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Coastal waters provide an environment which is abundantly rich in 
nutrients and biomass. The environmental pressures on these 
regions are par t icu lar ly  intense. Many pol lutants, including 
human sewage and industr ial  wastes, are added to coastal waters 
providing nutrients and increasing the microbial population. One 
mechanism for species survival in a highly competitive si tuat ion 
is the release of bioactive metabolites. I t  is a stratagem to 
f a c i l i t a t e  survival and overcome competition found in te r res t r ia l  
and marine vegetation (Norris and Fenical 1982). 

Since the pioneering work of Pratt (1942) on the antibacterial  
a c t i v i t y  of ch lore l l in  produced by Chlorella, many researchers 
have studied the ant ib io t ic  ac t i v i t y  of substances produced by 
phytoplankton. These secondary metabolites include unique fa t ty  
acids, halogenated compounds and pigment derivat ives (Sieburth 
1959, Trick et al. 1984, Mason et al. 1982, Bruce and Duff 1967, 
Gauthier et al .  1978). In a study of a wide spectrum of plank- 
tonic algae, Duff et al. (1966) found the greatest antimicrobial 
ac t i v i t y  among the Bacillariophyceae, Chrysophyceae and Crypto- 
phyceae. While most green algae are poor producers of antimicro- 
b ia ls,  a survey of the Volvocaceae showed that this family con- 
tains members which produce a non-protein, heat labi le substance 
that inh ib i ts  the growth of other planktonic algae (Harris 1971, 
Harris and Parekh 1974). 

The present study was undertaken to examine the production of an 
an t ib io t i c  substance from four strains of the marine alga, 
Dunaliella, two from waters of high pollut ion and two from waters 
of low pol lut ion. 

MATERIALS AND METHODS. 

Dunaliella is a unicel lu lar green f lagel late of the Order 
Volvocales. The ecotypes studied were D. salina isolated from 
San Francisco Bay, CA (DSA), from Great Salt Lake, Utah (DSU), 
and from Long Island Sound, NY (DSL). D. bardawil was isolated 
from the Sinai, Egypt (DB). They were grown in 250mi shake 
f lasks, containing 150mi of a r t i f i c i a l  sea water medium. 
Send reprint requests to Dr. Bonnie Lustigman at the above 
address. 
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modified DC medium (Provasoli et alo 1957), at 22~ with 
continuous l i gh t  of 1500 lux in an environmental chamber. 
Cultures were harvested at 7, 14, 21 and 28 days. I t  was found 
that  the greatest a c t i v i t y  was produced at 21 days, which 
corresponded to late log phase. 

Cultures were centr i fuged at 1500 Xg for 10 minutes. The pe l le t  
of ce l ls  was lysed with 20ml of d i s t i l l e d  water and examined with 
a microscope for l y s i s .  Both supernatant and lysed cel ls  were 
tested for a n t i b i o t i c  production by challenge against a series of 
gram (+) and (-)  organisms, Mycobacterium smegmatis and 
Saccharomyces cerev is iae.  Each cul ture was tested four times. 

In the addit ional  research, DSA was used since th is  isolated 
s t ra in  showed the greatest a c t i v i t y .  The pel le t  was prepared as 
before, then treated with 50ml of the fol lowing solvents to deter- 
mine s o l u b i l i t y :  methanol, ethanol, propanol, butanol, ethyl 
acetate, water, chloroform. Effectiveness was measured by 
immersing f i l t e r  paper discs into the solvent systems. The disks 
were then removed and placed in s t e r i l e  glass petr i  dishes to dry 
at 4~ in the dark. The length of time for drying varied from 24 
hours to 4 days dependent on the solvent.  Solvent controls were 
used. The control discs were immersed in the solvent chemical 
then l e f t  to dry for the same time period as the experimental 
d iscs.  Af ter  being thoroughly dry, the discs were placed on lawns 
of the test  bacter ia.  Zones of i nh i b i t i on  were measured at 24 hrs. 
Each solvent was tested a minimum of four times. 

To measure the ef fect  of temperature, the pel let  of ce l ls  was lysed 
in d i s t i l l e d  water as before. Five ml samples were exposed to 4, 
25, 37 or 45% for I hr. or 24 hrs. The lysed cel ls  were then 
added to wells made in agar plates that were seeded with bacter ia.  
Zones of i n h i b i t i o n  were measured at 24 hrs. The procedure was 
repeated four times. 

To measure the ef fect  of pH, the pel let  was treated as above. 
5ml samples were exposed to pH 4, 7, 9, I i  for  I hr. or 24 hrs. 
Af ter  the a l lo t ted  time, the sample was brought to pH 7. The 
sample was then added to wells and treated as described above. 
The procedure was repeated four times. 

The 

Pel lets were exposed to 0.5 mg/ml of DNAse RNAse, protease or 
i000 IU/ml pen ic i l l i nase for 24 hrs. at 22~ The sample was then 
added to wells and treated as above. This procedure was repeated 
four t imes. 

RESULTS AND DISCUSSION. 

