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Abstract — The purpose of our study was investigate from
effect new mutations of Saccharomyces cerevisiae which
possessing the ability to produce and enhance ethanol yield
and characterized by ethanol tolerance which had been
obtained by using the new protocol has been developed in our
previous study. By molecular biology methods, such as Error-
prone PCR, global transcription machinery engineering, DNA
hybridization, etc. were used to construct an initial
transcription factor and screen the target specific phenotype
for obtaining mutations SPTI15-Mu genes from the
Saccharomyces cerevisiae R-control strain; which have an
ability to produce and enhance ethanol yield and
characterized by ethanol tolerance. The results showed more
than 80 mutant genes were obtained with SPT15 gene that
diversely expressed when utilized MnCL:.. Mutants recorded
the highest ethanol production by using 3 % MnCl: with
improving the yield rate to 60.24 % compared to R-control
strain. In conclusions, there are many vehicles that produced
by metabolism resulting by the fermentation process; which
are considered work as stress factors for yeast, leading to
weaken their activities, and eventually cause cell loss. In our
study, we managed to get random mutagenesis-Super; which
were characterized by a high mutation rate, and
simultaneously be stable in front of a lot of large compounds
of metabolites produced by the fermentation process. Even be
able to grow better than wild-type strain.

Keywords — gTME, Saccharomyces Cerevisiae, SPTIS,
Ethanol Tolerance, Error-Prone PCR, Ethanol Production

I. INTRODUCTION

The requirements of the S. cerevisiae to produce a high
level of ethanol, is the ability to withstand elevated
concentration of ethanol and sugar containing in the
fermentation medium. These cellular characteristics are
important because very high gravity (VHG) fermentations
increases high sugar concentrations (and thus increase the
level of osmotic pressure) at the beginning of the process;
whereas at the end of batch fermentation, the ethanol
concentration will be high which is common among
bioethanol production [1-3]. The gTME is a novel
technique developed by Alper and Gregory ten years ago
aiming to obtain new metabolic phenotypes in
microorganisms in a fast and accurate manner.
Additionally, it can be used to improve traits in more

complex organisms. Moreover, it provides complex
phenotypes that are not readily accessible by traditional
methods [4].

The gTME was a successful technique in solution to
difficulties of metabolic and genetic engineering during the
production of new metabolic phenotypes that are functional
and optimized [3]. The fundamental principle of the gTME
technique is to re-program the whole transcriptome profile
of a cell through editing of the TATA binding protein (TBP)
encoded by SPT15 and/or TAF23 and obtaining of mutants
with specific phenotypic changes [3,5]. The gTME uses
molecular biology methods such as error-prone PCR (Ep-
PCR), DNA shuffling, etc. to construct an initial
transcription factor and screen the target phenotype to
obtain the enhanced metabolic flux or bacteria with specific
phenotype. It produces most of the functional genes, while
RNA polymerase II transcription efficiency is determined
by initiation of transcription factors and promoter binding
protein, and one of the first transcription factors in S.
cerevisiae is TBP. The SPT15 and TAF23 are related to the
promoter region of TBP capacity changes and affects the
efficiency of gene expression [6,7].

In this study, the SPT15 and TAF23 mutant genes was
amplified from the non-mutated diploid cells, and a new
mutant S. cerevisiae strain (harboring mutated genes) of the
type diploid were screened using gTME method. As
indicated by some previous studies, more than one hundred
genes were found to be diversely expressed when was
utilized this technique [3,8].Therefore, gTME is considered
as a method which helps to get complex phenotypes that are
not readily accessible by traditional methods. It is
commonly utilized in the production of many enzymes and
chemical compounds, and most importantly ethanol, which
enters in the cosmetic and pharmaceutical industry, through
which can be employed for other genes via an iterative
procedure comprising recombinant generation [9]. This
study aims to improve of S. cerevisiae strain through
generating new mutations of specific genes using the
cellular engineering technique which relies on minor
change(s) at interior proteins by using (Ep-PCR). It showed
a significant role in regulating and generating a library of
mutations of S. cerevisiae strain with high yield of Ethanol
using high-throughput From that reason, this technique is
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considered as a new method of diversity at the
transcriptional engineering level.

