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Abstract To study thraustochytrids from temperate and

cold environments of Southern Argentina, the standard cul-

tivation methodologies have been modified because many of

the microorganisms detected by microscopic examination in

both the original samples and the colonized baits failed to be

successfully isolated in standard culture media. As a result,

35 strains, most of them having a very low growth rate, were

isolated. Alternative procedures are proposed according to

the nature of the sample, the characteristics of the thrausto-

chytrid to be isolated, and the presence of contaminating

microorganisms. Modifications proposed include the use of a

newly formulated culture medium (Mar Chiquita, containing

glucose, gelatine hydrolysate, peptone, and corn steep liquor

as main carbon and nitrogen sources). In addition, the effects

of the nutrient composition and agar concentration of culture

media on the relative growth rates of the isolates were studied

in an attempt to determine the most suitable conditions for

the cultivation of new strains of thraustochytrids. The goal of

this study is to develop a standard methodology, allowing us

to grow baitable ‘‘elusive’’ thraustochytrid strains, and that

could be applied to improve the isolation and the study of the

undocumented biodiversity of this group of microorganisms

from different environments.

Keywords Alternative isolation procedures � Elusive

taxa � Media formulation � Thraustochytriales �
Water activity

Introduction

Conventional cultivation procedures access only a tiny subset

of the wide diversity of microorganisms thought to be present

in any given environment (Rappe and Giovanoni 2003).

Although the challenge of isolating even a small fraction of

these uncultured organisms seems insurmountable, there is

still plenty of room for improvement. For instance, methods

for cultivation that are based on modified traditional

approaches have resulted in the isolation of previously

uncultured microorganisms (Tyson and Banfield 2005). The

success of such attempts depends on finding a specific

combination of many cultural factors, such as physico-

chemical parameters, media composition and nutrient level,

presence of growth factors, incubation time, and interaction

with other microorganisms (Kamagata and Tamaki 2005).

Alternatively, metagenomics has emerged as a powerful

method to gain access to the physiology and genetics of

‘‘elusive’’ microbes (Handelsman 2004). Such kinds of

studies on small marine eukaryotes assemblages have found

completely new phylogenetic lineages, mainly belonging to

stramenopila and alveolata (Massana et al. 2002, 2004).

Thraustochytrids are common microscopic stramenopiles

that have attracted attention in recent years because of their

ability to produce high yields of polyunsaturated fatty acids

(PUFAs) in culture (Lewis et al. 1999; Ratledge 2004;
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Raghukumar 2008). In spite of the numerous attempts to

improve PUFA production in these organisms, only a few

strains are currently available in culture collections, and

isolation procedures have remained virtually unchanged

since they were formulated more than 40 years ago (Vishniac

1956; Goldstein 1963a,b; Fuller et al. 1964). Porter (1990)

summarized the two basic techniques applied for the isolation

of thraustochytrids: (1) direct plating of appropriate sampled

material onto a nutritive medium supplemented with antibi-

otics; or (2) placing a portion of the sample into baited

(commonly pine pollen) seawater and the subsequent plating

of colonized baits on the nutritive medium. Slight modifi-

cations of these procedures (the use of diverse baits and/or

isolation media, variations on incubation temperature, etc.)

have been adopted in different laboratories (Bahnweg and

Sparrow 1974; Honda et al. 1998; Fan et al. 2002).

To study the thraustochytrids from temperate and cold

environments of the southern region of South America

(Argentina), pine pollen baiting and transference of the

colonized baits to agarized glucose–peptone–yeast extract

(GPY) medium have been used as the standard isolation

method in our laboratories (Rosa et al. 2006). However,

many of such microorganisms detected by microscopic

examination in both the original samples and the colonized

baits failed to be isolated with this methodology. As most

of the previously studied strains came from tropical and

subtropical regions, especially organic matter-rich man-

groves areas (Raghukumar 2002), some of the features of

the cultivation methodology should be adjusted to isolate

local ‘‘elusive’’ thraustochytrids. The aim of this work is to

determine suitable conditions for a more efficient isolation

of representatives of this group of microorganisms from

both cold and temperate environments. The adaptation of

the classical methodology, including the use of two new

culture media that allowed us the isolation of 35 new

strains, is analyzed. The effects of the composition of these

newly formulated and other already reported culture media

on the relative growth of the strains were studied com-

paratively. Additionally, as agar content of culture media

could limit thraustochytrids proliferation (Vishniac 1956),

the effect of its concentration on isolates growth was also

investigated. Based on previous reports from the literature,

our expertise in this subject and the results reported herein,

a standard methodology is proposed as a tool for improving

the success of the isolation of thraustochytrids.

