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ABSTRACT 

For economical production of bioethanol, it is important to develop 

the strains consuming a mixture of sugars from biomass efficiently.  

Saccharomyces cerevisiae, the traditional strain producing bioethanol, 

has many advantages such as high ethanol production ability and high 

tolerance to ethanol.  

However, there are several barriers in using lignocellulosic biomass. 

First, cofactors for xylose metabolic enzymes are imbalanced between 

xylose reductase (NADPH) and xylitol dehydrogenase (NADH). 

Second, glucose and xylose, the major sugars of lignocellulosic 

biomass, share common hexose trasnporters. Finally, there are 

regulatory systems in S. cerevisiae such as catabolite repression and 

catabolite inactivation. Above all, the catabolite inactivation was 

studied in this thesis. 

It is already known that ROD1, an arrestin-like protein, mediates 

endocytosis of catabolite inactivation by many researchers. It was 

reported that the knock-out of the ROD1 gene of S. cerevisiae 

prevented catabolite inactivation, hence elevated both sugar 

consumption and final ethanol concentration in glucose and xylose co-

fermentation. However, it is still not understood how prevention of 
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catabolite inactivation by ROD1 deletion increased sugar consumption 

and what transporters are connected. In addition, research efforts on 

catabolite inactivation have been made in the media containing glucose 

only. Therefore, it needs to be considered whether the endocytosis 

occurs in xylose containing media or not, because the ethanol 

fermentation is conducted in a mixture of glucose and xylose. 

It was explored what transporters are related with ROD1 by tagging 

several hexose transporters with EGFP and by using fluorescence 

microscopy and confocal laser scanning microscopy. Consequently, it 

was discovered that the HXT1 protein is a target transporter of ROD1-

mediated endocytosis. Also, the internalization of hexose transporters 

happened in the media containing not only glucose but xylose. 

Furthermore, it was also confirmed whether the prevention of HXT1 

endocytosis targeted by ROD1 deletion affects sugar consumption. As a 

result, the glucose consumption rate of the ROD1 deleted strain was 

14.1% higher than that of the wild-type strain in complex medium. 

Moreover, in minimal medium, the glucose consumption rate of the 

ROD1 deleted strain increased by 73.7% compared with the wild-type 

strain. 
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I. INTRODUCTION 

1. Bioethanol 

Due to the environmental problems and increasing the price of 

petroleum resources, demand about an alternative energy has been 

existed. Bioethanol has already been commercialized by using first 

generation biomass in Brazil, whose the top source is sugarcane. 

Also, U.S.A., the number two bioethanol producer in the world, uses 

corn starch as major biomass. In addition, since biomass has a short 

carbon cycle, it can be harvested continuously and greenhouse effect 

by carbon dioxide can be relieved by alternating fossil fuel to 

biofuel. 

Ethanol can be mixed with petrol or used as neat alcohol in 

dedicated engines. Also, it has several advantages such as higher 

octane number and higher heat of vaporization. Furthermore, it is an 

excellent fuel for future advanced flexi-fuel hybrid vehicles (Hahn-

Hagerdal et al., 2006). 
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2. Saccharomyces cerevisiae 

Saccharomyces cerevisiae has been traditionally used to produce 

ethanol, because it has several advantages such as high ethanol 

production from hexoses and high tolerance to ethanol and other 

inhibitory components in the acid hydrolysates of lignocellulosic 

biomass (João RM Almeida et al., 2007). Lignocellulosic biomass, 

known as second generation biomass, was used for production of 

bioethanol in this study, because grain biomass has several problems 

such as an increase of grain price and ethical issues. 

However, since wild-type strains of S. cerevisiae cannot 

metabolize pentoses, such as xylose and arabinose, ethanol 

production from lignocellulosic biomass is impossible (Aristidou A 

and Penttilä M, 2000). Consequently, many researchers have 

endeavored to develop engineered S. cerevisiae capable of utilizing 

xylose and have attained engineering the strains by introducing 

xylose reductase (XR, XYL1), xylitol dehydrogenase (XDH, XYL2) 

from Scheffersomyces stipitis (known as Pichia stipitis) and over-

expression of xylulokinase (XK, XYL3) from S. cerevisiae (Jin et al., 

2000; Kim et al., 2013) (Figure 1). 
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Figure 1. Xylose metabolic pathway in engineered S. cerevisiae. XR, XDH, and XK were introduced, and XYL1, 

XYL2, and XYL3 represent XR, XDH, and XK, respectively. 
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In spite of this endeavor, several problems with using S. 

cerevisiae still remain. First, there is a cofactor regeneration 

problem in using pentose between XR (NADPH, NADP+) and XDH 

(NADH, NAD+) in S. cerevisiae (Johansson B and Hahn-Hägerdal B, 

2002). Second, glucose and xylose share common transporters in 

being transported into the cell (Lee et al., 2002; Peter Kötter and 

Michael Ciriacy, 1993). Therefore, when all glucose, preferred to 

xylose in S. cerevisiae, are consumed, and then xylose starts being 

consumed. Finally, there is a regulatory system by glucose such as 

catabolite repression (Gancedo JM, 1998) and catabolite inactivation 

(Busturia A and Lagunas R, 1986). 

Among them, effects of catabolite inactivation by ROD1 protein 

in S. cerevisiae were studied in this study, and the details will be 

further described in “3. Catabolite inactivation”. 
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3. Catabolite inactivation 

Catabolite inactivation is a regulatory system, by which glucose-

starved yeast cells rapidly adapt upon exposure to glucose by 

remodeling their enzymatic content. It was reported that glucose 

causes the enzyme degradation by endocytosis of some sugar 

transporters such as HXT6 and JEN1 (Becuwe M et al., 2012; Nikko 

and Pelham, 2009). 

The endocytosis of membrane transporters is triggered by 

nutritional changes involved in the signaling pathway, especially in 

the case of carbon sources transporters (Horák J, 2003). When the 

components of nutrition are changed, related enzymes are 

(de)phosphorylated or ubiquitylated by the signaling pathway. Then, 

the endocytosis of membrane proteins occurs by ubiquitylated 

enzymes. 
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4. Arrestin-like protein 

Arrestins are a small family of proteins for regulating signal 

transduction. In environmental signals such as glucose or nitrogen 

starvation, membrane proteins are modified with phosphate or 

ubiquitin by arrestins. Afterwards, clathrin-coated pit is created 

around membrane proteins; clathrin mediates endocytosis. 

