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Abstract

Purpose: The aim of present study was to produce high quantity of Zn-enriched yeast biomass in the presence of zinc metal,
using S. cerevisiae as an industrially important yeast strain. Methods: Yeast isolates were obtained from two alcohol factories
and S. cerevisiae yeasts strains were identified using PCR method and DNA sequencing. Then, growth rate of this yeast in
present of Zn2+ as well as the level of Zn2+ uptake by the yeast cells, were examined at 24-hour intervals (0, 24, 48, and 72 h),
using spectrophotometry and AAS method. qRT-PCR technique was carried out to quantified expression level of Zrt1l and Fet4
in yeast cells under these conditions. Also, the effect of pH of culture medium on yeast growth rate, zinc absorbtion and Zrt1
and Fet4 expression level, was studied. After setting the optimum pH, Kjeldahl’s method was applied for assessment of total
protein content of yeast cells. Results: In optimum conditions of 25 pg/ml of zinc in pH 6 and 24 h incubation, S. cerevisiae
showed the maximum growth rate, zinc uptake and expression level of Zrt1 and Fet4 as Zn transporters. Also, protein content of
S. cerevisiae biomass in these optimum conditions was above 50% (w/w). Discussion: we demonstrated that industrial effluents

can be used to produce Zn-enriched biomass however, further researches are required.

Introduction

The rapidly growing industrialization of the world has an impact on the quality of water, food, feed, and
weather as results of high amounts of toxic substances released by various industries to the environment
(1, 2). Also, pesticides and chemical composts in agriculture as well as vehicles for transportation cause
to separate large quantities of pollutants in atmosphere (3); The heavy metals as a main kind of these
pollutants considerably threaten the food safety because of their accumulation in water and food (4-9), and
consequently, affecting human organs and tissues (1-3).

Heavy metals are classified into three categories including: toxic metals, precious metals and radionuclides.
One of the toxic metals, with a significant role in water pollution is zinc (6, 10, 11). This essential element
is used in many growing economic sectors, and thereby, large quantities of this heavy metal discharge into
the industrial effluents (12-15). Zinc as an essential element, has many important biological impact such as:
being as a major ion in structure of motifs, act as a catalytic factor of enzymes (16), essential role in the
structure and function of nucleic acid and protein along with accompanying in gene expression and immune
system development(17, 18). So, deficiency of zinc contributes to the impaired function of innate immune
response such as phagocytosis, cytokine secretion, neutrophils and natural killer cells functions. Also, zinc
deficiency impacts on impaired antibody secretion, thymic atrophy and lymphopenia (19).

Microorganisms, like humans, are dependent on appropriate levels of zinc for their vital reactions. For
example; in yeast about 8% of the proteome is thought to bind zinc (19, 20) and about 400 genes involved
in growth are zinc-dependent (20, 21). Several investigations have been conducted mainly, in Saccharomyces



cerevisiae, as a yeast, suggesting the requirement of zinc homeostasis in growth and metabolism (20). There
are two main classes of eukaryotic zinc transporters in S. cerevisiae . The Zrtl, Zrt2 and Zrt3 are classified
in ZIP proteins (ZRT-IRT-like protein) (19, 22, as well as, Zrcl, Cotl, Msc2 and Zrgl7 that classified in
cation diffusion facilitator (23, 24). In the case of severe zinc limitation, extracellular uptake of zinc in S.
cerevisiae mediated by the high-affinity Zrt1 protein which contributes to increasing of the ZRT1 expression
up to 30-fold. Moreover, this microorganism can partially adopt with conditions of low zinc by expression
of Fet4, a low-affinity metal transporter, to import zinc, iron, and copper into the cell (19).

Biosorption strategies have been considered for many years to solve the problem of heavy metal pollution
and consequently environmental remediation. Among all living organisms, applied to absorb toxic elements,
microorganisms have attracted increasing attention, because they have safety in human aspects and are
easier to work with (25-27). Despite its mediocre capacity, the S. cerevisiae is a unique biomaterial in heavy
metals biosorption (28) and due to easy cultivation in a large scale and manipulation at the molecular level
as well as high biomass production, makes the S. cerevisiae to be administered in biomaterial approaches
(11). Based on these considerations, our investigation was conducted for study of yeasts with emphasis onsS.
cerevisiae as an industrially important strain, isolated from industrial effluents, for biosorption of zinc and
the applied the produced biomass as zinc-enriched single cell protein (SCP) in feed and food production.

