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A NEW BIOASSAY
BASED ON

ECHINOCHROME

PIGMENT SYNTHESIS

There is a need for a marine toxicity test that is sensitive, simple, rapid, and inexpensive. Such
a test has been devised, and it can be used to detect toxicity in seawater samples having low
contaminant concentrations. This report explains how the test is conducted and where it might
be used.

A simple, rapid, and quantitative embryo-larval bicassay that uses changes in echinochrome
pigment synthesis as an indicator of seawater toxicity has been developed to allow increased
use of sensitive sea urchin bioassays where time, resources, and technical expertise may be lim-
ited. Several 48h embryo-larval tests were conducted with lowered salinity, increased concen-
trations of copper, municipal wastewaters, harbor seawater and offshore seawater as the poten-
tial toxicants.

Embryo-larval bioassays have proven to be very sensitive indicators of seawater contamination.
Such embryo-larval tests with sea urching (Kobayashi, 1972, 1974, 1976, 1977) and oysters
(Cardwell et al 1977a, 1977b, 1977¢c and Woelke, 1972) have detected the areal extent of in-
dustrial-related toxicity in the sea and determined the decreases in size of affected areas as dis-
charges were reduced. Echinoderm eggs, embryos, and larvae have also been used to measure
the toxicity of marine waters (Oshida et al. 1980), wastewater discharges (Oshida ef al. 1981),
heavy metals (Kobayashi and Fujinaga, 1976), chlorinated hydrocarbons (Oshida, 1977), and
petroleum hydrocarbons (Davis ef al, 1981). In these studies the effects of the toxicants were
determined by measuring decreased survival and development of the embryo after 48 to 96
hours.

The echinoderm egg undergoes a rapid and complex sequence of development during the first
96 hours after fertilization. The epg divides repeatedly to form a hollow ball of cells called a
blastula; a part of the blastula’s wall then invaginates to form the gut (gastrulation). The cells
of the gastrula continue to divide and specialize, forming the skeleton and internal organs as
the embryo progresses through the prism (or pyramid) and pluteus stages. Evaluation of toxic
responses usually involves the microscopic examination and classification of these eggs and lar-
vae as “‘normal” or “abnormal” according to often complex and somewhat subjective morpho-
logical criteria. The time and expertise required to examine many such samples is often prohib-
itive.

Echinochrome pigments are found almost exclusively in sea urchins and sand dollars (Booloo-
tian, 1966). These pigments are easily extracted and measured. Echinochromes are usually re-
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stricted to the soft tissues and are often the dominant quincne pigment during embryonic
and larval development (Boolootian, 1966). The function of echinochrome is not fully under-
stood, but evidence suggests that it plays a role in the regulation of lipid peroxidation (Kolt-
sova ef al.,. 1981). De novo synthesis of echinochrome occurs during embryonic development in
many sea urchins and initiation of synthesis usually coincides with the events of gastruiation
(Asashima, 1971). In Strongylocentrorus purpuratus, echinochrome production occurs just
prior to gastrulation and proceeds at a linear rate for at least 20 hours (Chaffee and Mazia,
1963). Changes in the normal sequence or rate of sea urchin embryo development affects
echinochrome synthesis (Asashima, 1971 ; Chaffee and Mazia, 1963). This linearity of echino-
chrome synthesis and the sensitivity of this pigment production to alterations in rates of em-
bryonic development suggested that accumulation of echinochrome might represent an effec-
tive indicator of normal embryonic development. As echinochrome is easily extracted and ab-
sorbs light in the visible range (wavelength maximum = 475 nm) it could provide a simple and
objective colorimetric measure of embryonic development and a direct new approach to larval
bioassays.

Correlations between measurements of embryo response based on pigment synthesis and mor-
phological change were made. Information from eight similar salinity experiments conducted
during a six month period is presented for analysis of variations in embryo sensitivity and
echinochrome production. Also included are data that show the response of the embryos to a
toxicant (copper chloride), to seawater sampled from both within a harbor and from offshore,
and to municipal wastewater.

