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Selection of Salt-tolerant Yeast Strains Accumulating Glucosylceramide
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Debaryomyces hansenii NBRC 0855 accumulated high amounts of glucosylceramide relative to 25
strains of salt-tolerant yeasts in the genera Candida, Debaryomyces, Kodamaea, and Pichia. The constitu-
ents of glucosylceramide were principally 2-hydroxystearic acid as a fatty acid, 9-methyl-trans-4, trans-8-
sphingadienine as a sphingoid base and glucose as a hexose. Strain NBRC 0855 was able to produce
glucosylceramide when cultured on actual effluent from a pickle manufacturer.
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Kimchi, a Korean fermented food product, has become
popular in Japan over the last few years. It accounted
for 30% of the total pickled food produced in 2002 and
dominates the market for such foodstuffs in Japan.
Kimchi is made by fermenting Chinese cabbage, radish
and many other types of vegetables. First, these vegeta-
bles are trimmed, cut, and salted, before the various spices
and ingredients are added {Cheigh and Park, 1994). The
resulting brine, which contains 10-15% NaCl and some
sugars that are extracted from the vegetables, cannot be
discharged into rivers without complicated treatment.
Disposal of this brine causes serious problems for manu-
facturers given that volumes are estimated to be at least
200,000 tons annually.

In Wakayama Prefecture, Japan, water, salts, and citric
acid in plum vinegar, a by-product of the pickled plum
industry, are used as raw materials for foods and cosmet-
ics. Choi and Park (1999) cultured the osmotolerant yeast,
Pichia guilliermondii A9, for potential application as single-
cell protein in the brine waste derived from kimchi pro-
duction. We sought to determine whether the produc-
tion of glucosylceramide from the cells of salt-tolerant
yveast grown in waste brine was possible. Glucosylceramide
is abundant in animal cerebra and nerve organs (Cavanna
and Rapport, 1967) and is one of the ceramides used as an
ingredient in cosmetics {Loden, 2003) and food supple-
ments (Sugawara ef al, 2003}, Commercially available
preparations of ceramide extracted from plants are
principally composed of glucosylceramide (Sugawara and
Miyazawa, 1999). The content of glucosylceramide is so
limited (0.01-0.02% as dry mass) that the costs associated
with extraction and purification inflate the retail price of
the final product considerably. Consequently, products
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containing as little as 3% glucosylceramide retail at 200-
300 yen per gram. While members of the genera Saccha-
romyces, Torulaspora, Zygosaccharomyces, and Kluyveromyces,
S. kluyveri, Z. cidri, Z. fermentati, K. lactis, K. thermo-
tolerans, and K. waltii all synthesize glucosylceramide
(Takakuwa ef al. 2002), these strains cannot grow in the
presence of 10% NaCl. We therefore selected a strain of
salt-tolerant yeast that can propagate in waste brine to
produce glucosylceramide.

All of the strains used in this study {(Table 1) were
isolated from “shoyu” mash, fermented foods, or alcoholic
beverages, and were obtained from the NITE Biological
Resource Center (NBRC), Chiba, Japan.

Yeast cells were grown in 40 ml of YNBD medium con-
taining 1% glucose and 0.67% veast nitrogen base with-
out amino acids supplemented with 10.0% NacCl in a 200
ml Erlenmeyer flask at 25°C for 72h with shaking (180
rpm) unless otherwise stated.

The cultured cells were collected, lyophilized after being
washed twice with distilied water and stored at —20°C.
Glucosylceramides in the yeast cells were extracted and
quantified as described previously (Takakuwa et al. 2005).
The data reported here are the average values with their
associated standard deviations obtained from three inde-
pendent experiments.

All 26 strains of salt-tolerant yeasts grew to some
extent in YNBD medium containing 10% NaCl and
glucosylceramide was detected in 22 strains {Table 1).
After considering the yield in biomass, Debaryvomyces
hansenii NBRC 0855 appeared to be the most suitable
strain for the production of glucosylceramide from waste
containing a high concentration of salt.

The effect of NaCl on growth and glucosylceramide
content was followed in strain NBRC 0855 (Fig. 1). The
absence of NaCl stimulated growth and resulted in doubl-
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ing the biomass while reducing the glucosylceramide con-
tent to approximately one-third.

