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ABSTRACT

he tunicate Ecteinascidia thurstoni is a colonial sea squirt. It has a seasonal

rhythm, usually present during summer months with tropical and subtropical
distribution pattern. It synthesizes a group of molecules called ecteinascidines.
One of which is ET-743, a compound that has a most original anti-tumoral
activity and is considered today one of the most promising substances effective
against various solid-type tumors (currently in the market under the commercial
denomination of Yondelis for treatment of sarcoma and related tumors, or in
clinical trails, phase [I/11I, for other kinds of tumors). Allover the world, species
of Ecteinascidia represent the only available source for this bioactive compound,
which was first discovered in £. turbinata. During the present study, the ecology
of £. thurstoni along Suez Canal and Red Sea was investigated. Its populations
were observed to be highly gregarious due in part to their low larval dispersal,
which is very localized, and hence, the larvae tend to settle close to their parent
colonies. It is only recorded in shallow waters (0.5-1.5m) at mangrove habitats
of Red Sea, epiphytic on their pneumatophores; or on pilings of jetties, and
metal or cement banks of Suez Canal. Along Red Sea, a total of 29 mangrove
sites were surveyed. From El-Monkata'a at Nabq Protected Marine Park (north)
to Halayeb, at Egyptian-Sudanese border (south), four sites of them, namely, El-
Rawisia, Wadi El Qala'an, Wadi Rawad El-Adaiah, and Wadi El-Ra'ada were
found to have £. thurstoni. However, along Suez Canal, it is more frequent and
has higher bicmass than Red Sea. It was recorded at southern sector of Suez
Canal from Lake Timsah farther south to Bitter Lakes. Suez Canal's population
has significantly different morphometric characteristics (zooid length, zooid
weight, colony weight) than thoss of Red Sea. Studying the distribution of this
species and locating its different populations along Suez Canal and Red Sea
could help in characterizing their genetics, their chemistry and bacterial
community at different isolated locations, which ultimately will help define the
source of ET-743 and hence promotes its biosynthesis on commercial scale.

Key words: Distribution, tunicate, Sea squirt, Ecteinascidia thurstoni, Red Sea, Suez
Canal. -
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INTRODUCTION

Many marine invertebrates such as sponges and ascidians (Rinehart,
2000) that have not been traditionally exploited as fisheries resources, have
recently received increased attention, in this sense, due to their great economic
potential for the production of compounds with pharmaceutical properties
(Carballo et al., 2000: Rinehart, 2000).

Species of Ecteinascidia which are colonial tunicates from the family
Perophoridae, represent an important component of the benthic fauna of the
mangroves {Carballo, 2000b; Herndndez-Zanuy et al., 2007). E. turbinata has
been the subject of various studies examining its settlement, species succession,
and larval behavior (Young and Bingham, 1987; Bingham and young, 1991,
1995). In the 1960s, interest in this species was high lightened when an extract
of the animal was found to have potent cytotoxic properties, the ecteinascidins,
that were identified and characterized (Rinehart er al., 1990). Little is known
about the production of these secondary metabolites or what function, if any,
they play in the animal (Moss ef al, 2003). In this sense, E. turbinata
synthesizes a group of compounds called ecteinascidines, one of which is ET-
743, a compound that has a most original anti-tumoral activity and is considered
today one of the most promising substances effective against various solid-type
tumeors (Rinehart ef al., 1990; Garcia-Rocha ef al., 1996; Jimeno ef al., 1996).
Recently, it is currently in the market under the commercial denomination of
Yondelis for treatment of sarcoma and related tumors, or in clinical trails (phases
IVIN) for other kinds of tumors (Pharmamar, 2008).

The supply of ectainaicidins for clinical development was also
maintained during several years by harvesting of E. turbinata on a sustainable
basis, which is an example of the production of metabolites while protecting
natural populations (Carballo ef al.,, 1999). Harvesting of this tunicate in large
quantities was possible with the establishment of a rational extraction program in
diverse habitats, as is the case with a lot of shellfish for human consumption. A
research program was carried out in order to find out the recovery capacity of
Ecteinascidia turbinata populations, after carrying out harvesting experiments in
the Caribbean and Mediterranean Sea (Carballo et al., 1999). During the last few
years, PharmaMar (Spanish pharmaceutical company) produced ecteinascidins
for its clinical studies from aquaculture in a natural environment: more than 70
tons/year until 2000 (Carballo et al. 2000, Naranjo, 2001). Now, production
through recollection or aquaculture is not already necessary and expensive.
Moreover, currently, the production of Yondelis is completely synthetic, neither
from natural resources, nor aquaculture activities (Cuevas ef al., 2000). The
synthesis of this compound is a multi-step process, and the cost of reagents is
affordable on a small scale, but still too expensive for large-scale synthesis for
commercial purposes.