In our study, we have been modified the idea of protocol
Error-Prone polymerase chain reaction to making more
efficient, then used Global Transcription Machinery
Engineering (gTME) technique to obtain for construct
stable mutations of Saccharomyces cerevisiae. This leads
to possess the ability to produce and enhance ethanol yield

and characterized by ethanol tolerance.
II. MATERIALS AND METHODS

A.  Microbial strains and culture media

The S. cerevisiae strain was used for genetic
manipulation and cultured in basic medium yeast extract
peptone dextrose broth (YEPD) medium; this medium was
used for routine growth of yeast strains at 30 °C and
contained 10 g/l yeast extract, 20 g/l Bacto-peptone, and 20
g/l glucose. The Escherichia coli IM109 (E. coli) was used
as a host for plasmid construction. Moreover, E. coli IM109
was grown in super optimal broth (SOB) containing 5 g/l
yeast extract, 20 g/l Bacto-peptone, 0.95 g/l MgCl,, 0.186
g/l KCl, and 0.5 g/l NaCl was used before spreading on
solid media after transformation and cultured at 37 °C.
Solid media contained 2 % agarfor both types of mediums.
Respective antibiotics [Ampicillin (Amp) 100 mg/l,
kanamycin (Kan) 35 mg/l] were added to maintain the
plasmids [10]. For screening, the medium (YEPDG)
containing 10 g/l yeast extract, 20 g/l Bacto-peptone, 20 g/l
glucose; Glycosid-418, (sulfate salt, Sangon Biotech,
China) (G418) resistance gene was added with the final
concentration (250 and 350 pg/ml), respectively [11]. The
Fermentation medium was YEPDT: 10 g/l yeast extract, 20
g/l Bacto-peptone, 20 g/l glucose, and 0.2 g/l Thiamine.
Incubation conditions were standardized on the rotary
shaker at 30 °C with 200 rpm. All the media contained
glucose as sole carbon source. The strains utilized as a part
of this study are shown in Table 1.
B. Reagents

For detection and isolation of yeast gDNA fragments,
Mini-DNA fragment Rapid Kit (BioSCi Biotech Co., LTD,
Hangzhou, China) was used. Plasmid DNA was extracted
by using a Plasmid Mini-Preps Kit (BioSCi Biotech Co.,
LTD, Hangzhou, China). The (dGTP, dNTP, dCTP, and
dTTP) both of individually and rTaq DNA polymerase
enzymes were purchased from (TaKaRa, Japan). Enzyme
(2xPfu PCR Mix) was purchased from (BIO SCI Biotech
Co., LTD, HANGZHOU, CHINA). Therestriction
enzymes, T4 DNA ligase and other enzymes were
purchased from Thermo Scientific. Agarose gel purification
of DNA fragments was performed using the TaKaRa
Agarose Gel DNA Purification Kit Ver. 2.0 (TaKaRa,
Japan).The vector (pMD19-T) purchased from (TaKaRa,
Japan). Finally, genes sequencing were by Sangon Biotech,
Shanghai Co., Ltd, China.
C. Studies to verify stability and similarity for SPT15-
Mu and TAF23-Mu genes to survive after

transformation of into S. cerevisiae

International Journal of Research in Agricultural Sciences

Volume 4, Issue 2, ISSN (Online): 2348 — 3997

After transformation of the yeast; 20 colonies were
selected for the screening as a random mutation. In order to
ensure the stability test of each colony, 100 ul were plated
on YEPD solid medium in triplicate with different
concentration of Kanamycin. The colonies which
characterized by good viability among the grown colonies
were transferred on YEPD containing G418 (250 pg/ml)
and incubated at 30 °C until single colonies appeared. After
that, 5 big and single colonies were picked up and re-grown
on a fresh YEPDG medium containing G418 (350 pg/ml);
then incubated at 30 °C for 2days. Afterward, the resistant
colonies were streaked out [12,13]. Finally, colony PCR
was performed to verify whether the mutations were
successful. The PCR products were loaded on 1.5 %
Agarose and visualized to make sure the criteria of the
stable genes selection.

C. Investigation of Ethanol tolerance of S. cerevisiae
mutant strains

In order to test the ability of the 102 mutations in this
study which harboring SPT15 genes. The ethanol tolerance
test was carried out by spot assay in duplicate onto YEPD
plates containing Kan 35 mg/l within various concentration
of ethanol 1, 3, 5, 7, 10 and 15 % (v/v) respectively. The
colonies forming ability and viability in high level of
ethanol were monitored after incubation at 30 °C for 3days
[14].

