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EXPERIMENT 2 
 

ONLINE VERSION 
 

Retinoid Signaling and Planarian Regeneration  
 

 Planaria (eg. Dugesia tigrina) represent one of the simplest forms of 
multicellular life on earth.  They are small fresh water aquatic flatworms 
classified in the phylum Platyhelminthes (see Fig. 1) Planaria have long 
been utilized as model organisms for the study of body regeneration.  Even 
small pieces of tissue removed from the adult planarian body have the ability 
to reconstruct a whole animal.  
 One cell type critical for regeneration in these animals is the neoblast, 
a totipotent stem cell found throughout the adult body. These cells are the 
only cell type that normally undergoes cell proliferation in the adult worm.  
After injury, these neoblasts migrate to the site of tissue damage and 
proliferate to produce a mass of stem cells called a regeneration bud or 
blastema.  Eventually, the accumulated cells begin to differentiate and 
completely and accurately replace the part of the body that has been lost. 
This process is considered to be a classic example of epimorphic 
regeneration and actually represents one of two modes of reproduction (also 
known as asexual fission) in these organisms. In addition, sexual 
reproduction can occur with the production of ectolecithal eggs, with yolk 
surrounding the oocyte. Typically around 20 fully formed planaria are 
produced from the fertilized hatched egg. 
 One of the outstanding questions regarding regeneration in this 
species concerns the nature of the signals that control respecification of the 
anterior-posterior  (head-tail) pattern. Transplantation has been used to help 
identify factors controlling the formation of anterior tissues in posterior 
regenerates.  Head determination appears to be a very early event, occurring 
within 6-24 hours of regeneration, whereas more posterior structures are 
specified slightly later. Both events occur within a narrow strip (approx. 500 
mm) of tissue adjacent to the amputation plane. 
 Different factors such as temperature and chemicals may affect the 
regenerative ability of planaria.  Thus, one experimental approach used to 
assess pattern respecification along the A-P axis has been to try to modify 
the pattern with exogenous chemicals. Recently, much interest has centered 
on the effects of retinoic acid (RA) on this process. RA is a small lipophilic 
molecule involved in cellular communication in developing vertebrates as 
well as invertebrates. RA is not synthesized de novo in cells and organisms 
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require dietary sources of retinyl esters or carotenoids as building blocks for 
its production. These dietary retinoids are converted to retinol (Vitamin A) 
which is further metabolized in cells to, initially, retinaldehyde and 
eventually, retinoic acid by the enzymes retinol dehydrogenases (RLDH) 
and retinaldehyde dehydrogenases respectively (RALDH) (see Fig. 2) 
 RA normally exerts it biological effects on cells and tissues by 
entering the nucleus bound to specific proteins (cellular retinoic acid binding 
protein or CRABP) where, in combination with specific nuclear receptor 
proteins, eg. retinoic acid receptors (RARs), it can alter specific gene 
expression patterns. 
 In our experiment, we will attempt to determine the role played by 
retinoid signaling in pattern respecification in regenerating planaria. 
We will test the effects of a known inhibitor of RALDH, (and thus RA 
synthesis) 4-diethylaminobenzaldehyde (DEAB) on the rate and pattern of 
epimorphic regeneration in cut planaria.  DEAB has been shown to interfere 
with the regenerative process in several biological systems (eg. see Mathew 
et al., 2009). The null hypothesis being tested, therefore, is that DEAB will 
not affect the rate or pattern of regeneration as seen in the anterior and 
posterior portions of planaria. In a similar type of study, Romero and Bueno 
(2001) have shown that by increasing retinoid signaling with the addition of 
excess exogenous RA to regenerating planaria, anterior but not posterior 
regeneration was disrupted. We are asking the simple question, what 
happens when RA signaling is decreased?  
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Figure 1. Body plan of a planarian. 
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Figure 2. Retinoic Acid Synthesis and Signaling 
 