Recently, the investigation of secondary metabolites in the tunicate,
Ecteinascidia thurstoni, pretreated with potassium cyanide, highlighted its
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pharmaceutical and medicinal importance, where ecteinascidines. ET-743, ET-
770, Et-729, and Et-759 were present in samples collected from Suez Canal and
Red Sea in 2005 (Youssef, 2007). A group of alkaloids, the Ecteinascidins (ET),
including ET- 770 and ET-786, have been isolated with very high vields from £.
thirstoni (Phuket Province, southern Thailand, on the Andaman Sea coast)
pretreated with potassium cyanide. These extracts exhibited potent cytotoxic
activity against cancer cells of breast, lung, colorectal, and nasopharyngeal
tissues (Suwanborirux ef al., 2002). The finding of Suwanborirux e al. (2002)
means that there are other types of ecteinascidines, (not ET-743) which could
have a potential therapeutic value for treatment of other diseases.

The aim of the present work is to study the ecology of the tunicate E.
tluirstoni along Suez Canal and Red Sea, describing its pattern of distribution at
different habitats, locating different populations along the shore, also, measuring
the morphometric characteristics of these populations. This information will be
helpful for studying genetics, chemistry and bacterial community of different
Ecreinascidia populations along Suez Canal and Red Sea. Ultimately, this will
aid in further development of the compound in the lab and hence its biosynthesis
on an economic commercial scale.

MATERIALS AND METHODS

The present study was carried out along the coasts of Suez Canal and the
Egyptian Red Sea. The coasts of Suez Canal are sedimentary, while Red Sea
shores are mainly rocky. A pilot survey carried out in summer 2005, during
which different habitats were surveyed by snorkeling. These habitats included
pilings of jetties, metal and cement banks, and seagrasses along Suez Canal; and
coral reefs, seagrasses and mangroves and rocky shores of Red Sea. This pilot
survey showed that cement and metal banks and pilings of jetties along Suez
Canal; and Mangroves along Red Sea represent suitable habitats for the tunicate
Ecteinascidia thurstoni, to be present and grew. This usually occurs during
summer months from end of May to the beginning of October. The species
usually disappears during autumn and winter seasons, where ecteinascidians are
species characteristics to warm tropical waters, in environmental conditions
(especially temperature and salinity) adequate for its survival in natural shallow
water.

After the pilot survey in summer 2005, during the following summers of
2006 and 2007, an intensive survey to study the ecology of this species by
snorkeling at different habitats along Suez Canal and Red Sea was achieved. The
study sites, their GPS position, were presented in Figure 1 and Tables 1& 2.
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Fig. 1. Different surveyed sites along Suez Canal (A) and Red Sea (B).

Table 1. Different surveyed sites and their GPS position along Suez Canal.

Na. Site Position
1 Port Said 31° 13" N 32° 21" E
2 El-Kantara 31° SI'N 32° 18 E
3 El-Danvah Club 0° 33'N 32° 18 E
4 El-Ta'awen 30° 24°N 22° I8 E
5 Deversoir 30° 24'N 32°21'E
6 Abu Sultan 30° 22°N 32° 18 E
7 Fayed 30° 19°N 32° 19°E
8 Fanara 30° 17N 32° 18 E
9 Kabreet 30° 15N 32° 28°E
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Table2. Different surveyed sites and their GPS position along Red Sea.

