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Candida tropicalis sp. Nov., a novel, zinc-enriched yeast species found in China
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Abstract

, Ming FENG', Nan WANG', Wen-Jie LIU"

Zinc is one of the most important trace elements and deficiency can lead to significant clinical complications. Microbial
transformation is one of the most important methods used to supplement organic zinc and there may be some naturally occurring
microorganisms that have both higher zinc tolerances and transformation capabilities. In this study, microorganisms which
displayed such characteristics were widely screened, and a strain designated T-A was found. Morphological and molecular
determination demonstrated that T-A is closely related to Candida tropicalis with 87% of 18S rDNA homology, with a G+C
content measured by RP-HPLC of 88.42%. Candida tropicalis sp. T-A strains were shown to grow and transform zinc best at
pH5 in medium with a zinc ion concentration of 8000 ug/mL at 28 °C for 121 hours. Our results showed C. tropicalis sp. T-As
zinc content was 19.153 mg/g dry weight, with a relative bioavailability in rats of 173% when compared with traditional zinc
supplements. Our study suggests that C. tropicalis sp. T-A could be exploited for use as a potential zinc supplement.

Keywords: zinc enrichment; Candida sp.; relative bioavailability.

Practical Application: New effective organic zinc supplements.

1 Introduction

Zinc(Zn) is one of the most essential and indispensable trace
elements in cells (Chasapis et al., 2012). It plays an important
role in numerous enzyme systems and is involved in multiple
biological pathways such as enzymatic catalysis, redox regulation,
cellular signal transduction, the immune system and neurons
(Zhang et al., 2014). In the immune system, zinc is essential for
innate immunity (which is mediated by cell), phagocytosis, and
the function of the immune-specific cells; neutrophils, natural
killer cells, and macrophages. The growth of B and T cells is
adversely affected by zinc deficiency (Prasad, 2014)-which shows
that appropriate zinc nutrition is important for human health
(Hess et al., 2009). It was believed that zinc deficiency in humans
could lead to significant clinical disorders (Prasad, 2013), such
as growth retardation, bullous pustular dermatitis, emotional
disorder and cell mediated 54 immune dysfunctions (Prasad, 2008).
Some studies have shown that zinc supplementation can reduce
the incidence and duration of infectious diseases such as
Staphylococcus aureus mediated pneumonia and Escherichia coli
induced urinary tract infections (Prasad, 2008).

Zinc supplementation (using zinc sulfate, zinc gluconate, etc.) is
used to prevent and treat zinc deficiency. Microbial transformation
is one of the most important methods used to assist zinc
supplementation and Saccharomyces cerevisiae has been often
used as a delivery vehicle for trace elements supplements because
of its ability to accumulate metals and convert inorganic metals
into organic species (Wang et al., 2011; Zhang et al., 2014).
Some studies have shown that the zinc in zinc-enriched yeast
has higher bioavailability than other supplements such as zinc

sulfate and zinc gluconate (Tompkins et al., 2007), and also has
lower toxicity (Wang et al., 2011). Additionally, yeast is also a
better source of proteins, essential amino-acids, and vitamins
(Wang et al., 2011). Vesna Stehlik-Tomas et al. reported on the
enrichment of zinc, copper (Cu) and manganese (Mn) in yeast
S. cerevisiae (Vesna et al., 2004), and concluded that S. cerevisiae
is a good model microbe for studying metal transport in cells
(Vesna et al., 2004).

Inaddition to S. cerevisiae, some Suilloid ectomycorrhizal fungi
(like S. luteus) are also tolerant to zinc (Colpaert et al., 2005), and
some macrofungi (mushrooms) such as Russula atropurpurea were
described as highly zinc-accumulating species (Borovicka & Randa,
2007). Another metal tolerant macrofungi group is white rot
fungi which grows on wood and has been confirmed to enrich
metals such as cadmium (Cd), iron (Fe), Zn, and Cu, and
transport these metals from the wood to their fruit bodies (Gonen
Tasdemir et al., 2008). These microorganisms might be used not
only as a trace element supplement similar to S. cerevisiae, but
could also be used for the removal of heavy metals in industrial
and municipal water, in fact there are already some reports on
large fungi being used in remediation studies of contaminated
water (Gonen Tasdemir et al., 2008).