Materials and methods

Sampling

Samples were collected in 50-ml sterilized plastic con-

tainers from the following sites:

1. Two small saline environments (a saline pond outside

Rada Tilly town, 45�550 S–67�340 W; and La Mata

stream, 45�530 S–67�330 W) and two intertidal marine

habitats (one near Comodoro Rivadavia city, 45�500 S–

67�280 W; and the other next to Caleta Cordova crude

oil port, 45�470 S–67�240 W); all these sites are in the

vicinity of Comodoro Rivadavia city (CR samples),

Chubut province; algal, plant, and animal debris;

organic and inorganic sediments

2. Intertidal zones of (a) Puerto Madryn city (PM

samples), 42�460 S–65�010 W; (b) Puerto Pirámides

(PP samples), 42�340 S–64�170 W, Chubut province;

and (c) Las Grutas beach (LG samples), 40�480

S–65�050 W, Rı́o Negro province; algal fragments

and inorganic sediments recently washed ashore

3. San Antonio Oeste salt marsh (SAO samples): 40�440

S–64�560 W, Chubut province; algal, plant, and animal

debris; detritus and inorganic sediments

4. Ingeniero White industrial port: 38�470 S–62�160 W,

Bahia Blanca city (BB samples), Buenos Aires prov-

ince; sludge with bird feces and sediments

5. Intertidal environment of East Tunel Bay: 54�490

S–68�070 W, Tierra del Fuego province (TF samples);

algal fragments

6. La Salada saline pond (LS samples): 39�270 S–62�410

W, Pedro Luro, Buenos Aires province; plant and algal

debris and inorganic sediments

Sites 1–5 are coastal environments of the Argentinean

continental shelf. Those waters are of subantarctic origin

with a mean temperature ranging from 6.58 to 218C
(depending on the latitude and the season) and a regular

salinity lower than 33.7 g/l (Guerrero and Piola 1997).

Total organic carbon and total nitrogen present values from

0.25 to 2.00% (w/v) and from 0.06 to 0.20% (w/v),

respectively (Premuzic et al. 1982); the abundance and

nutritive quality of organic matter is related to the lower

biological activity imposed by the lower temperature

(Fernandez et al. 2007). Site 6 is a continental saline pond

approximately 6 m deep lacking suspended sediments, with

macrophytes and algae on the shorelines, mean temperature

between 88 and 218C, and salinity of 23 g/l (Garcı́a 1993).

Isolation

A portion of each sample (water plus organic material) was

placed into individual Petri dishes, adding a small amount of

heat-sterilized pine and sweet gum (Liquidambar sp.) pollen

grains and antibiotics (5 9 105 U/l penicillin G and 0.5 g/l

streptomycin sulfate). Although only one kind of bait was

used for simplicity, in those samples where they were not

colonized, heat-autoclaved brine shrimp larvae were

employed alternatively. Plates were incubated at 258C and
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periodically examined for the presence of thraustochytrids.

Colonized baits were plated on Mar Chiquita (MC) isolation

medium (Table 1) supplemented with antibiotics in the

concentration indicated above. The single colonies of thra-

ustochytrids obtained were aseptically transferred to fresh

MC plates and repeatedly subcultured until axenicity. The

purity of the isolates (cultures containing a single species of

thraustochytrid) was assessed by the microscopic observa-

tion of the zoosporulation process in seawater pollen and the

consistence of the colony morphology in agarized medium

(see details below). Pollen-baited thraustochytrids that could

not be isolated in MC were plated on Mar Chiquita—brain

heart broth (MC-BHB) or serum seawater agar (SSA) media

(see Table 1). Particular methodological adjustments that

were applied to some of the samples are detailed in

‘‘Results’’. Strains were deposited at the Culture Collection

of the Facultad de Ciencias Exactas y Naturales, Universidad

de Buenos Aires (BAFCcult.), Argentina, under the acces-

sion numbers BAFC cult. 3481–3515. All operations were

carried out under sterility.

Characterization of the strains

To identify isolates by traditional criteria (Dick 2001),

development and form of their sporangia and spores, and

their life cycles were observed in a light microscope (Zeiss

Axioskop) under standardized conditions (pollen-bait sea-

water). Considering that thraustochytrids taxonomy is

currently under revision (Yokoyama and Honda 2007),

identification of strains was only possible at the genus

(sensu lato) level for most of them. For the genus Thrau-

stochytrium, presence or absence of basal fundaments in

sporangia were recorded. Colony morphology of isolates

(color, elevation, surface, cell size, and particular colony

design; see Table 2 footnote) was recorded after 10 days of

incubation on isolation media.

Culture studies

Effect of culture media composition

For comparative growth studies, 27 local strains with dif-

ferent morphological features and site of origin were plated

in 90-mm-diameter Petri dishes with two new (MC

and MC-BHB) media, or four currently used [modified

Vishniac’s medium (KMV), SSA, GPY, and Honda (H)]

culture media (see Table 1 for composition and refer-

ences). The well-studied SR21 strain of Aurantiochytrium

(formerly Schizochytrium) limacinum (D. Honda &

Yokochi) R. Yokoy. & D. Honda was included for contrast,

while several local strains were excluded because of

plausible species redundancy (BAFC cult. 3494, 3498,

3511, and 3514), contamination (BAFC cult. 3487, 3507,

and 3508) or discontinuity (BAFC cult. 3496). The pH

value of MC and MC-BHB was adjusted to 6.0 ± 0.1 units

before autoclaving. Analytical grade reagents were used,

except corn steep liquor (CSL) provided by Productos del

Maı́z S.A. (Argentina) and artificial sea salt (Crystal Sea

Marinemix, Marine Enterprises International, USA).