No. Site Position

| El-Monkara'a 28°12° N [ 34°25°E
2 El-Rawisia 28°11'N | 34°27 E
3 Marsa Abu-Zabad 28°09°N | 34°27'E
4 El-Ghargana 28°07°N 1 34°27T E
3 Ras Mohamed 27°44'N | 34° [5° E
6 Al-Gonah 27°24°' N | 33°41° E
7 Abu-Monkar 27°13'N [ 33°52°E
$ South Safaga 25°38 N | 33°59°E
9 Wadi Abu-Hamrah 26°21'N | 34°09° E
10 Sharm El-Bahari 25°32'N | 34°24°E
11 Sharm Ei-Qebly 25°30'N | 34°26'E
12 Marsa Sagara 25°40° N { 34°35° E
13 Wadi El-Gemal 24°40°' N | 35°05'E
14 Wadi El-Gemal Island 24°40° N | 35°10' E
I3 Ras Baghdadi 24°39°N | 35°06' E
16 Wadi Masturah 24°23°N | 35°16'E
17 Wadi Qala'an 24°21'N [ 35°19°E
18 Wadi Rawad El-Adaiah | 24°20°N | 35°20° E
19 Wadi EI-Ra'da 24°19°N | 35°20° E
20 Shawareet Island 24°21'N | 35°24° E
21 Wadi Lahmy 24°13°N | 35°26' E
22 Qora'at Hartway 24°06° N | 35°30°E
23 El-Hamirah Mangrove 23°29°N | 35°29° E
24 Shalateen Island 23°08"N | 35°41'E
25 Sharm El-Madfa'a 22°57T"N | 35°40° E
26 Marsa Sha'ab 22°50 N | 35°45° E
27 Marsa Abu-Fasi 22°41'N | 36°00° E
28 El-Hoor 22°38'N | 36° 13 E
29 Adal Deep 22°33'N | 36°1T E

At different surveyed sites, ecological data including depth, salinity
(%), temperature (°C), pH, and oxygen concentration (mg/l), and the presence or
absence of E. thurstoni were recorded in situ. At sites, wherever E. thurstoni was
present, samples have been collected and kept fresh in containers with sea water.
On returning to the laboratory (Marine Sciences Department at Ismailia; Sharm
El-Sheikh Environmental School; and Marine Parks at Hurghada), other
biological parameters were measured, which include maximum colony
diameter{mm), maximum number of zooids per colony, maximum weight of
colony (g), maximum length of zooid {mm), and maximum weight of zocid (g).
These data were used to compare which sites have a better population of E.

thurstoni.

www.esthd.com



http://www.esfhd.com

106 Ali Abdel Fattah A. Gab-Alla

For data analysis, means and standard deviations were calculated for
replicate determinations of various parameters investigated. Analysis of variance
(One-way ANOVA) test was used to evaluate the significance of differences
petween groups of measured parameters at different stations with a level of
significance set at p< 0.03.

RESULTS

Recorded environmental conditions along Suez Canal (Table 3) and Red
Sea coast {Table 4) during the investigations period was more or less typically
normal with temperature not less than 27+£2°C and 27+1°C at both investigated
habitats, respectively, while salinity was not less than 42+1%o, and 42=2%o-at all
sites of Suez Canal or Red Sea, respectively. Also, in situ measurements showed
all surveyed sites well aerated with good content of oxygen being 3.24+0.5mg/i;
and 5.9£0.3mg/1 at sites of Red Sea and Suez Canal, respectively. pH showed
normal readings above the neutral limits, being 7.2+0.4; and 7.5%0.3 at sites of
Red Sea and Suez Canal. respectively. Statistical analysis (One-way ANOVA)
showed no significant difference between different sites for different parameters
(temperature, salinity. pH. oxygen content) investigated (Table 7).

Table3. Occurrence of E. thurstoni at different sampling sites along Suez Canal during

summer 2006, 2007.
No. Site Salinity Temp. pH Oxygen Habitat E.
{%a) ('Cy (mgfl) tuurstgnt
Prescnt/
absent
i Port Said 43 =1 27+ ] 75203 6.5+0.3 Cement banks of Suez Canal -
2 El-Kantara 431 FLER 79+03 6904 Cement banks of Suez Canal -
3 El-Danva Club 4222 28 2 8202 6204 LCement banks of Suez Canzl +
4 Tosun 31 27 & | 7.9+02 7.1x0.3 Metal pilings of jetties +
5 Deversoir 44 42 28 & 1 18402 7.5%0.3 Metal pilings of jeliies +
6 Abu -Sulian 43 &1 27 % | 78403 6.9%0.5 Melal pilings of jetties ++
7 Fayed 431§ 28 £ 2 82+03 6.3 £0.3 Meial pilings of jetties +H
g Feznara 43 =1 28 %2 8303 5.9 £0.3 Cement banks of Suez Capal ++
g Kabreet 4422 29 & | 8502 7.202 Cement banks of Suez Canal +
- Absent
- Rare
—+ Commom

-+ Abundant
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Tabled. Occurrence of E. thurstoni at different sampling sites along Red Sea during
summer 2006, 2007.