In our previous studies, we have shown that Fusarium oxysporum
has greater accumulation of zinc, with a higher bioavailability than
the supplement zinc gluconate (Zhang et al., 2014). Following on
from this, we have conducted extensive screening and discovered
anew strain belonging to the genus Candida, which also possess
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the zinc enriching activity and in this paper, we describe this
novel yeast species and examine its ability to enrich zinc.

2 Materials and methods

2.1 Materials and regents

Adenine, Guanine, Cytosine, Thymine and 2-carboxy-2’-cyano-
5’-sulfobenzoic acid monosodium salt were obtained from
Jingchun Biochemical Technology Company (Shanghai, China).
HPLC grade methanol and were obtained from Tianjin Deen
Chemical Reagent Company. Escherichia coli DH5a strain was
deposited in the Center of Industrial Culture Collection, Gansu,
China (collection number GSICC 51805). Zinc gluconate was
obtained from Baiyunshan Pharmaceutical Company (Product
batch number: 140601, Guangzhou, China).

2.2 Isolation of microbes with high zinc tolerance

The zinc enriched strain (C. tropicalis sp. T-A) was isolated
from the soil in steel plant production areas, mineral accumulation
areas, and sedimentation areas of Lanzhou in Gansu province,
China. 1 g soil samples were dissolved in 10 mL of sterile water
and filtered to remove insoluble matter. 1ml of supernatant was
added to 100 mL each of rose bengal liquid medium (peptone
5 g, glucose 10 g, K.HPO, 1 g, MgSO,-7H,0 0.5 g, rose bengal
sodium salt 0.03 g, chloramphenicol 0.1 g, water 1000 mL,
pH 7.2~7.4), beef extract peptone medium (beef extract 3.0 g,
peptone 10.0g, NaCl 5.0 g, water 1000mL, pH 7.4~7.6), and Gause’s
synthetic medium (KNO, 1 g, soluble starch 20 g, K. HPO, 0.5 g,
MgSO,-7H,0 0.5 g, NaCl 0.5 g, FeSO, 0.01 g, water 1000 mL,
pH 7.2~7.4) with 800 mg/L Zn (II) in a 500 mL Erlenmeyer flask,
and cultured at 28 °C, 37 °C, 37 °C respectively at 200 r/min in
arotary shaker. The strains that grow well from the preliminary
screening were named the zinc enriched strains, and were then
inoculated into rose bengal solid medium, beef extract peptone
medium and Gause’s synthetic medium containing zinc ions
(Zn?*) at 4000 mg/L, 6000 mg/L, 8000 mg/L, and 10000 mg/L
and cultured in the same conditions as above.

2.3 Determination of zinc content

The strain with the highest zinc enrichment was cultured in
rose bengal medium containing zinc ions at 10000 pg/mL for 5
days. The culture was centrifuged at 5000 r/min for 10 min, the
cells washed 6 times with 0.9% sodium chloride solution to help
remove unbound iron, and the collected cells were then dried at
60 °C and placed in a digestion tube, then digested until colorless and
transparent using a solution of concentrated nitric and perchloric
acids (4:1, v/v), and made up to a final volume of 50 mL with the
acid mix diluted. 30 mL of distilled water was added to ImL of
diluent obtained from the previous step, which was added into pH
8.8 boric acid-potassium chloride-sodium hydroxide buffer (37.3 g
potassium chloride, 31 gboric acid and 8.34 g sodium hydroxide
were dissolved in 60~80 °C water, cooled down, to a final volume
of 1 L) (Zhang et al., 2015). 2 mL of 0.2% zincon monosodium
salt (2-carboxy-2’-cyano-5’-sulfobenzoic acid monosodium salt,
0.2 g of zincon was added to 2 mol/L sodium hydroxide, and was
diluted to 100 mL) was added and the absorbance was measured at
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620 nm using a UV-visible spectrophotometer (UV-9200, Beijing
Ruili Analytical Instrument Company) and the amount of zinc
calculated using Angel Maqulelra’s method (Maquieira et al., 1994).