METHODS
Exposure to Toxicants and Morphological Analysis

Gametes of the purple sea urchin, Strongylocentrotus purpuratus, used in all experiments,
were collected, exposed to toxicants, and cultured according to the methods of Oshida et al.
(1981). Each bioassay sample contained the same number of eges (approximately 30,000) in
900 ml of seawater. Precautions were taken to ensure that initial egg densities in each breaker
were very similar.

Eggs in the control solutions matured, gastrulated, and developed to the prism stage during the
48 hours following fertilization. At 48 hours, embryo subsamples were examined for morpho-
logical development and echinochrome production. The embryos in each sample were examined
microscopically for two parameters to evaluate morphological development. One parameter
used to describe developmental stage was the number of embryos which had undergone gastru-
lation (), a critical process during development. This number also represented those embryos
which were producing echinochrome. The percentage of these gastrulated embryos that devel-
oped to the prism stage at 48 hours (P) was the second parameter used. This percentage also
indicated the relative amount of echinochrome produced by the embryos. The value of each
parameter (G or P) was independent of the other; therefore, a sample with a low number of
gastrulas could have had a high percentage of those gastrulated embryos at the prism stage.

Extraction of Echinochrome

Embryos contained in 800 ml of each bioassay sample were extracted for echinochrome (Bay
et al. in press). Embryos were removed from the sample with a Nitex screen (mesh size 44 pm)
and transferred to 15 ml polyethylene culture tubes containing seawater. After the sea urchin
larvae were packed by centrifugation (20 min. at 1,000 x g) the seawater above the pellet was
removed by aspiration. The pellet was washed with 10 ml of 95 percent ethanol to remove in-
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terfering substances {e.g. chlorophyIl) and centrifuged at 1,000 x g for 15 minutes. Following
removal of the supernatant, 3 ml of acidified ethanol (1 part 25 percent HC1 and 3 parts 95
percent ethanol) was added to each tube. Extraction of the echinochrome into the acidified
ethanol was rapid once the pellet was disrupted with a stirring rod.

Extracts were centrifuged to remove embryo debris and the echinochrome content (E) of
each sample was determined by measuring the absorbance of the orange-colored supernatant at
475 nm with a Turner spectrophotometer. The concentration of echinochrome in each sample
was proportional to the absorbance. A test solution was identified as toxic if the amount of
echinochrome measured (absorbance) was less than that produced by embryos in the control
seawater. In most cases, extracts were stored at 0°C for up to 72 hours before absorbance was
measured. Controls indicated that storage at this temperature caused less than five percent loss
of pigment absorbance.

Particulates in wastewater contribute significant amounts of interfering color to echinochrome
extracts at some effluent concentrations. This interference was corrected by subtracting the
absorbance of a blank from that of each test sample in the wastewater experiment. A blank
containing only diluted wastewater was made up for each effluent concentration of the start of
the bioassay and run through the pigment extraction procedure with the embryo samples at
the end of the experiment.

Toxic Solutions and Water Samples

Solutions of varying salinity were mixed by adding deionized water to natural seawater to pro-
duce seawater salinities of 33 (control) 28, 26, 25 and 21 parts per thousand (ppt). Samples
with nominal copper concentrations of 0.001 to 0.040 mg/1 were produced by adding appro-
priate amounts of CuCl, to seawater.

Bioassays were also conducted using seawater from 11 Los Angeles Harbor stations (one meter
beneath the surface), from 4 offshore stations (3 depths/station), and Orange County Sanita-
tion District’s final effluent. The Los Angeles Harbor seawater samples were collected from
the stations indicated on Figure 1 and the offshore samples from those stations shown on Figure
2. The samples were held overnight at 11°C prior to conducting the bioassay in duplicate.

