
.Mycosporine-like amino acids are water-soluble nitrogenqrs ~substances with 
strong absorption mqima :in the- range 310-360 run?.. As ,shown in Fig. 1, nine 
mycosporine;like ~amino acids, mycosporine-Gly (3) (&,_310 nm)2, palythine (4) (A,_ 
320 nm)_, shinorine (5)4A_3341un)~*‘, porphyra-334 (6) (A_334nm)7~8, aster-ma- 
330 47) (~_330~nm)?, palythinoI(8) (A-332 nm)lo~~palythenic acid (9 and 10) (A, 
337 nni)l’ .and zpalythene (11)(A.,,~360 rtn~)~*~~~, and two related compounds (1r3 
and 214) have been isolated from several marine animals (star&h, zoanthid, mussel 
and cod eggs) and plants (red algae). However, their rrjles and biogenesis in viw 
remain unknown. From their structural similarity and the variety of origins, the series 
of compounds are supposed to be related to one another, probably originating from 
shikimic acid, and to be distributed widely among numerous marine organisms. Pre- 
liminary results of our survey on the distribution of mycosporine-like amino acids in 
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marine organisms have shown that they are almost ubiquitous among algae and 
invertebrates, suggesting that they have important riiles in biological systems. Our 
interest in mycosporine-like amino acids is focused on their compositions in marine 
orgati.sNs ‘ab$ the st+Qites af tlieii: biogenetic@ly- related met abolites; In the, present 
work, we describe a m&thud for s&&ion of myeo$poriti+ike amino ii@ids 3-l O-and 
for rapid determination &heir compositions in’marine organisms by using reversed- 
phase highperformancc liquid- &i+~~&~g;taiphy. @p&Q; L 

EXPERIMENTAL 

Chemicals 
MCI gel CHP-20 (porous styrene polymer, 75-150 pm; 

(activated, chromatographic grade; Wako), acetic acid and 
glass-distilled water were used. 

Mitsubishi), charcoal 
ethanol (Wako) and 

Samples 
Mycosporine-like amino acids 3-6, 9 and 10 were isolated from the ascidian 

Halocynthia rorerzi, and 7 was isolated from the starfish Astez$na pectinifera as pre- 
viously reported g*ll. Substance 8 was kindly donated by Dr. Takano’O. 

The seaweeds Geldium amansiz’ and Cod&m fragile were collected at Misaki in 
Kanagawa Preficture in ApriI, the seaweed Pudina crassa and the sea sponge Huly- 
chondira japonica at Okinawa Islands in May, the zoanthid Palythoa tuberculosa at 
Ishigaki Island in May, and the mussel Mythiius edulis, the starfish Asterina pecti- 
nzjkra and the ascidian Halocynthia rove&i at Asamushi in Aomori Prefecture in 
November. The antarctic krill Euphusia sperba was obtained as frozen material. 
Marine organisms were stored at - 20°C until they were used. 

Chrumatographic apparatus and conditions 
The H:PLC apparatus consisted of au ALTEX pump Model lOOA, a Rheodyue 

injector Model 7125 equipped with a 20-~1 loop, a JASCO spectrophotorneter Model 
UVIDEC-1OOIII and a System Instruments Intelligent Integrator Model 70OOA. The 
prepacked columns used were MCI Hypersil ODS HY-SU (4. pm, Mitsubishi), 
ALTEX Ultrasphere ODS (5 pm) and Develo&il ODS-3 (3 IAm, Nomura), 25 cm #i 
4.6 mm I.D., and were eluted isocraticahy with dilute acetic acid. The mobile phase 
was filtered and degassed by using a Nucleopore poly&rbonate membrane with a 
pore diameter of 0.2 pm. Separations were carried out at room temperature (ca. 20°C) 
or at a temperature controlled by a. constant-temperature. water-bath Therm0 Elites 
Model BH-41 equipped with Neocool Dip Model BD-11 (Yamato). Absorbance was 
detected at 330 nm. 

Preparation of samples for HPLC analysis 
Samples for HPLC analysis were prepared as follows. The marine organism 

(ca. 20 g) was homogenized and extracted,thr.v times with 70 % ethanol (40 mI). The 
extract was evrip&ated to dryness r$$$& The residu$‘w& dissalired. in’2ti ml of 
water and the UV spectrum of the ~solution was measured *%fter, dilution in water to a 
convenient c~n~n~atipln,.,~~,~l~~lloti~O;~lO:.~~.:~~~~e,soiution; whase~pt+caJ den- 
sity WAS co. 1 at around 330-m& when it was diluted in water to 40 mI, was,applied on 
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TABLE I 

RETENTION TIMES OF MYCOSPORJNE-LIKE AMINO ACIDS ON THREE ODS COLUMNS 
AT ROOM TEMPERATURE 

Elueat: 0.1% acetic acid in water; flow-rate 1.0 @min. 
._ -.- 

Column Retention time )mi#a) 

5 6 4 

Hype& 3.81 6.51 7.44 
Ultrasphere 3.85 8.62 8.84 
Develosil 4.39 9.04 2.39 

,+ 

9 

13.00 
20.19 
10.26 

-____-- 
, 

a column of CHP-20 (5 cm x 7 mm I.D.), which was then eluted with water (15 ml). 
The eluate wa$ applied on a column of charcoal (3.5 x 1.5 cm I.D.), which was eluted 
with water (20 ml) and then with 50% ethanol, monitoring the UV absorption_ The 
SO % ethanol fractions showing UV absorption in the range 3 10-340 mu were col- 
lected (50-100 ml) and evaporated to dryness in vacua. The residue was dissolved in 
500 ~1 of water and aliquots of the solution were used for HPLC analysis. 

