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While thraustochytrids, a group of unicellular marine straminipilan protists, have been found to be abundant in the 
water column, little is known of aplanochytrids. These constitute one of the 3 groups belonging to the Labyrinthulomycetes. 
Aplanochytrids were isolated from 34 out of 76 zooplankton samples from different strata in the 0–1000 m water column in 
the equatorial Indian Ocean. None of the samples yielded thraustochytrids in culture, suggesting that aplanochytrids might 
be more prevalent in the zooplankton samples of these waters than thraustochytrids. Fourteen isolates of aplanochytrids 
were studied with reference to their colony and cell morphological characteristics, carbon and nitrogen nutrition and the 
production of four degradative enzymes. All isolates produced proteases, but not lipase, amylase or chitinase. Major 
interesting features of several isolates included the production of motile amoebae, preference to pentoses and disaccharides 
and the common preference to glutamate. Cluster analysis based on all the characters showed no clear relations to 
morphological or physiological traits of the isolates, thus indicating the unreliability of these characters in taxonomy of 
aplanochytrids. All isolates corresponded to taxon Aplanochytrium yorkensis. The differences observed in these isolates 
correspond to variations in populations of A. yorkensis inhabiting zooplankton in the Indian Ocean and not related to 
different species of the genus. 
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Introduction 
Aplanochytrids are fungoid, exclusively marine, 

unicellular protists belonging to the Phylum 
Labyrinthista (Labyrinthulomycetes) of the Kingdom 
Straminipila1-3. All three groups of Labyrinthulo-
mycetes, namely labyrinthulids, thraustochytrids and 
aplanochytrids are characterized by the production of 
plasma membrane extensions called the ectoplasmic 
net elements (EN). Cells of labyrinthulids are enrobed 
in EN as a colony and move within them, while cells in 
the other two groups are not covered by the EN. 
Thraustochytrids reproduce by heterokont, biflagellate 
zoospores. Aplanochytrids are differentiated from 
thraustochytrids by the presence of spores that move in 
a gliding manner using the EN. In addition, cell walls 
of aplanochytids contain mostly fucose rather than 
galactose as in thraustochytrids. Aplanochytrids are 
comprised of the single genus Aplanochytrium4. 
Leander & Porter5 redefined this genus by transferring 
five species of Labyrinthuloides Perkins and one 
species of Labyrinthula under Aplanochytrium.  

Aplanochytrids have so far been isolated from 
water samples, sediment, detritus, oyster mantle, 
gastropods and seagrasses3, 6. Although Raghukumar 7 
reported their presence in the water column of the 
southern Arabian Sea, few detailed studies have been 
carried out on their occurrence in oceanic waters. This 
paper reports results of our studies on aplanochytrids 
isolated from zooplankton specimens from the 
equatorial Indian Ocean.  
 

Morphological differences, G + C content of DNA, 
nitrogen uptake ability and molecular phylogeny of 
these organisms have been studied so far6,8. The 
taxonomy of aplanochytrids is beset with problems 
since many morphological characters that are used for 
their classification overlap6. Besides, physiological 
differences among various species of aplanochytrids 
based on their carbon and nitrogen nutrition, as well 
as extracellular enzyme production have not been 
studied in detail. In view of this, we have 
characterized 14 isolates obtained from zooplankton 
in terms of their morphology, carbon nutrition and 
nitrogen nutrition in an attempt to examine if such 
criteria would be useful in classifying species of this 
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group and if they would throw more light on their 
ecology.  
 
Materials and Methods 

Isolation of aplanochytrids−All samples were 
collected from the equatorial Indian Ocean during 
Cruise # SK 196 and SK 212 on board ORV Sagar 
Kanya during September 2003 and October 2004, 
respectively (Fig. 1). Zooplankton samples were 
collected using a Multiple Plankton Net (MPN, 
MultiNet Type Midi with 200 µm mesh nets, 
Hydrobios, Germany) from 4 depth ranges, either 
from 500 m to surface or 1000 m to surface  

(Table 1). Zooplankton samples were washed in 
sterile seawater and plated on to Modified Vishniac 
(MV) Agar plates (0.001% liver infusion broth, 
0.01% yeast extract, 0.15% peptone, 0.1% dextrose 
monohydrate)9 supplemented with 40000 U Procaine 
Penicillin, 0.075 g Streptomycin (Trade name 
Ambystrin-S) and 1% fetal bovine serum under 
sterile conditions. During SK 212, fecal pellets of 
zooplankton were also plated on the same media 
plates one hour after MPN sampling, by sieving the 
seawater in which zooplankton were incubated after 
collection through 100 µm mesh, collecting the 
filtrate and plating out 0.1 ml of the filtrate. The 
plates were incubated for 7-14 days and the colonies 
obtained were sub-cultured on to sterile MV agar 
plates and sterile seawater plus autoclaved Artemia 
larvae. Growth on these plates and Artemia larvae 
was observed after four days of inoculation. Cultures 
were maintained by routine sub-culturing on MV 
agar tubes.  

