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Study on Chemical Defense Mechanism
of Seaweeds against Marine Microbes
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Seaweeds are an important entity of the marine ecosystem since they function as the
primary producer in the marine food web. However, their existence and survival are
dependent on the abiotic factors like temperature, salinity, nutrient and sunlight. They are
also subjected to interactions with the biotic factors such as epiphytic bacteria, fungi, algae
and interactions between herbivores and plants. In this context, our understanding

pertaining to the interaction between seaweeds and microbes, particularly the marine
bacteria, is still in its infancy.

This study attempts to explain the presence of seaweed-bacteria interaction and the
existence of an antibacterial defense mechanism in seaweeds. Field investigation revealed
that Laminaria religiosa Miyabe is infected by a bacterial disease that caused thallus lesions
and bleaching during early April. In an effort to apprehend this phenomenon, surface
bacterial count was enumerated for healthy, diseased and recovered kelp thalli, using three
different media formulation. It became clear that bacterial count was highest on diseased

kelp, 5830 CFU/cmz, while healthy and recovered kelp showed lower counts, 2050

CFU/cm? and 2565 CFU/cm?2, respectively. Eight species of bacteria were isolated from
this kelp, Alcaligenes aquamarinus, Alteromonas sp., Azomonas agilis, Azotobacter
beijerinckii, Erwinia amylovora, Escherichia coli, Halobacterium sp. and Halococcus sp.
Scanning electron microscope findings gave much needed information on the algal cellular
conditions and relative bacterial abundance on the kelp thallus. Subsequent pathogenicity
test revealed Alteromonas sp. as the pathogenic bacteria by proving Koch’s postulates.
However, since this kelp was able to survive and recover from this disease by early June,
the presence of an antibacterial defense mechanism was anticipated. Hence, the kelp thallus
was extracted in methanol and the active compounds were isolated through a “bioassay
guided separation” protocol. This step gave four active glycoglycerolipids, MGDGs,
MGMGs, DGDGs and SQMGs. Prominent antibacterial activities were shown by MGDGs
and MGMGs, while DGDGs and SQMGs showed relatively weaker activity. Consecutive
efforts showed that the seasonal quantitative fluctuation in these active glycoglycerolipids
correlated well with the disease dynamics in this kelp. Detailed examination of the abiotic
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factors at the study site showed that the onset of this kelp disease coincided with the 60%
drop in seawater salinity and a drastic increase in its temperature. These drastic changes in
abiotic parameters would have weaken the kelp and made it vulnerable to bacterial intrusion
and infection. At this juncture, it was apparent that Laminaria religiosa has an inherently

available antibacterial defence mechanism to protect itself against any bacterial intrusion.

The second half of this study involves attempts to establish the possible biological
role of halogenated secondary metabolites isolated from red algae, Laurencia species
collected from the Malaysian and Japanese waters. The structures of the isolated
compounds were determined through various spectroscopic methods and these compounds
were tested for antibacterial activities against bacteria isolated from the respective niches.
Specimens collected from the Malaysian waters yielded six halogenated compounds with
two new compounds. These compounds were tested for the possible presence of
antibacterial activities against 13 species of marine bacteria isolated from the Malaysian
algal habitats. Potent antibacterial activities were seen in elatol (1) and iso-obtusol (2).
However, lembyne-A (3), 2,3,5,6-tetrabromoindole (5) and 1-methyl-2,3,5,6-
tetrabromoindole (6) only showed moderate antibacterial activities. While, lembyne-B (4)
did not exhibit any antibacterial activity. On the other hand, Laurencia species collected
from the Japanese waters yielded nine known compounds and two new compounds.
Antibacterial activities were tested against eight species of marine bacteria isolated from the
Japanese algal habitats. Potent antibacterial activities were seen in laurinterol (12),
isolaurinterol (13), cyclolaurenol (14), cupalaurenol (15) and 10-bromo-7-hydroxylaurene
(16) including a small amount 10,11-dibromo-7-hydroxy-laurene (17). The two new
compounds, mariannenyne (7) and 10-bromo-9-hydroxy-chamigra-2,7(14)-diene (9)
showed moderate antibacterial activities. While, 2-bromo-3-chloro-5-acetoxy-chamigra-
7(14),9-dien-8-on (8), (Z)-10,15-dibromo-9-hydroxychamigra-1,3(15),7(14)-triene (10) and
(E)-10,15-dibromo-9-hydroxychamigra-1,3(15),7(14)-triene  (11), showed almost no
antibacterial activity. In essence, the isolated halogenated compounds exhibited anti-
bacterial activity against almost 75% of the marine bacteria tested. The possible biological
roles of these halogenated compounds are substantial if we contemplate on their distribution
in the seaweed’s tissues. It has been suggested that these compounds are stored in the
organelles called “corps en cerise”, an unusually swollen refractile inclusion, that are
located in the outer cortical layers and trichoblast cell of Laurencia. “Corps en cercise” are
absent in the inner cortical layers, and their specific distribution pattern could be suggestive
of their importance as barricades to withhold any bacterial intrusion.

In conclusion, this study has provided valuable information pertaining to the
seaweed-bacteria interactions. It is also suggestive that seaweeds employ chemicals as their
antibacterial agents in their effort to confront pathogenesis. It became apparent that
seaweeds are equipped with an inherently available antibacterial defense mechanism to
withstand the harsh demands of the marine environment.
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BHEEBERICBVT, BEEIZOMEY N7FYT7DHE) CTREINARNSLEE
LTW%. H2EOMEERIL. BEFREOVEVGEBE THORERBREZEARLTESLL
Tndo COZ EE. TS DEBEDPEELRBEDIIN U TH S DO EEE 22 TV
52 LETELTNWS,

R IL, BHEORBICBIT 2 —REEE L UTEELRARIBEE L AOBEMED &
DOHEFHZBHALEZDOTH S, HFEER., ETBEERBRBICEET TSRV A0
> 7 (Laminaria religiosa Miyabe) ¥ 0 ME & OHMEERAZHES»IC Lk,

JEHEEMEERRBOTY A 3V THE (E5) clX. BEELIC THER) PRAIZH
%0 COWE (BHEREIHRHME L AEBRESND) X, 4B¥IOISHEICHITTHEE
CRONSATRICEHEET 2, BESEIX. REIV 7EGREE@ED Y TEERED S
N7F)T7EERU. Bk (BB REE BREYRY) CL-oTHETRI LLHIIS
NRIFVP7OREZEBILE. ZORER. MEIL TEALSSEONIF Y PERAEL, X
SIREIVTREADONIF ) PiX,. LIV TEHDMEZ L EETIIEEZHALDPICL
o oy BAVTRELEEHEFEMECHEL. WEI LV TRATEINITITO
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(Koch's postulates) 1> CTREMMEZRE L. IV TREICHEET 28D/ 5
TEREELLUEELOY TICER L 2 A, Alteromonas sp.D&H DREBEKIIN UTRE
ZHERILEZ LS, CONVF U PHREMAETCHIILE2OE LD,
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PHICX I HEEBOEEZBE L TRY X0 Y 7OoMESC DWW THAEESEYED X 7
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O MEEWMEEELTHA2OPIZELTIRELS DD 2 TRV, BHEELX. ZhsDn
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ELTYUV—VT7EDVY EHAE (WEE, ERBER) ovVicownwenoly A&y
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CEBEOEELKEZBETCH LRV ATV TICRASND TEERK,Y CEDIHEMAED
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