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ABSTRACT

To obtain high chromium-collected Saccharomyces Cerevisiae, the optimal conditions for
a strain of Saccharomyces cerevisiae N-Y which could tolerate high concentration of
chromium were investigated. The optimal conditions for the N-Y by single factor and
orthogonal array design methods was as follows: 30 g/L gucrose, 5 g /L NaNO,, 20 g/L
yeast extract, 28~40°C, pH4~6, rotation speed at 200 rpm or more than 200 rpm.
Subsequently, the N-Y was cultured in the optimal media and conditions with 3200 pg/ml
chromium acetate acid for different time and was transfered at least 30 passages. We got a
strain of Saccharomyces cerevisiae named Cr-Y which could collect chromium as 500 ug
per gram dried yeast. The chromium-riched could reduce the sugar of diabetes mellitus
type I animal model produced by steptotozocin obviously. The chromium collected from
the Cr-Y was in the yeast, while other reported resulted suggested that part of the
chromium was out of the yeast. The results of the sugar-reducing effects of our Cr-Y had
been reported in other journal. The content of chromium was detected by I[CP-MS.
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INTRODUCTION

Chromium (Cr) especially organic chromium, as an essential element, is thought to play a crucial role in normal
carbohydrate and lipid metabolism by potentiating the action of insulin, and, as early as 1957, it was already being referred to
as “a glucose tolerance factor”™. In vitro and in vivo investigations have shown that chromium can improve insulin
resistance'>?!. Although toxic effects were reported in neither the systematic reviews*™ nor in Anderson et al.’s study'®,
chromium picolinate was banned by the Food Standards Agency until December of 2004!”. This meant that investigations
into the effects of chromium compounds on type 2 diabetes had to involve compounds other than chromium picolinate such
as organic chromium in Saccharomyces cerevisiae. Some studies, which investigated the effects of chromium-enriched yeast
in non-diabetic patients, showed mixed results®®'". Machado et al reported that the Saccharomyces cerevisiae could be used
to remove chromium, copper, and nickel from Electroplating effluent!'?.

The glucose tolerance factor (GTF) is a dietary agent that was extracted by Merts and Schwarz!*"*! from brewer’s
yeast. It can reverse the impaired glucose tolerance of diabetic rats by increasing glucose transport in hepatocytes, adipocytes,
and cardiomyocytes and reduces the elevated levels of lipid peroxidation products. We have investigated the effects of
chromium-enriched brewer’s yeast on STZ-induced type I diabetes of rats, which could improve the rats’ glucose tolerance.

In present study a strain of chromium-rich brewer’s yeast Cr-Y was obtained by culturing the N-Y yeast in 3200
pug/ml chromium acetate acid and its optional culture condition of the N-Y and the Cr-Y was investigated. The Cr-Y yeast
cells could grow in different concentration of chromium and might be a potential microbe to treat chromium pollution in
environment.

MATERIAL AND METHODOLOGY

Material

The original yeast cell strain was Saccharomyces cerevisiae named N-Y and was preserved by our own laboratory,
and its chromium-stressed strain named Cr-Y, were prepared by our lab either. All of the reagents used below were analytic
pure from Beijing Biochemical Company.

The start medium for N-Y was YPD as follows: 1 % glucose, 1 % peptone and 1 % yeast abstracts for liquid culture
(add 2 % agar if cultured in flat plate).

Methods

Monoclonization of the brewer’s yeast

The N-Y stored in our lab was cultured in liquid YPD medium and were diluted to different concentration and were
spread on flat plate, then cultured at 28°C until the monoclones occurred in the flat plate. The separated monoclone was
selected and transferred to a new flat plate. That procedure was repeated three times.

Inhibition of different concentration chromium on N-Y
N-Y cells were diluted to 10° /ml, and 100 pl were inoculated to flat plate with different content of chromium acetic
acid as 0, 400, 800, 1600, 3200, 6400 and 12800 pg /ml. The result was observed after being cultured 3 days.

Optional Culture conditions for N-Y

Optimal carbon and nitrogen source

1 % glucose, sucrose, starch, maltose, lactose and dextrine was used as optional carbon material. After being
cultured 24h, the N-Y fermentation liquid was detected by UV-sight spectro photometer at 600nm. The inoculum size was
10° cells /ml medium.

1 % beef extract, NaNOs;, NH4NO;, (NHy),SOy,, thiourea, peptone and NH,4Cl, was used as optional nitrogen
material with the optimal carbon source. And then the other processes were as the selection of optimal carbon source.

Determine optimal medium by orthogonal method

Three factors and four levels orthogonal test was selected to determine the optimal medium for culturing the yeast
cell. The three factors were glucose, NaNOj; and yeast abstracts respectively. Each of the factors has four levels as 0.5%, 1%,
2% and 3%. The inoculum size was 10° cells /ml medium. After being cultured 24 h, the N-Y fermentation liquid was
detected by UV-sight spectro photometer at 600 nm.