As several isolates (such as BAFC cult. 3481 or 3500

among others) had a very low growth rate on solid media

and proliferation could not be detected in standard liquid

cultures, an alternative methodology for measuring growth

according to an arbitrary scale based on the characteristics

of colonies was developed. For inoculation, a 0.25-cm2

piece of SSA with 1-week-old colonies was streaked upside

down onto each culture media until a good dispersion of

the cells under a dissecting microscope was observed. After

10 days, cultures were examined by light microscope, and

relative ‘‘growth values’’ (GVs) were assigned to four

categories according to an arbitrary scale based on the

characteristics of colonies (Fig. 1): (a) GV 0–1: cells did

not proliferate or proliferate defectively only once,

respectively; (b) GV 2: small, flat, two-dimensional colo-

nies were formed; (c) GV 3: larger colonies, as a result of

cell division on several planes; and (d) GV 4: luxurious,

confluent cultures. GV for each strain represents the mode

of at least three independent assays. For estimating culti-

vation success, GVs 0–1 are considered bad, GV 2 good,

and GV 3 and GV 4 very good. ‘‘Cultivation efficiency’’

(CE) for each culture medium was defined as the per-

centage of strains attaining a GV C 2 on it.

Table 1 Composition of the media employed for the isolation of

thraustochytrid strains

Components Media composition (% w/v)

GPYb Hb KMVc SSAc MCd MC-BHBd

D-Glucose 2.00 0.20 0.10 – 0.20 0.10

Peptone 1.00 – 0.01 – 0.10 0.05

Yeast extract 0.50 0.02 0.01 – 0.10 0.05

Monosodic glutamate – 0.05 – – 0.10 0.05

Gelatine hydrolysate – – 0.10 – 0.20 0.10

Corn steep liquora – – – – 0.10 0.05

Artificial sea salt 1.75 1.75 1.75 1.75 1.75 1.75

Horse serum – – – 1.00 – –

Brain–heart broth – – – – – 1.75

Agar 2.00 2.00 1.20 1.20 2.00 2.00

GPY glucose-peptone-yeast extract medium, H Honda medium, KMV
modified Vishniac’s medium, SSA serum seawater agar medium, MC
Mar Chiquita medium, MC-BHB Mar Chiquita—brain heart broth
a Concentration expressed as % (v/v)
b Media used for Aurantiochytrium limacinum SR21 (Honda et al.

1998)
c Current media used for thraustochytrids (Porter 1990)
d Media proposed in this work
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Effect of agar concentration

Growth values for ten strains (Table 3) were compared in

MC, MC-BHB, SSA, and H with 1, 2, and 3% (w/v) agar

(USB Corporation, USA) after 10 days incubation. Water

activity of each culture media before inoculation was

measured in a convenient aliquot using an AquaLab Water

Activity Meter (Decagon Devices) with a chilled mirror

dewpoint sensor.

In all cases, cultures were incubated in darkness at 258C.

Statistical analysis

Significant differences in GVs were evaluated by a one-

way analysis of variance (ANOVA). Mean GVs for the

factors ‘‘culture medium’’ (assay 1) and ‘‘agar percentage’’

(assay 2) were compared by a multiple range contrast

(Fisher method). A regression analysis between water

activity (dependent variable) and agar percentage (inde-

pendent variable) of culture media was done, adjusting data

to the linear model Y = a ? b 9 X. Statistical analysis

Table 2 Collection data and characterization of the isolated thraustochytrids strains

Isolate (BAFC cult. #) Sampling sitea Isolation medium Colony morphologyb Taxon

3481 CR SSA wh, fl, dl, sc (pt) Ulkenia aff. visurgensis

3482 CR MC pk-or, cv, dl, lc Thraustochytrium sp. (nf)

3483 CR MC pk, cv, dl, vlc Thraustochytrium sp. (nf)

3484 CR MC-BHB pk-or, cv, dl, ht Ulkenia aff. visurgensis

3485 CR MC wh, pl, dl, sc Thraustochytrium aff. kinnei

3486 CR SSA pk, cv, dl, mc Thraustochytrium sp. (nf)

3487 CR PSW nd Schizochytrium sp.

3488 CR MC cr, pl, dl, mc Thraustochytrium sp. (nf)

3489 PM MC-BHB wh, pl, dl, sc Thraustochytrium aff. kinnei

3490 PM MC wh, pl, dl, sc-mc Thraustochytrium sp. (f)

3491 PP SSA pk-or, cv, dl, mc Thraustochytrium sp. (f)

3492 PP SSA wh, fl, dl, sc (pt) Schizochytrium sp.

3493 PP SSA hy, rs, gl, ht Schizochytrium sp.

3494 and 3495 PP MC-BHB wh-cr, pl, dl, mc Thraustochytrium aff. kinnei

3496 PP MC pk-or, rs, gl, mc Thraustochytrium sp. (nf)

3497 PM MC wh-cr, pl, dl, mc Thraustochytrium aff. kinnei

3498 and 3501 SAO MC pk-or, cv, dl, lc Thraustochytrium sp. (nf)