Depicted is the paracrine mechanism of retinoic acid (RA) signaling. Retinol 
is carried in the serum by retinol-binding protein (RBP4) secreted from the 
liver. Retinol enters cells via a specific receptor STRA6, and cellular retinol-
binding protein (CRBP) facilitates conversion of retinol to retinyl esters for 
storage. In an RA-generating tissue, retinol is oxidized to retinaldehyde by 
either alcohol dehydrogenase (ADH) or retinol dehydrogenase (RDH), and 
retinaldehyde is oxidized to RA by retinaldehyde dehydrogenase (RALDH). 
RA is then released and taken up by surrounding cells. Cells that express 
cytochrome P450 (CYP26) initiate the further oxidation of RA for 
degradation and excretion and are not RA target cells. Some RA target cells 
express cellular RA-binding protein (CRABP) that facilitates uptake of RA 
and transport to the nucleus where RA binds the RA receptor (RAR). The 
ternary complex of ligand-bound RAR with RXR and a retinoic acid 
response element (RARE) regulates transcription of RA target genes by 
altering the binding of corepressors and coactivators. 
(From Duester, G. (2008) Cell 134:921-931) 
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THE EXPERIMENT 
 
Although	you	will	not	be	performing	the	actual	experiment,	it	is	
important	that	you	understand	how	the	experiment	is	conducted.		
This	will	allow	you	to	better	understand	the	data.	
 
A series of three test trials are performed.  The experiment requires a total of 
six small petri dishes.  Into each petri dish, the following amount of spring 
water, DMSO and/or DEAB (dissolved in DMSO) are introduced.  Do not 
use tap water, as the chlorine is toxic to the planaria. 
 
PLATE 1A – CONTROL ANTERIOR 
3 mL of spring water 
 
PLATE 1B – CONTROL POSTERIOR 
3 mL of spring water 
 
PLATE 2A – DMSO CONTROL ANTERIOR 
3 mL of spring water containing 0.1 uL/mL of DMSO 
 
PLATE 2B – DMSO CONTROL POSTERIOR 
3 mL of spring water containing 0.1 uL/mL of DMSO 
 
PLATE 3A – DEAB ANTERIOR 
3 mL of spring water containing 0.1 uL/mL of DMSO plus DEAB 
(final concentration of DEAB = 10-6 M) 
 
PLATE 3B – DEAB POSTERIOR 
3 mL of spring water containing 0.1 uL/mL of DMSO plus DEAB 
(final concentration of DEAB = 10-6 M) 
 
DMSO (dimethyl sulfoxide) is polar solvent that is effective in dissolving 
polar and nonpolar compounds. Since DEAB is dissolved in DMSO, we 
have to control for the effects of DMSO on the regenerative process in plates 
2A and 2B. If DMSO does affect regeneration rates then we cannot attribute 
any possible differences seen between Plates 1A and 1B compared to Plates 
3A and 3B solely on the use of DEAB.   
 
Use a micropipette to distribute each of the solutions into labeled small petri 
dishes.  Once the petri dishes have been set up, introduce the planaria.  
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Remove a planaria from the holding container using plastic transfer pipette.  
Place the planaria into a petri dish with a drop of spring water.  Focus in on 
the planaria using a dissecting microscope.  Using a plastic coverslip, and 
being as precise as possible, the planaria are cut into two pieces.  The cut is 
made just above the pharynx (see Fig. 1).  Using the plastic transfer pipette, 
carefully place the anterior half of the planaria (containing the head) into 
Plate 1A and the posterior half (containing the tail) into Plate 1B.  This 
procedure is repeated for Plate 2A and 2B, and once again for Plate 3A and 
3B.  Each planaria portion, therefore, will have its own petri dish.  This will 
allow the accurate recording of individual data for each planaria trial. 
 
Measure the lengths of each planaria portion found in all six petri dishes.  
This will be the Day 0 (or time zero) measurement.  Using the dissecting 
scope, measure the planaria.  This involves placing a graph grid on the stage 
of the dissecting scope.  Place the petri dish containing the planaria on top of 
the grid.  Move the small petri dish onto the stage of the dissecting 
microscope and measure the length (to the closest mm).  Measure the 
planaria when it is away from the wall of the petri dish.  Use a transfer 
pipette to dislodge it from the wall by pumping water over it.  Planaria are 
observed and measured when they are fully stretched out.  At this point, 
measure the length of the planaria to the closest mm.  Consistency in 
measuring technique is essential for accurate results.  Complete all six 
measurements.  This data is recorded. 
 