Morphological studies−Cultures were streaked on 
MV agar plates and their cell and colony 
morphology was studied under microscope after 7 
days of incubation. A coverslip was gently placed 
over the cultures and the plates were examined using 
Carl- Zeiss ‘Axioskop’ 2 plus microscope (Sr. # 
80428). Some of the cultures were studied using a 
modified continuous flow chamber described by 
Raghukumar10. All cultures were photographed using 
a Zeiss AxioCam digital camera.  
 

Physiological characterization−Growth of the 
isolates was determined in presence of different 
carbon sources, namely lactose, galactose, sucrose, 
starch, ribose, glucose, maltose, xylose, rhamnose, 
meliobiose, arabinose, cellobiose, raffinose, fructose, 
trehalose and xylan. The sugars were autoclaved 

Fig. 1ORV Sagar Kanya station locations in the equatorial
Indian Ocean during cruises SK 196 (September 2003) and SK
212 (October-November 2004). The alphabets towards the left
and right of the stations indicate depth ranges where
aplanochytrids were obtained during SK 196 and SK 212
respectively. Key: a-1000 m to surface, b- 500 m to surface,
c-300 m to surface, d- 200 m to surface, e- thermocline to surface,
f-1000 to 500 m, g-500 to 300 m, h- 300 to 200 m and i-200 m to 
thermocline. 

 

Table 1Depth and location in the equatorial Indian Ocean from which aplanochytrids were isolated. 
 

Date Latitude Longitude Depth (m) Isolate No. 
05 Sep. 2003 02° 59.5’ N 77° 01.4’ E 300-200 S1961 
05 Sep. 2003 02° 59.5’ N 77° 01.4’ E 200-40 S1962 
05 Sep. 2003 02° 59.5’ N 77° 01.4’ E 40-0 S1963 
06 Sep. 2003 02° 00.1’N 77° 00.3’ E 40-0 S19610 
07 Sep. 2003 01° 00.2’ N 77° 00.0’ E 200-40 S19615 
28 Oct. 2004 00° 59.893’ S 80° 30.317’ E 1000-500 S2121 
28 Oct. 2004 00° 59.893’ S 80° 30.317’ E 60-0 S2122 
29 Oct. 2004 01° 28.917’ S 80° 30.629’ E 60-0 (faecal pellets) S2123, S2124 
30 Oct. 2004 01° 55.932’ S 80° 39.926’ E 200-60 S2125, S2126, S2127
30 Oct. 2004 01° 55.932’ S 80° 39.926’ E 500-300 S2128 
06 Nov. 2004 00° 00.539’ S 92° 58.552’ E 30-0 (faecal pellets) S2129 
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separately and added at a final concentration of  
0.1 % to the medium. Inoculum for all the 
experiments was prepared by inoculating 20 ml of 
MV broth with 3- day old culture growing in sea 
water- pine pollen. This was then used to inoculate 
50 ml of MV broth and allowed to grow for 3 days. 
The later was used to inoculate all experimental 
flasks containing 20 ml of the medium. At each step 
5 % of inoculum was added. The growth was 
checked after 3 days of inoculation by measuring the 
increase in dry weight.  
 

Nitrogen requirement of the isolates was 
examined by growing in the presence of different 
amino acids, namely proline, cystine, cysteine, 
ornithine, glycine, alanine, serine, lysine, arginine, 
asparagine, threonine, glutamic acid, histidine, 
leucine, phenylalanine and tryptophan. The amino 
acids were filter-sterilized and added at a final 
concentration of 1 % amino acid into the medium 
containing 0.6 % agar, 0.1 % dextrose and 0.025 % 
KH2PO4 supplemented with 1 % fetal bovine serum, 
20000 U Procaine Penicillin, 0.0375 g Streptomycin 
(Trade name Ambystrin-S) and 0.1 % vitamin mix 
(0.005 % of riboflavin and cyanocobalamin). The 
growth pattern on the agar plates was monitored 
after 5 days of inoculation. The diameter of the area 
over which each colony spread was measured. 
 

