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Abstract

In this experiment acrylamlde disc electrophoresis 
is used to detect differences or similarities in the iso
zymes of.acid phosphatase and esterases in two populations 
of Phyllactis ooncinnata. The results of this experiment 
indicate that individuals from the two populations may be 
separated on the basis of their esterase and general protein 
patterns.



Introduction

It has been shown that enzymes may occur in differ
ent molecular forms called isozymes. While isozymes of a 
particular enzyme perform the same function, they exhibit 
differences in molecular structure that makes possible 
their separation by electrophoresis (Markert and Appella, 
1961)o An isozyme or series of isozymes is of interest be
cause of the genetic implications of its production. In 
current genetic concepts the deoxyribose nucleic acid (DMA) 
is transcribed into a ribose nucleic acid code (REA) which 
dictates the sequence of amino acids in a polypeptide. The 
sequence of amino acids automatically determines the secon
dary and tertiary structures of a protein (enzyme).

A species may be characterized biochemically by de
termining its enzymic composition. However only quantita
tive differences in the enzyme compliment of homologous 
tissue can be detected in this manner. In examining an 
organism for its isozymes we are in effect looking directly 
at subtle molecular modifications based on gene mutation.If 
isozymes are thus the expression of subtle differences be- . 
tween genes, then we might expect to find differences in 
the enzymic and isoenzymic repertory of different species. 
That this is indeed the case has been shown by Paul and
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Fottrell(1961) who demonstrated both species specific and 
tissue specific isozymes of esterases and phosphatases. The 
classification and taxonomy of sea anemones is at best a . 
difficult endeavor. The reason for this difficulty lies in 
the morphological simplicity of the animal. There are no 
hard parts other than the nematocysts that vary with the 
different species. The animals are radially symmetrical 
with replication of internal structures. In many cases 
there is a variation in the pattern of replication even 
within a single species. Also there is variation in the 
coloration and color patterns. With these variations pres
ent it is difficult to assess the relationships of different 
peculations of sea anemones.

By studying the isozymes of two closely relatedi. ■ ■
populations it might be possible to determine if two pop
ulations represent two subspecies, the same species or 
perhaps even two different species. Phvllaotls concinnata 
represents a case in which the use of enzymes as indicators 
of differences or relationships might prove useful.

Phvllactis is a tropical intertidal sea anemone 
that is found in two distinct habitats: rocky outer coast
and protected bay. . Phvllactis concinnata collected from . 
these two habitats at Puerto Penasco, Sonora, Mexico 
exhibits morphological and behavioral variations which 
suggest va fundamental difference between the two populations.

The advent of disc acrylamide gel electrophoresis



has brought a new and higher degree of resolution in the 
separation of protein molecules. Using the protein bands 
and zymograms produced by this method of electrophoresis, 
it might be possible to - resolve the relationships of the 
two populations of Phyllactis concinnata. This paper then, 
is an attempt to determine if the technique of disc acryla- 
mide electrophoresis is applicable to tissue from sea 
anemones and if using this method the relationship between 
the two populations of Phyllactis concinnata can be clarl-



Materials and Methods

Collection of Animals:
Specimens of Phyllactis concinnata were collected 

from two habitats (protected sandy bay and rocky outer 
coast) at various seasons throughout the year from the 
intertidal zone at Puerto Penasco, Sonora, Mexico, Three 
other species (Oa'lamactis praelongus, Bunodosoma californica 
and Bunodactis panemensis) were also collected and served 
as controls in the experiment. The animals were brought 
back to the laboratory and held in aquaria until used. Rep
resentatives of each species were sent to the United States 
National Museum, Washington, D.C, for confirmation of iden
tification by Charles E, Cutress, Curator,

Preparation of extracts:
Using.scissors, the oral disc and tentacles of the 

sea anemones were removed and the animal cut into quarters. 
The mesehtaries were scraped clean of all gonads and 
cnidiolar tracks. The remaining tissue, consisting of the 
external body wall, mesentaries and longitudinal muscles, 
was rinsed free of mucous with distilled water and then 
minced with a scalpel. The minced tissue was ground in 
twice its volume of 0.25M sucrose with a small amount of



#60 mesh carborundum in a small mortar. The resulting 
slurry was then filtered through ED no. 613 filter paper 
on a micro-Buchner funnel. The filtrate was stored for ten 
minutes at 0°0 to allow clearing. Sample material for 
electrophoresis was drawn from the supernatent. Only ex
tracts from individuals were tested - there was no pooling 
of serums.