Consequently, arrestins mediate endocytosis of membrane proteins 

by serving as regulators of seven-transmembrane proteins to protein 

trafficking machinery (Moore et al., 2007). And also, it has been 

reported that arrestin-like proteins mediate ubiquitination and 

endocytosis of the metal transporter Smf1 in yeast (Nikko et al., 

2008). 

In S. cerevisiae, 13 arrestins regulate degradation of each target 

proteins. 13 arrestins are ubiquitylated RSP5, and ROD1 is one of 

the 13 arrestins. 
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5. ROD1 

ROD1 has first been discovered as the gene having multiple 

resistance and designated as meaning of resistance to o-

dinitrogenzene (Wu AL et al., 1996). Already, the mechanism of 

endocytosis by ROD1 as arrestin-like protein has been already 

determined by many researchers. ROD1 is phosphorylated by Snf1-

kinase (Shinoda J and Kikuchi Y, 2007) and dephosphorylated by 

PP1-phosphatase by the glucose signaling pathway. When glucose 

come into a cell, PY motifs of ROD1 recruit Rsp5 protein, which is 

a hect-type ubiquitin ligase (Andoh T et al., 2002; Ronish Gupta et 

al., 2007). ROD1 and RSP5 complex phosphorylated with 14-3-3 

proteins are dephosphorylated. And then, RSP5 transfers ubiquitin to 

ROD1, and membrane transporters ubiquitylated by ROD1 are 

internalized and targeted to the vacuole for degradation (Lin et al., 

2008) (Figure 2). 
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Figure 2. The mechanism of transporters endocytosis by ROD1 protein in the presence of glucose. In the 

presence of glucose, ROD1 is activated by PP1-mediated dephosphorylation. Subsequently, ROD1 is 

ubiquitinated by RSP5-mediated ubiquitination. And then, activated ROD1 affects on endocytosis and 

degradation of some transporters. 
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6. Hexose transporter 

S. cerevisiae has many hexose transporters because the major 

carbon sources of yeast are hexoses such as glucose, fructose, and 

mannose. It is known that there are HXT1~17, GAL2, SNF3, and 

RGT2 (Nelissen B et al., 1997) capable of transporting hexoses in S. 

cerevisiae, and the characters of several enzymes have been reported 

(Horák J, 2013). To adapt in various nutrition environment, S. 

cerevisiae has a tight regulation system of hexose transporter 

expression. For example, the HXT1 and HXT3 transport high 

concentrations of hexose with Km values around 100 mM and 30-60 

mM for glucose, respectively, so called low affinity transporters. 

Additionally, the HXT2 and HXT4 transport hexose of about 10mM 

Km concentration for glucose, so called moderate affinity 

transporters. Finally, the HXT6 and HXT7 transport low 

concentration of hexose with Km values around 1 mM for glucose, 

so called high affinity transporters (Horák J, 2013). 

Hexose transporters in S. cerevisiae have two mechanisms of 

sugar transporting; facilitated diffusion and proton-sugar symport 

(RA Weusthuis et al., 1994). Although the wild-type strains of S. 

cerevisiae do not have the xylose metabolic pathway, several sugar 
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transporters of S. cerevisiae can transport not only glucose but also 

xylose into the cell (Lee et al., 2000; Saloheimo A et al., 2007; 

Wahlbom CF et al., 2003). 
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7. Research objectives 

For efficient production of bioethanol in engineered S. cerevisiae, 

the effect of glucose on sugar transport in S. cerevisiae should be 

considered including catabolite repression and catabolite 

inactivation. 

Therefore, this study has focused on the effects of ROD1, the 

gene related to catabolite inactivation. The mechanism of 

endocytosis by ROD1 has been determined by many researchers 

(Andoh T et al., 2002; Lin et al., 2008; Ronish Gupta et al., 2007; 

Shinoda J and Kikuchi Y, 2007). In addition, it was proven 

previously that ROD1 deleted strains could elevate the final ethanol 

concentration and productivity in the media containing glucose and 

xylose (Bae, 2014, thesis). However, it is still not known what 

transporters are related with endocytosis by ROD1. 

The specific objectives of this study are as follows. 

(1) To find the target transporters of ROD1 protein by confocal 

laser scanning microscopy 

(2) To confirm the prevention effect of target transporter 

internalization by ROD1 on sugar transport in glucose 

fermentation 
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Ⅱ. Materials and Methods 

1. Reagents 

All chemicals used were reagent grade. Glucose, xylitol, agarose, 

ampicillin, ethidium bromide, yeast synthetic drop-out supplement, 

yeast nitrogen base (YNB, w/o amino acid), protease inhibitor 

cocktail and bovine serum albumin were purchased from Sigma-

Aldrich Chemical Company (St. Louis, MO, USA). Bacto-peptone, 

bacto-tryptone, yeast extract and bacto-agar were obtained from 

Difco (Detroit, MI, USA); xylose from Junsei (Tokyo, Japan); 

ethanol from Merck (Darmstadt, Germany); HPLC-grade water 

from J.T Baker (Phillipsburg, NJ, USA); 2N NaOH, 2N HCl, NaCl, 

H2SO4 and potassium phosphate from Duksan (Ansan, Korea). 
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2. Stains and plasmids 

Escherichia coli Top10 (Invitrogen, CA, USA) was used for 

preparation of plasmid DNA. S. cerevisiae D452-2 and 

EBY.VW4000 were used as host strain. Strains, plasmids, and 

primers used in this study are shown in Table 1, Table 2, and Table 

3, respectively. In Table 3, the underlined letters mean the 

recognition sites by the corresponding restriction enzymes. 
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Table 1. List of the strains used in this study 

Strain Main characteristics Reference/Source 

E. coli TOP10 

F_ mcrA _(mrr-hsdRMS-mcrBC) (_80lacZ_M15 

_lacX74 deoR recA1 araD139 _(ara-leu)7697galU 

galK rpsL endA1 nupG 

Invitrogen 

S. cerevisiae D452-2 MATα leu2 his3 ura3 can1 (Nikawa J et al., 1991) 

DX123 S. cerevisiae D452-2/pRS306_XYL123 (Kim et al., 2012) 