Production of extracellular enzymes−The isolates 
were plated on MV agar plates supplemented with 1 
% each of skimmed milk (Trade name Sagar, India), 
Tween 80 with calcium chloride, starch and chitin to 
observe for the production of protease, lipase, 
amylase and chitinase enzymes respectively. Chitin 
(Hi Media) was dissolved in 50 % sulphuric acid and 
precipitated with cold distilled water by diluting it 
15 fold. The precipitate was washed with distilled 
water till the pH was close to 7.0. It was then 
autoclaved separately and incorporated in the media 
to check for the zone of clearance as an indication of 
positive chitinase production. Protease production 
was examined as the zone of clearance of milk 
around the colony. Production of lipase and amylase 
enzymes was examined according to Molitoris11. 
Growth on all the plates and production of enzymes 
was monitored after 5 days of inoculation. 
 

Cluster analysis−Similarities among all the 
isolates were analysed by cluster analysis using 
unweighted pair group average method in Statistica 
v 5.0 software and phenograms were plotted. All the 
physiological characteristics, cell and colony 

morphological characteristics were taken into 
consideration for cluster analysis. 
 

Results 
Aplanochytrids were isolated from 34 out of 76 

samples collected from various depths in the two 
cruises (Fig. 1). Samples from all depth ranges, 
namely 1000 m to the surface yielded aplanochytrids 
in culture. Out of these, a total of 14 isolates were 
purified. Five of these were isolated during September 
2003 and the remaining 9 during October 2004  
(Table 1). Three isolates were obtained from the 
plates on which the filtrate containing fecal pellets 
was plated. 

Morphological studies−Two distinct types of 
colony morphology were observed among all the 
isolates (Table 2, Fig. 2A-D). These were (1) colonies 
producing distinct broad rays of continuous band of 
cells (Fig. 2A, B) or patches of cells spreading from 
the edge of the colony outwards (Fig. 2C) and  
(2) colonies forming clumps of cells on the agar 
surface (Fig. 2D). Five isolates produced cells that 
penetrated the agar, while others did not (Fig. 2A). 
Amoeboid cells were consistently or occasionally 
produced by some (Fig. 2E). Most of the isolates 
produced fine filaments of EN (Fig. 2F) with six 
isolates showing broad areas in between (Fig. 2G) and 
two isolates producing only broad filaments instead of 
fine ones (Fig. 2H). EN elements of isolate S2125 
though fine in nature, had very broad base (Fig. 2I).  
 

The differences in cell morphology of all the 
isolates are presented in Table 3. Cells were generally 
spherical in shape (Fig. 2E). Cell size ranged from a 
minimum of 7.8–13.0 µm to a maximum of 19–27 µm 
for mature cells just before differentiation into 
zoospores, and 13.8–14.9 µm to 19.4–35.0 µm for 
sporangia containing mature spores. Spores varied in 
size from a minimum of 3.1 to 4.5 µm to a maximum 
of 4.8 to 7.0 µm. The number of spores varied from a 
low of 12 to 13 per sporangium to a maximum of 26-
32. Much overlap in cell size, spore numbers and 
spore size was noticed among isolates between these 
extremes. Spores varied in shape from circular, ovoid, 
ellipsoid or cuniform (Fig. 3A-D). Spores moved out 
of the sporangia with a gliding movement using the 
EN (Fig. 3E-G). During the release of spores from the 
sporangium, the cell wall of the sporangium either 
disintegrated completely (Fig. 3E, F) or a tear was 
produced at one or two points (Fig. 3H, I). The spores 
were released through these points leaving behind the 
cell wall intact in case of the later type of the cultures. 
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Table 2Colony characteristics of 14 isolates of aplanochytrids isolated from equatorial Indian Ocean. 
 

Isolate  
No. 