3499 SAO MC pk, cv, dl, vlc Thraustochytrium sp. (nf)

3500 SAO MC hy, rs, dl, sc Schizochytrium sp.

3502 SAO MC cr-ye, pl, gl, mc (net) Schizochytrium sp.

3503 LG MC-BHB wh, pl, dl, mc Thraustochytrium aff. kinnei

3504 LG SSA hy, rs, gl, ht Schizochytrium sp.

3505 LG SSA hy-wh, rs, gl, sc Schizochytrium sp.

3506 BB MC pk-or, cv, dl, lc Thraustochytrium sp. (nf)

3507 BB MC-BHB wh-cr, pl, dl, mc Thraustochytrium aff. kinnei

3508 BB PSW nd Schizochytrium sp.

3509 TF MC-BHB wh, cv-pl, dl, mc Thraustochytrium aff. kinnei

3510, 3511, and 3514 LS MC cr-ye, pl, gl, mc (br) Schizochytrium sp.

3512 LS SSA pk, cv, gl, ht Thraustochytrium sp. (nf)

3513 LS SSA hy, fl, dl, sc Schizochytrium sp.

3515 LS MC pk, cv, dl, lc Thraustochytrium sp. (nf)

PSW pollen seawater, n.d. not determined, f and nf development of basal fundament or its absence, respectively
a CR Comodoro Rivadavia beach and saline ponds, PM Puerto Madryn beach, PP Puerto Pirámides beach, LG Las Grutas beach, SAO San

Antonio Oeste salt marsh, BB Bahı́a Blanca industrial port, TF Tierra del Fuego beach, LS La Salada saline pond. For more details see ‘‘Materials

and methods’’
b The features observed were as follows, in order. Color: wh white, ye yellow, pk pink, or orange, cr cream, hy hyaline. Elevation: f flat, rs raised,

cv convex, pl pulvinate. Surface: gl glistening, dl dull. Cell size: sc small cells, mc medium cells, lc large cells, vlc very large cells, hs
heterogeneous cell size. Particular colony design: pt punctiform colony, net very prominent ectoplasmatic network, br brain-like appearance
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was performed with StatGraphics Plus version 5.1, testing

assumptions in each case.

Results

Isolation

The presence of thraustochytrids was observed in 40 of the

44 baited samples and 35 new strains, most of them with a

very slow growth rate, could be isolated from these

materials (see Table 2). The particular methodological

features used to obtain such pure cultures are discussed in

the following paragraphs.

With respect to the baits added to samples, sweet gum

(Liquidambar sp.) pollen grains seemed to be preferred by

thraustochytrids over pine, although both failed as baits in

a few samples, particularly those dominated by animal

detritus (e.g., isolate BAFC cult. 3484); in these cases,

heat-autoclaved brine shrimp larvae were employed

successfully. In the first attempt, colonized baits were

plated on the newly formulated MC medium, and 17 new

strains of thraustochytrids were isolated (see Table 2).

Colonies of fast-growing thraustochytrids were generally

detected under dissecting microscope 4 days after inocu-

lation, transferred to fresh medium and covered with 30 ll

sterile seawater. After that period of time, the growth

of contaminant microorganisms made the isolation tasks

difficult, except in those uncontaminated cultures, where

thraustochytrids colonies could continue to appear until

30 days after plating.

To obtain pure colonies of thraustochytrids that could

not be isolated in this first attempt, MC-BHB medium was

used and 7 different strains were obtained (see Table 2).

An effective alternative method for isolating the strains that

could not proliferate in MC or MC-BHB media was the

transference of colonized baits to newly baited seawater

Petri dishes until pure cultures were obtained as judged by

microscopic examination. Thus, an additional 11 strains

were obtained. Nine of them could grow in SSA medium,

and 2 isolates (BAFC cult. 3487 and 3508) had to be

maintained in pollen seawater (Table 2) because they could

not be isolated axenically due to a persistent bacterial

contamination in spite of the presence of antibiotics.

Another important issue addressed during the second

isolation attempt, especially when dealing with strains with

very slow growth, was a more strict control of contami-

nating microorganisms, such as fungi, bacteria, and other

protists. Successive subcultures in baited seawater were a

general useful procedure to lower concentration of con-

taminants. Mold proliferation, accompanying mainly sam-

ples with plant detritus, was inhibited by the addition of

5 mg/l methyl-1(butylcarbamoyl)-2-bezimidazolecarba-

mate (benomyl; Davidse 1986) during successive subcul-

tures in baited seawater. On the other hand, successive

cyclic transfers from solid culture medium to baited

Fig. 1 Representative cultures

for each growth value (GV)

category. a GV 1: cells isolated

or in small groups.

b GV 2: small colonies

(diameter \ 0.5 mm), cells in a

single layer (bidimensional

growth), division in one plane.

c GV 3: large colonies

(diameter [ 0.5 mm), cells

disposed in more than one layer

as a result of three-dimensional

growth; cells in the center of the

colony are out of focus.

d GV 4: confluent culture, with

no distinguishable colonies.