DX123 ΔROD1 DX123 ΔROD1 (Bae, 2014, thesis) 

DX123/TKHR DX123/p423HXT7XRTEF1XK (Bae, 2014, thesis) 

DX123 ΔROD1/TKHR DX123 ΔROD1/TKHR (Bae, 2014, thesis) 

DX123/TKHR/HXTx-E DX123/TKHR/p415ADH_HXTx-EGFP In this study 

DX123 

ΔROD1/TKHR/HXTx-E 
DX123/TKHR/p415ADH_HXTx-EGFP In this study 

EBY.VW4000 

MATα leu2-3, 112 ura3-52 trp1-289 his3-1 MAL2-8c 

SUC2 hxt17 hxt13::loxP hxt15::loxP hxt16::loxP 

hxt14::loxP hxt12::loxP hxt9::loxP hxt11::loxP 

hxt10::loxP hxt8::loxP hxt514::loxP hxt2::loxP 

hxt367::loxP gal2 stl1::loxP agt1::loxP ydl247w::loxP 

yjr160c::loxP 

(Wieczorke R et al., 1999) 
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Strain Main characteristics Reference/Source 

EBY.VW4000 ΔROD1 EBY.VW4000 ΔROD1 In this study 

EBY.VW4000/HXT1 EBY.VW4000/p414ADH_HXT1 In this study 

EBY.VW4000 

ΔROD1/HXT1 
EBY.VW4000 ΔROD1/p414ADH_HXT1 In this study 
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Table 2. List of the plasmids used in this study 

Plasmid Main characteristics Reference/Source 

p423HXT7XRTEF1XK 

pESCHIS based plasmid containing xylose reductase 

from Scheffersomyces stipites under HXT7 promoter 

and xylulokinase from S. stipites under TEF1 promoter 

(YH Bae, 2014, thesis) 

p414ADH_HXTx 
TRP1, p414ADH based plasmid containing hexose 

transporter from S. cerevisiae 
In this study 

p415ADH_HXTx-EGFP 
LEU2, p415ADH based plasmid containing hexose 

transporter from S. cerevisiae tagging EGFP 
In this study 

 

 

 



 

  17 
 

Table 3. List of the primers used in this study 

Primer name Sequence of oligonucleotides (5’à3’) 

F1_HXT1_SpeI 
CGACTAGTAAAAATGAATTCAACTCCCGAT

CTAATATCTCCT 

R1_HXT1 
TTTCCTGCTAAACAAACTCTTGTAAAATGG

TTG 

F2_HXT1_EGFP 
AGAGTTTGTTTAGCAGGAAAGGAGGAGGA

ATGGTGAGCAAGGGCGAGGAG 

R2_GFP_PstI 
AACTGCAGTTACTTGTACAGCTCGTCCATG

CCG 

F1_HXT5_SpeI 
CGACTAGTATGTCGGAACTTGAAAACGCT

CATCAAG 

R1_HXT5 
TTTTTCTTTAGTGAACATCCTTTTATAAAAT

GGTCTC 

F2_HXT5_EGFP 
TAAAAGGATGTTCACTAAAGAAAAAGGAG

GAGGAATGGTGAGCAAGGGCGAGGAG 

F1_STL1_SpeI 
CGACTAGTATGAAGGATTTAAAATTATCGA

ATTTCAAAGGCAAATTTA 

R1_STL1 ACCCTCAAAATTTGCTTTATCGTTCACTG 

F2_STL1_EGFP 
GAACGATAAAGCAAATTTTGAGGGTGGAG

GAGGAATGGTGAGCAAGGGCGAGGAG 

F_HXT1_SpeI 
GACTAGTAAAAATGAATTCAACTCCCGATC

TAATATC 

R_HXT1_PstI 
AACTGCAGTTATTTCCTGCTAAACAAACTC

TTGTAAA 
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3. DNA manipulation and transformation 

3.1. Enzymes 

Restriction enzymes and calf intestinal alkaline phosphatase (CIP) 

were purchased from New England Biolabs (Beverly, MA, USA). 

T4 DNA ligation mix was obtained from Takara (Tokyo, Japan). 

 

3.2. Transformation of E. coli 

E. coli Top10 was cultured in 5 mL LB medium for 12 h. Half a 

mL of the culture was transferred to fresh 50 mL LB medium and 

cultured until OD600 reached 0.5. Cells harvested by centrifugation 

at 3,500 g for 10 min at 4℃ were resuspended in 5 mL of ice-cold 

100 mM CaCl2 solution containing 15 % (v/v) glycerol. 

Resuspended cells were aliquoted to 100 μL, mixed with DNA, and 

kept on ice for 30 min. They were subjected to heat-shock at 42℃ 

for 45 sec, and one mL of LB medium was added to the test tubes 

and incubated at 37℃ for 40 min to allow the bacteria to express 

the antibiotic resistance. An appropriate volume of the transformed 

cells was spread on LB agar plates with an ampicillin selection 

marker. 
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3.3. Preparation of plasmid DNA and yeast genomic 

DNA 

Mini-scale preparation of plasmid DNA was conducted using 

Dyne TM Plasmid Miniprep Kit from Dyne Bio Co. (Seongnam, 

Korea) according to the manufacturer’s instruction. 

Preparation of S. cerevisiae genomic DNA to obtain a template 

for the gene was conducted using DNeasy Blood & Tissue Kit from 

QIAGEN (Düsseldorf, Germany) according to the manufacturer’s 

instruction. 

 

3.4. Isolation of DNA fragments and DNA sequencing 

DNA was digested with restriction enzymes and separated on a 

0.1% (w/v) agarose gel. After full separation of the desired DNA 

band from the gel, the gel containing the DNA fragment was 

solubilized and further purified by using QIAquick® Gel Extraction 

Kit from QIAGEN (Düsseldorf, Germany). DNA sequencing was 

performed by SolGent (Daejon, Korea). 
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3.5. Polymerase chain reaction (PCR) 

Polymerase chain reaction (PCR) was performed with the 

AccupowerTM PCR PreMix (Bioneer Co., Daejon, Korea) in Veriti® 

96-Well Thermal Cycler (Applied Biosystems, CA, USA). PCRs for 

cloning of truncated genes were performed in 50 μL of dyemix 

solution (Enzynomics Co., Daejon, Korea) containing 10 pM each 

of forward and reverse primers (Table3), and 2.5 μL S. cerevisiae 

genomic DNA as a template. PCR amplification was performed as 

follows; 1 cycle of 94 °C for 5 min; 30 cycles of 94 °C for 30 sec, 

57°C (annealing temperature is dependent on primer) for 30 sec, 

72 °C for 1 min 45 sec (time is dependent on product size, 1min for 

kb) and 1 cycle of 72 °C for 7 min.  