Agar  
penetration 

Rays of  
continuous band of 

cells 

Rays of  
disjoint  

patches of cells 

Rays sprawling 
from  

center outwards 

Rays sprawling 
from periphery  

of colony 

Clumps  
without rays 

S1961 + + - + - - 
S1962 + - - - - + 
S1963 + + - + - - 

S19610 + - + - + - 
S19615 + + - + - - 
S2121 - - + - + - 
S2122 - - - - - + 
S2123 - + - + - - 
S2124 - - + - + - 
S2125 - + - + - - 
S2126 - - - - - + 
S2127 - - + - + - 
S2128 - - + - + - 
S2129 - - - - - + 
Key: + Present 
     - Absent 

 

 
Fig. 2Photomicrographs of aplanochytrids from equatorial Indian Ocean - A.) colony of isolate S1961 producing rays of continuous band 
of cells with agar penetration, B.) colony of S2123 with same type of rays without agar penetration, C.) colony of S2127 producing rays of 
disjointed patches of cells from the edge of the colony, D.) clump-like colony of S1962, E.) amoeboid cells amidst the spherical vegetative 
cells, F.) cells possessing very fine filaments of ectoplasmic net elements, G.) cells possessing fine EN filaments with broad areas in between, 
H.) cells with broad filaments of EN and I.) cells possessing EN with a broad base (Scale in figures A to D represents 100 µm and in figures 
E to I represents 10 µm). 
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Physiological characterization−All isolates 
showed varied response to utilization of different 
sugars (Figs. 4-6). They utilized a broad range of 
sugars except for a few. Eight out of the 14 isolates 
showed a preference for disaccharides like maltose, 
trehalose, rhamnose, cellobiose and lactose. Three 
isolates viz., S1961, S1963 and S2129 grew 
maximum in the presence of pentoses like ribose and 
xylose. In case of hexoses, most of the isolates 
showed preference for fructose over glucose except 
for the isolates S1961, S19615, S2121 and S2126, 
which preferred glucose and then galactose over 
fructose. Isolates S2122, S2123 and S2124 showed 
maximum growth in the presence of galactose. Isolate 
S2126 exhibited best growth in the presence of xylan 
followed by isolates S1962 and S19615 whereas the 
other isolates exhibited poor growth in its presence. 
With regards to amino acid utilization, all of them 
showed better growth in the presence of proline and 
glutamic acid followed by alanine and sometimes 
lysine (Fig. 7-9). Serine, glycine and ornithine too 

favoured some growth but lesser than that observed 
with the ones mentioned earlier. Histidine, arginine, 
asparagine, cystine cysteine and the aromatic amino 
acids did not induce any growth. 

Enzymatic studies−Ten isolates showed degrada-tion 
of milk protein indicating production of protease 
enzyme but none of the isolates produced lipase, 
amylase or chitinase enzymes (Table 4). 
 

Cluster analysis−Phenogram 1 was plotted using 
physiological as well as cell and colony morphology 
characteristics (Fig. 10A) and phenogram 2 was plotted 
using only the physiological characteristics (Fig. 10B). 
Phenogram 1 groups all the isolates in two main 
clusters; one containing larger cells up to 27.8 µm and 
larger sporangia (> 25 µm) and the other cluster 
containing smaller cells in the range of 7.8 to 15.4 µm 
and smaller sporangia (< 25 µm). The subgroupings 
within these clusters could not be related specifically to 
any morphological characters and carbon and nitrogen 
requirements, various characters appearing scattered 
among the clusters.  

Table 3Difference in cell morphology of 14 isolates of aplanochytrids isolated from equatorial Indian Ocean 

Size (µm) of Isolate  
No. Mature cell before 

formation of spores 
Sporangium 

containing fully 
mature spores 

Spore 

No. of 
spores 

Released spore 
 shape 

Presence of 
ectoplasmic  

net 

Presence of  
intact cell wall 

Presence of 
amoeboid 

cells 

S1961 19.1-27.8 19.4-35.0 5.0-5.8 23-28 Cuniform Fine with broad 
areas 

disintegrating Present  
sometimes 

S1962 9.4-13.5 13.8-14.9 3.8-4.6 - Circular, cuniform Fine filaments - nil 
S1963 10-15.4 13.3-16.9 3.1-4.5 26-32 Circular, cuniform, 

ellipsoidal 
Fine filaments Present (break at 

two points) 
nil 

S19610 15.7-20 20.0-20.2 3.1-5.8 17-21 Circular Fine with broad 
areas 

disintegrating nil 

S19615 10.6-13.3 10.6-17.6 3.3-3.8 16-26 Cuniform, ellipsoidal Fine with broad 
areas 