E.  The concentration of ethanol and glucose by
SPT15-Mu aerobic fermentation

Fermentation was carried out in 500 ml conical flasks
containing 50 ml fermentation medium as followed: 20 g/1
glucose, 10 g/l yeast extract, 20 g/l Bacto-peptone and 0.2
g/l thiamine (vitamin B1) [15,16] and 5 ml of inoculum
were added. The mixture was cultured at 30 °C for 3 days.
F. High performance liquid chromatography analysis

The broth samples were centrifuged at 12,000 rpm for 20
min then were filtered through a 0.22 pum filter. The
appropriately diluted supernatant by 10 % of Trichloro
acetic acid (TDA) (1:1) was used for the product analysis.
The concentrations of the samples were estimated by high-
performance liquid chromatography (HPLC) analysis, with
a Shodex RI SUGER SH-1011 HPLC column (7 um, 8 I.D.
x 300 mm) (Showa Denko Co., Ltd., K.K., Japan). The
column temperature was heated at 50 °C with 0.01 M
H2S04 as the mobile phase and flow rate 0.8 ml/min. The
concentrations were subsequently detected with a refractive
index detector with 285 nm wave length (HITACHI High
Technologies Co., Ltd., Tokyo, Japan) Model (CM
5110/5210/5310/5430/5450) to estimate the percentage of
both glucose and ethanol in the samples.

The HPLC analysis was performed by isocratic condition
using 1 % Sulfuric acid in water (v/v) as mobile phase. The
product was eluted around 22 minutes for a total running
time 30 minutes. All HPLC data were analyzed with
EZChrom Elite Version 3.3.2 SP2 Chromatography Data
System, Agilent Tech software.

The percentage of the ethanol yield production between the
mutant strains and control strain was estimated by using the
following equation:
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PRI= [(EPyEP;)*100]-100 (1)
Where, The PRI: percentage of the rate of increase; EP1:

Ethanol production for mutant strains; EP2: Ethanol
production for control strain.

Table 1: Microbial strains and plasmids used in this study

Strains / Plasmids Relevant characteristics Source / reference

Plasmids
pYX212 Amp® TPI promoter This study
pYX212-kan-SPT15-Mu pYX212 with SPT15 mutant gene This study
pYX212-kan-TAF23-Mu pYX212 with TAF23 mutant gene This study

pMDI19-T vector Amp® clone vector TaKaRa,Japan
Strains

E coli IM109 recAl supE44 endAl hsdR17 gyrA96 relAl thi Stratagene

S. cerevisiae Haploid strain

(Lac-proAB) F’[traD36 proAB*lacl lacZM15]

Wild-type (MAT- o) CICC 1374

China Center of Industrial
Culture Collection

(CICC)
S. cerevisiae Haploid strain Wild-type (MAT- a) CICC 31144
Mutant Strains*
S. cerevisiae R-Control strain Diploid strain This study
R-M20C1-P3 Ep-PCR process with 3% MnCl2 This study
R-M3C49-P10 Ep-PCR process with 10% MnClz This study
R-M17C4-P20 Ep-PCR process with 20% MnCl» This study

Amp, Ampicillin; Kan, kanamycin

*High bioethanol-producing mutant strains from each concentration

ITI. RESULTS AND DISCUSSIONS

Mutant
SPT1S

Strain with

Gene

A. Studies to verify stability and similarity for
SPT15-Mu and TAF23-Mu genes to survive after
transformation of into S. cerevisiae

Both SPT15 and TAF23 genes were ligated with PYX212
vector individually by using T4 DNA ligase. The resultant
after the processes of ligation was named PYX212-SPT15-
Mu and PYX212-TAF23-Mu, respectively.

Herein, 5 replicates of the 6 TAF23 mutants were tested
for the stability to G418 resistance gene, however they
weren’t able to resist and grow on the concentration 250
pg/ml of G418. In addition, 5 replicates of SPT15 mutations
by a total number of 250 were selected, and their stability
tests were examined. These mutations were subjected for
the stability to G418 resistance gene at two different
concentrations 250 pg/ml, and 350 ug/ml respectively [17],
the obtained results were used as an indicator for those
strains with high stability to the resistance gene (Fig. 1,
Table 2). Subsequently, the normal PCR was conducted for
these strains in order to amplify the successful resistance
genes with concentrations of G418 to identify the extent of
their activities and the stability for those mutations.

Afterthought, we were able to elect the best 102 mutants
with SPT15 gene of the total selected 250 mutants as shown
in Table 2. It was shown that a total of 14, 24, 37 and 27
mutations were successfully elected at 1, 3, 10 and 20 % of
MnCl,, respectively.