Materials and Methods
Sample collection, isolation and preparation

Fresh effluent samples obtained from two alcohol factories in Iran, were collected in sterile glass containers,
closed tightly and transferred to the laboratory for further analysis. Filtration of effluent samples was
performed using 0.45 um pore size filter paper. Then, filter papers containing microorganisms of effluent
were grown in YPD (yeast extract-peptone-dextrose) medium that is a specific medium for yeast growth.
The temperature was controlled at 28 °C with shaking at 150 rpm until OD reached 0.5 (7 1.5 x 107cell/ml)
at 600 nm, representing the middle of the logarithmic (mid-log) phase. Grown yeasts were harvested in the
mid-log phase by centrifugation at 3000xg for 10 min and after washing the yeast pellets with distilled water
for three times, it is stored at -20 °C.

Examination of Zrtl and Fet4 genes in isolated yeasts and identification of yeast’s strain

The total DNA was extracted from cells which were directly collected from yeast pellets, with DNA extraction
kit (CinnaGen, Iran) according to manufacturer’s protocol. The concentrations of all DNA samples were
quantified with NanoDropTM and DNAs were used in the subsequent PCR procedures:

Ezxamination of Zrtl and Fet4 gemes. To isolation of samples which express Zrtl and Fet4d genes, PCR
reaction was performed using primers of F: 5" AAATGCACTAGAACATGGCG 8’ and R: 5" TTCATGAC-
TATTTAAATGCCTT 8 for Zrtl gene as well as F: 5" GGAGAACTGCCTGTGGAAAA 38’ and R: 5’
GAGGGCCATGAAGGTATCAA 3’ for Fetd gene, under following program: 95degC (3 min), 95degC (30
sec), 59degC (30 sec, 35 cycles), 72degC (1 min), and final extension step at 72degC (10 min). Then PCR
products were electrophoresed and results were observed on 1.5% agarose gel.

Identification of yeast’s strain . After isolating samples which express Zrt1 and Fet4 genes, the identification
of yeast strain was performed using a common PCR methods. ITS1: 5’ TCCGTAGGTGAACCTTGCGG 3’
and ITS4: 5 TCCTCCGCTTATTGATATGC 8 primers were used in PCR reaction with following program:
94 degC (1 min, 35 cycles), 55.5 degC (2 min), 72 degC (2 min), and final extension step at 72 degC (10
min). Then PCR products were electrophoresed and results were observed on 1.5% agarose gel. The samples
which showed the related fragments were verified by sequencing (Bioneer Co, Korea).

Estimation of growth rate and assessment of absorbed zinc inS. cerevisiae

The effect of Zn 2+ concentration on efficiency of zinc biosorption as well as biomass production in actively
growingS. cerevisiae , was evaluated. The ZnSOy solution, prepared using a 1000 mg/1 sterile stock solution
of zinc sulfate heptahydrate (Merck, Germany), was diluted to various concentrations of zinc including 0,



10, 25, 50 and 100 mg/l; every concentration was added in a 500 ml Erlenmeyer flask containing 200 ml
SDB (sabouraud dextrose broth) culture medium. Then S. cerevisiae pellets (containing ~ 1.5 x 107 cell/ml)
were inoculated to these zinc supplemented mediums. The content of all flasks (control and experimental
cultures) were incubated in 28 degC in the shaker incubator at agitation speed of 200 rpm/min for 72 h,
with the pH adjusted at 5.8. Then, growth rate of S. cerevisiae in present of Zn 2+ as well as the level of
Zn 2T absorption by S. cerevisiae were considered as follows:

Growth rate estimation. During cultivation of yeast in the presence of zinc, the yeast growth at 24-hour
intervals (0, 24, 48, and 72 h) was estimated; the optical density (OD) of suspension was determined using
spectroscopic method at 600 nm wavelength. Also, 10 ml of medium was collected and centrifuged at 4000
rpm in 20degC for 10 min, then immediately supernatant was removed and the weight of sediment was
assayed. After that, to determine the content of dry biomass, a two-stage drying procedure including: first
temperature at 60degC for 2 h and second stage at 105degC was performed to obtain the constant weight
and then, dried biomass was weighed and considered as cell dry weight (CDW).