Bars 0.1 mm
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seawater were employed to separate contaminating yeasts

and protists. Finally, when bacterial proliferation could not

be suppressed by penicillin G plus streptomycin, the use of

a mixture of chloramphenicol, kanamycin, and tetracycline

(0.1 g/l each) was effective.

A preliminary characterization of the isolates obtained is

also presented in Table 2. Observations on morphology

and development on pollen baits suggested that strains

belong either to the genera Schizochytrium (sensu lato),

Ulkenia (sensu lato), and Thraustochytrium. Only a few

isolates could be identified at species level (Thraustochy-

trium aff. kinnei and Ulkenia aff. visurgensis), and they are

presented under affinis status as the observations did not fit

exactly with the original descriptions. Strains could be also

distinguished by their colony morphology on isolation

media; some of them presented a characteristic colony

design, as BAFC cult. 3510, 3511, and 3514, that devel-

oped colonies with elevations and depressions that resem-

bled the sulcus and gyrus pattern of the brain. Nineteen

kinds of colonies could be differentiated among the 35

isolates, as the same colony morphology was shared by

several strains from different samples (e.g., BAFC cult.

3482 and 3498).

Media composition and growth of the strains

To check that the newly formulated culture media (MC and

MC-BHB) had been more suitable for the cultivation of

most of the local strains than the ‘‘standard’’ culture media

(GPY, KMV, H, and SSA), the effects of their composition

on the growth of the isolates were compared. According to

the results (Table 3), isolated thraustochytrids could be

separated into three groups: group 1, which includes the

isolates presenting GVs up to 2 in all culture media (21.4%

over total); group 2, which includes the isolates that pre-

sented low GVs in GPY, intermediate GVs in KMV, H,

and SSA, and high GVs in MC and MC-BHB (46.4%); and

group 3, containing those strains presenting high GVs in all

culture media (representing the 32.1% plus SR21).

Analysis of variance showed that the effect of the factors

isolate and culture medium on GVs was statistically highly

significant (P \ 0.0001 and P = 0.0003, respectively).

Table 3 Comparative growth

of the isolated thraustochytrids

in different culture media

Groups of isolates based in their

growth on solid media: light

grey, group 1 (GVs up to 2 in all

media); white, group 2 (low

GVs in GPY, intermediate GVs

in KMV, H, and SSA, and high

GVs in MC and MC-BHB);

dark grey, group 3 (high GVs in

all media). Cultivation

efficiency (CE) for each

medium was estimated as the

percentage of strains attaining a

GV C 2 on it

Isolate 
(BAFCcult. #) 

Growth Values (GVs)  Isolate GV 
mean  GPY H KMV SSA MC MC-BHB  

3481 1 1 2 2 1 1 1.33 
3482 2 2 2 2 4 3 2.50 
3483 1 2 2 2 3 3 2.17 
3484 2 2 3 2 4 4 2.83 
3485 4 3 2 2 3 4 3.00 
3486 1 2 3 2 3 3 2.33 
3488 4 3 3 2 3 3 3.00 
3489 4 3 2 2 3 4 3.00 
3490 2 3 2 2 4 4 2.83 
3491 1 2 2 2 3 3 2.17 
3492 0 1 2 2 1 0 1.00 
3493 1 3 3 2 1 1 1.83 
3495 3 2 2 2 3 4 2.67 
3497 3 2 2 2 3 4 2.67 
3499 1 3 2 2 3 2 2.17 
3500 1 1 2 2 1 2 1.50 
3501 1 3 2 2 3 2 2.17 
3502 4 3 3 2 4 3 3.17 
3503 3 2 2 2 3 4 2.67 
3504 1 2 3 2 1 1 1.67 
3505 0 1 2 2 0 1 1.00 
3506 1 3 3 2 3 3 2.50 
3509 1 2 3 2 3 4 2.50 
3510 4 3 3 2 4 4 3.33 
3512 1 3 3 2 3 1 2.17 
3513 0 0 1 2 0 1 0.67 
3515 1 2 3 2 2 2 2.00 
SR21 4 4 4 2 4 4 3.67 

GV mean of isolates on  
each medium 

1.86 2.25 2.43 2.00 2.61 2.68 

Cultivation Efficiency (CE) 42.8 82.1 96.4 100 75.0 75.0 
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GPY medium presented the lowest mean CE and GV for

strains growing on it (Table 3). SSA medium had also a low

mean GV but the highest CE, whereas H and KMV media

presented intermediate mean GV and high CE. Finally,

concerning the newly formulated media MC and MC-BHB,

the mean GV of the strains growing on them were the

highest ones, and they also presented high CEs. Comparison

of mean GV of these culture media with a multiple range

contrast identified three homogeneous groups presenting

highly significant differences (P \ 0.0001) among them:

GPY–SSA, H–KMV, and KMV–MC–MC-BHB.