With With

G41E
[250pg/mi)

Gals
[350jagfml)

Figure 1: Mutant strain S. cerevisiae at morphological forming
and test the stability under stress of G418 resistance (250pg/ml,
350pug/ml), respectively

G418 resistance could simplify the selection of stable
transfected cell lines that reflected the characteristics of
pYX212-SPT15-Mu and pYX212-TAF23-Mu at the
expression of the stabilized genes which were not lost over
time. The higher concentrations of G418 (350 pg/ml)
enhanced the stability of mutant colonies at adverse
pressure conditions that produced higher copy of mutations
number. These results are similar to the finding reported by
[22].

Table 2: Summarize the tests of stability and similarity

Coloni lected for Grown on YEPD Grown on YEPD After Collected S“fc cle
Strains ° "s ta‘l’fﬂsie izs‘:s ° with G418 with G418 DNA rs:u‘:a M.C.§**
ty (250 pg/ml) (350 pg/ml) & Normal PCR tion
R-M5-P1 C2 C3 C7 C11 C15 C2 C3 C7 C11 Ci15 C2 C3 - Cl11 Ci15 Cc2 C3 - - Ci15 Cé’lcs3’ C2,C3
R-M7-P1 Cl C2 C3 C9 C13 Cl1 -* C3 (9 - Cl - C3 Cc9 - cltT - C3 - - C1,C3 C1,C3
R-M10-P1 C2 C5 C12 C22 C24 C2 C5 C12 C22 C24 C2 C5 C12 C22 C24 C2 C5C12 C22 C24 C2,C5, CCZE(Z:SC’(Z:;Z
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C12,C22, C24
C24
R-M12-P1 C1 C2 C3 C5 C10 Cl C2 C3 C5 C10 Cl1C2 C3 C5 - Cl1C2C3 C5 - ch’gzs’ CI’EZS’C3’
Total Mutant col which were selected with 1 % MnCl, concentration 14 Mutant colonies
R-M1-P3 C1 C4 C6 C7 C8 Cl ¢4 - C7 C8 Cl C4 - - C8 Ci1c4 - - (C8 C1,4,C8 C1
R-M4-P3 C1 C2 C3 C4 C5 Cl - C3 C4 C5 c1 - - C4 C5 cT - - - C5 C1,C5 C1,C5
R-M5-P3 C1 C2 C3 C4 C6 Cl - C3 C4 Cé6 Cl - C3 cC4 - Cl - C3 ¢4 - (C1,03,c4 (C1,C3,¢4
R-M7-P3 C1 C2 C3 C4 C5 Cl C2 C3 C4 C5 Cl - C3 C4 C5 Cl - C3 C4 C5 Cl’%;’CA‘ C1,C4
R-M8-P3 C4 C6 C7 C8 (9 C4 C6 - C8 (9 C4 C6 - C8 - c4 - - - - C4 C4
R-M10-P3 C2 C4 C5 C7 C8 C2 C4 C5 C7 C8 - C4 C5 - C8 - - - - - AM** AM
R-M12-P3 C1 C3 C4 C8 C9 Cl C3 C4 C8 (9 - - C4 C8 O - - C4 C8 (9 (C4,C8,C9 C4
R-M14-P3 C1 C2 C6 C7 C8 Cl C2 C6 C7T - - C2 C6 C7 - - C2C6 C7T - (C2,C6,C7 C2
R-M15-P3 C1 C2 C3 C4 C7 Cl c2 c3 - (C7 Cl1 C2 C3 - c7 Cl1 C2 C3 - - (C1,C2,C3 C1,C2,C3
C1,C2,C4, C1,C2,C4,
R-M16-P3 C1 C2 C3 C4 C5 Cl C2 C3 C4 C5 Cl1C2 C3 C4 C5 Cl1 C2C3 C4 C5 Cs cs
R-M17-P3 C2 C3 C4 C7 C9 C2 C3 ¢4 C7T 9 - C3 ¢4 - - C3 Cc4 - - C3,C4 C3,C4
R-M18-P3 C1 C2 C3 C4 Cé6 Cl C2 C3 C4 Cé6 Cl - C3 C4 C6 Cl - C3 ¢4 - C1,C3,C4 C3,C4
R-M19-P3 C1 C3 C5 C7 C8 Cl C3 ¢5 C7 - - C3 Cs - - C3 - - - Cc3 C3
R-M20-P3 C1 C2 C3 C4 C5 Cl C2 C3 C4 - Cl - C3 C4 - Cl - C3 - - C1,C3 C1
Total Mutant colonies which were selected with 3 % MnCl, concentration 24 Mutant colonies
R-M1a-P10 C1 C2 C3 C4 C5 Cl C2 C3 C4 - Cl1 C2 C3 - - ci1c2 - - - C1,C2 C1
R-M2a-P10 C1 C2 C3 C4 C5 Cl C2 C3 C4 - - C2 - C4 - - C2 - C4 - C2,C4 C2,C4