2.4 Phenotypic characteristics and molecular identification

C. tropicalis sp. T-A was purified by plating on rose bengal
medium, and cultured at 28 °C for 5 days until a single colony
appeared. The phenotypic characteristics were then observed and
described according to the methods used by Kurtzman et al. (2011).
Total DNA of C. tropicalis sp. T-A was extracted using a modified
version of Lu’s method (Lu et al., 2004). Briefly, C. tropicalis sp.
T-A was inoculated into rose bengal liquid medium, cultured at
28 °Cfor 5 days, centrifuged at 5000 r/min for 5 min, washed twice
with PBS, and then washed twice with distilled water to collect
the cells. The Ezup column fungal genomic DNA extraction kit
was used to extract the total DNA. 18S rDNA was amplified by
PCR using the primers 2234C and 3126T. The following thermal
cycling program was used; 32 cycles of 3 min at 94 °C, 30 s at
94 °C, 30 s at 56 °C, 50 s at 72 °C, followed by 7 min at 72 °C.
The amplified PCR products were separated by 1% agarose gel
electrophoresis and sent to Shanghai Biotech Bioengineering
Technology Services for sequencing (Zhang et al., 2014).
After obtaining the sequence, a BLAST search was performed
and 10 strain sequences with similar homology were found
(Altschul et al., 1990). Phylogenetic analyses were performed
using ClustalX (Thompson et al., 1997), and phylogenetic trees
were constructed using the neighbor-joining method (Saitou &
Nei, 1987). (GenBank accession number: MN124747)

2.5 Determination of the G+C content

For this experiment, the Escherichia coli strain DH5a was
selected as the standard strain for measuring GC content, and
the DNA was extracted by Ezup column bacterial genomic DNA
extraction kit (Sangon Biotech, Shanghai, China). The total DNA
from C. tropicalis sp. T-A was extracted by the method described
previously (Lu et al.,, 2004). The G+C content was measured by the
same method as Mesbah et al. (Wu et al., 2005) using reversed-phase
HPLC. The HPLC system (JASCO, Kyoto, Japan) consisted of a PU-2086
pump, a 6-valve sample injection port fitted with a final volume sample
loop of 20 pL and a UV-2075 detector. Chromatographic separation
was achieved on a reversed-phase C18 column (Wu et al., 2005)
(SinoChrom ODS-BP, 4.6 mm x 250 mm, 5.0 pm, Elite, Dalian,
China) protected by a C18 guard column (ODS 4.6 mm x 10 mm,
15.0 um, Elite, Dalian, China). The chromatographic conditions were
as follows; the mobile phase was a mixture of 20 mmol/L KH,PO,
buffer (pH 5.6)-methanol (90:10, v/v) (Wu et al., 2005) filtered with
a G5 core funnel and degassed for 15 min. Ultraviolet detection
wavelength was 260 nm, the flow-rate was 1.0 mL/min (Wu et al., 2005)
and the injection volume was 10 pL. Before sample injection, the
column was equilibrated with the mobile phase for 1 h, and the
sample filtered with a 0.2 pum filter.

2.6 Assimilation of carbon compounds by strain
C. tropicalis sp. T-A

To physiologically characterize the strains, the identification
of carbon source assimilation was performed using the fungi
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assimilation test identification plate (Byxbio, Changzhou, China).
12 different carbon compounds were tested for utilization; glucose,
galactose, xylose, sucrose, sorbitol, lactose, raffinose, rhamnose,
pine triose, inositol, cellobiose, and maltose. The results were
compared with the Yeast Classification Manual.

2.7 Evaluation of factors influencing strain growth

To evaluate the effect of zinc ion concentration on the growth
of strains, 100 mL of rose bengal liquid medium was prepared in
500 mL Erlenmeyer flasks, then sterilized. C. tropicalis sp. T-A
(1%, v/v) was inoculated into the sterilized medium containing
zinc concentrations of 6000 mg/L, 8000 mg/L, and 10000 mg/L,
and incubated at 28 °C for 120 h. The cell concentration at OD,
and zinc content were determined as described above.