Effect of agar concentration and water activity

on growth

To test the effect of agar concentration on colony growth,

ten isolates were chosen according to their previously

observed limited proliferation in hard (3% w/v agar) solid

media. Table 4 shows their GVs in MC, MC-BHB, H, and

SSA solidified with 1, 2, and 3% (w/v) agar. Although there

were some strains whose GVs seemed to be not influenced

by the agar concentration (such as isolate BAFC cult. 3484),

most of them showed a decrease in their GVs as agar con-

centration increased. This trend was more evident in MC

and MC-BHB than in H and SSA. Statistical analysis

indicated a significant effect of the factors strain

(P \ 0.0001), culture medium (P \ 0.0001), and percent-

age of agar (P = 0.0025) on the growth; the interaction

percentage of agar-culture medium was also statistically

significant (P = 0.0001), supporting the referred differen-

tial influence of the agar concentration on GVs of strains

depending on the culture medium. A multiple range contrast

for the percentage of agar revealed that isolates grew

significantly differently (P \ 0.01) in 3% (w/v) agar com-

pared to 1 and 2% (w/v) agar, as shown in Table 4.

According to the results obtained, we found it appropriate to

verify whether the concentration of agar, or more probably

the small molecules carried with it as impurities, could

affect water availability. A simple regression analysis of

percentage of agar and water activity (Aw) of culture media

demonstrated that these variables had a moderately strong

linear negative relationship (P \ 0.0001), with a correlation

coefficient of -0.618771. The equation obtained for the

model was Aw = 0.99875 – 0.003375 9 % agar.

Discussion

The isolation of new strains of thraustochytrids was made

possible by appropriately adjusting the standard proce-

dures. Particularly slow growth rates and specific require-

ments of several strains suggested that they could be

elusive to be isolated by standard techniques. Determining

if some of these ‘‘elusive’’ taxa are new species is outside

the scope of this study, but consideration of the particu-

larities of these isolates should not be discarded. Bio-

chemical and molecular studies, required to confirm the

species identity (Yokoyama and Honda 2007), are now

being developed in our laboratory, and preliminary results

give support to the presumption that some of the local

isolates have unique features. However, the morphological

characterization of local isolates was useful to show that

they were individual strains representing the thraustochy-

trid biodiversity from temperate and cold environments in

Southern Argentina. The differential growth profile in the

media supported this assumption.

Table 4 Relative growth (GVs) of ten isolates in culture media with different agar concentration (w/v) and water activity (Aw)

Isolates

(BAFC

cult. #)

Culture media

H SSA MC MC-BHB

Agar concentration (Aw) Agar concentration (Aw) Agar concentration (Aw) Agar concentration (Aw)

1%

(0.996)

2%

(0.997)

3%

(0.987)

1%

(0.994)

2%

(0.993)

3%

(0.990)

1%

(0.998)

2%

(0.997)

3%

(0.991)

1%

(0.990)

2%

(0.988)

3%

(0.983)

3484 1 1 1 2 2 2 3 3 3 3 3 3

3486 1 1 1 2 2 2 3 3 2 4 3 3

3489 1 1 1 2 2 2 4 4 3 4 4 4

3491 0 0 0 2 2 1 3 3 2 1 1 1

3493 1 1 1 2 2 2 2 2 1 1 1 1

3497 0 0 0 2 2 2 3 3 3 4 3 3

3499 1 1 2 2 2 2 4 3 3 3 3 2

3502 1 2 3 2 2 2 3 3 3 4 4 3

3503 1 1 1 2 2 2 4 4 3 4 4 4

3512 1 1 1 2 2 2 3 3 2 2 1 1
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According to our results, the use of a diversity of baits

was the first aspect to be considered to improve success in

the isolation of thraustochytrids. For instance, thra-

ustochytrids in the samples dominated by animal detritus

could colonize shrimp larvae, as proposed previously for

Ulkenia amoeboidea (Bahnweg & Sparrow) A. Gaertner

(Bahnweg and Sparrow 1974), but they failed to colonize

pollen grains. This finding agrees with other reports on the

growth of uncultured organisms by simulating the natural

environment (Kaerberlein et al. 2002). Covering clean

colonies with a drop of seawater was another procedure

mimicking natural conditions. This approach has been

widely applied with zoosporic fungi (Fuller and Jaworski

1987) and was very useful to stimulate sporulation, facil-

itate spreading, and improve growth of the isolates pre-

sented here. Another environmental factor that should be

considered is the temperature of incubation. Although the

isolation procedures were carried out at 258C and thra-

ustochytrids were observed in almost all the samples,

materials from colder environments (such as those in the

Antarctic) should be incubated at lower temperatures to

allow the growth of cryophilic strains.