R-M1b-P10 C1 C2 C3 C4 C5 Cl - C3 C4 C5 Cl - C3 C4 C5 Cl - - C4 C5 C1,C4,C5 C1,C4
R-M2b-P10 C1 C6 C7 C9 C10 Cl C6 C7 C9 C10 Cl1 C6 C7 C9 Ci10 Cl1 C6 C7T - C10 CI’CCf6C7’ C6
C45,C46,
R;:/n' C45C46C47 C48 C49 C45 C46 C47 C48 C49 C45C46 C47 C48 C49 C45C46C47 C48 C49 C47 C45,Cd6,
0 Cc49
C48,C49
C1,C2,C3,
R-M4-P10 C1 C2 C3 C4 C5 Cl C2 C3 C4 - Cl1C2 C3 4 - Cl1C2C3 C4 - C4 C1,C2,C3
R-M5-P10 C1 C2 C3 C4 C5 Cl C2 C3 C4 - Cl - C3 4 - Ccl1 - C3 - - C1,C3 C1,C3
R-M6-P10 C1 C2 C3 C4 C5 Cl C2 C3 C4 C5 Cl1C2 C3 C4 C5 Cl1C2C3 C4 - Cl’%i’cs’ C2,C3
R-M8-P10 C1 C2 C3 C4 C5 Cl C2 C3 C4 - Cl1 C2 C3 cC4 - Cl - C3 C4 - Cl,(C?i,CS, C1,C3,C4
R-MY9-P10 C1 C2 C3 C4 C5 Cl C2 C3 C4 C5 Cl1 C2 - C4 C5 ciCc2 - €4 - C(C1,C2,C4 C2,C4
R-M10-P10 C1 C2 C3 C4 C5 Cl C2 C3 C4 C5 Cl1 C2 C3 CcC4 - Cl1C2C3 C4 - CC;’(éi’ Cl’%i’C3
R-M14-P10 C1 C2 C3 C4 C5 Cl C2 C3 C4 C5 - C2 C3 C4 G5 - C2C3 ¢4 - (C,03,04 C2,C3,C4
R-M15-P10 C1 C2 C3 C4 C5 Cl C2 C3 - G5 Cl1 C2 C3 - - Cl - C3 - - C1,C2,C3 C1,C3
R-M18-P10 C1 C2 C3 C4 C5 Cl C2 C3 - C5 Cl1 C2 C3 - C5 Ci1C2C3 - C5 %;’(C:ZS’ C1,C3,C5
C1,C2, C1,C2,
R-M19-P10 C1 C2 C3 C4 C5 Cl C2 C3 C4 C5 Cl1C2 C3 C4 - Cl1 C2C3 C4 - C3.C4 C3.C4
Total Mutant colonies which were selected with 10 % MnCl; concentration 37 Mutant coloni
R-M2-p20 C1 C2 C3 C4 C5 - C2 C3 ¢4 G5 - C2 C3 C4 G5 - - C3 C4 C5 (C3,¢4,C5 C4,C5
R-M4-p20 C1 C2 C3 C4 C5 - C2C3 - G5 - - C3 - C5 - - - - C5 AM# AM
R-M5-p20 C1 C2 C3 C4 C5 Cl C2 C3 C4 C5 Cl1C2 C3 C4 - Cl - C3 ¢4 - C1,03,C4 C1
R-M6-p20 C1 C2 C3 C5 C8 Cl C2 C3 C5 C8 Cl1C2 C3 C5 C8 Cl1C2C3 C5 - C1,g§,C3 C1,C2,C5
R-M8-p20 C1 C2 C3 C4 C5 Cl - C3 C4 - - - C3 4 - - - C3 4 - C3,C4 C3,C4
R-M9-p20 C1 C2 C3 C4 C5 Cl C2 - C4 C5 Cl1 C2 - C4 - c1c2 - - - C1,C2 C1,C2
R-M10-p20 C1 C2 C3 C4 C5 Cl C2 C3 C4 C5 - C2 C3 C4 G5 - C2C3 C4 C5 Cci’(gs’ C2,C3
R-M12-p20 C1 C2 C3 C8 (9 Cl C2 C3 C8 (9 - C2 C3 C8 O - - - C8 O C8,C9 C8,C9
R-M13-p20 C1 C2 C3 C4 C5 Cl C2 - C4 C5 Cl C2 - - C5 cic2 - - C5 C1,C2,C5 C2
R-M14-p20 C1 C2 C3 C5 C6 - C2 C3 C5 Cé6 - - C3 C5 Co - - - C5 C6 C5,C6 C5,C6
R-M15-p20 C1 C2 C3 C4 C5 Ci C2 - C4 - - C2 - C4 - -2 - - - C2 C2
R-M16-p20 C1 C2 C3 C4 C5 cit - C3 - - c1 - - - - c1r - - - - C1 C1
R-M17-p20 C1 C2 C3 C4 C5 - - - C4 Cs5 - - - C4 - - - - C4 - C4 C4
R-M18-p20 C1 C2 C3 C4 C5 Cl C2 C3 C4 C5 - C2 C3 C4 G5 - C2C3 Cc4 - (C,C3c4 C3,C4
R-M19-p20 C1 C2 C3 C4 C5 Cl C2 - C4 C5 c1 - - C4 C5 Cl - - C4 C5 C1,04,C5 C4,C5
R-M20-p20 C1 C2 C3 C4 C5 Cl C2 C3 C4 C5 Cl1 C2 C3 - C5 Cl - C3 - C5 C1,63,C5 C1,C5
Total Mutant colonies which were selected with 20 % MnCl; concentration 27 Mutant colonies
Where: (C1, C2, C3,..... etc.) referring to numbering of colony *Loss of colony growth in this test; ** Mutant colonies which were selected; ***