Put the lid on the small petri dishes and place all six petri dishes into a 
designated drawer.  Keep the planaria in the dark.  This is their preferred 
environment.  At the designated time, return to the lab to check on the 
planaria and to change the solutions.  Carefully remove the solution from the 
petri dish using a transfer pipette and immediately replace it with a fresh 
solution of spring water and/or DMSO and/or DEAB as appropriate for each 
petri dish.  Note:  DEAB is light sensitive!  Do not leave it on the bench top 
for prolonged periods of time.  Be careful not to mix up the plates.  Each 
plate must receive the same solution mixture that it originally contained.  
Return the petri dishes to the drawer. 
 
Return to the lab in 7 days in order to re-measure your planaria.  Use the 
same technique that was used to take the Day 0 length measurements is now 
used to measure the Day 7.  This data is also recorded. 
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The data will need to be manipulated so that a measure of relative growth is 
calculated.  To do this, subtract the length of the planaria portion on Day 7 
from the length determined on Day 0.  This value represents the total growth 
seen over 7 days.  Divide this difference by the length of the planaria portion 
on Day 0 to determine the relative growth value.  For example, if the 
planaria measured 5 mm on Day 0 and 8 mm on Day 7, the relative growth 
rate is calculated as follows:  8 – 5 = 3 mm (this represents total growth).  
Relative Growth Rate = 3 / 5 * 100 = 60%.  You will be using relative 
growth rates to perform a statistical analysis.  This data will be provided to 
you in a separate data file. 
 
Data is used to perform an ANOVA statistical test.  A total of six sets of 
pooled data will be created – Sample 1A, 1B, 2A, 2B, 3A and 3B.  Two 
ANOVA tests will be performed.  The first test will involve samples 1A, 2A, 
and 3A and it will test for significant difference between the rates of 
regeneration in the anterior portions of the planaria.  The second test will 
involve samples 1B, 2B, and 3B and it will test for significant difference 
between the rates of regeneration in the posterior portions of the planaria. 
 
To assist you, visit the Vassar Stats web site.  To find it, type vassarstats into 
Google and it will appear as the first hit.  Go to the left hand menu and 
choose ANOVA.  Next, choose ONE-WAY ANOVA.  Enter the number of 
samples (3), click INDEPENDENT SAMPLES, and fill in the table with 
your replicate data for each of sample 1A, 2A and 3A.  Sample 1 is the 
CONTROL (1A); Sample 2 is the CONTROL + DMSO (2A), Sample 3 is 
DEAB (3A)).   Perform a second test using samples 1B, 2B and 3B.  
Conclusions can be drawn from the output once you click CALCULATE. 
 
This youtube video provides a replicate of the experiment that you would 
have performed live. 
 
https://www.youtube.com/watch?v=hTC1eNTBXvE&list=LLesfUg7qz-
Dh_CDLi-irh8A&index=263 
 
(Uploaded to youtube by Sci-Inspi on October 5, 2017) 
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REPORT 
 
Read the files on Sakai entitled “Reports Online 2020.”  Pay particular 
attention to page 2 of the “Reports” file.  Use the outline on page 2 to help 
organize your formal lab report. 
	
For the results section, prepare two representative before and after diagrams 
from the control treatment (a total of four drawings).  Use the youtube video 
to create these drawings.  Draw the anterior planaria portion and the 
posterior planaria portion.  Therefore, one diagram will be made on Day 0 of 
the experiment and one diagram will is taken on Day 7 of the experiment.  
Title and fully label these diagrams.   
 
Submit the table containing calculated data (eg. mean and standard error 
included).  Place the raw pooled data table that you have been provided in 
the appendix.  Prepare a bar graph containing all six trials.  Plot the mean 
and standard error for each set of pooled data.  Label the axes and provide 
on appropriate title.  Summarize the two ANOVA tests in a table.  Indicate 
the null hypothesis and draw conclusions on whether the data is significantly 
different. 
 
In addition, address the following questions in the discussion section of your 
lab report.  
 
1.  If you were able to measure the activity of RALDH in anterior and 
posterior pieces of planaria, where would you expect to find the highest 
activity?  Why? 
 
2. How would you determine which retinoid receptors were involved in 
mediating the effects of RA signaling in these animals during the course of 
regeneration? (You may need to do some searching in the literature to 
answer this one.) 
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