No. Site Salinity Temp. pH Oxygen Habitat E. thurstoni
(%o) "C) {mgh) Present/
absent
Nabg & Ras Mchamed
I El-Monkara'a 44 +2 28 =1 7.5+0.2 | 61013 Avicoumnia -
mariha
2 El-Rawisia 44 =2 28 | 7.5203 | 62=0.2 A. marina +
3 Marsa Abu -Zabad 44 +) 28} 7.7+03 | 6.1 20.1 A marina -
4 El-Ghargana 44 +1 27 £2 7502 | 6302 A. marina -
5 Ras hohamed 44 = 7T 2 7603 | 6202 A. marina -
Hurgheda
G Al-Gonah 45 =1 28 & 77«03 | 53204 A marina -
7 Abu-Monkar 45 %I 27 &1 7.8 0.1 54 =04 A. marina -
8 South Safapa 44 x| 37 &1 7.8 0.1 | 5303 A. maring -
Quseir
9 Wadi Abu-Hamralh 44 x| 27 52 7.9 0.} 5903 A. maring -
10 Sharm El-Bahari 44 12 27 +2 8.1 0.2 | 56205 A, marina -
il Sharm El-Qeblv 43 £2 37 +£2 8.1 0.2 | 5.8203 A. mraring -
12 Marsa_Sagara 43 2 29 &1 7.6=203 | 57204 A._marina -
13 Wadi El-Gemal 43 x| 27 £] 7.7+0.3 | 56204 A maring -
14 Wadi El-Gemal | 43 x| 28 x| 8.1x0.2 | 55203 A. marina -
Island
15 Ras Barhdadi 44 +2 28 £] 8.20.3 | 6.1%0.2 A. marina -
Hamata
16 VWadi Masturah 42 11 27 22 72204 | 59103 A. marina -
17 V'adi Qala'an 43 &1 27 +1 7.3 0.5 | 5.8+0.3 A. marina +
18 Wadi Rawad El- [ 43 %! B+l 7.5#0.5 | 63202 A. marina +
Adaial
19 Wadi EI-Ra'da 44 2 27 +1 7604 | 6.2+0.2 A. marina ++
20 Shawareet Island 43 2] 28 1 7.7 0.4 | 5.7+0.3 A. marina -
21 Wadi Lahmy 44 ] 27 2 7.5£0.5 | 56404 A. maring -
22 Qora'st Hartway 44 x} 28 12 7.840.3 | 6.0+0.3 A. maring -
Shadateen
23 Eil-Hamirah 44 1 281 7602 1 6.1203 A. maring -
Mangrove
24 Shalateen Island 43 4] 27 x1 77404 | 58404 A. marina -
25 Sharm El-Madfa'a 44 2 27 %1 7804 | 57404 Rhizophora -
mucronata
26 Marsa Sha‘ah 43 %1 28 =1 77203 § 62103 A. marina, -
R. mucronata ]
Halayeeb
27 Marsa Abu-Fasi 44 =1 27 %] 1904 | 59404 A. marina, -
A
mucronata
28 El-Hoor 43 %] 28 ] B1x02 | 52405 A. marina, -
R mucronata
29 Adal Deep 44 x1 29 %1 B20.2 1 53405 A. marina, -
R mucrongta
- Absent
+ Rare
-+ Commom

Examination of the collected specimens showed that the colony of
Ecteinascidia thursioni (Fig. 2A) consists of thick clusters of individual zooids
connected at their bases by a net work of stolons that adheres to the surface of
the object, e.g. pneumatophores of mangraoves, on which the colony grows.
Figure 2(B) shows that the community of E. thurstoni in Suez Canal usually has
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big colonies, while the community of Red Sea has small colonies at most sites as
shown in Figure 2(D). However, medium size or dense colonies were recorded
at Wadi El-Ra’ada as shown in Figures 2(E); and (F), respectively.

During the field survey in summer 2005, E. thurstoni was found in
mangrove habitats of the Red Sea, while other habitats which include coral reefs,
scagrasses, artificial hard substrates e.g. jetties, cement and metal pilings did not
have any individuals or colonies of such tunicate. On the other hand, along Suez
Canal coasts, E. thurstoni were reported flourishing on pilings of jetties, metal
and cement banks of the Canal especially at Bitter Lakes {Table 5), where the
species colonies were more frequent than in the Red Sea.

Table 5. Occurrence and tfrequency of E. thursioni at different habitais of Suez Canal and Red Sea
(summer, 2003).