Electrophoresis:
Electropherograms were prepared in polyacrylamide 

gel at pH 8.9 according to the method of Davis(1964) with 
the following modifications.

1. The total volume of the sample gel was 0.25 ml 
of which 0.05 ml was the sample extract. This increase of 
material over Davis' technique was necessary because of the 
small quantity of proteins extracted from sea anemones.

2. Electrophoresis was carried out at 3 mllliamps 
per tube delivered by a Heathkit IP 32 power supply at pH 
8.3 for 70 minutes in a linear apparatus that was designed 
and built by the author. (Fig.l). A total of eight samples 
could be run in this apparatus at one time. To allow for 
slight variances between runs, four samples from one animal 
of each population were run simultaneously.

Enzyme and protein detection:
After electrophoresis the gels were removed from 

the gel tubes and stained for proteins, esterases and acid



phosphatases.
Esterases were detected by the azo dye technique 

according to the method of Paul and Fottrell(1961). Acid 
phosphatases were detected by the azo dye technique of 
Pearse(1953) with the following modification. The gels 
were allowed to incubate for eight hours at 37 degrees cen
tigrade instead of three hours at room temperature, Pearse's 
(1953) technique was developed for tissue sections which 
are vastly thinner than the acrylamide gels and therefore 
more permeable to the reagents than the gels. Incubation 
was at 37 degrees centigrade because at this temperature 
the most rapid development of the gel patterns occurred.

Six runs were made comparing esterases, acid
i

phosphatases and proteins in the two populations. Only 
one factor was tested for in each run. Twelve runs were 
made to compare esterases, acid phosphatases and proteins 
simultaneously. Finally the two populations of Phvllactls 
were compared with three other species in nine runs. Thus, 
a total of twenty-seven runs was completed.

Results

Figure 2 shows the esterase patterns of Bunodosoma 
callfornica..Bunodactis nanemensis and samples from the two 
population of Phvllactls oonclnnata appear to exhibit ester
ases having the same mobilities. The width, of the band
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appears to be the same in these four gels. The esterase 
patterns of Oalamactis praelongus is quite different from 
the others. Oalamactis appears to exhibit four distinct 
esterase bands.

In Pig. 3 is shown the results of staining for acid 
phosphatases. Bunodactis panemensis exhibits three dis
tinct bands, one large leading band and two smaller trailing 
bands. Bunodosoma californica exhibits one large band and 
Oalamactis praelongus appears to exhibit only one wide, but 
faint band. Phyllactis concinnata from the rock population 
appears to exhibit two well separated bands whereas the 
Phyllactis concinnata from the sand exhibits three acid phos
phatase bands.

Figure four shows the result of staining gels from 
the two populations of Phyllactis with the general protein 
stain, aniline blue black. The gels on the left show the 
patterns from the rock Phyllactis. the two on the right show 
the patterns of the sand Phyllactis. There can be. seen a 
definite difference in the mobilities of the protein bands 
of the two populations.

All patterns detected were reproducible regardless 
of the season in which the animals were collected. Sexual 
state and length of time that the animals were kept in the 
aquaria had no detectable effect on the esterase, acid 
phosphatase or protein patterns.
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Discussion

Specimens from the two populations of Phyllactis 
concinnata have been identified as belonging to the same 
species. On the basis of existing criteria for anemone tax
onomy this is not unreasonable. The kind and distribution 
of the nematocysts (a key consideration) of the two popula
tions appear to be the same. The organization and develop
ment of the mesentaries in the two populations are very 
similar. In both populations the upper portion of the body 
forms a ruff which is covered with many sucker-like papillae 
(verrucas), a characteristic of the genus. Both populations 
exhibit two siphonoglyphs and the sphincter muscles of both 
populations are very similar. Individuals of both popula
tions have pedal discs with which they attach to the sub
strate. :

There are several notable differences between the 
two populations. The individuals of the sand population‘ 
are found burrowing through 6"-8" of sand and attached to 
bits of broken shell or pieces of stone found in the coarser 
layer below the sand. Individuals of the rock, population 
are found on large rocks seeming to prefer the tight crev
ices formed by the abutment of adjacent rocks. Often they 
are attached in the shallow pits of sandstone formed by 
other burying animals. In comparing the coloration of the 
two populations it has been found that the column of the



sand Phyllaotis is invariably orange. The column of the 
rock Phyllaotis is red or a washed-out pink. Occasionally 
the column of individuals of the rock population is pale 
white, af condition not encountered in the sand population. 
The ruff of the rock population is much darker than in the 
sand population and occasionally exhibits a prominent pink 
or white streak. The ruff of the sand population has never 
been found to exhibit any streaking of the ruff.