The final effluent from the Orange County Sanitation District is discharged 7.25 km offshore
in the Pacific Ocean. The final effluent sample tested was collected at the treatment plant prior
to discharge at sea. A 24 h composite sample was collected by treatment plant personnel in an
acid-washed, kilned, glass bottle. The saruple was brought to the laboratory and held ovemnight
at 11°C prior to conducting the bioassay. For use in the bioassay, the effluent was diluted to
different concentrations with filtered (3 pm) natural seawater. The dilutions used were between
152:1 and 10:1 {seawater:effluent). The effluent dilutions were tested in triplicate.

Statistical Analysis

FEchinochrome production in each solution was examined for correlations with morphological
development. Each datum was expressed as a percentage of the control value to compensate
for variable control response in each experiment (Tattersfield and Morris, 1924). Seawater sa-
linities causing 50 percent response levels (EC 50) were estimated for the echinochrome and
morphological data using the Trimmed Spearman-Karber method (Hamilton, ef al. 1977). Re-
lationships between the morphological development parameters and pigment concentration
were examined using correlation and partial correlation analysis (Nie, ef af. 1975). As changes
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Figure 1. Location of surface water sémpling Figure 2. Offshore stations where water samples
stations in Los Angeles Harbor. were taken from the surface, mid-depth and
bottom.

in both morphological parameters often occurred in the same sample, correlation analysis was
unable to determine which parameter (G or P) affected echinochrome production. To make
this type of determination, partial correlation analysis was utitized. This procedure eliminated
the confusing effects of interactions between G and P and allowed us to determine which of
the morphological parameters had a significant effect upon echinochrome synthesis.

RESULTS

Similar patterns of response to water of various salinities were evident in both the echino-
chrome and morphological measurements ( Figure 3). All three indices had 50 percent response
levels at salinities between 25 and 26 ppt. Standard correlations between pigment absorbance
and either the number gastrulated or percent at ptism stage were highly significant in all cases
(Table 1). Partial correlation coefficients revealed that echinochrome was always strongly re-
lated to the number of embryos reaching the gastrula stage. A significant relationship between
pigment levels and the percentage of fully developed prisms was also found.

Similar patterns of response were also evident when either echinochrome concentration or
morphological development were examined in embryos exposed to copper (Figure 4). Reduc-
tions in the number of gastrulated embryos with increasing copper concentration were not as
greal and were more variable than the responses observed in the salinity experiments. Partial
correlation coefficients for these data indicated that the degree of post-gastrulation develop-
ment to the prism stage had the strongest effect on pigment concentration {(Table 1).

For embryos exposed to Orange County Sanitation District municipal wastewater, standard

correlations again indicated a very significant correlation between the echinochrome and both
the number of sca urchins that gastrulated and the percentage of these gastrulas that developed
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Figure 3. 48-hour embryo development and echinochrome
production in response to lowered salinity. Data are
from experiment C {Table 1).
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Figure 4. 48-hour embryo development and echinochrome
production in response to copper concentration.

to the prism stage. Partial correlations also showed that enchiriochrome pigment production
was related to both of the aforementioned morphological parameters (Table 1). The results
from the wastewater experiment (Figure 5) show how the amount of echinochrome produced
appears to give an integrated measurement of the effects of toxicants on both gastrulation and
development to prism.

Echinochrome and morphological measurements showed similar patterns of response to Los
Angeles Harbor seawater. Large changes in echinochrome were observed at stations XY, Z,
and AA (Figure 6). Corresponding reductions in the percentage of gasirulated embryosreaching
the prism stage were usually found at these stations, while changes in the number of gastrulated
embryos were not as frequent. The standard correlation between pigment absorbance and per-
cent at prism stage was highly significant, while that between pigment absorbance and number
gastrulated was not as great (Table 1). Partial correlation coefficients revealed that echino-
chrome was strongly related to the percentage of urchins that reached the prism stage when
exposed to Los Angeles Harbor waters (Table 1); a significant relationship between echino-
chrome and number gastrulated was also found.