AAS determination. To determine the total accumulation of zinc in yeast cells at 24-hour intervals, Atomic
Absorption Spectrophotometry (AAS) method was performed. In brief, 1 mg dry biomass was digested by
adding nitric acid and distilled water (1:1) in 25 ml digestion tubes for 20 min at 160 degC, then the obtained
biomass was filtered via filter paper. Finally AAS method was applied to estimate the content of zinc in
yeast cell biomass at 213.9 nm wavelength.

Determination of dry content of biomass and AAS for each samples were repeated three times.
Determination of Zn 21 concentrations on Zrtl and Fet4 expression level in S. cerevisiae

EZ-10 Spin Column Fungal RNA Miniprep Kit (Bio Basic, Canada) was applied according to the manufac-
turer’s structure, to isolate total RNA from zinc absorbed yeasts. Then, cDNA was immediately prepared
with the AccuPower RocketScript RT PreMix (Bioneer, Korea). Subsequently, relative quantification of
Zrtl and Fetd expression was determined using quantitative real time PCR (qRT-PCR) with RealQ Plus
2x Master Mix Green (Ampligon Co, Denmark). The qRT-PCR reactions were prepared in a total volume
of 20 yl and cycling conditions of 95°C (15 min), followed by 95°C (20 s, 40 cycles), and 60°C (1 min) was
performed. We used same designed primers of Zrt1l and Fet4 genes which had been used in yeasts isolation
step; also F: 5" AAACGGCTACCACATCCAAG 8’ and R: 5" CCCATCCCAAGGTTCAACTA 3’ pairs were
applied for amplification of 18SrRNA gene as internal control. Finally, melting curve analysis was considered
to validate the specificity of the expected PCR product as well as nonoccurrence of primer-dimer formation.
All reactions were carried out in triplicate and the results were analyzed by threshold cycle (Ct) values.

Determination of optimum pH for maximum zinc absorbed group and examination of growth
rate as well as Zrtl and Fet4 expression level in this pH

After determination of absorbed zinc by yeast biomass in all zinc treated groups, a yeast biomass with
maximum growth rate, absorbed zinc, and expression level of Zrtl and Fet4 in yeast cells, were selected.
This group was considered to study at pH 3, 4, 5 and 6, under conditions that mentioned in the previous
section, to find the optimum pH for maximum zinc absorption. In the following, estimation of growth rate
and total accumulation of zinc in yeast cells as well as determination of Zrt1 and Fet4 expression level in zinc
absorbed yeasts were performed as mentioned earlier (spectrophotometry, CDW estimation, and qRT-PCR).

Assessment of total protein content

After adjusting the optimum pH, the total protein content of yeast cells was assayed. For this purpose,
Kjeldahl’s method was carried out via conversion of total nitrogen content into total protein content by the
coefficient factor 6.25.

Statistical analysis

In the current study, all the measurements were performed three times and the obtained results were average
of the three replications. SPSS software v.16 was used for statistical analysis and data were analyzed using



ANOVA. The numerical data were presented as mean +- SD (standard deviations) and *p < 0.05, **p <
0.01, and ***p < 0.001 were indicated as significant p values.

Results
S. cerevisiae yeasts were obtained from alcohol factory’s effluent

A total of 52 microorganism samples from alcohol factory’s effluent after preparation and cultivation of these
samples on the complete medium for yeast growth, were isolated and their total DNA were extracted. Then
the PCR method was performed to examine Zrt1l and Fet4 genes in these samples. Four samples expressing
Zrt1 and Fet4 genes which illustrated fragment patterns of 2102 bp and 165 bp on 1.5% agarose gel in relation
with Zrtl and Fet4 genes, respectively, were identified (figure 1A). Subsequently, after isolation of samples
which express Zrt1l and Fet4 genes, the yeast strains of these four samples were identified using PCR, of ITS1
and ITS4 primers. Then PCR products were electrophoresed and results observed on 1.5% agarose gel and
three out of four samples illustrated fragment patterns in relation with I'TS, representing these three samples
as yeast strains (figurelB). Then related fragments were verified by sequencing and the results identified
two samples as S. cerevisiae yeasts (figure 1C). All results of gel electrophoresis as well as phylogenetic
tree of sequenced samples were illustrated in figure 1 (to observe the results of sample sequencing see the
supplementary pdf file 1).