Overlap PCR was used to obtain a template for construction of 

fusion protein HXTx-EGFP. In case of HXTx-EGFP, two DNA 

fragments were amplified by the primary PCR using four primers of 

F1_HXTx_SpeI/R1_HXTx and template as gDNA of S. cerevisiae 

and F2_HXTx-EGFP/R2_EGFP_PstI and template as pEGFP 

respectively, and then the secondary PCR was performed with the 

two DNA fragments and two primers of 

F1_HXTx_SpeI/R2_EGFP_PstI. 
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3.6. Yeast transformation 

Yeast transformation was performed using the yeast EZ-

Transformation kit (BIO 101, CA, U.S.A.). Transformants were 

selected on YNB medium containing 20 g/L glucose or 20 g/L 

maltose. Amino acids and nucleotides were added as necessary. 

 

  



 

  22 
 

4. Fluorescence microscopy 

Fluorescence microscopy was carried out with DE/Axio A1 (Zeiss, 

Germany) to detect endocytosis of target transporter by ROD1 

protein. Pre-cultured cells were incubated in YNB broth with 2% 

raffinose for 24 h. Then, the pre-cultured cells were transferred into 

YNB broth containing 4% glucose, 4% xylose and 4% glucose and 4% 

xylose mixture by adjusting the obtical density at 1 OD600/mL. 

Sample were also prepared from the culture broth by adjusting the 

obtical density at 1 OD600/mL. 
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5. Confocal laser scanning microscopy 

Confocal laser scanning microscopy was carried out with Super-

resolution Confocal Microscope SP8 X STED (Leica, Germany) to 

detect endocytosis of HXT1 by ROD1 protein. Pre-cultured cells 

were incubated in YNB broth with 2% raffinose for 24 h. Then, the 

pre-cultured cells were transferred into YNB broth containing 4% 

glucose, 4% xylose and 4% glucose and 4% xylose mixture by 

adjusting the obtical density at 1 OD600/mL. Sample were also 

prepared from the culture broth by adjusting the obtical density at 1 

OD600/mL. 
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6. Media and culture condition 

6.1. Media 

LB medium (1 % tryptone, 0.5 % yeast extract, 1 % NaCl) with 

50 μg/mL ampicillin was used for recombinant E. coli cultivation. 

YNBD medium (6.7 g/L yeast nitrogen base without amino acid and 

85 mg/L appropriate amino acid, but leucine was added at 170 mg/L, 

2% glucose) which lacked appropriate amino acid was used for 

selection and pre-culture of yeast strains. 

Flask culture and batch fermentation were carried out with YEPD 

medium (1% yeast extract, 2% bacto-peptone, 7% glucose). 

 

6.2. Inoculum 

Recombinant S. cerevisiae stock was transferred to a test tube 

containing YNBD (or YNBM) selection medium and incubated for 

24 hours at 30°C, 250 rpm in shaking incubator (Vision, Korea). The 

inocula were prepared by growing cells overnight to an OD600 of 

over 10. The cells were harvested in 1.5 ml micro eppen tube by 

centrifugation at 16,200 g for 10 min and washed in 1 mL of 

sterilized Double Distilled Water (DDW). The washed cells were 
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transferred to a 250 mL glass flask with 50mL working volume, 

giving an initial OD600 of approximately 1. 

 

6.3. Cultivations 

Batch flask culture was carried out in a 250 mL glass flask with 

50 mL working volume at 30°C in a shaking incubator (Vision 

Korea, Suwon, Korea), and shaking rate was maintained at 80 rpm 

for oxygen-limited condition. 
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7. Fermentation analysis 

7.1. Dry cell mass 

Dry cell mass concentration was estimated by measuring 

absorbance at 600 nm by a UV/VIS spectrophotometer Optizen POP 

(Mecasys Co., Ltd, Daejon, Korea). Optical density was converted 

into dry cell mass by using the following conversion equation. 

Dry cell mass (g/L) = 0.3 × OD600 

 

7.2. Metabolites concentration 

Concentrations of glucose, glycerol, acetic acid and ethanol were 

measured by a high performance liquid chromatography (Agilent 

1100LC, CA, U.S.A.) equipped with the Carbohydrate Analysis 

column, Rezex ROA-organic acid (Phenomenex, CA, USA). The 

carbohydrate analysis ion exclusion column heated at 60°C was 

applied to analyze the 20 μL of diluted culture broth. Detection was 

made with a reflective index detector at 35°C. HPLC operation 

conditions were set according to the instruction manual of the 

column supplier. H2SO4 (0.01N) solution was used as mobile phase 

at a flow rate of 0.6 mL/min.  
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III. RESULTS AND DISCUSSION 

1. Identification target transporters of ROD1 

To find the target transporters of ROD1, the endocytosis of 

several hexose transporters were tested by glucose induction. The 

representative hexose transporters were selected among several 

affinity transporters. Therefore, HXT1 was selected as the 

representative of low affinity transporters, and HXT5 as that of 

moderate affinity transporters. Also, STL1 was selected as the 

representative of other glucose transporting proteins. HXT7 was not 

tested, because it was assumed that HXT7 was not affected by 

glucose catabolite inactivation in the previous research (Bae, 2014, 

thesis) (Figure 3). 
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Figure 3. Degradation check of Gal2 and Hxt7 by catabolite 

inactivation. Gal2 protein was degraded by catabolite 

inactivation in the media containing glucose, but HXT7 was 

not (Bae, 2014, thesis).  
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1.1. Overlapping sugar transporter genes from S. 

cerevisiae and Enhanced Green Fluorescence 

Protein (EGFP) 

To construct vectors containing sugar transporter genes from S. 

cerevisiae tagged with EGFP gene (Gene Bank Accession no. 