Incubation and observation of cultures over longer

periods of time for what might be considered unimpressive

signs of growth is one of the keys to cultivation success,

particularly for such slow-growing strains that might never

reach high yields (Leadbetter 2003). We found that several

of local strains required long periods of incubation (at least

30 days after plating) to develop colonies, and in this sense

they could be considered as elusive to previous standard

cultivation techniques. Our results highlight the importance

of a strict control of contaminants as a pivotal issue for the

isolation of such slow-growing thraustochytrids. Different

treatments were successfully applied according to the kind

of contaminating microorganisms present. We showed that

the fungicide benomyl and the alternative antibiotics

chloramphenicol, kanamycin, and tetracycline suppressed

mold and bacterial growth, respectively, without any neg-

ative impact on proliferation of thraustochytrids. When

contaminating yeasts and other protists were present, their

colonies could be separated from the thraustochytrid ones

in solidified media only after lowering their concentration

by successive transfers in baited-seawater cultures.

Formulation of new culture media was one of the

effective strategies explored in this work to culture ‘‘elu-

sive’’ thraustochytrids, particularly those that did not grow

well in standard media reported in the literature, such as

GPY. MC medium, designed in our laboratory, allowed the

isolation of 17 strains. MC is almost a tenfold dilution of

the main nitrogen and carbon sources of GPY plus the

remaining nutrients of KMV, monosodium glutamate, and

CSL (see Table 1). These two last nutrients were included

in MC, taking into account the results of Iida et al. (1996)

and Yokochi et al. (1998). They found, respectively, that

addition of monosodium glutamate to GPY medium

increased significantly the growth of a strain of Thrausto-

chytrium aureum Goldstein, whereas CSL as a nitrogen

source resulted in the highest dry cell weight in Auran-

tiochytrium limacinum SR21. For baited thraustochytrids

with a preference for animal detritus (i.e., baited on auto-

claved brine shrimp larvae) that could not be isolated in

MC, MC-BHB medium (containing equal amounts of MC

and brain–heart broth; see Table 1) was effective. Other

components, not assayed herein, which could also be

included in isolation media to improve thraustochytrids

growth, are KH2PO4 and Tween 80 (Taoka et al. 2008).

Effectiveness of the newly formulated and other stan-

dard culture media to support growth of the isolates was

compared as an attempt to establish more suitable condi-

tions for the cultivation (and isolation) of new strains of

thraustochytrids. The arbitrary scale based on the charac-

teristics of colonies proposed in the present study showed

that not every isolate could be grown successfully (i.e.,

attain a GV C 2) on every media. Statistical analysis

revealed that the tested culture media could be separated

into three homogenous groups according to the mean GV

of the isolates growing on them. Lower values were

obtained in GPY and SSA for different reasons. GPY

medium was suitable for culturing only a few strains

(group 3), in spite of the fact that they showed high GVs on

it. Although a slow mean GV was also obtained in SSA

medium, it had the highest CE, as all isolates could grow

on it, but not one could attain a GV higher than 2. Most of

the local strains presented the highest GVs on MC and

MC-BHB media (group 2). According to these results, the

newly formulated MC medium is preferred for isolation

among all the media tested. MC is preferred over

MC-BHB, because the growth of the isolates was not signifi-

cantly different on these and MC-BHB has a more complex

composition. Although MC did not satisfy the requirement

of all isolates (i.e., none of the strains belonging to group 1

attained a GV higher than 1 on it), it allows the rapid

development of most of assayed organisms. Furthermore,

SSA medium is recommended as a second option for those

thraustochytrids observed in baits and samples that could

not proliferate on MC. However, it must be pointed out that

the poor growth and the soft, slimy consistence of SSA

make microbiological work more difficult. Special care is

needed when the streaking plate technique is carried out on

this medium to obtain pure, single-cell colonies.

The effect of the concentration of the solidifying agent

in the media on growth was also analyzed because some

strains had seemed to be very sensitive to this factor during

their isolation. Limited growth of thraustochytrids caused

by higher agar content had been also reported previously

by Vishniac (1956). Comparison of data showed that
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increasing agar concentrations had a negative effect on the

growth of local isolates, which was more pronounced for

3% (w/v) than for 1 and 2% (w/v) and was dependent on

the composition of the culture media. This factor was also

found to be strongly related to culture media water activity

(Aw), suggesting that the percentage of agar, or most

probably impurities carried with it, could influence the

available water and consequently inhibited the growth on

solid media. For instance, MC with 3% (w/v) agar and

MC-BHB with 2 and 3% (w/v) agar had lower Aw and

accordingly, a decrease in the growth of the isolates was

observed in them. This effect of agar concentration might

not seem to be restrictive in more diluted media such as

SSA and H, as Aw would remain above the water avail-

ability ‘‘threshold’’ for the growth of these microorgan-

isms. Salinity of the medium is other factor that could also

be influencing the available water, but its relationship with

the growth of local isolates could be more complex as it

was demonstrated for other thraustochytrids that salinity

optima and tolerance levels for growth vary among strains,

with lower salinity optima and wider tolerance for isolates

from estuaries (Burja et al. 2006). Although artificial sea

salt concentration of all assayed media was fixed at 1.75%,

considering that optimal salinities in thraustochytrids

correspond to 50–100% seawater (Raghukumar 2008), it

would be appropriate to evaluate the relationship among

this culture variable with Aw and strain growth in future

studies.