Zinc concentrations effect on S. cerevisiae growth rate and its zinc absorption

The effect of zinc concentrations on the yield of yeast biomass and the biosorption of zinc by yeast cells
of S. cerevisiae strain was evaluated. The effects of supplementing the SDB culture medium with ZnSOy4
on the yeast growth rate were examined at 24-hour intervals (0, 24, 48, and 72 h) and the results were
assayed using spectroscopic methods. The highest growth rate at 24 hours after inoculation in the presence
of 25 pg/ml of zinc concentration (ODggg = 2.520 pg/ml), was observed. Actually, the growth rate of S.
cerevisiae in culture medium gradually increased correspondingly with the incubation time (0-24 h) and
25 pg/ml of zinc concentration and leveled off at 24 h after inoculation (figure 2). Dry matter content of
yeast biomass also illustrated the maximum weight 24 h after inoculation in the presence of 25 ug/ml of zinc
concentration (0.206g of dry yeast biomass /200 ml SDB medium), verifying the optical density result of
this group. Also, the maximum uptake of zinc by yeast cells was observed using AAS method at 24 h after
inoculation; suggesting that, the increment of incubation time after 24 h, did not positively affect biosorption
(table 1).

Table 1. Effect of zinc concentrations on the yield of dry yeast biomass and zinc uptake by S. cerevisiae

Different concentrations of ZnSO,4 in SDB culture medium Different concentrations of ZnSO4 in SDB culture medium

100 100

RSD Zn*t uptake
0.4 51.02

0.8 40.39

0.3 33.78

Time: incubation time after inoculation (h), CDW: cell dry

Zinc concentrations change Zrtl and Fet4 expression level inS. cerevisiae

The significant growth rate changes as well as maximum uptake of zinc by yeast cells at 24 h after inoculation
was observed. Therefore, the qRT-PCR technique was applied to determine Zrtl and Fet4 expression level
in S. cerevisiae at 24 hours after inoculation. The results showed that under supplementing the SDB
medium with different concentrations of zinc, the expression of Zrtl and Fet4 changed noticeably. The Zrt1l
expression reached a maximum level already after 24 h of incubation in 25 pg/ml of zinc concentration; also
increment of Fet4 expression in present of 25 pg/ml of zinc was considerable. While the maximum level of
Fet4 expression was observed in 50 pg/ml of zinc concentration. Hence, this relative quantification of Zrt1



and Fet4 expression verified the 24 h incubation and 25 pg/ml of zinc concentration as optimum time and
zinc concentration, respectively forS. cerevisiae yeast (figure 3).

Optimum pH 6 was identified for maximum yield of yeast biomass and Zrt1 and Fet4 expression
level

Based on 24-hour intervals, the group in which maximum growth rate, absorbed zinc, and expression level of
Zrt1l and Fet4 in yeast cells had been observed (the group under conditions of 24 h incubation and 25 pg/ml
of zinc concentration), was selected; then to identify the optimum pH for this group, proper for maximum
zinc absorption, cultivation and zinc treatment was repeated at pH 3, 4, 5 and 6. The maximum growth
rate as well as total accumulation of zinc in yeast cells was observed at pH 6; suggesting the optimum pH for
24 h incubation and 25 pg/ml of zinc concentration for maximum yield of yeast biomass (table 2). Also, the
expression level of Zrt1 and Fet4 in zinc absorbed yeasts in these different pH values (pH 3-6) was evaluated.
The maximum level of Fet4 expression was observed in pH 4, while the equal increment of Zrtl and Fet4
expression was observed in pH 6 (figure 4).