U57607), PCR fragments were overlapped. EGFP was used for 

visualization of sugar transporters. 
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DNA sequences of the EGFP gene used in this study are as below. 

GTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGC

CCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCA

CAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCC

ACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCAC

CGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACC

ACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCC

CGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCA

TGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTC

AAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGA

AGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCT

GAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTG

GGGCACAAGCTGGAGTACAACTACAACAGCCACAACG

TCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAG

GTGAACTTCAAGATCCGCCACAACATCGAGGACGGCA

GCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCC

CATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCAC

TACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAA

CGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTG

ACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTA

CAAG 
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The HXT1, HXT5 and STL1 genes from S. cerevisiae included 

1713, 1779 and 1710 base, respectively. DNA sequences of the 

HXT1 gene from S. cerevisiae used in this study are as below. 

ATGAATTCAACTCCCGATCTAATATCTCCTCAGAAATCC

AATTCATCCAACTCATATGAATTGGAATCTGGTCGTTCA

AAGGCCATGAATACTCCAGAAGGTAAAAATGAAAGTTT

TCACGACAACTTAAGTGAAAGTCAAGTGCAACCCGCCG

TTGCCCCTCCAAACACCGGAAAAGGTGTCTACGTAACG

GTTTCTATCTGTTGTGTTATGGTTGCTTTCGGTGGTTTC

ATATTTGGATGGGATACTGGTACCATTTCTGGTTTTGTT

GCTCAAACTGATTTTCTAAGAAGATTTGGTATGAAGCA

CCACGACGGTAGTCATTACTTGTCCAAGGTGAGAACTG

GTTTAATTGTCTCTATTTTTAACATTGGTTGTGCCATTG

GTGGTATCGTCTTAGCCAAGCTAGGTGATATGTATGGTC

GTAGAATCGGTTTGATTGTCGTTGTAGTAATCTACACTA

TCGGTATCATTATTCAAATAGCCTCGATCAACAAGTGGT

ACCAATATTTCATTGGTAGAATTATCTCTGGTTTAGGTG

TCGGTGGTATCACAGTTTTATCTCCCATGCTAATATCTG

AGGTCGCCCCCAGTGAAATGAGAGGCACCTTGGTTTCA

TGTTACCAAGTCATGATTACTTTAGGTATTTTCTTAGGTT

ACTGTACCAATTTTGGTACCAAGAATTACTCAAACTCTG

TCCAATGGAGAGTTCCATTAGGTTTGTGTTTCGCCTGG

GCCTTATTTATGATTGGTGGTATGATGTTTGTTCCTGAA

TCTCCACGTTATTTGGTTGAAGCTGGCAGAATCGACGA

AGCCAGGGCTTCTTTAGCTAAAGTTAACAAATGCCCAC

CTGACCATCCATACATTCAATATGAGTTGGAAACTATCG

AAGCCAGTGTCGAAGAAATGAGAGCCGCTGGTACTGCA

TCTTGGGGCGAATTATTCACTGGTAAACCAGCCATGTT

TCAACGTACTATGATGGGTATCATGATTCAATCTCTACA

ACAATTAACTGGTGATAACTATTTCTTCTACTACGGTAC

CATTGTTTTCCAGGCTGTCGGTTTAAGTGACTCTTTTG

AAACTTCTATTGTCTTTGGTGTCGTCAACTTCTTCTCCA
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CTTGTTGTTCTCTGTACACCGTTGACCGTTTTGGCCGT

CGTAACTGTTTGATGTGGGGTGCTGTCGGTATGGTCTG

CTGTTATGTTGTCTATGCCTCTGTTGGTGTTACCAGATT

ATGGCCAAACGGTCAAGATCAACCATCTTCAAAGGGTG

CTGGTAACTGTATGATTGTTTTCGCATGTTTCTACATTT

TCTGTTTCGCTACTACCTGGGCCCCAATTGCTTACGTTG

TTATTTCAGAATGTTTCCCATTAAGAGTCAAATCCAAGT

GTATGTCTATTGCCAGTGCTGCTAACTGGATCTGGGGT

TTCTTGATTAGTTTCTTCACCCCATTTATTACTGGTGCC

ATCAACTTCTACTACGGTTACGTTTTCATGGGCTGTATG

GTTTTCGCTTACTTTTACGTCTTTTTCTTCGTTCCAGAA

ACTAAAGGTTTATCATTAGAAGAAGTTAATGATATGTAC

GCCGAAGGTGTTCTACCATGGAAATCAGCTTCCTGGGT

TCCAGTATCCAAGAGAGGCGCTGACTACAACGCTGATG

ACCTAATGCATGATGACCAACCATTTTACAAGAGTTTGT

TTAGCAGGAAATAA 
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DNA sequences of the HXT5 gene from S. cerevisiae used in this 

study are as below. 