Strain NBRC 0855 was cultured in waste brine, actual
effluent from a pickle manufacturer, containing 10% NaCl
and 3.0% glucose. The biomass yield and glucosylceramide
content were 4.76 (mg/ml) and 0.11 (mg/[g cells]), respec-
tively. Components of glucosylceramide recovered using
thin layer chromatography were analyzed by gas chromato-
graphy-mass spectrometry according to previously des-
cribed methods {Takakuwa et al, 2002). Table 2 compares
fatty acids and sphingoid bases of glucosylceramide
from strain NBRC 0855 from three media, The sugar
moiety included was a single molecule of glucose in any
of the glucosylceramides. The fatty acid was exclusive-
ly 2-hydroxystearic acid in all of the cells. The principal
sphingoid base of glucosylceramide from the cells grown
in YNBD media with and without NaCl was 9-methyl-
trans-4, trans-8-sphingadienine, as found in other fungi
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and yeasts (Takakuwa et al, 2002). However, the cells
grown in waste brine included trans-4, trans-8-sphin-
gadienine instead of 8-methyi-trans-4, trans-8-sphingadienine.
It is still unknown whether some compounds in waste
brine inhibited the methyl transfer or whether those com-
pounds essential for methyl transfer were lacking in the
waste brine. The presence of the methyl unit may not
affect physiological activity because the daily ingestion
of glucosylceramides from both plants and fungi has been
shown to suppress colon carcinoma in humans (Aida ef
al, 2004; Aida ef al., 2005).

In conclusion, D, hansenii NBRC 0855 may be used for
the production of a valuable product, glucosylceramide,
from residual sugars in waste brine.
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Table 1. Glucosylceramide contents in strains of salt-tolerant yeasts.
Species NBRC %E;ﬁ; G]F;l;?{gk:;ﬁgﬂde
Candida etchellsii 1592 0.92£0.04 <0.1
1942 0.74 £0.06 <0.1
C. lactis-condensi 10288 0.35+0.04 <0.1
C. polymarpha 10662 1.57 4+ 0.02 0.09 + 0.01
10663 1.24+0.17 0.05 £0.01
C. versatilis 1941 0.48 +0.02 0.12 £ 0.01
10056 0.90+0.08 0.11+0.02
10664 0.37+0.01 0.03 £0.01
Debaryomyces carsonii 10572 1.40 £ 0.01 0.57 £0.04
D, erchellsii 1987 0.98 +0.02 0.12 +0.01
D. hansenii 0026 0.72 £0.00 0.64 £0.11
0093 0.72+£0.12 0.44 +0.09
0855 1.55 4 0.01 0.75=0.05
10142 0.70 £ 0.04 0.13+0.02
10939 1.45+0.02 0.46 = 0.07
D. hansenii var. fabri 0037 1244003 0.43 £ 0.07
0058 0.67+£0.01 0.50+0.10
0059 1.05 4 0.03 0.49 +0.06
D. hansenii var. hansenii 0032 0.76 £ 0.04 0.71 £ 0.09
0048 0.80£0.16 0.42 £0.03
0066 0.67+0.03 0.35+0.02
0094 1.28 + 0.09 0.24 £0.05
D. maramus 10687 0.91 £0.05 0.72 £0.07
D. nepalensis 0039 0.54+0.10 <0.1
Kodamaea ohmeri 1271 2.02 +£0.04 042 £0.03
Pichia subpelliculosa 10666 3.36+0.18 0.20::0.01

Each vilue is shown as the average + standard deviation, ? Cell weight as dry matter.
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Table 2. Composition of fatty acids and sphingoid bases in glucosylceramide
from I. hansenii NBRC 0855 grown in three media.

Component” Media
YNBD YNBD+10% NaCl  Waste brine
Fatty acid (%)
16h:(} 1 2 2
18h:0 99 98 98
Sphingoid base (%)
t18:0 15 8 4
£20:0 1 0 0
d18:0 1 3 10
dig:1% 2 1 3
dig:2%® 22 12 74
9-Me d18:2%® 59 76 9

? Abbreviations are as follows: 16h:0, 2-hydroxypalmitic acid; 18h:0, 2-hydroxystearic

acid; t18:0, 4-hydroxysphinganine; t20:0, 4-hydroxyeicosasphinganine; d18:0, sphinganine;

dlg: 14', trans-4-sphingenine; dl 8:24"3', trans-4, trans-8-sphingadienine; and 9-Me d18: 24"8',

S-methyl-trans-4, trans-8-sphingadienine.
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Fig. 1. Growth and glucosylceramide content of D. hansenii
NBRC 0855 in medium with (&) and without (O) added 10%
NaCl. Vertical bars indicate standard deviation.
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