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	Control of Gene Expression in C. elegans
	


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 many 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.
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Control of Gene Expression: Monitoring With GFP “Reporters”
Reporter genes can be used to show when and where a protein is expressed that implies the expression of a gene. The green fluorescent protein (GFP) reporter gene was cloned from jellyfish. The GFP gene can be fused to a piece of DNA and expressed with that gene. By observing the worm with the green fluorescent protein under a microscope, the expression of a gene can be seen (as bright green fluorescence), and the  timing, location and quantity of the gene’s expression can be monitored. Since we have the entire genome of the worm sequenced. We can fuse the GFP gene to the ORF for any protein or we can fuse the GFP gene to suspected or known promoters. (Fig 2). These cloned genes can then be injected into the gonads of  hermaphrodites and will be retained in the germ line. This creates a “transgenic” strain of worms. We will investigate the expression of the Hsp-4 promoter and the Jam-1 protein using worms which have the genes shown in the figure introduced into their germ line.

 
We can ask the following questions using these worms:
1. When is a particular gene active?
2. What cells express the gene?
3. Where in the cell is the protein localized?
4. Can the gene’s expression be influenced by outside stimuli?
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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.
· View the Expression pattern for the Cell Junction protein Jam-1 using a GFP fusion strain.
Procedures 
Each group will be given a plate containing wild type worms (N2) at various stages in the life cycle. You will also be given two transgenic strains of C. elegans, one containing the hsp-4 promoter GFP fusion and the other containing the Jam-1 GFP fusion. 

Some groups will be asked to place their hsp-4 worms in a 30oC incubator to heat shock them.
General observations

· Begin by scanning the N2 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 differential interference (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. 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. Pre-coat the very center of a cover slip with a few bacteria scraped fro the surface of the plate. Then gently lower the coverslip onto the drop of worms.

·  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.


Florescence microscopy
·    You will be using fluorescence microscopy to view worms which have hsp-4 a molecular chaperone gene promoter fused to a gene for a a green fluorescent protein (GFP) which glows green when it is excited with ultraviolet light. The hsp-4 promoter is complex in that it is expressed 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. 
· You will also view worms with GFP fused to the Jam-1 open reading frame to localize the protein in the worm.
· The worms can be transferred to an agarose pad slide, for viewing under the fluorescence microscope in the same way as for the wild type worms

· 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 the worms.

· We will repeat the fluorescence observations with hsp-4 GFP worms that have been subjected to a 1 hour heat shock at 30oC. 

· Your instructor will pick up individual worms from the control and heat shocked hsp4 GFP plates and put them on pads with sodium azide which will paralyze them so we can take good pictures of them.
· Photograph these worms and compare the heat and non-heat shock worms. Also photograph the Jam-1 GFP worms prepared by your instructor
Discussion Questions:
1. Which of the two proteins that you analyzed would be considered a “luxury molecule” (a protein only required of a multicellular organism)?

2. Hsp-4 is a protein called a molecular chaperone which is involved in folding other proteins and preventing them from denaturing under stress. Does it appear that all tissues of the worm express the same amount of hsp-4 under normal conditions? Which tissues show the strongest expression? Which tissues express the most hsp-4 in response to heat shock?


3. If you wanted to determine if the TATA box was a critical part of the promoter for Jam-1 in C. elegans, how would you use GFP fusion reporters in an experiment which would demonstrate this?(Assume that you can cut and paste DNA however you wish). Use diagrams and explain what results from your experiment would be consistent with the possible answers.
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Fig. 2 Cloned genes introduced into worms.
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