ATGTCGGAACTTGAAAACGCTCATCAAGGCCCCTTGGA

AGGGTCTGCTACTGTGAGCACAAATTCTAACTCATACA

ACGAGAAGTCAGGAAACTCGACTGCTCCTGGTACCGC

CGGTTACAACGATAATTTGGCACAAGCTAAACCCGTCT

CAAGTTACATTTCCCATGAAGGCCCTCCCAAAGACGAA

CTGGAAGAGCTTCAGAAGGAGGTTGACAAACAACTAG

AGAAGAAATCGAAGTCGGATTTACTATTTGTATCCGTCT

GCTGTTTGATGGTTGCTTTTGGTGGGTTCGTGTTTGGG

TGGGATACTGGTACTATATCTGGTTTTGTCAGGCAAACA

GACTTCATTAGGCGATTTGGCAGCACCCGTGCAAACGG

GACTACCTATCTTTCCGATGTCAGAACCGGTTTGATGG

TTTCTATTTTCAACATCGGCTGCGCTATCGGAGGTATAG

TTTTGTCAAAGCTCGGTGATATGTATGGACGTAAGATTG

GTCTGATGACTGTTGTCGTCATTTACTCAATTGGGATCA

TCATCCAAATCGCCTCCATTGACAAATGGTATCAATATT

TCATTGGAAGAATCATCTCAGGACTGGGCGTTGGTGGT

ATTACAGTTTTGGCGCCTATGCTAATTTCTGAAGTGTCG

CCTAAGCAGTTGCGTGGTACTCTGGTTTCATGTTACCA

ATTAATGATCACTTTCGGTATCTTTTTGGGATATTGTACT

AATTTTGGTACCAAGAATTACTCAAACTCTGTCCAATGG

AGGGTACCATTAGGCTTATGCTTTGCATGGTCTATTTTT

ATGATTGTTGGTATGACGTTCGTTCCTGAATCCCCACGT

TATCTGGTAGAAGTGGGAAAAATTGAAGAGGCCAAGCG

GTCCTTAGCAAGAGCTAACAAAACCACTGAAGACTCTC

CTTTAGTAACTTTAGAAATGGAGAACTATCAGTCTTCTA

TTGAAGCTGAGAGATTGGCGGGCTCTGCTTCTTGGGG

GGAATTGGTTACTGGTAAGCCCCAGATGTTCAGACGTA

CACTAATGGGTATGATGATTCAATCTTTACAACAGCTGA

CAGGTGACAATTACTTCTTTTACTATGGTACTACAATTT

TCCAGGCTGTTGGTTTGGAAGATTCATTTGAAACTGCT
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ATTGTTTTGGGTGTTGTTAATTTTGTTTCGACTTTTTTC

TCGCTATATACCGTCGATCGTTTTGGTCGTCGTAATTGT

TTGTTATGGGGCTGTGTAGGTATGATTTGTTGCTATGTC

GTCTATGCCTCTGTTGGTGTTACCAGATTATGGCCAAAC

GGTCAAGATCAACCATCTTCAAAGGGTGCTGGTAACTG

TATGATTGTTTTCGCATGTTTCTACATTTTCTGTTTCGCT

ACCACTTGGGCCCCCGTTGCCTATGTCCTTATCTCTGA

GTCGTATCCCTTAAGAGTACGTGGTAAAGCAATGTCGA

TTGCAAGTGCCTGTAACTGGATTTGGGGGTTCTTGATC

AGTTTTTTCACTCCATTTATTACTTCAGCAATCAATTTCT

ATTATGGCTATGTCTTTATGGGTTGTATGGTGTTCGCAT

ACTTTTATGTGTTCTTCTTTGTTCCAGAGACAAAGGGC

TTAACATTAGAAGAAGTCAACGAAATGTATGAAGAAAAT

GTGCTACCTTGGAAGTCTACCAAATGGATCCCACCATCT

AGGAGAACAACAGATTATGACCTAGACGCTACTAGAAA

TGATCCGAGACCATTTTATAAAAGGATGTTCACTAAAGA

AAAATAA 
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DNA sequences of the STL1 gene from S. cerevisiae used in this 

study are as below. 

ATGAAGGATTTAAAATTATCGAATTTCAAAGGCAAATTT

ATAAGCAGAACCAGTCACTGGGGACTTACGGGTAAGAA

GTTGCGGTATTTCATCACTATCGCATCTATGACGGGCTT

CTCCCTGTTTGGATACGACCAAGGGTTGATGGCAAGTC

TAATTACTGGTAAACAGTTCAACTATGAATTTCCAGCAA

CCAAAGAAAATGGCGATCATGACAGACACGCAACTGTA

GTGCAGGGCGCTACAACCTCCTGTTATGAATTAGGTTG

TTTCGCAGGTTCTCTATTCGTTATGTTCTGCGGTGAAAG

AATTGGTAGAAAACCATTAATCCTGATGGGTTCCGTAAT

AACCATCATTGGTGCCGTTATTTCTACATGCGCATTTCG

TGGTTACTGGGCATTAGGCCAGTTTATCATCGGAAGAG

TCGTCACCGGTGTTGGAACAGGGTTGAATACATCTACT

ATTCCCGTTTGGCAATCAGAAATGTCAAAAGCTGAAAA

TAGAGGGTTGCTGGTCAATTTAGAAGGTTCCACAATTG

CTTTTGGTACTATGATTGCTTATTGGATTGATTTTGGGT

TGTCTTATACCAACAGTTCTGTTCAGTGGAGATTCCCC

GTGTCAATGCAAATCGTTTTTGCTCTCTTCCTGCTTGCT

TTCATGATTAAACTACCTGAATCGCCACGTTGGCTGATT

TCTCAAAGTCGAACAGAAGAAGCTCGCTACTTGGTAGG

AACACTAGACGACGCGGATCCAAATGATGAGGAAGTTA

TAACAGAAGTTGCTATGCTTCACGATGCTGTTAACAGG

ACCAAACACGAGAAACATTCACTGTCAAGTTTGTTCTC

CAGAGGCAGGTCCCAAAATCTTCAGAGGGCTTTGATTG

CAGCTTCAACGCAATTTTTCCAGCAATTTACTGGTTGTA

ACGCTGCCATATACTACTCTACTGTATTATTCAACAAAA

CAATTAAATTAGACTATAGATTATCAATGATCATAGGTGG

GGTCTTCGCAACAATCTACGCCTTATCTACTATTGGTTC

ATTTTTTCTAATTGAAAAGCTAGGTAGACGTAAGCTGTT

TTTATTAGGTGCCACAGGTCAAGCAGTTTCATTCACAAT

TACATTTGCATGCTTGGTCAAAGAAAATAAAGAAAACG
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CAAGAGGTGCTGCCGTCGGCTTATTTTTGTTCATTACAT

TCTTTGGTTTGTCTTTGCTATCATTACCATGGATATACCC

ACCAGAAATTGCATCAATGAAAGTTCGTGCATCAACAA

ACGCTTTCTCCACATGTACTAATTGGTTGTGTAACTTTG

CGGTTGTCATGTTCACCCCAATATTTATTGGACAGTCCG

GTTGGGGTTGCTACTTATTTTTTGCTGTTATGAATTATTT

ATACATTCCAGTTATCTTCTTTTTCTACCCTGAAACCGC

CGGAAGAAGTTTGGAGGAAATCGACATCATCTTTGCTA

AAGCATACGAGGATGGCACTCAACCATGGAGAGTTGCT

AACCATTTGCCCAAGTTATCCCTACAAGAAGTCGAAGA

TCATGCCAATGCATTGGGCTCTTATGACGACGAAATGG

AAAAAGAGGACTTTGGTGAAGATAGAGTAGAAGACACC

TATAACCAAATTAACGGCGATAATTCGTCTAGTTCTTCA

AACATCAAAAATGAAGATACAGTGAACGATAAAGCAAA

TTTTGAGGGTTGA 
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1.2. Fluorescence microscopy 

To find target transporters of ROD1 protein, the endocytosis of 

the putative membrane hexose transporters with tagging EGFP were 

visualized with fluorescence microscopy. The tested putative target 

transporters were HXT1, HXT5 and STL1. After pre-cultured with 2% 

raffinose for 48 h, being transferred in YNB media with 4% glucose, 

4% xylose, and 4% glucose and 4% xylose mixture, respectively. 