Reductions in echinochrome content were also observed in embryos exposed to seawater taken

from offshore sites (Figure 7). Reduced pigment levels in these samples were highly correlated
with reductions in the number of gastrulated embryos (Table 1). The percentage of embryos
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Figure 5. 48-hour embryo development and echinochrome
production in response to Orange County final sewage efflu-
ent toxicity.

reaching the prism stage was not reduced in any of the samples. Partial correlation analysis of
these data showed that echinochrome levels were strongly influenced by changes in the num-
ber gastrulated and not related to the percentage at the prism stage.

For all experiments, the variability of replicate echinochrome values was usually similar to, or
less than, that of the morphological data.

Variation in echinochrome production by control embryos was observed in experiments con-
ducted over a six month period. Standard echinochrome extracts ranged from 0.079 to 0.175
absorbance units between experiments (Table 2). Though pigment content was variable, re-
sponse to a standard salinity gradient (EC 50} was similar between experiments. During this
six month interval, EC 50 values for salinity exposures ranged from 25 to 28 ppt for echino-
chrome and from 24 to 30 ppt for the number gastrulated (Table 2). Seawater concentrations
causing 50 percent response in echinochrome concentration or number of embryos reaching
gastrula stage were similar within experiments.
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Figure 6. The relationship between echinochrome production and
embryo morphology in harbor water samples.
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DISCUSSION

Change in echinochrome content is a reliable and sensitive indicator of sea urchin embryo re-
sponse to the toxic effects of copper, reduced salinity, and wastewater. The data on Table 1
show that the echinochrome levels were strongly correlated with each of the following: the
number of gastrulated embryos (G) and the percentage of gastrulas that reached prism stage

(P). As either G or P decreased, due to experimental conditions, the echinochrome levels also
decreased.

Partial correlation analysis of the data showed that echinochrome production was affected
both by severe toxic responses, which prevented embryos from gastrulating (G), and by more
subtle effects resulting in the retardation of the rate of post-gastrulation development (P). Dif-
ferences between experiments in the significance of the partial correlation of E with G or P do
not reflect changes in the sensitivity of the test, but rather variations in morphological response
observed with different types of toxic samples. For example, in experiment C (Table 1), the
partial correlation coefficients were 0.7596 (p = 0.003) and 0.2233 (p = 0.255) for E vs. G and
E vs. P, respectively. This indicated that most of the decrease in echinochrome was due to the
reduction in numbers of gastrulas. The number of embryos reaching gastrula at the lower salini-
ties was reduced to such an extent that changes in the percentage of these gastrulas developing
to prism apparently did not significantly affect echinochrome production.

Partial correlation analysis of the wastewater experiment (Table 1, Experiment E) revealed that
decreased echinochrome at higher concentrations of effluent was related to reductions in both
the number of embryos that gastrulated and the percentage that reached prism.
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In addition to solutions created in the laboratory, the procedure can aiso detect toxic responses
in samples of seawater collected from open coastal and harbor locations. Pigment reductions in
these samples were also highly correlated with morphological changes, although the nature of
the embryo response (and thus, the correlation) varied with location (Figures 6 and 7). Changes
in the percentage of embryos at the prism stage were most often observed within the harbor
and showed the highest correlation with echinochrome (Table 1).

Morphological response by embryos exposed to offshore seawater samples was found only in
the number gastrulated. As a result, a significant partial correlation was found only with the
number gastrulated (Table 1).

Reductions in levels of echinochrome reflect harmful changes in sea urchin embryo develop-
ment. The echinochrome procedure is not intended to examine specific responses affecting pig-
ment levels, but rather to measure the organism’s overall response to stress. By measuring
reductions in echinochrome levels, one is not only monitoring a single specific response, but an
integration of many aspects of embryo development which may be altered by toxicants.

The easily measured echinochrome levels show decreases in normal morphological develop-
ment without microscopic examination of the larvae. This technique requires little specialized
equipment, has demonstrated accuracy and sensitivity comparable to standard morphological
techniques, and requires about one-fourth of the time necessary for microscopic examination.
Since the procedure is more rapid and objective than microscopic examination, it may increase
the use of sea urchin embryo bioassays in monitoring programs where time, resources, and
technical expertise are limited.
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