The initial pH of YPD liquid medium (yeast extract 10 g,
peptone 20 g, glucose 20 g, water 1000 mL) was adjusted to
4.0, 5.0, 6.0, 7.0, 8.0, 9.0 with HCl and NaOH, and the zinc ion
(Zn**) concentration of the medium was adjusted to 8000 mg/L.
C. tropicalis sp. T-A (1%, v/v) was inoculated into 100 mL of the
YPD medium, followed by shaking at 28 °C for 120 h. The cell
concentration at OD, and zinc content were determined as
described above to evaluate the effect of pH on the growth.

C. tropicalis sp. T-A was inoculated into 100 mL YPD liquid
medium containing 8000 mg/L Zn** at temperatures of 15 °C,
20°C,24°C,28°C,30°C,35°C and 40 °C. The cell concentration
at OD, , and zinc content were measured after 120 h to determine
the effect of temperature on the growth. To determine the effect
of culture time on the strains, C. tropicalis sp. T- A was inoculated
into 100 mL YPD liquid medium containing 8000 mg/L Zn?*,
were incubated at 28 °C for 0-156 h. The absorbance and zinc
content were measured as described above.

2.8 Bioavailability of organic bound zinc

The organic bound zinc was obtained as per our previous
method. Briefly, the strain C. tropicalis sp. T-A with high zinc
enriched conversion capacity was cultivated and collected by
centrifuging at 5000 r/min for 10 min, washed 6 times with 0.9%
sodium chloride solution, placed in a dialysis bag, and dialyzed
for 48 hours until no free zinc was detected.

Twelve healthy female Wistar rats, weighing between
200 g-220 g, were purchased from the Experimental Animal
Center of Gansu College of Traditional Chinese Medicine.
According to the requirements of the National Act on the Use of
Experimental Animals (People’s Republic of China), the protocols
used in these animal experiments were approved by the Animals
Ethics Committee of Lanzhou University of Technology. All
rats were housed at room temperature (25 + 2 °C) witha 12 h
light-dark cycle, fed a standard laboratory diet and were given
deionized water.

Table 1. Determination of zinc content in different zinc enriched strains.

The rats were randomly divided into two groups, one treated
with the zinc enriched strain C. tropicalis sp. T-A, the other group
was treated with zinc gluconate. The rats were fasted overnight
for 12 h before the experiment. Each rat was intragastrically
administered Zn (IT) at a dose of 10 mg/Kg body weight. Whole
blood samples were collected from the retro-orbital plexus before
and after oral administration at 0, 5, 15, 30, 45, 60, 90, 120 and
180 minutes. Each blood sample was treated with a 14 M nitric
and 10 M perchloric acid mixture (4:1, v/v) by boiling it until a
clear solution was obtained. The zinc content was measured using
an atomic absorption spectrophotometer (AAS-3200, Shanghai,
China) (Zhang et al., 2014). The measurement conditions were:
lamp current 5 mA, wavelength 248.3 nm, nip 0.2 nm, air flow
13.5 L/min, acetylene flow 2.00 L/min. The zinc ion content
of the blood was processed by DAS3.0 software to obtain the
drug-time curve and pharmacokinetic parameters of the organic
bound zinc in rats.

3 Results

3.1 Determination of zinc content

12 strains were able to grow well on medium containing
zinc ions at 10000 pg/mL, and their intracellular zinc content
was determined and summarized in Table 1. Different zinc
enriched strains showed different capabilities for inorganic
zinc conversion. Strain T-B showed lower zinc conversion
capacity and the intracellular zinc content was 12.764 mg/g.
Among them, a strain named C. tropicalis sp. T-A recorded
the highest intracellular zinc content of 19.153 mg/g and was
used in later experiments.

3.2 Phenotypic characteristics and molecular identification

C. tropicalis sp. T- A showed red single colonies when grown
in rose bengal medium, the surface was smooth and viscous, and
the edges were neat and when observed under the microscope,
the cells were spherical or oval (Figure 1). The sequence obtained
from the PCR of C. tropicalis sp. T-A genomic DNA was compared
with the Genbank database using BLAST and showed that the
strain has 87% homology with the 185 rDNA sequence of Candida
tropicalis. According to the results of 18S rDNA sequencing a
phylogenetic tree was constructed (Figure 1).