And then, 6 h or 9 h after, they were observed with fluorescence 

microscopy. There was no difference of endocytosis pattern between 

6 h and 9 h. 

 

1.2.1. The endocytosis of HXT1 

In the wild-type strain, HXT1 was internalized in a vacuole, but 

endocytosis did not happen in the ROD1 deleted strain. As a result, 

it was confirmed that HXT1 is the target transporter of ROD1. These 

results were the same in the media containing glucose, xylose, and a 

mixture of glucose and xylose (Figure 4). Thus, it was inferred that 

ROD1 is affected by not only glucose but xylose as environmental 

signals. 
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HXT1 is a low affinity transporter (Km around 100mM), and the 

low affinity transporter is expressed in high glucose concentration. 

For that reason, it was assumed that the ROD1 deleted strain led to 

increase of ethanol production and sugar consumption at high 

concentration fermentation. 

 

 

Figure 4. The endocytosis of HXT1 (a) in glucose media, (b) in xylose 

media and (c) in glucose and xylose mixture. Wild-type strain 

had HXT1 to internalize, but HXT1 still remained at 

membrane in ROD1 deleted strain. 

 



 

  39 
 

1.2.2. The endocytosis of HXT5 

HXT5 was degraded not only in the wild-type strain but also in 

the ROD1 deleted strain. It meant that HXT5 is not a target 

transporter of ROD1 protein. If HXT5 were the target transporter of 

ROD1, HXT5 was not internalized in the ROD1 deleted strain 

(Figure 5). These results were identical to the results in glucose 

media, xylose media and a mixture of glucose and xylose media. 

 

Figure 5. The endocytosis of HXT5 (a) in glucose media, (b) in xylose 

media and (c) in glucose and xylose mixture. HXT5 was 

internalized in the wild-type strain and in ROD1 deleted 

strain. 



 

  40 
 

1.2.3. The endocytosis of STL1 

STL1 was also internalized not only in the wild-type strain but 

also in the ROD1 deleted strain. These results were the same in the 

media containing glucose, xylose and a mixture of glucose and 

xylose, indicating that STL1 is not a target transporter of ROD1 

protein, either (Figure 6).  

 

 

Figure 6. The endocytosis of STL1 (a) in glucose media, (b) in xylose 

media and (c) in glucose and xylose mixture. STL1 was 

internalized in the wild-type strain and in ROD1 deleted 

strain. 
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1.3. Confocal laser scanning microscopy 

By the fluorescence microscopy, it was discovered that HXT1 is 

the target transporter of ROD1 protein. However, when fluorescence 

microscopy reorganizes 3-dimension structure to 2-dimension 

images, the images can be blurred and spread by dispersion of light. 

Therefore, the endocytosis of HXT1 was reconfirmed by confocal 

laser scanning microscopy (CLSM), because CLSM can get clear 3-

dimensional images by repetitive deconvolution processes. 

Accordingly, many journal reviewers recommend to use CLSM in 

submission of fluorescence images. 
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Figure 7. The endocytosis of HXT1 (a) in glucose media, (b) in xylose media and (c) in glucose and xylose 

mixture by CLSM. Wild-type strain had HXT1 to internalize, but HXT1 still remained at membrane in 

ROD1 deleted strain. It was visualized by CLSM. 
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In short, when the transporter tagged with EGFP was localized in 

the plasma membrane, green fluorescence was shown with a ring 

shape by EGFP. ROD1 protein was ubiquitylated with RSP5, ligase 

protein, and then, the ROD1 and RSP5 complex mediated 

endocytosis of HXT1 in the wild-type strain. Therefore, green 

fluorescence was observed inside cells. However, in the ΔROD1 

strain, green fluorescence inside cells was not seen and still 

remained in plasma membrane, because ROD1 did not exist. 
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Figure 8. The summary of the differences between wild-type and ROD1 deleted strain. It was described as 

ROD1 mechanism for HXT1 endocytosis in the presence of glucose by the mimetic diagram. 
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2. The effect of ROD1 on sugar transporting  

To confirm the reason for increasing sugar consumption due to 

blocking HXT1 degradation, it was compared between wild-type 

and ROD1 deleted strain by using the EBY.VW4000 strain deleted 

all transporters for transporting hexoses. In this study, the effect of 

ROD1 on only glucose transports was tested, because glucose and 

xylose share the common transporters (Li et al., 2010). And also, in 

this study, the results of fluorescence images and CLSM images are 

the same in the presence of glucose, xylose, and glucose and xylose 

mixture. 

First, HXT1 was overexpressed by using p414ADH plasmid in 

the EBY.VW4000 strain and the EBY.VW4000ΔROD1 strain. The 

constructed strains were fermented in YPD70 media. The prominent 

differences were glucose consumption rate and ethanol production 

rate from 4 h to 12 h. The ΔROD1 strain exhibited 14% and 15% 

higher glucose consumption and ethanol production rates than those 

of the control strain. 
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Figure 9. Comparison of glucose consumption and ethanol production between the wild-type strain and the 

ROD1 deleted strain in YPD70 medium. ●, the wild-type strain; ○, ROD1 deleted strain 
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Table 4. Summary of glucose consumption and glucose consumption 

rate of the wild-type strain and the ΔROD1 strain in complex 

medium 

* Glucose consumption rate = ΔS/Δh, from 4 h to 12 h. 