It is interesting to notice that the main morphological

features of the colony (color, elevation, surface, and cell

size pattern; see Table 2) of each strain were constant in all

the culture media tested. The comparison of colony mor-

photypes could provide a rapid screening method to char-

acterize thraustochytrid diversity, as it was applied for

molds (Watrud et al. 2006). Particularly, a preliminary

identification of colony features at the time of selecting

clones during the isolation procedure would be very useful,

especially for samples containing more than one species.

Sample

Colonized baits

Colonies of thraustochytrids and other 
contaminant microorganisms

Axenic thraustochytrid 
colony

Not axenic thraustochytrid 
colony

1) Addition of baits (pine pollen) and antibiotics

(Alternative baits: Liquidambar pollen, brine 
shrimp)

2) Observation after 2-7 days

3) Plating of colonized baits on isolation    
medium plus antibiotics

(2 Suggested isolation media: MC and SSA 
with agar 2% )

4) Observation at 2-7 days (30 – 45 days)

5) Separation of colonies and transference to
fresh isolation medium
(Cover the transferred colony with 30 ul of seawater )

6) Verify purity  
in baits

(Observation 
of colony 

morphology )

Colonized baits enriched in 
thraustochytrids

1´) Plating 
on isolation 

medium 
plus 

antibiotics

3´) Subculture in baited –
seawater plus antibiotics

3´´) Plating of 
colonized 
baits on 
isolation 
medium plus 
antibiotics

5´) Subculture in fresh isolation medium

(Subculture in baited – seawater plus  
alternative antibiotics / benomyl ®)

Fig. 2 Flow chart of basic (solid lines) and alternative (dashed lines) procedures for isolating a thraustochytrid strain from a given sample.

Adjustments suggested in the present work are in italics
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Conclusion

Thirty-five new strains of thraustochytrids were isolated

from temperate and cold environments in Southern

Argentina by adjusting the classical procedures described

in the literature. Modifications based on our results were

integrated with the traditional procedures in the flow chart

shown in Fig. 2. Alternative treatments are proposed

according to the nature of the sample, the characteristics

(mainly nutritional requirements) of thraustochytrids to be

isolated, and the presence of contaminating microorgan-

isms. The linear pathway from 1 to 6 (see solid lines in

Fig. 2) should be followed first; adjustments based on our

results to improve this procedure include the use of mul-

tiple types of baits and of isolation media, the observation

of plates for at least 30 days, and covering the transferred

colonies with a drop of seawater, among other methods.

Observation of colony morphology is suggested as an easy

method to identify purity of the isolates (branch 6), con-

sidering that this characteristic remained stable for each

strain during the experiments described in this work.

Branch 10 was not applied in our own research, but it was

suggested in the literature (Porter 1990; Fan et al. 2002).

Successive subculture in baits in seawater is proposed as a

strategy for isolating a strain when it grows poorly on solid

media (pathway 30–300) and for decreasing the concentra-

tion of contaminants (pathway 30–3 or branch 50). The use

of chloramphenicol, kanamycin or tetracycline, and beno-

myl (branch 50) is also proposed to solve problems asso-

ciated with contamination.

In selecting isolation media (see Fig. 2, branch 3), we

propose the medium MC, formulated in the present

research, as the most suitable one, and SSA (Porter 1990)

as an alternative option, based on our results from com-

parative studies. More concentrated media (i.e., MC-BHB

and GPY) did not improve the relative growth of isolates,

suggesting that nutrient quality (and interactions) rather

than quantity should be limiting for culturing thra-

ustochytrids. Agar concentration for the isolation media

should be no higher than 2% w/v, as this factor (or small

molecules contained in it as impurities) was directly related

to available water (Aw) and showed a significant effect on

growth; this effect was more pronounced in more con-

centrated media. For practical purposes, formulation of

new culture media for the isolation of thraustochytrids

should take into account not only nutrient quality but also

agar concentration, which should be high enough to allow

microbiological work (e.g., separating and spreading cells

and colonies with a dissecting needle), but low enough to

let these microorganisms grow.

Cultivation of microorganisms with heterogeneous

metabolic requirements demands culture media and isola-

tion procedures that cover their range of ecophysiological

necessities, as we considered in this work. The goal of this

research was to expand the standard methodologies to gain

access to baitable ‘‘elusive’’ thraustochytrid strains,

improving the isolation and the study of the undocumented

biodiversity of this group of microorganisms. It would

be very interesting to integrate this kind of studies with

metagenomic research in future studies.
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