Optimal temperature, pH, rotation speed for N-Y cells

The monocloned N-Y cells were inoculated in fresh media and cultured at different temperature as 16°C, 20°C, 24°C,
28°C, 32°C, 36°C and 40°C.

Then the N-Y cells were inoculated in fresh optimal media at the optimal temperature with different pH value as pH
3,4,5,6,7,8,9 and 10. The other steps were treated as the optimal temperature.

The N-Y cells were inoculated in fresh optimal media at the optimal temperature and pH with different rotation
speed as 0, 50, 100, 150, 200 and 250 rotors per minute (rpm).
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All of those above were treated as follows: 24 h later, the OD value of the fermentation liquid was detected by UV-
sight spectrometry at 600 nm.

Preparation of chromium-enriched yeast Cr-Y

The N-Y cells were inoculated in fresh optimal media and cultured at the optimal conditions with different
concentration of chromium acetic acid as 0, 400, 800, 1600, 3200, 6400 and 12800 pg /ml. Then the cells were subcultured to
fresh optimal media with corresponding chromium acetate acid concentration after being cultured for 24 h and being
transferred for at least 10 passages. The yeast cells were collected by centrifugation at 3000 rpm for 5 minutes, and then were
washed by pure water (made by Millipore pure water instrument) 7 times until the chromium was removed completely which
was identified by ICP-MS each time. The chromium concentrations and dried biomass of the Cr-Y and N-Y were detected by
ICP-MS. The yeast with higher biomass and higher chromium named Cr-Y was used to investigate its optimal inoculation
size and culturing time.

Detecting the content of chromium in the yeast by ICP-MS
The washed yeast was not dried until its weight did not changed at 85°C. Then the yeast was digested in HNO; and
H,0,whose rate is HNO; : H,O,= 3 : 1 solution with continuing heating at 200 °C for ICP-MS.

RESULTS AND DISCUSSION
Monoclonization of the N-Y

The N-Y cells were subcloned three times. The results showed that all of the clones were separated each other and
the clones pointed by the arrows were selected for further culture and treatment (see Figure 1.).

Figure 1 : Scheme of monoclonization results

Inhibition of chromium acetate concentration on yeast cells’ growth

Different concentration of chromium acetate acid concentration on N-Y cells was different. Under low chromium
acetate acid concentration (less than 3200 pg/ml), the inhibition effect was undefined. The N-Y cells was obviously inhibit
when the chromium acetate acid concentration was 6400 pg/ml or higer (see Figure 2.). The data of other concentration of
chromium acetic acid were not shown.

Figure 2 : Inhibition of different chromium acetate concentration on yeast cell growth

Optional culture conditions for n-y cells

The biomass of N-Y cells was effected by many factors such as carbon resources, nitrogen resources, yeast extracts,
pH value, temperature, rotational speed etc. Effect of different sugars on N-Y growth was obvious. The N-Y cells could not
utilize starch, and their capability of using lactose and dextine was poor. Glucose and sucrose could be utilized well, and the
biomass of the N-Y was higer (see Figure 3.). The glucose was selected as the optimal carbon resource. The N-Y cells could
utilize beef extract, NaNO3, NH4NO3, (NH4)2SO4, peptone, and NH4CI, but the utilization of thiourea was poor (see
Figure 4.). NaNO3 could enhance the biomass of the N-Y and was selected as the optimal nitrogen resource.
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Figure 4 : Selection of optimal nitrogen resource
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To determine the optimal medium for N-Y culturing, orthogonal method was used to identify the optimal
concentration glucose, NaNO3 and yeast extract. Orthogonal experiment of three factors and four levels was designed to
determine the optimal medium for N-Y (see TABLE 1.). The results of the orthogonal experiment showed that the optimal
glucose, NaNO3 and yeast extracts concentration was as 3%, 0.5% and 2% (see TABLE 2.). To further determine the
concentration of glucose and NaNO3, another two factors (glucose and NaNO3) and four levels (glucose: 2%, 3%, 4% and
5%; NaNO3: 0.125, 0.25, 0.5 and 1%) orthogonal experiment was designed. The result was the same as that of three factors

and four levels (data not shown).