RESULTS AND DISCUSSION _. 

Mycosporine-like amino acids 3-10 were eluted from a charcoal column by 
addition of 50 o/o ethanol to water, whereas substances 1, 2 and 11 could not be 
recovered from the column even by use of higher contents of ethanol. On the other 
hand, only substance 11 was absorbed. on a column of CHP-20 and was eluted from 
the column by addition of 10 % ethanol to water. For the HPLC analysis of mycospor- 
ine-like amino acids, crude extracts of marine organisms were purified by a charcoal 

. - 
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Fig. 2. Effect of the concentration of acetic acid in the mobile phase on retention times ofmycosporine-like 
amino acids 4-6 and 9. Column: Hypersil ODS (25 em x 4.6 mm I.D.). Flow-rate: l~ml@iin. Room 
temperature. 

Fig. 3. Separation of mycosporiae-like amino acids 3-10 on Develosil ODS column (25 cm x 4.6 IIUD 

I.D.), Mobile phase: 0.02 % acetic acid in water; now-rate. I .O nil/min. Temperature: 15°C. 
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Fig. 4. Effect of temperature on retention times of mycosporine-like amino acids 3-10. Other conditions as 
in Fig. 3. 

Fig. 5. Chromatogram of mycosporine-like amino acids of the red alga Gefdium atnansii. Peak numbers 
and chromatographic conditions as in Fig. 3. 

column following a CHP-20 column. A mixture of components purified from each 
extract was dissolved in water and aliquots (l-20 ~1) of the solution were injected for 
HPLC analysis. 

The separations of mycosporine-like amino acids were carried out on reversed- 
phase columns using isocratic elution tiith dilute acetic’acid. The retention times of 
amino acids 4-6 and 9 were obtained on thre& different columns under identical 
solvent and flow conditions at room temperature (Table I). The retention time of 4 on 
Develosil ODS was much shorter than those on the other two columns. The difference 
may result from different amounts of free silanol groups. However, the substances 5, 
6 and 9 were eluted in the same order from the three columns, according to their 
hydrophobic properties. 

On Hypersil ODS, maximum retentions of 5, 6 and 9 were obtained at 0.2% 
acetic acid, whereas that of 4 was achieved at 0.05 y0 acetic acid (Fig, 2). The dif- 
ference is due to the presence of two carboxyl groups in substances 5,6 and 9 but only 
one in 4. 

Complete separation of substances 3-10 was achieved with Develosil ODS 

I 
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Fig. 6 C~omat~~~ofrnycospdrine-like amino acids of the antarctic’krill Euphasia sperh. Peak num- 
hers an 1 chroiiMt@raphic cottditionqwia Fig. 3. 
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TABLE II 

COMPOSITIONS OF MYCOSiPORtNE-LIKE AhtIN ACIDS IN MARINE ORGANISMS 

Reia:ive molar ratio 

3 4 7 8 5 6 9 10 

-wa 
Rbodophyceae 

Geldhtm amansii - 1.0 9.5 - 23 - - - 
Cblorophyceae 

Codium, fit&k? - 1.0 0.1 - 0.1 1.3 - - 
Phreophyceae 

Padina crassa 1.0 0.9 1.9 15 9,4 - - 
Invertebrate 
Porifera 

Hulychondrio japonico - 1.0 0.1 10.1 0.2 0.1 co.1 - 
Coelenterate 

Polythoa tuberculos~ 0.07 1.0 - 0.03 - - - _ 
Artbropoda 

Euphasia speba - 1.0 0.1 co.1 1.9 3.8 0.4 0.6 
Mollusca 

Mythilus edulis 0.2 1.0 0.1 - 2.4 0.9 0.2 - 
Echinodermata 

Asterina pectintyera 0.2 1.0 0.2 to.1 10.1 - - 
Protochordata 

Halocynthia roretzi 6.8 1.0 x0.1 co.1 0.6 0.9 0.3 to.1 

using 0.02 oA acetic acid as mobile phase at 15°C (Fig. 3). As shown in Fig. 4, their 
retentions depended on temperature to different extents, and baseline separation of 
each peak was obtained at 15°C. Under these conditions, substances 3-10 were sep- 
arately eluted in order of their hydrophobic properties, from 4 of the lowest hydro- 
phobicily to 10 of the highest, within 30 min. 

HPLC analyses of mycosporine-like amino acids in about 40 marine organisms 
were carried out under theoptimum conditions described above and good separations 
were obtained in all cases. In Figs. 5 and 6 are displayed chromatographic profiles of 
the red alga Gel&&m amumii and the antarctic krill Euphasicr sperba, respectively. 
Each peak was identified by comparing the retention time with that of an authentic 
sample and the amount of each substance was determined on the basis of the peak 
area obtained’by an integrator. Some of the results are summarized in Table II. The 
data show that substance 4 is contained in all the organisms examined and occurs as 
the main component in several organisms. 

The wide distribution of these mycosporine-like ammo acids could be ex- 
plained in terms of the food chain. The differences in their compositions may result 
from differences in the biological systems (c$, metabolism) of the marine organisms. 
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