Table 2. Effect of pH on yield of yeast biomass

pH 3

OD 1.780

CDW 0.10

pH 5.8 : primary pH of SDB medium, OD: optical density (ug/ml), CDW: cell dry weight (g/200 ml SDB) pH 5.8 : prim

S. cerevisiae has ability to produce high amount of protein content

The total protein content of yeast cells was assayed, after adjusting the optimum pH. The protein content
of the sample under conditions of 24 h incubation and 25 pg/ml of zinc concentration at optimum pH 6,
based on the Kjeldahl method, was 61.4 g/L. This estimation was conducted by multiplying total nitrogen
by the coefficient factor of 6.25 and the result showed that protein content of the yeast biomass was above

50% (w/w).
Discussion

The world’s population is expected to reach more than 9 billion people by 2050 (29); consequently, there
will be concerns about the nutritional adequacy, especially for animal-derived protein, of such a population
(30). These concerns force mankind to attempt finding alternative protein sources to replace or supplement
plant proteins (29). Since, plant-based proteins require the use of arable land (31) and fish meals are based
on catch of wild fish stocks (29), other sources of protein with high nutritional value need to be identified
and developed.

Single cell proteins (SCP), produced by bacteria, algae or fungi, are one of microbial proteins which have been
considered by researchers as suitable sources of nutritional protein (29); due to highly nutritious, cheap, and
rapidly synthesized properties (32). Among SCP producing microorganisms, yeasts are preferred candidates
because of their proper characteristics; the yeasts have rapid growth and high protein content as well as low
risk of contamination. Also their cell size and flocculation abilities makes them easy to harvest (29). Yeasts
are capable of providing vitamins and a well-balanced source of amino acids (33), whereas, contain lower
amounts of nucleic acids in comparison with bacteria; that is an advanced property for human food and
animal feed ingredients (29, 32). Yeasts are able to convert low-cost and readily available industrial organic
by-products to high quality protein and lipids, efficient for animal feed as well as for human consumption.
Furthermore, because of yeast’s ability to bind metal ions from the culture medium, they may be applied as
a source of protein production and mineral preparations that can be easily utilized by humans (29).



In order to produce yeast biomass as a source of SCP, identification of yeast strains with optimal properties
is of tremendous value. The Saccharomyces cerevisiae is a promising biosorbent yeast which is considered
as a model system to accumulate metals in fairly high concentrations; and due to this ability, it is widely
employed in many branches of industry (34, 35). The uptake and accumulation of zinc, as a required element
for catalytic, regulatory and structural role in many proteins (36), by S. cerevisiae has been proven (18).
Considering this, our present study focused on S. cerevisiae as well-studied yeast, obtained from alcohol
factory’s effluent (figure 1), to produce zinc-enriched SCP under optimal conditions.

Numerous parameters could affect the absorption of zinc by yeast cells including: cell physiology, cell surface
properties as well as chemistry of the metal ions and physicochemical impacts of the environment (18). In
current study, we used different concentrations of zinc metal in SDB culture medium to find optimum zinc
concentration to obtain a high yield of yeast biomass and zinc biosorption; simultaneously, the effect of
incubation time on yeast growth was also investigated. Using the AAS method, the maximum uptake of
zinc by yeast cells was observed at 24 h after inoculation; suggesting that, the increment of incubation time
more than 24 h, did not positively affect biosorption (table 1). The maximum dry matter content as well
as highest growth rate of yeast biomass were observed in 25 pg/ml of zinc in SDB medium and after 24
h incubation (figure 2 and tablel); suggesting 25 pg/ml as optimal concentration of zinc for S. cerevisiae
growth.

The strong changes in expression level of Zrt1 and Fet4, as zinc transporters, in response to zinc concentra-
tions and 24 h incubation ofS. cerevisiae in SDB medium, versus control medium (SDB without the addition
of zinc) was observed, indicating the validity of obtained results. The Zrtl expression reached a maximum
level of 25 pg/ml of zinc concentration; also increment of Fet4 expression in present of 25 ug/ml of zinc
was considerable. While the maximum level of Fet4 expression was observed in the presence of 50 ug/ml
of zinc (figure 3). Hence, our observation was in accordance with previous study that mentioned uptake of
extracellular zinc in S. cerevisiae , in severe zinc limitation, using the high-affinity zinc transporter, Zrt1;
whereas, this yeast can partially cope with low zinc conditions by Fet4 as a low-affinity transporter protein
for zinc, iron, and copper (19). Therefore, relative quantification of Zrtl and Fet4 expression in our study,
verified at 24 h incubation with 25 pg/ml of zinc concentration, as optimum time and zinc concentration for
S. cerevisiae yeast, respectively (figure 3).