TABLE 1 : Orthogonal design of three factors and four levels

Glucose NaNO; Yeast extract OD
0.5 0.5 0.5 0.80
0.5 1 1 0.75
0.5 2 2 0.61
0.5 3 3 0.41

1 0.5 1 1.03
1 1 0.5 0.93
1 2 3 0.77
1 3 2 0.92
2 0.5 2 1.67
2 1 3 1.58
2 2 0.5 0.87
2 3 1 0.90
3 0.5 3 1.67
3 1 2 1.71
3 2 1 1.60
3 3 0.5 0.44
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TABLE 2 : Results of three factors and four levels orthogonal

Glucose NaNO; Yeast Abstract
X1 0.64 1.30 0.76
X2 0.88 1.24 1.07
X3 1.25 0.96 1.20
X4 1.36 0.64 1.11
range 0.28 0.56 0.26

When the temperature was less than 16 °C, the N-Y cells could not grow, while the temperature was higher than
20°C, the cells could grow, and the biomass increased until 20°C. When the temperature is between 28 and 40°C, the biomass
of the N-Y was relatively stable. So 28-36°C was selected as optimal culturing temperature (see Figure 5.).

The effect of different initial pH on growth of N-Y cells was obvious. When the pH was less than 3 or higer than 11,
the N-Y cells was hardly to grow. While the pH was between 4 and 9, the biomass of N-Y decreased with the increasing of
pH. When pH was 4, the biomass was the highest. pH 4 was selected as optimal initial pH value.
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Figure S : Effect of temperature on N-Y cells
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Figure 6 : Effect of pH value on N-Y cells

The effect of rotation speed of shaking bed between 0 and 250 rpm on biomass of the N-Y cells was investigated.
The biomass of the N-Y would not increase with the increasing of the rotation speed until the speed was 200 rpm. That was
to say when the rotation speed was 200 rpm or more, the biomass of the N-Y changed very tiny (see Figure 7).
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Figure 7 : Selection of optimal rotation speed for N-Y cells
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Figure 8 : Effect of different concentration of Cr(AC); on different transferred passages
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Figure 9 : Effects of culturing time on chromium content and Biomass of the Cr-Y

Preparation of chromium-enriched yeast (Cr-Y)

Different concentration of chromium acetate acid range from 0 to 6400 pg/ml was added to optimal media and was
used to culture N-Y cells for 10 passsages. The results showed that the cells growing in 3200 pg/ml chromium acetate acid
had higer chromium content and biomass (see Fig8.). After being transferred for 10 passages the cells grew in 3200 pg/ml
chromium acetate acid could collect almost as high as that of those grew in 6400 pg/ml chromium acetate acid. So, 3200
pg/ml chromium acetate acid was selected as the optimal concentration added to the optimal media to culture the yeast for
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another twenty passages. The content of chromium in Cr-Y was stable at about 450ug/g dried yeast and the biomass of the
yeast was stable at 2.3 g/L after being transferred for 30 passages cultured for 24 h. So we got a strain of Saccharomyces
cerevisiae and Cr-Y which could collect chromium from the media stably and was with stable genetic characteristics.

The chromium content and biomass in Cr-Y yeast after being cultured for different time, and the results showed that
the optimal cultivation time was 3 days.

The inoculation size and culture time was selected by inoculating different volume of Cr-Y to fresh media and
culturing for different days. The results showed that the optimal inoculation size was 1000 pl/100 ml, and the optimal
cultivation time was 3 days (see TABLE 3). After being cultured for different time at the optimal conditions, the chromium
content in N-Y yeast changed tiny, while that in Cr-Y yeast changed strongly.

TABLE 3 : Selecton of inoculation size and culturing time of Cr-Y

24 h (g/L) 48 h (g/L) 72h (g/L)
Inoculation size N-Y Cr-Y N-Y Cr-Y N-Y Cr-Y
(u1/100 ml) . . .
Biomass® Biomass® Ccr. Biomass® Biomass (ér, Biomass® Biomass® ((1:1;
250 8.7 5.6 35.6 18 12.1 198.3 22.3 16.9 354.2
500 12.3 8.4 40.0 22.3 16.6 256.7 24.2 18.2 425.8
1000 16.7 10.5 38.7 25.7 20.3 375.1 24.6 20.5 503.7
1500 224 15.1 48.0 24.8 19.6 382.4 24.5 20.2 510.3

* The unit for biomass is g/L; * The unit for chromium content is pg/g.dried yeast.

The Cr-Y yeast cells could grew in different concentration of chromium acetate acid and could collect chromium
from the media and change the inorganic chromium to organic. The results suggested that the Cr-Y cell might be used to
clear the chromium pollution in environment.

CONCLUSIONS

We got a strain of high-biomass chromium-rich Saccharomyces cerevisiae Cr-Y whose optimal culture condition
was as: 30 g/L gucrose, 5 g /L NaNOy, 20 g/L yeast extract, 28~40°C, pH4~6, rotation speed at 200 rpm or more than 200
rpm with 3200 pg/ml chromium acetate acid for different time and was transfered at least 30 passages. And the Cr-Y could
collect chromium as 500 pg per gram dried yeast.
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