The resul ts of th i s  study indicate that a broad spectrum an t i -  
b i o t i c  substance is produced by two of the isolated Dunal ie l la 
cu l tures,  DSA and DSL. These cultures were isolated from waters 
of high po l lu t ion .  No zones were seen with DB or DSU from waters 
of low po l lu t ion  (Table I ) .  Lysed cel ls  were more act ive than the 
supernatant. Figure 1 shows the zone produced by lysed DSA. 
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Figure 1. Zone of i nh ib i t i on  produced by lysed DSA ce l l s  (0.1 ml) 
with Escherichia c o l i .  I .  DSA 2. Sea water medium 

Table 1. Zones of i nh i b i t i on  produced by Dunal ie l la  sal ina (mm) 

Organism DSA DSL 
Lysed ce l l s  Supernatant Lysed ce l l s  Supernatant 

E. col i  15+2.20 13+1.40 13+3.47 12+2.38 
P. aeruginosa 16+-3.25 12u 14u 12u 
P. vulgar is  15+- -2 .57  10u 14u 1~3.61 

gallineum 16+-3.34 11u 13u 11#2.17 
S__~.epidermidis 13u 12T1.62 I IT I .92  10u 
M. luteus 10+-2.63 10u 11u 10u 
B. s u b t i l i s  - - - 

S. cerevisiae - - - 
No zones with D. bardawi l ,  0. sal ina from Great Salt Lake, Utah. 

Table 2. Solvent a c t i v i t y  

Organism H20 Acetone Ethyl Acetate Propanol Butanol 

M. smegmatis 

E. col i  16+1.2 12+0.8 18+2.4 20+2.5 
S. gal I ineum 17u 12+0.6 15u - -  16u 
M. I uteus 10u 12u 10u 13u 
P. vulgar is  - -  -Z 18u 18+1.5 17u 
P__t- aeruginosa - 12u 23u 25u 
S__ m. epidermidis 15+_1.4 11+_0.9 13T1.3 17T1.0 19+_-2.4 
B. s u b t i l i s  - - - 

I 

Solvents methanol, ethanol,  and chloroform showed no a c t i v i t y .  
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Solvent a c t i v i t y  showed that  the la rgest  a lcohol ,  butanol ,  had 
la rges t  zone of i n h i b i t i o n  (Table 2).  Ethyl acetate was next.  
Propanol and water were also ac t ive .  The smaller a lcohols ,  
methanol, and ethanol had no a c t i v i t y ,  nor did chloroform. 

the 

Table 3. Ef fect  of temperature on a c t i v i t y  of lysed ce l l s  of  DSA 

I Hr. 
Organism 40 250 370 450 
E. co l i  13.9+1.57 14.0+1,29 9.6+6.73 - 
P. aeruginosa 13.1u 14.0u 3.5u - 
~ v u l g a r i s  ~ -- ~ _ 
T .  epidermidis 11.9+1.14 12.0+1.79 6.2+5.95 - 
M. luteus 13.7u 14.3u 7.4+-7.23 - 
~ s u b t i l i s  ~ ~ ~ - 
24 Hr. 
E. co l i  13.4+1.62 14.0+1.38 7.3+6.92 - 
P. aeruginosa 10.2+___6.06 10.6T6.07 5.2+~8.06 - 
P. vu lgar i s  . . . .  
S__~.epidermidis 12.7+1.38 13.3+1.80 6.7+6.32 - 
M. lu teus 13.0#1.03 13.6T2.23 5.1u - 
B. s u b t i l i s  - - - 

The substance is inac t iva ted  by uv l i g h t .  I t  is heat l a b i l e  
(Table 3).  A c t i v i t y  was destroyed by 45~ w i th in  I hour and there 
was decreased a c t i v i t y  at 37~ I t  was inac t iva ted by acid pH 4, 
but a l ka l i ne  pH I I ,  did not decrease a n t i b i o t i c  a c t i v i t y  (Table 
4) .  Enzymes fo r  DNA, RNA, prote in or p e n i c i l l i n  were not e f f ec t i ve  
in destroying a c t i v i t y  i nd ica t ing  that  the substance is a heat- 
l a b i l e  non-protein mater ia l .  

Table 4. Ef fect  of pH on a c t i v i t y  of lysed ce l l s  o f  DSA 

I Hr. 
Organism 4 7 9 I i  
E. co l i  - 13.2+1.30 13.0+0.71 14.0+1.22 
F.. aeruginosa - 12 .~0 .89  1 4 . ~ i . 0 0  14.2TI.30 

vu lgar i s  - ~ - _ 
~_~_. epidermidis - 11.7+1.37 12.3+1.51 14.0+0.63 
M. luteus - 13.7u 14.5u 14.8u 
B. s u b t i l i s  - 
24 Hr. 
E. co l i  - 12.8+1.33 14.0+0.63 14.8+1.60 
P__t- aeruginosa - 13.8+_-1.33 14.2_T0.75 15.2~0.41 
P. vu lga r i s  
S__ t. epidermidis - 12.0+1.10 13.8+0.75 14.5+1.38 
M. I uteus - 13.6u 13.6u 15.2u 
B. s u b t i l i s  - - - 
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The ant ib io t i c  substance is produced by those strains of 
Dunaliel la which were isolated from waters of high pol lu t ion,  but 
not from those of low pol lut ion.  The active strains f lour ish in 
environments which contain numerous bacteria and other microorgan- 
isms. Forms which can survive in a stressed environment need to 
have some adaptive advantage to allow for the i r  growth. The re- 
lease of an t ib io t i c  or al le lopathic chemicals into seawater wi l l  
give an adaptive advantage to the releasing organism (Barbier 
1981). I t  w i l l  a l te r  the microenvironment surrounding the re- 
leaser and provide i t  with enhanced space and sunl ight.  The re- 
lease of bioactive metabolites represents one mechanism of species 
survival in a highly competitive s i tuat ion.  
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