Absent mutations
B.  Test of Ethanol tolerance for mutant strains

This genetic screen uses a strain that expresses the
mutated versions of the protein. Thus, permits the
identification of dominant mutations that lead to novel
function to improve ethanol production. These colonies
which carrying the new mutants SPT7/5 gene when
compared with control strain, showed slight variations in

the improvement of colonies formation within the media
containing 1, 3, 5 and 7 % (v/v) of ethanol. Conversely, it
was found that the formation and composition of the
colonies mutant strains in the presence of 10 % ethanol
were weak compared to the low concentrations, while the
media containing 15 % (v/v) ethanol didn’t show any
growth of colonies (Fig. 2).
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Figure 2: Susceptibility of ethanol tolerance of S. cerevisiae mutant strains with various levels of ethanol concentrations (1, 3, 5, 7, 10
and 15%) on YEPD media containing Kan 35mg/l. Where (C1, C2) refers to the numbering of control colonies. Moreover, (M1): R-
M20C1-P3; (M2): R-M3C49-P10; (M3): R-M17C4-P20
, mutations colonies

C. The concentration of ethanol and glucose by
SPT15-Mu aerobic fermentation

In order to estimate the efficiency of the different mutants
for the production of ethanol, high performance liquid
chromatography was used in this study. During the aerobic
fermentation processes, the production of ethanol in the
yeast expressing SPT15 increased by 5.91 %, while the
glucose decreased by 0.19 % compared to the control strain.
With the addition of 3 % MnCl,, all the mutants showed

higher ethanol production from 14.11 to 15.72 % compared
to the control which produced 9.8 % ethanol, and the other
used mutants with 1, 10, and 20 % concentrations of MnCl,
(Table 3, 4). The R-M20C1-P3 mutant strain reported the
highest ethanol production by yielding 15.72 % with a 0.47
% reduction in glucose content. While, by using 1 % of
MnCl,, the production of ethanol was less than the other
mutants resulted by using the other concentrations.

Table 3: Summarizes mutant’s efficiency for the production of ethanol; which were obtained from strains which carrying
for mutant gene SPT15, after the process of acrobic fermentation for them.