Due to the pH-dependency of zinc uptake, optimum pH for zinc biosorption by yeast cell is very important
(37); in a study conducted by Chen and Wang in 2007, pH 5.8 was identified as optimum pH for zinc
biosorption by S. cerevisiae (35). On the basis of this report we used the same pH for yeast cultivation.
After identifying the optimal conditions (25 yg/ml of zinc and 24 h incubation) for S. cerevisiae , an optimum
pH of the medium as a critical parameter for zinc uptake by yeast cell was evaluated. By screening of growth
rate, zinc uptake and expression level of Zrt1l and Fet4 in S. cerevisiae in different pH values (pH 3-6) under
optimal conditions (25 pg/ml of zinc and 24 h incubation) an optimum pH was obtained. By increasing the
pH of the medium from 3 to 6, cellular zinc occurrence and yeast growth rate significantly increased and the
highest increment were obtained in pH 6, almost similar to results in pH 5.8 (table 2). The maximum Fet4
transcript level was observed in pH 4, while the equal increment of Zrt1 and Fet4 expression was observed
in pH 6 (figure 4). As a result, our study approved the previous report of direct dependence of biosorption
efficiency to pH of medium (38-40).

The crude protein content of the yeast cells could be affected by the strain, growth culture medium and
growth conditions. So, the total protein content of yeast cells, under optimal conditions of 25 pg/ml of zinc
at pH 6 after 24 h incubation was evaluated. The results of this estimation showed that protein content
of S. cerevisiae biomass was above 50% (w/w).The value obtained in our study was within protein levels,
considered reasonable in the context of SCP production. Our results also augment other studies about the
protein contents in yeasts which normally vary between 45 and 55% (29-31, 41).

Conclusions

Present study was aimed to produce a high quantity of zinc-enriched yeast biomass in the presence of zinc



metal using S. cerevisiaeas an industrially important yeast strain. The optimum zinc concentration in the
culture medium and its effect on the yeast growth rate and zinc content in yeast biomass was determined.
Our investigation appeared that S. cerevisiae biomass and protein production value under optimal conditions
was similar to other studies. Importantly,S. cerevisiae is a promising candidate for SCP production because
it has beneficial functional properties; such as high potential for biotechnological and especially food-related
applications as well as ability to produce high amounts of protein content (around 50 w/w %). In summary,
our study demonstrated the possibility of upgrading low value industrial effluents to SCP that can be used
as a high-quality feed ingredient. Nevertheless, further research is required to develop an economically SCP
process and introduce feed ingredients based on industrial side streams as substrates.
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Figure legend:

Figurel. A) PCR products on 1.5% agarose gel. The samples which expressed Zrt1 and Fet4 genes illustrated
fragment patterns of 2102 bp and 165 bp. M: marker, (+): positive control, (-): negative control, 41-44:
number of samples. B) PCR, ITS products on 1.5% agarose gel. The samples which illustrated ITS fragment
patterns identified as yeast strains. M: marker, 1-3: yeast strains. C)Phylogenetic tree of sequenced samples.
Samples 2and3 were identified asS. cerevisiae yeasts.

Figure 2. The effect of supplementing the SDB culture medium with ZnSOy4 on growth rate of S. cerevisiae
. The maximum growth rate observed in 25 pg/ml of zinc concentration at 24 hours after inoculation

Figure 3. Differentially expression levels of Zrtl and Fet4 inS. cerevisiae under supplementing the SDB
medium with different concentrations of zinc and after 24 h of incubation, versus control (without the
addition of zinc). The maximum Zrt1 transcript level was observed in 25 yg/ml of zinc concentration. While
Fet4 transcript level found to be significantly increased in the presence of 50 pg/ml of zinc. The p values
were indicated as *p < 0.05, **p < 0.01, and ***p < 0.001

Figure 4. Differentially expression levels of Zrt1l and Fet4 inS. cerevisiae in pH 3, 4, 5 and 6 versus control
(pH 5.8). The maximum Fet4 transcript level was observed in pH 4, while the equal increment of Zrtl and
Fet4 expression was observed in pH 6.* Represents p value < 0.05.
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