Present (break at 
one point or 

disintegrating) 

nil 

S2121 10.7-12.0 14.5-16.4 3.9-5.0 15-22 Cuniform Fine with broad 
areas 

disintegrating nil 

S2122 7.8-13 13.3-17.5 3.8-4.9 16-18 Circular, cuniform Broad  Present (break at 
one point) 

present 

S2123 10.3-15.7 12.5-23.6 4.0-5.7 16-22 Circular, cuniform Fine filaments Present (break at 
one point) 

nil 

S2124 12.5-15 13.3-16.7 3.8-4.9 12-15 Circular, cuniform Broad  Present (break at 
one point) 

present 

S2125 9.4-11.4 16.0-22.5 4.4-4.7 12-13 Cuniform Fine filaments 
broad base 

Present (break at 
one point) 

present 

S2126 13.5-15.2 18.0-27.6 4.8-7.0 ~ 28 Circular, oval Fine with broad 
areas 

disintegrating present 

S2127 12.7-27 18.3-32 4.4-6.5  - Circular, cuniform Fine filaments disintegrating present 
S2128 13.0-15.2 15.0-21.6 3.6-5.0 21-22 Circular, cuniform Fine with broad 

areas 
disintegrating nil 

S2129 10.0- 12.5 13.8-25 3.8-5.1 12-18 Cuniform Fine filaments Present (break at 
one point) 

nil 
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The phenogram generated using carbon and 
nitrogen requirements (Fig. 10B) separated out S2121 
in a cluster. This isolate preferred glucose as a carbon 
source and lysine and threonine as a nitrogen source. 
Within the second cluster, isolates S1961, S1963 and 
S19615, which utilized the pentose sugar ribose were 
clearly separated from the rest. Trehalose-utilizing 
isolates, S1962, S2125, S2127 and S2128 also stood 
out as a separate cluster. 
 
Discussion 

Aplanochytrids have been isolated mostly from 
coastal marine habitats3,6. They have also been  
isolated from subantarctic marine waters and the Ross 
Sea of Antarctica4,12. This is the first detailed  
report of aplanochytrids from oceanic water column. 
Aplanochytrids were isolated from zooplankton of 
various depths at 15 out of 19 locations during this study 

 
Fig. 3Photomicrographs of aplanochytrids from equatorial Indian Ocean - A- D) different spore types, viz., (A) cuniform, (B) circular, 
(C) ellipsoidal (arrow), cuniform and circular and (D) oval (arrow) and circular, E- G) gliding movement of spores out of sporangia over 
the EN elements and (E and F) disintegration of cell wall during the release of spores, H) break at one point (arrow) in the cell wall of 
sporangium during the release of spores, I) same sporangium with an intact cell wall (arrow) and only 4 spores left to get released. Scale 
in fig. A represents 20 µm, fig. B, C, D, G, H and I represents 10 µm and in fig. E and F represents 5 µm. 
 

Table 4Protease activity of 14 isolates of aplanochytrids 
isolated from equatorial Indian Ocean, as observed by the zone of 

clearance of milk protein. 
Isolate no. Zone of clearance of milk protein (mm) 

S1961 16.5 
S1962 nil 
S1963 18.125 

S19610 10.75 
S19615 - 
S2121 nil 
S2122 nil 
S2123 2 
S2124 13.25 
S2125 11.5 
S2126 2.625 
S2127 3.5 
S2128 10.75 
S2129 7.75 
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Fig. 4Growth of aplanochytrid isolates S1961, S1962, S1963, S19610, S19615 and S2121 on various carbon sources. Key: neg- 
negative control, lac- lactose, xyl- xylose, mal- maltose, gal- galactose, rib- ribose, suc- sucrose, rham- rhamnose, glu- glucose, sta- 
starch, mell- mellibiose, fruc- fructose, treh- trehalose, xyn- xylan, cell- cellobiose, ara- arabinose and raff- raffinose. 
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Fig. 5Growth of aplanochytrid isolates S2122, S2123, S2124, S2125, S2126 and S2127 on various carbon sources. 
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(Fig. 1). About 45 % of the total number of samples 
yielded aplanochytrids. Surprisingly none of the 
samples yielded thraustochytrids in culture. A similar 
observation was made by Raghukumar7 who isolated 
mostly Aplanochytrium yorkensis (previously named 
Labyrinthuloides yorkensis) and sometimes Ulkenia 
amoeboidea from most of the samples of the offshore 
waters in the Arabian Sea. It will be interesting to find 
out if aplanochytrids are more abundant than 
thraustochytrids in oceanic waters. The epifluorescence 
technique devised by Raghukumar & Schaumann 13 for 
direct detection of these organisms does not 
differentiate between aplanochytrids and 
thraustochytrids as both reveal orange-to-red 
fluorescing cell wall due to presence of sulphated 
polysaccharides and yellow-to-green fluorescing 
nuclei. Therefore, many of the cells enumerated as 
thraustochytrids in seawater samples from various parts 
of the world3 could have also been aplanochytrids.  
 