The burrowing behavior of.individuals from the two 
populations appears to differ. Oaskey(personal communica
tion) has demonstrated that the sand Phyllaotis exhibits a 
pattern and sequence of burrowing that is distinctly 
different from the rock Phyllaotis. The author has observed 
that when placed in an aquarium, the sand Phyllaotis starts 
digging and attempts to bury itself. Contrary to this the 
rock Phyllaotis seems to prefer attaching itself to the 
glass sides of the aquarium or to rocks in the aquarium. It 
has further been noted that if the substrate in the aquaria 
is too coarse to allow burrowing, the sand Phyllaotis begins 
to degenerate and eventually dies. The rock Phyllaotis on 
the other hand does not exhibit this substrate specificity 
bu-j: appears to be indifferent to the substrate type, i 
summary of the similarities and differences between the two 
populations may be found in Table I.

Prom the foregoing it can be said that although the 
two populations show morphological similarities according
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to the accepted scheme of anemone taxonomy, there are con™ 
siderable differences in their coloration, behavior and 
habitat. The differences as outlined may be indicative of a 
more fundamental difference between the two populations.

The method of acrylamide gel electrophoresis has 
proven useful in this study though there is a limitation.
The concentration of protein material in the extract of 
anemone tissue is quite low and for this reason only the 
larger species of anemones could be used. Species of a 
smaller size could be used if the serums from several indi
viduals were pooled but this would create the possibility 
of,not being able to detect individual differences. However, 
the similarities in patterns from individuals collected at 
different times of the year suggest that individual differ
ences in these particular enzymes do not exist. In this study 
the presence of esterases, acid phosphatases and other pro
teins were readily demonstrated in the tissue extracts from 
the species tested.

In comparing the esterase patterns of the sand 
Phvllaetis with species that attach to rocks, (Bunodactis 
panemensis. Bunodosoma californica) no significant differ
ences could be discerned. This in effect rules out the 
possibility of an environmental effect on the kind of bands 
produced. Especially since the sand Phvllaetis exhibits 
the same esterase band as the. rock Phvllaetis. Comparing 
the esterase pattern of Phvllaetis with Calamactis. which
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is a sand burrowing form that occupies the same habitat as 
the sand Phyllactis. considerable differences can be noted 
(Fig. 2). Oalamactis shows three esterase bands while the 
sand Phyllactis exhibits but one. On this basis then, it 
is doubtful that there is an esterase pattern common to 
species from the sand environment. It might be.mentioned- 
here that Oalamactis praelongus belongs _to the family Hala- 
oampoldidae. Bunodactis oanemensls. Bunodosoma callfornlca 
and the two populations of Phyllactis cohcinnata, on the 
other hand, belong to the family Actiniidae (Oarlgren 1961), 
so that difference in esterase patterns may be a familial

A
characteristic. Johnson(1963) using the pherograms produced 
by the acrylamide gel electrophoresis of insect muscle has 
been able to distinguish between two orders (Orthoptera and 
Hymenoptera). Johnson(1963) has also been able to demon
strate differences between three families and seven species. 
In the case of the experiments reported here not enough data 
from a variety of families and species were collected to 
demonstrate isozymic or protein patterns as being common to 
one family or another.

In comparing the acid phosphatase bands (Fig, 3) of 
the two populations of Phyllactis it can be seen that the 
rock population exhibits two bands and the sand population 
exhibits three bands. The other species tested also appear 
to exhibit distinctive bands.. Bunodactis panemensls shows 
three bands, Bunodosoma callfornlca shows one phosphatase
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band and Oalamaotls nraelongus shows one faint band. These 
differences indicate that acid phosphatase bands appear to be 
more characteristic of the individual species. As Bunodosoma, 
Bunodactis, and the rock Phvllactis. which are all rock 
dwellers in the exposed coast habitat, exhibit different 
phosphatase patterns it seems reasonable to assume that the 
environment has little to do with the expression of these 
bands. If the environment did indeed directly influence the 
kinds of phosphatases present, we would expect to see more 
similarities than differences between the species. Manwell 
and Baker(1963) demonstrated qualatative and quantitative 
differences in the starch gel esterase patterns of muscle 
extracts from the sea cucumber Thvonella gemmata. As in the 
case of Phvllactis. Thvonella exhibits two morphological 
fOrms--stout and thin. Unlike Phvllactis, the stout and thin 
populations were sympatric. From differences in esterase 
patterns along with differences in general protein banding, 
Manwell and Baker(1963) were able to erect a new sub-species 
in Thvonella gemmata. It will be recalled that Phvllactis 
does not exhibit differences in esterases but does exhibit 
differences in acid phosphatase banding. In this case then, 
the difference in the two populations of Phvllactis is indi
cated by different acid phosphatase patterns (and protein 
patterns— see below) as opposed to Manwell and Baker(1963) 
who found differences in esterase patterns though they did 
not test for acid phosphatase.
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The protein bands (Pig® 4) of the two populations of 