Control 1 % MnCl, 3 % MnCl, 10 % MnCl, 20 % MnCl,
ETHO Mutant ETHO Mutant ETHO Mutant ETHO Mutant ETHO
g/l Strains g/l Strains g/l Strains g/l Strains g/l
9.81 R-M7C3-P1 12.65 R-M20C1-P3  15.72 R-M17C4-P20  13.49 R-M3C49-P10  14.04
R-M12C1-P1 12.64 R-M16C4-P3  15.47 R-M9C2-P20 13.46 R-M18C5-P10  14.01
R-M12C3-P1 12.57 R-M4C1-P3 15.47 R-M20C1-P20  13.42 R-M3C46-P10  14.01
R-M12C5-P1 12.48 R-M12C4-P3  15.32 R-M14C5-P20 13.41 R-M6C2-P10 13.99
R-M5C3-P1 12.48 R-M18C4-P3  15.29 R-M16C1-P20  13.36 R-M4C1-P10 13.98
R-M12C2-P1 12.39 R-M5C1-P3 15.21 R-M10C2-P20  13.35 R-M5C1-P10 13.95

R-M7C1-P1 12.34 R-M18C3-P3 14.83 R-M2C4-P20 13.28 R-M14C4-P10 13.94
R-M10C12-P1 12.34 R-M17C3-P3 14.75 R-M18C3-P20 13.27 R-M19C1-P10 13.94
R-M5C2-P1 12.30 R-M8C4-P3 14.74 R-M12C8-P20 13.25 R-M19C3-P10 13.93
R-M10C24-P1 11.97 R-M4C5-P3 14.68 R-M6C2-P20 13.23 R-M10C4-P10 13.92
R-M10C2-P1 11.70 R-M15C2-P3 14.66 R-M19C1-P20 13.19 R-M9C4-P10 13.90
R-M10C5-P1 11.69 R-M16C5-P3  14.65 R-M6C5-P20 13.19 R-M10C2-P10  13.89
R-M10C23-P1 11.62 R-M16C2-P3  14.63 R-M20C2-P20  13.15 R-M19C2-P10  13.89
R-M10C22-P1 11.02 R-M16C1-P3  14.40 R-M6C8-P20 13.11 R-M10C1-P10  13.82
R-M10C10-P1 10.84 R-M19C3-P3  14.35 R-M10C3-P20  13.11 R-M9C2-P10 13.81
R-M17C4-P3  14.33 R-M19C5-P20  13.02 R-M8C4-P10 13.77
R-MICI1-P3 14.29 R-M6C1-P20 13.02 R-M4C2-P10 13.76
R-M7C1-P3 14.13 R-M5C1-P20 12.99 R-M18C3-P10  13.72
R-M7C4-P3 14.12 R-M8C3-P20 12.92 R-M15C3-P10 13.71
R-M14C2-P3 14.11 R-M15C2-P20 12.90 R-M14C2-P10 13.70
R-M18C4-P20 12.85 R-M1’BCI1-P10 13.68
R-M14C6-P20 12.79 R-M1°C1-P10 13.67
R-M9C1-P20 12.78 R-M19C4-P10  13.67
R-M12C9-P20 12.78 R-M2’C2-P10 13.65
R-M2C5-P20 12.66 R-MS8C1-P10 13.64
R-M4C3-P10 13.56
R-M18C1-P10  13.54
R-M1"’B C4-P10 13.52
R-M14C3-P10  13.52
R-M6C3-P10 13.51
R-M3C45-P10  13.50
R-M2’°C6-P10  13.50
R-M8 C3-P10  13.49
R-M15C1-P10 12.37

Total  Control 15 mutants Strain 20 mutants Strain 25 mutants Strain 34 mutants Strain
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Table 4: Summarizes mutant’s efficiency for the residual of glucose; which were obtained from strains which carrying
for mutant gene SPT15, after the process of aerobic fermentation for them.