Like thraustochytrids, aplanochytrids survive on 
organic substrates and might degrade complex organic 
compounds3. The aplanochytrids that we isolated from 
zooplankton may survive on them as commensals, 
mutualists or degraders. Since physiological characters 
might throw light upon their ecological behaviour, we 
studied the production of different degradative 
enzymes, as well as carbon and nitrogen requirements 
of aplanochytrids. Thraustochytrids are known to 
produce a variety of degradative enzymes14. Chitin is a 
structural part of the exoskeleton of zooplankton15. Yet, 

none of the isolates produced chitinase therefore 
aplanochytrids may not play a significant role in 
degradation of zooplankton exoskeleton. This is in 
accordance with observations made by Bahnweg16 on 
Aplanochytrium yorkensis. However, the production of 
protease by most of the isolates studied indicates that 
aplanochytrids might be involved in the degradation of 
complex proteinaceous compounds of zooplankton 
cadavers (Table 4).  
 

All the equatorial Indian Ocean isolates generally 
preferred pentoses and disaccharides to glucose (Fig. 
4-6). On the contrary, the isolate of Aplanochytrium 
yorkensis studied by Bahnweg16 preferred hexoses 
and their derivatives too along with pentoses and 
disaccharides. All the isolates displayed poor growth 
in liquid medium containing different amino acids 
showing almost insignificant differences in dry 
weight of biomass amongst the isolates and therefore 
they were plated on solid media containing different 
amino acids and their colony diameter was measured. 
Most of them showed maximum growth with 
glutamic acid but some preferred proline, lysine and 
alanine (Fig. 7-9). Microorganisms utilize glutamic 
acid for synthesis of glutamine, proline or aspartic 
acid17,18. This might be true also of aplanochytrids. 
Many preferred proline next to glutamic acid. Since 
proline cannot replace glutamic acid for growth18, 
there generally is a higher requirement for glutamic 
acid followed by proline. However, Bahnweg19 
observed the opposite wherein growth in  the presence 

 
Fig. 6Growth of aplanochytrid isolates S2128 and S2129 on various carbon sources. 
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Fig. 7Growth of aplanochytrid isolates S1961, S1962, S1963, S19610, S19615 and S2121 on various nitrogen sources. 
Key: neg- negative control, Pro- proline, cyst- cystine, Cys- cysteine, Orn- ornithine, Gly- glycine, Ala- alanine, Ser- serine, Lys- lysine, 
Arg- arginine, Asn- asparagine, Thr- threonine, Glu- glutamic acid, His- histidine, Leu- leucine, Phe- phenylalanine and Trp- tryptophan.
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Fig. 8Growth of aplanochytrid isolates S2122, S2123, S2124, S2125, S2126 and S2127 on various nitrogen sources. 
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Fig. 9Growth of aplanochytrid isolates S2128 and S2129 on various nitrogen sources. 
 

 
Fig. 10Phenograms showing similarities amongst various isolates of aplanochytrids isolated from equatorial Indian Ocean; 
A) Phenogram 1is based on morphological as well as physiological characteristics and B) Phenogram 2 is based on physiological 
characteristics only. 
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of proline was more than that in the presence of 
glutamic acid. It will be thus interesting to study the 
isolate S2124 in details as it also showed maximum 
growth in the presence of proline but no growth in the 
presence of glutamic acid. This isolate might 
synthesize glutamic acid from proline via the 
formation of pyrroline–5–carboxylic acid20 rather than 
direct incorporation from the medium. The high 
requirement for proline might also be due to its ATP-
synthesizing ability by driving mitochondrial 
oxidative phosphorylation21. None of the isolates 
studied here showed any growth on histidine, 
arginine, asparagine, cystine, cysteine, leucine, 
phenylalanine and tryptophan (Fig. 7-9). Therefore, 
aplanochytrids might synthesize most other amino 
acids in vivo from glutamic acid and proline rather 
than incorporate them from their substrates.  
 