Habital Occurrence Frecuency
Red Sca
Coral recf absent
Seagrass absent -
Mangroves Present less izzquent
Suez Canal
Seagrass absent -
pilings of jetlies ___present frecuent
Metal & eenicnt banks __present frecuent

During summer 2006 and 2007, along the Red Sea, the survey was
concentrated mainly on mangroves, where 29 sites were investigated (Table 4).
The survey showed that only at 4 sites out of 29, £. thursioni was present. These
sites were El-Rawisia at Nabg Protect Marine Park, Gulf of Agaba (north); and
the other three sites were Wadi El Qala'an, Wadi Rawad El-Adaiah, and Wadi
El-Ra'ada (south). At the first three sites, £. thurstoni was found and represented
by colonies that have very few, small zooids. These zooids were usually found
on preumatophores of the mangrove Avicennia marina, or on thallus of the
seaweed Laurancia obtusa (at EI-Rawisia). At the fourth site (Wadi El-Ra'ada),
E. thurstoni was represented by colonies witu relatively numerous zooids on the
basal part of pneumatophores of Avicennia marina. This site (Wadi El-Ra'ada)
was the most productive along the coast of Red Sea for collection of this
tunicate. Also, the field survey has shown that roots of the mangrove Rhizophora
mucronata along Shalateen — Halayeeb sector did not support any colonies of
this tunicate (Table 4). On the other hand, along Suez Canal, investigation of
nine sites during the same season has shown that the species usually flourishes
on pilings of jetties especially at Fayed on Bitter Lakes (Table 3), where big
colonies with large zooids were found and collected.

The maximum morphometric. characteristics of £. thurstoni colonies at
different sites were presented in Table 6. The Data showed that the population of
Suez Canal is more productive in terms of biomass, where the colonies could
reach a maximum weight of 300g at Fayed (Bitter Lakes) which usually grow at
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shallow calm water. The higher weight of colonies mainly related to colony
diameter, zooid length, weight, and number per colony. From Table 4, it is clear
that colonies with the maximum diameter (160mm) were collected from Fayed.
Also, colonies with the maximum number of zooids were collected from the
same site (250 zooid/colony) on the Suez Canal; and from Wadi El-Ra*ada (163
zooid/colony) on the Red Sea coast. Zooids that had a maximum length (20mn1)
were recorded at Fayed and Fanara on Suez Canal; and at mangrove of Wadi El-
Ra’ada (11mm). Also, zooids with a maximum weight of 1.3g and 1.2g was
recorded at Fayed and Fanara, respectively, while, they weighed 0.26g at Wadi
El-Ra’ada.

Table 6. The morphometric characteristics of E. thurstoni along Suez Canal and Red Sea
coasts (samples collected during summer 2006, 2007)

No. Site Max. diameter or length Max Max. weight Mux. Max. weight of
of colony number of of colony length of z00idl
{mm) zo0ids/ (g) 200id ()
colony L {mm)
Sucz Canal
3 El-Danva Club 70 110 90 17 .0
4 Tosun 70 150 120 17 1.0
s Deverseir 80 155 140 18 1.1
6 Abu -Sulian %0 140 130 18 1.1
7 Fayed 100 250 300 20 1.3
g Fanara 70 170 150 20 1.2
9 Kabreet 50 120 110 19 1.1
Red Sea
2 El-Rawisia Wery palclhy, separate, on 20 1.60 7 0.13

thallus of Lauraicia
obtusa, grawing on
poeunatophores.

17 Wadi Qala'an Very Patchy, separate, on 5 1.00 6 025
basal part of
pneumatophores.
18 W. Rawad El- Very paichy, separate, on 6 .00 7 0.25
Adziah basal part of
pneumatopliores.
19 Wadi EI- 130 mm, basal part of 163 kld 1l 0.26

Ra'ada | paeumatophores.

One-way ANOV A showed highly significant difference between sites of
Suez Canal and Red Sea for different morphometric characteristics (zooid
length, weight, and number per colony, as well as colony weight) (Table 7).

Table 7. One way analysis of variance for different ecological parameters and morphometric characteristics of
E. thurstoni between different stations.