Control 1 % MnCl, 3 % MnCl, 10 % MnCl, 20 % MnCl,

T TR o T AT T

o/l o/l g/l g/l g/l

0.28 R-M7C3-P1 0.39 R-M20C1-P3 0.47 R-M17C4-P20 0.41 R-M3C49-P10 0.38

R-M12C1-P1 0.33 R-M16C4-P3 0.38 R-M9C2-P20 0.44 R-M18C5-P10 0.43

R-M12C3-P1 0.40 R-M4C1-P3 0.38 R-M20C1-P20 0.37 R-M3C46-P10 0.37

R-M12C5-P1 0.33 R-M12C4-P3 0.35 R-M14C5-P20 0.31 R-M6C2-P10 0.41

R-MS5C3-P1 0.44 R-M18C4-P3 0.41 R-M16C1-P20 0.44 R-M4C1-P10 0.41

R-M12C2-P1 0.31 R-M5C1-P3 0.34 R-M10C2-P20 0.44 R-MS5C1-P10 0.35

R-M7C1-P1 0.37 R-M18C3-P3 0.43 R-M2C4-P20 0.41 R-M14C4-P10 0.41

R-M10C12-P1 0.30 R-M17C3-P3 0.44 R-M18C3-P20 0.43 R-M19C1-P10 0.41

R-MS5C2-P1 0.34 R-M8C4-P3 0.39 R-M12C8-P20 0.29 R-M19C3-P10 0.35

R-M10C24-P1 0.34 R-M4C5-P3 0.47 R-M6C2-P20 0.42 R-M10C4-P10 0.40

R-M10C2-P1 0.37 R-M15C2-P3 0.36 R-M19C1-P20 0.37 R-M9C4-P10 0.37

R-M10C5-P1 0.37 R-M16C5-P3 0.19 R-M6C5-P20 0.42 R-M10C2-P10 0.43

R-M10C23-P1 0.28 R-M16C2-P3 0.39 R-M20C2-P20 0.39 R-M19C2-P10 0.33

R-M10C22-P1 0.31
R-M10C10-P1 0.30

R-M16C1-P3 0.20
R-M19C3-P3 0.39
R-M17C4-P3 0.29
R-M1C1-P3 0.37

R-M6C8-P20 0.43
R-M10C3-P20 0.42
R-M19C5-P20 0.38
R-M6C1-P20 0.32

R-M10C1-P10 0.40
R-M9C2-P10 0.44
R-M8C4-P10 0.39
R-M4C2-P10 0.42

R-M7C1-P3 0.39 R-M5C1-P20 0.34 R-M18C3-P10 0.38
R-M7C4-P3 0.39 R-MS8C3-P20 0.32 R-M15C3-P10 0.39
R-M14C2-P3 0.21 R-M15C2-P20 0.39 R-M14C2-P10 0.34

R-M18C4-P20 0.35
R-M14C6-P20 0.35
R-M9C1-P20 0.35
R-M12C9-P20 0.37
R-M2C5-P20 0.35

R-M1°’BC1-P10 0.44
R-M1’CI-P10 0.44
R-M19C4-P10 0.39
R-M2’C2-P10 0.38
R-M8C1-P10 0.38
R-M4C3-P10 0.38
R-M18C1-P10 0.38
R-M1"’B C4-P10 0.39
R-M14C3-P10 0.44
R-M6C3-P10 0.39
R-M3C45-P10 0.38
R-M2"°C6-P10 0.36
R-M8 C3-P10 0.42
R-M15C1-P10 0.34

Total Control 15 mutants Strain 20 mutants Strain 25 mutants Strain 34 mutants Strain

resulted by using 3 % of MnCl; in the process of Ep-PCR
recorded the highest ethanol production.

IV. CONCLUSION

In conclusion, the genetic results revealed that the gTME

technique could be an effective approach for construction
of novel mutants under various external stresses. The gTME
technique to S. cerevisiae has been performed to adapt its
attitude towards higher concentrations of ethanol. All the
examined mutants showed much better tolerance toward
ethanol stress as compared to the control. The mutants

V. FUTURE PROSPECTS

In a prospective study, we seek to establish a basis for
future industrial applications, through integrating the
SPT15 mutant alleles of two new mutant strains into the
chromosomes, to enhance ethanol tolerance and survive
within high concentration ethanol media.
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APPENDIX
ABBREVIATION:
gTME Global Transcription Machinery Engineering
E. coli Escherichia coli
S. cerevisiae Saccharomyces cerevisiae
VHG very high gravity
Amp Ampicillin
Kan kanamycin
G418 Glycosid-418 resistance gene
LB Luria-Bertani medium
SOB Super optimal broth medium
YEPD Yeast extract peptone dextrose broth medium
TBP TATA-binding protein
gDNA genomic DNA
OD Optical density
FDB fast digest buffer
PCR polymerase chain reaction
Ep-PCR Error prone polymerase chain reaction
MAT- o MAT-alpha
GDNC Genome Database and the National Center
HPLC High liquid performance chromatography
MCS Mutant colonies which were selected
AM Absent mutations
ETHO Ethanol
GLU Glucose
MgCla Magnesium chloride
MnCl> Manganese chloride
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