIC.

· View the expression pattern for the hsp-4 protein using a transgenic worm strain expressing GFP (Green Fluorescent Protein)  fused to hsp-4
Procedures 
Each student will be given a plate containing wild type worms as various stages in the life cycle. 

General observations

· Begin by scanning the plate at low power to find worms at various stages. Observe how they move. 

· Locate as many stages as you can. 

· Remove the cover from the plate. Zoom in on an adult hermaphrodite. Locate as many 
of the structures shown on the Figure above. The uterus lies between the spermathecae . It has two arms one anterior and one posterior. They join at the vulva where the eggs are laid. Do you see any eggs in the uterus? Do you see any eggs on the plate?
Observations with DIC
To observe the worms in the DIC scope we need to mount them on slides with coverslips. We need to immobilize the worms but we do not want to crush them. We will try two different techniques to do this. The first will be based on the technique 4.2 in the worm manual. The worms will be placed on an agarose pad and viewed in DIC.

Pad Technique:

· A flask of agarose will be melted in the microwave oven. You should pipette 100 µl of melted agarose on each of 4 slides, which have been warmed on a hot plate. Squash each of the drops with another slide and wait about 5’ for the agarose to cool. After the agarose cools, carefully remove the top slide by sliding it off the agarose. This will leave a thin coating of agarose on the bottom slide. It will probably have some ragged edges which can be trimmed off using the edge of another slide.

· Go to your plate of worms and place a drop of M9 medium or distilled water on a group of worms. Suck up the drop from the plate and transfer the fluid to the agarose pad on one of the slides. Repeat this with another slide. Hold the other two slides in reserve. Gently place a cover slip over your drop as shown in Fig. 2 of the manual.

· When everyone has made a mount we will go into the microscope room and your instructors will help you find worms under the microscope and demonstrate how to use DIC to view and photograph worms.

· Each student should obtain a photo of a worm for inclusion in the lab notebook.

Florescence microscopy
·    You will be using fluorescence microscopy to view worms which have hsp-4 a molecular chaperone gene fused to a gene for a gene from a luminescent coelenterate which codes for a green fluorescent protein (GFP) which glows green when it is excited with ultraviolet light. The hsp-4 promoter is complex in that if is on at a low level in the gut and other tissues of worms under normal conditions, but its expression is greatly enhanced in worms subjected to protein denaturing stresses.
· To immobilize the worms and prevent them from being crushed by the coverslip we will be mounting them on an argarose pad as before Put enough M9 buffer on a plate of strain SJ4005 C. elegans to just cover the surface. Gently rock the plate to wash the worms off of the surface.  Tilt the plate such that all the fluid ends up on one side of the plate. Remove as much of the fluid as possible with a P-200 micro pipette and transfer the fluid to a microfuge tube.
·     Allow the worms to settle to the bottom of the tube. This takes about 5 min.  Carefully remove the supernatant and re suspend the worms inM9. Repeat the procedure twice. After the last sedimentation, draw the bufer down to the point at which about 50 µl remains.
·   The worms can then be transferred to an agarose pad slide, for viewing under the fluorescence microscope

· When everyone has made a mount we will go into the microscope room and your instructors will help you find worms under the microscope and demonstrate how to fluorescence microscopy to view and photograph worms.

· Each student should obtain a photo of a worm for inclusion in the lab notebook.

· We will repeat the fluorescence observations with SJ4005 worms that have been subjected to a 1 hour heat shock at 30oC.
· Photograph these worms and compare them to the non-heat shock SJ4005 worms.
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