3.3 Determination of G+C mol%

G+C content was determined to identify the species-genus
relationship of microorganisms. Table 2 shows the G+C mol%
measurements of the standard and sample strains tested. The G+C
mol% content of the standard strain, DH5q, in this experiment
was 52.61%, which did not vary much from other published
values (Cui et al,, 2010). The G+C mol% of C. tropicalis sp.
T-A is 88%, and considering that typical yeast G+C mol% is

Zinc enriched

: G-S G-T T-2 T-1 T-A T-C S-B H-S T-B T-10 N-2 N-C
strains
(Z;lr;/;’ntem 16032 13478  14.896 13275 19.153  17.850  17.630  14.095 12764  18.099  14.073  15.730
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49 Candida viswanathii strain ATCC 20913(KJ651202.1)
52 { Candida sp. MCCF-101(FJ652052.1)
77 { Candida viswanathii strain ATCC 22981(KJ651204.1)
68 Candida sp. S27(FJ652102.1)
10 Candida aquae-textoris strain ATCC 201456(KJ651205.1)
Candida sp. Y4(KJ183075.1)
Candida tropicalis strain DBMY517(KJ706734.1)
a7 Candida tropicalis strain DBMY198(KJ706416.1)
57 Candida tropicalis strain DBMY38(KJ706257.1)
—51: Candida tropicalis strain DBMY676(KJ706893.1)
T-A

Figure 1. Phylogenetic tree of 185 rDNA homology comparison of zinc enriched strain C. tropicalis sp. T-A.

Table 2. Determination of the G+C mol% of strains.

Table 3. Assimilation of carbon compounds.

Sample Base G+C mol% Different carbon source The strain C. tropicalis sp. T-A
C GLU +
Standard strain © 52.61 AL "
T XYL +
A SAC +
C SOR
i G LAC +
;Ir};;isctcjzznslg . T-A T 8842 RAF -
A RHA
Note: A: Adenine, G: Guanine, C: Cytosine, T: Thymine. MiZ +
INO
usually between 50% and 70%, it suggests that C. tropicalis sp. CEL
T-A may be a novel strain. MAL +

3.4 Assimilation of carbon compounds by strain C. tropicalis sp.
T-A

Carbon source assimilation is a method of distinguishing
different yeast species by observing the differences in the ability
of a species to use an organic compound as a single major carbon
source. From Table 3, glucose (GLU), galactose (GAL), xylose
(XYL), sucrose (SAC), lactose (LAC), pine triose (MIZ) and
maltose (MAL) were assimilated, sorbitol (SOR), raffinose (RAF),
rhamnose (RHA), inositol (INO) and cellobiose (CEL) were
not. After comparison with the Yeast Classification Manual, the
carbon assimilation results were similar to those of C. tropicalis,
with only the lactose (LAC) result different, indicating that
C. tropicalis sp. T-A may have a close kinship with C. tropicalis.

3.5 Factors influencing zinc-enriched strain growth

C. tropicalis sp. T-A was cultured in a medium with a zinc
ion concentration of 6000-10000 mg/L. As shown in Figure 2A,
with the increase of zinc ion concentration, C. tropicalis sp. T-As
zinc enrichment increased and growth improved. At a zinc
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(+) positive; (-) negative. Note: GLU glucose, GAL galactose, XYL xylose, SAC sucrose,
SOR Sorbitol, LAC lactose, RAF raffinose, RHA rhamnose, MIZ pine triose, INO inositol,
CEL cellobiose, MAL maltose.

concentration of 8000 mg/L, C. tropicalis sp. T-A’s intracellular
zinc content was highest and growth most improved. In addition
to this, with the increase of zinc ion concentration in the medium,
the biomass decreased slightly while the enrichment amount
did not change, indicating that a high enough concentration of
zinc can inhibit the growth C. tropicalis sp. T-A. In this study,
the optimum zinc ion concentration in the growth medium of
C. tropicalis sp. T-A was judged to be 8000 mg/L (Figure 2A).