Source of variation df Sum of squares Mean square F. value p. value
Salinity 5 216,658 43,332 0.319 0.898
Temperzture 5 83.511 16,702 0.119 0.987
pH 17 946,500 55.676 0.307 0.991
O 25 3615.500 144.620 1.8i9 0,140
Weight of zooid 6 200.667 33,444 25.948 0.0001+
Weight of colony 10 217250 21.725 86.500 0.0001*
Length of zooid 6 213.000 35.500 76.071 0.0001+
No. zooids/ colony 16 220000 13.750 55.00 0.0001+

P value <0.05%
* significantly different
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DISCUSSION

Results dealing with the distribution of the ascidian Ecteinascidia
thurstoni along Suez Canal and Egyptian Red Sea showed that it is like other
species of Ecteinascidia, has a seasonal pattern, usually present during summer
months. Its distribution is mainly related o seasonal fluctuation in temperature,
where, at {ow temperature, the colonies usually do regression to the stolons.
Those stolons usually buds again in summer to form new zooids and hence
colonies by asexual reproduction. A primary characteristic of Ecteinascidia
species, to consider, is its stolon-generated asexual growth by budding (Satoh,
1994}, Budding results in a rapid development of the colony and ensures the
animal's survival during adverse environmental conditions in winter (Carballo,
2000a). '

All over the world, the distribution of Ecteinascidia was described along
Estany des Peix Lagoon on Formentera Island, Spain {Carballo ef al., 1997),
mangels of Gulf of Mexica and the Yucatian Peninsula by Carballo (2000b), and
in Cuba by Hernandez-Zanuy et af. (2007}, where it was found in shallow waters
of 1-3m depth. Along Suez Canal and Egyptian Red Sea, the most interesting
point regarding its distribution was its occurrence at the most north of the Red
Sea (Gulf of Aqaba — E)-Rawisia) and farther south at Hamata mangroves; the
distance in between (600 km), couldn’t support any colonies of the tunicate
Ecteinascidia. This could be related to the settlement behavior of the larvae.
Ecteinascidia populations are highly gregarious due in part to low larval
dispersal, and so become very localized (Bingham and Young, 1991; Carballo,
2000a); the larvae tend to settle close to their parent colonies. The short distance
dispersal of the tadepole larvae, due to short life span (few hours), and the
location of the settlement structures (e.g. pneumatophores) close to the
population nucleus provide some guarantee of success for larval capture and
settlement and to prevent advection to inappropriate sites. So, this could partially
explain the patchiness existence of Ecteinascidia species along the Red Sea.
Other environmental conditions e.g. currents, tidal pattern, and predators could
play additional important roles on their distribution. Long-distance exchange
between isolated islands probably occurs through rafting of adults colonies on
fragmented mangrove roots rather than through larval dispersal (Bingham and
Young, 1991).

The other interesting feature is that the species has different
morphometric characteristics (zooid's length, weight, and number per colony, in
addition to coleny weight) at different locations of Suez Canal and Red Sea.
Suez Canal population had maximum morphometric characteristics than Red Sea
population (Table 6). Zooid length (height) ranges from 6émm to 20mm. The
minimum and medium zooid lengths were recorded at Red Sea sites, while thie
maximum zooid lengths or heights were recorded at Suez Canal sites. For
Mediterranean population of E. furbinata, zooid height or length ranged from
12.3mm to 20.65mm at the Estany des Peix Lagoon on Formentera Island, Spain
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(Carballo er al., 1997). In Phuket Province, southern Thailand, this tunicate is
only found in one reef area at 1-3 m dépth, on the Andaman Sea coast. The
zooid ranges between 8 and 12 mm in height (Chavanich et ai., 2005). These
populations with different morphometric characteristics could be studied for
their bacterial community, chemistry and genetics. The resulting information
could be implemented for achieving the biosynthesis of ET-743. The
development of this drug is hampered during last years due to the difficulty in
obtaining adequate cheap supply of the compound. Margo Hygood, Oregon
Health and Science University (Pers. Comm.) hypothesizes, that ET-743 is in
fact microbial in origin. It shows remarkable similarity to other microbial
secondary metabolites. So, characterizing the bacterial community as well as the
chemistry of Ecteinascidia species from different locations wiil be helpful to
identifv which bacterial species are common to all tunicates containing the
bicactive metabolites. Furthermore, identification of a non-bioactive population
of Ecreinascidia wouid be extremely valuable in determining the true symbionts
of the animal, as well as the potential source of the compound. Ultimately, this
will aid in further development of the compound in the lab and hence its
biosynthesis on an economic commerciaf scale.

Finally, it could be recommended to study the distribution of £
thrustoni and locating its different populations along Suez Canal and Red Sea
that could help in studying their genetics, as well as their chemistry and bacterial
community at different isolated locations, which will accurately help to define
the source of ET-743 and hence its biosynthesis on an economic commercial
scale becomes more cheaper than chemical synthesis.
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F. Big colony, Wadi Ra'ada, Red Sea

E. Medium colony, Wadi Ra'ada, Red Sea

Fig. 2. Colonies of E. thurstoni, collected from Suez Canal and Red Sea.
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