Raghukumar & Raghukumar22 have isolated 
thraustochytrids from fecal pellets of salp Pegea 
confoederata. We also recovered aplanochytrids from 
samples of zooplankton fecal pellets (Table 1). 
Aplanochytrids may be commensals in the guts of 
zooplankton. Alternatively, their presence in faecal 
pellets might reflect that zooplankton ingest particles 
containing aplanochytrids and passively egest them 
out of their body. Thraustochytrids are known to be 
associated with particulate matter in the water 
column3,23. Members of Labyrinthulomycetes produce 
high amounts of polyunsaturated fatty acids (PUFAs) 
like docosahexanoic acid (DHA)24. Zooplankton are 
incapable of producing them but require for their 
growth and reproduction25, 26. They thus incorporate 
essential fatty acids in their body through nutrition27-30. 
Therefore zooplankton might be feeding on 
aplanochytrids to fulfill their requirement of DHA31,32. 
Recently Alonzo et al.33 reported that DHA was most 
efficiently incorporated in krill fed on 
thraustochytrids. Whether aplanochytrids are 
consumed by zooplankton and their lipids 
incorporated in their body is not known. This aspect 
needs further investigation to elucidate the role of 
aplanochytrids in the water column, especially in 
oceanic waters with relation to zooplankton.  
 

About eight species of Aplanochytrium described 
so far have been classified on morphological and 
developmental characters some of which are listed in 
Table 3. Leander et al. 6 noticed that most of these 
characters were highly plastic and ambiguous. In the 
present study, all the isolates could be broadly 
classified as Aplanochytrium yorkensis (Perkins) 

Leander & Porter. Although differences were 
observed in cell size, spore morphology, the nature of 
the ectoplasmic net elements, the presence or absence 
of cell wall following spore liberation and the 
presence or absence of amoeboid stages (Table 3), it 
is not clear which of these characters is taxonomically 
reliable. In view of the present taxonomic scenario of 
aplanochytrids, Leander et al.6 carried out a detailed 
study to evaluate the reliability of such characters, 
together with the molecular phylogeny of 
Aplanochytrium species. Their study suggests that the 
most useful morphological characters, in descending 
order of importance, are as follows. (1) Possession of 
small, oblong cells as in Aplanochytrium minutum 
versus presence of large spherical cells, as in 
Aplanochytrium yorkensis; (2) Colonies possessing 
radial rays of cells or their absence; (3) Presence or 
absence of penetration of the agar medium by cells. 
We attempted to group our isolates using cluster 
analysis, using (1) morphological criteria and carbon 
and nitrogen requirements (Fig. 10A); (2) carbon and 
nitrogen requirements alone (Fig. 10B) and (3) 
morphological characters alone. Phenograms using 
morphological characters alone and those using 
morphology and C and N nutrition were similar, 
suggesting that morphological characters 
predominated in importance over C requirements. All 
14 of our isolates belonged to the Aplanochytrium 
yorkensis type, a likely result of their prevalence in 
oceanic waters and a paucity of A. minutum group 
therein. Phenograms generated using morphology and 
C and N requirements did not differentiate between 
isolates producing colonies with rays and those that 
did not, or those in which cells penetrated agar or 
lacked this character. This is different from the 
observations of Leander et al.6. On the contrary, the 
isolates were divided into two groups, one with 
distinctly large cells and the other with smaller cells 
(Fig. 10A). No further distinct groups, based either on 
morphology or C and N requirements were noticed 
using this cluster analysis. Phenograms based on C 
and N requirements alone divided the isolates into 
two groups (Fig. 10B). The most significant clustering 
in this analysis was of those isolates that utilized 
ribose most efficiently and isolates that utilized 
disaccharides, including trehalose.  
 

We suggest that the different morphological and 
physiological traits that we studied are merely 
variations within a single species and that our isolates 
represent populations of Aplanochytrium yorkensis. 
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The fact that all our isolates were obtained from 
zooplankton from the same area, namely the 
equatorial Indian Ocean (77° E, 80.5° E and 93° E), 
emphasizes this view. These characters may thus be 
inherent variations of a species and may not be 
reliable tools to distinguish species within the genus 
Aplanochytrium. It will further be interesting to 
examine if various combinations of these characters, 
as observed in this study are the result of sexual 
reproduction within the species. Although no sexual 
reproduction has been fully confirmed in any of the 
Labyrinthulomycetes, this cannot be ruled out.  
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