As shown in Figure 2B, C. tropicalis sp. T-A could accumulate
zinc in a range of temperatures (15~40 °C) and grew best with
greatest zinc enrichment at 28 °C. As shown in Figure 2C,
C. tropicalis sp. T- A was able to grow in a pH range between 4.0
and 9.0. With an increase in pH, the enrichment of zinc increases
to apeakat pH 5 after which enrichment decreases. As shown in
Figure 2D, the biomass and enrichment of C. tropicalis sp. T-A
increased gradually with time. At 121 h, the intracellular zinc

11
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Figure 2. Determination of optimum growth conditions of C. tropicalis sp. T-A grown on rose bengal medium. Here, 1A, 1B, 1Cand 1D represent
optimum zinc ion concentration, pH, temperature, and incubation time respectively.

content of the strain was at its peak, and the cell concentration
reached its peak at 130 h. Although there is a difference in the
times of the two peaks, given that the growth of the cells in
zinc-containing medium is relatively slow the optimal incubation
time was decided to be the zinc content peak at 121 h.

3.6 Bioavailability of organic bound zinc in rats

A pharmacokinetic study was used to evaluate the bioavailability
of different forms of zinc. After oral administration of C.
tropicalis sp. T-A (bound zinc) and zinc gluconate, the plasma
concentration-time profiles were determined (Figure 3), and the
pharmacokinetic parameters were calculated and summarized
in Table 4.

After oral administration of C. tropicalis sp. T-A and zinc
gluconate, plasma zinc levels declined in a bi-exponential
fashion. The plasma zinc concentration versus time data
was fitted to the classical two-compartment open model
for kinetic analysis which consists of central and peripheral
compartments (Figure 3). After oral administration, zinc was
absorbed rapidly in the rat gastrointestinal tract, the Cmax
and Tmax values of C. tropicalis sp. T-A and zinc gluconate
were 40.33, 18.67 ug/mL and 39.03, 43.22 min, respectively.
The T, of C. tropicalis sp. T-A and zinc gluconate were 135

1/2k
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g
)
2
=
£
=
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=
v
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Figure 3. Mean blood concentration-time profiles of C. tropicalis sp. T-A
and zinc gluconate following an oral administration of C. tropicalis sp. T-A
and zinc gluconate to rats at a dose of 10 mg Zinc(II)/Kg body weight.

and 140 min respectively, suggesting that the organic zinc and
zinc gluconate used in this study showed similar absorption
characteristics. The AUC (Area Under the Curve) of the two
were 5630.81 and 3259.24 ug/mL*min respectively (Table 4,

Food Sci. Technol, Campinas, 41(1): 8-14, Jan.-Mar. 2021
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Table 4. Pharmacokinetic parameters in rats after oral administration
of C. tropicalis sp. T-A and zinc gluconate.

Parameters Units C. tropicalis sp. T-A Zinc Gluconate
AUC pg/mlmin  5630.81 + 1078.05 3259.24 + 1374.43
Tmax Min 39.03 £12.12 43.22 +12.45
Cmax pg/ml 4033 +7.01* 18.67 + 6.98
T Min 135 +16.47 140 £ 18.61

1/2k

AUC is the area under the plasma concentration-time curve; Tmax is the maximum
concentration; Cmax is the maximum plasma concentration; Tl ok
half-life; Values are expressed as means + standard deviation (n = 6); *demonstrates a
significant difference from zinc gluconate control group, P < 0.05.

is the elimination

Figure 3), the AUC and Cmax of C. tropicalis sp. T-A were
significantly difference from zinc gluconate group (P < 0.05),
and the relative bioavailability of AUC test/AUC zinc gluconate
was 175%, which showed that the zinc from C. tropicalis sp.
T-A had better bioavailability than zinc gluconate in rats.