Phyllactis show differences in mobilities. The rock Phyllac- 
tis shows four principal bands of material that stains with 
aniline blue black. The sand Phyllactis exhibits six bands. 
Band A of both populations correspond but band B shows a 
different mobility in both populations. In the sand popula
tion where two 0 bands may be observed, only one 0 band can 
be detected in the rock population. The E band of the sand 
Phyllactis has not been observed in the rock Phyllactis.

As in the case of the acid phosphatases, the differ
ences observed in the two populations of Phyllactis indicate 
the possibility of a fundamental difference between the two 
populations. Other workers using protein bands in similar 
technique have observed differences in animals that were 
supposed to be the same species. Baker(1964), using starch 
gel electrophoresis, found differences in the egg white pro
tein of different populations of jungle fowl. Hillman(1964) 
using paper chromatography was able to demonstrate intra- 
specific differences in the patterns of free amino acids in 
two populations of the oyster, Orassostrea vlrginlca. Manwell 
and Baker(1962) have demonstrated protein differences in the 
hemocyanins of marine arthropods using starch gel electro
phoresis though no attempt was made to correlate pattern of 
banding with systematics at the species level. From the work 
of others then, it appears possible to separate different 
populations of a species on the basis of the differences
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exhibited by the electrophoretic mobilities of their con
stituent proteins and isozymes®

Summary
\

Acrylamide disc electrophoresis has been used to 
separate enzymes and proteins from the muscle extracts of 
sea anemones® Of the four species tested, one (Qalamactls 
praelongus exhibited an esterase pattern different from the 
other three. Individual species tested demonstrated quali
tative differences in their acid phosphatase patterns® Two 
populations of Phvllactis concinnata may be differentiated 
on the basis of their acid phosphatase and general protein 
bands. The difference in protein and acid phosphatase bands 
observed in the two populations of Phvllactis® together with 
the differences in color, behavior, and habitat strongly 
suggest that the two populations in reality may represent 
two sub-species or perhaps even two distinct species®

These experiments have shown that isozymes detected 
by acrylamide gel electrophoresis may be useful as still 
another criteria in working out the systematics and relation
ships of animal groups.



Pig. 1. Linear electrophoresis apparatus used in this 
experiment.



16 

Fig. 2 . Acrylamide gels showing esterase patterns . Left to 
right: Bunodactis panemensis , Bunodosoma califor-
~, Calamactis praelongus , Phyllactis concinnata 
(rock) , Phyllactis concinnata (sand) . 
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Pig. 3. Acrylamide gels showing acid phosphatase patterns.
Left to right: Bunodaotis panemensis, Bunodosoma
californica, Qalamactis praelongus, Phyllactis 
concinnata (rock), Phyllactis concinnata (sand).
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Pig. 4. Acrylamlde gels showing protein patterns. The
two on the left are Phyllactis conclnnata (rock), 
and the two to the right are Phyllactis conclnnata 
(sand).
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-Table I. Summary of similarities and differences in 

two populations of Phyllactis concinnata.

Sand Population

Mesentaries:
Nematocysts:
Ruff:
Column:
Sphincter:
Substrate selectivity: 
Burrowing behavior: 
Esterase pattern: 
Phosphatase pattern: 
Protein pattern:

similar to rock population 
similar to rock population 
tan, never with streak 
elongate, orange 
diffuse to restricted 
very selective
different from rock population 
same as rock population 
three bands 
six bands

Rock Population

Mesentaries: 
Nematocysts:
Ruff:

Column:
Sphincter:
Substrate selectivity:

Burrowing behavior: 
Esterase pattern: 
Phosphatase pattern: 
Protein pattern:

similar to sand population
similar to sand population
brown-gray, occasionally with 
prominent streak
red to washed-out pink
diffuse to restricted
not as selective as sand popula
tion
different from sand population 
same as sand population 
two bands 
four bands
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