4 Discussion

The utilization of microorganisms to convert inorganic
zinc into organic zinc is an important direction for the study
and development of trace element zinc supplements. In order
to screen for a highly resistant and more enriched zinc strain,
we selected a zinc ion concentration of 800 mg/L as the primary
screening point because S. cerevisiae, as a model microorganism,
did not grow in medium with zinc ion concentration of 600 mg/L
(Xue et al., 2003). It was found that the microorganisms that can
convert zinc are mainly fungi, and some actinomycetes bacteria
to a lesser extent.

After a wide ranging screening, the strain C. tropicalis sp. T-A
was found and shown to have the highest zinc ion enrichment
concentration. C. tropicalis sp. T-As 185 rDNA sequencing
results showed highest homology (87%) with C. tropicalis.
The content of G+C mol% determined by high performance
liquid chromatography (HPLC) was 88.42% which suggest that
C. tropicalis sp. T-A may be a new strain.

Candida sp., which belongs to the ascomycetous yeasts,
is an extraordinary heterogeneous and conspicuous genus in
the Debaryomycetaceae and includes; Lodderomyces/Candida
albicans, Candida glaebosa clade, Candida kruisii clade and
Candida tanzawaensis clade (Daniel et al., 2014). Candida sp.
contains 163 species and covers anamorphic ascomycetous yeasts
which propagate by multilateral budding and which are not
attributed to morphologically distinct genera or physiologically
distinct genera, such as C. tropicalis, Candida albicans and
the ascosporic species Lodderomyces elongisporus (de Llanos
Frutos et al., 2004).

Several Candida sp. strains, including C. maltosa, C. tropicalis,
and C. utilis, have been found to be able to degrade hydrocarbons
and grow on crude oils and alkanes (Sutherland, 2004).
Ramirez-Ramirez et al. (2004) reported that C. maltosa can
tolerate Cr(VI) concentrations up to 100 ug/mL and has the
ability to reduce Cr(VI). Candida argentea was highly resistant
to both copper and silver according to Holland et al. (2011)
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and Khan et al. (2015) reported that Candida sp. PS33, isolated
from industrial wastewater, was tolerant to Pb (up to 35 mM),
As (up to 29 mM), Cu (up to 23 mM), Cd (up to 11 mM) and
Cr (up to 8 mM).

Unlike previous reports (Wang et al., 2011; Zhang et al., 2014),
in our study, dialysis bags were used to remove inorganic zinc.
Organic zinc is a component that binds to macromolecular
such as proteins and polysaccharides. This process was carried
out mainly to ensure that organic zinc is obtained instead of a
mixture of organic zinc and inorganic zinc (Wang et al., 2011;
Zhang et al., 2014). Studies have shown the zinc-rich yeast
strains selected by cross-breeding currently have a maximum
zinc content of 9.3 mg/g dry cells (Guo et al., 2004). Moreover,
Twenty-six kinds of Saccharomyces cerevisiae were also used to
screen yeasts capable of simultaneously enriching iron and zinc.
Among them, strain LN-17 had the best enrichment ability, and
the enrichment amounts of iron and zinc reached 7.854 and
4.976 mg/g dry cells, respectively (Wang et al., 2011). In this
study, the zinc enriched strain C. tropicalis sp. T-A resisted
and grew well in medium with higher zinc content, and had
a maximum zinc content as high as 19.153 mg/g dry cells.
In addition, Candida tropicalis is used for the production of
single-cell proteins in the feed industry (Gao et al., 2012), and
the results of oral acute toxicity show that C. tropicalis sp. T-A
is safe (Data not shown). Li et al. (2004) showed that Se-rich
yeast can be optimized to achieve higher selenium content. This
study only optimized zinc ion concentration, pH, temperature,
and culture time and with further study, the enrichment of zinc
by C. tropicalis sp. T-A should reach higher levels.

5 Conclusion

The 185 rDNA sequence alignment of the strain C. tropicalis sp.
T-A showed that it had the highest homology (87%) with
C. tropicalis, and the G+C mol% determined by reverse high
performance liquid chromatography was 88.42% which suggests
that it might be a new strain. C. tropicalis sp. T-A has a high zinc
concentration and is expected to be a useful target for research
and exploitation as a new zinc supplement.
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