 

  

Strains 

Remained glucose 

concentration at 12 h 

(g/L) 

Glucose consumption 

rate  

(g/L∙h)* 

Wild-type 22.5±0.40 6.03±0.05 

ΔROD1 15.0±0.38 6.88±0.04 
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However, it has a slight difference in terms of glucose 

consumption rate, because nutritional circulation goes on smoothly 

in YP media, which are complex media containing sufficient 

nutrients such as ammonium. 

Therefore, the glucose consumption rate was compared between 

the wild-type strain and the ΔROD1 strain in YNB media which are 

minimal media containing restrictive ammonium. Like the previous 

result, it was shown that glucose consumption rate of the ΔROD1 

strain increased with 73.7% more than the wild-type strain. 

Especially, the differential of glucose consumption rate for each 

section of the strains was remarkable as time passes. From 4 h to 8 h, 

each glucose consumption rate of the wild-type strain and the 

ΔROD1 strain were 2.17 and 2.52 g/L∙h, respectively, and the rate of 

increase was 16.1%. However, from 8 h to 12 h, each glucose 

consumption rate of the strains were 1.72 and 4.23 g/L∙h, and the 

rate of increase was 146%. The glucose consumption rate from 4 h 

to 8 h of the wild-type strain decreased 20.7% compared with that 

from 8 h to 12 h. On the other hand, it was increased 67.9% for the 

same periods in the ΔROD1 strain. 

In addition, the ΔROD1 strain consumed about 60 g/L of glucose, 
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whereas the wild-type strain consumed about 20 g/L of glucose for 

36 h. Like the glucose consumption, the produced ethanol 

concentration in the ΔROD1 strain was 24.6 g/L, whereas 9.2 g/L in 

the wild-type strain for the same time.  

The noticeable difference between the results of the complex 

medium and the minimal medium could be due to ammonium 

concentrations. It has been reported that ammonium starved 

environment provides a drastic decrease of fermentation due to 

catabolite inactivation (Lagunas R et al., 1982). Thus, the drastic 

change was derived in the minimal medium compared with the 

complex medium. 

The prevention of HXT1 degradation by ROD1 deleted can be an 

advantage in fermenting in high sugar concentration, because HXT1 

is a low affinity transporter which has a high Km value. 

Therefore, with these strategies, deleting ROD1 and 

overexpressing HXT1 may improve ethanol productivity and sugar 

consumption rate.  
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Figure 10. Comparison of glucose consumption and ethanol production between the wild-type strain and the 

ROD1 deleted strain in YNBD70 medium. ▼, remained glucose concentration of the wild-type strain; 

▽, remained glucose concentration of the ROD1 deleted strain; ◆, produced ethanol concentration of 

the wild-type strain; ◇, produced ethanol concentration of the ROD1 deleted strain. 
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 Table 5. Summary of glucose consumption and glucose consumption rate of the wild-type strain and the 

ΔROD1 strain in minimal medium 

 * Consumed glucose is calculated from 0 h to 36 h. 

** Glucose consumption rate is calculated from 4 h to 12 h. 

 

 

 

Strains 

Consumed 

glucose 

(g/L)* 

Glucose 

consumption rate 

(g/L∙h)** 

Glucose consumption 

rate from 4 h to 8 h 

(g/L∙h) 

Glucose consumption 

rate from 8 h to 12 h 

(g/L∙h) 

wt 23.7 1.94 2.17 1.72 

ΔROD1 60.3 3.37 2.52 4.23 
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IV. CONCLUSIONS 

This thesis can draw the following conclusions: 

 

(1) The target transporter of ROD1 protein, arrestin-like protein 

mediating endocytosis of membrane transporters, was HXT1. 

ROD1 made HXT1 endocytosis not only in the presence of 

glucose, but also in the presence of xylose. This result was also 

verified in the media containing a mixture of glucose and xylose. 

 

(2) It was confirmed that prevention of HXT1 endocytosis by ΔROD1 

increased glucose consumption rate. The ROD1 deleted strain 

increased glucose consumption rate by 14.1% in complex medium, 

and by 73.7% in minimal medium. In addition, the amount of 

glucose consumed also increased in the ΔROD1 strain compared 

with the wild-type strain. The ΔROD1 strain consumed about 60 

g/L of glucose, whereas the wild-type strain consumed about 20 

g/L of glucose for 36 h. In addition, the ethanol concentration 

produced for 36 h in the ΔROD1 strain was 24.6 g/L, whereas 9.2 

g/L in the wild-type strain. 
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국   록 

이 에탄 을 경 로 생산 하  해 는 

이 매스로부  얻어진 당을 효 로 소비하는 균주를 

개 하는 것이 요하다. 통 로 에탄  생산에 

이용 는 균주인 Saccharomyces cerevisiae는 에탄  생산  

이 높고 에탄 에 한 내 이 강해 이 에탄 을 

생산하 에 장 을 지니고 있다. 

하지만 이 학 논 에  이용한 목질계 이 매스를 

이용하여 이 에탄 을 생산할 때에는 몇 가지 이 

있다. 첫째는 자일로스 환원효소(XR)  자일리톨 

탈 소효소(XDH) 의 보조인자 불균  이고, 둘째는 

목질계 이 매스의 주요 분인 루코스  자일로스가 

이송체를 공 한다는 것이다. 그리고 마지막 는 S. 

cerevisiae에  사 억 (catabolite repression)  번역 

비활 화(catabolite inactivation)  같  조  메커니즘이 

일어난다는 것이다. 그 에 도, 이 학 논 에 는 번역 

비활 화를 다루었다. 

이미 다 의 연구진에 의해  ROD1 단 질이 번역 

비활 화 과 의 내포작용을 매개한다는 사실이 졌다. 

한, 행연구에  ROD1 단 질에 의한 번역 비활 화가 

ROD1 결여 균주에  화 는 것을 확인하 며, 이 

균주로 루코스  자일로스 합당 효에  당 소비 

속도  최종 에탄  농도를 증가시킨  있다. 하지만 
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여 히 ROD1 결여 균주에  어떻게 번역 비활 화의 

해가 당 소비 속도를 증가시키는지, 그리고 어떤 

이송체가 연 어 있는지 진 가 없다. 

그래  이 연구에 는 몇 가지 이송체에 단 질을 

부착하 고, 미경과 공 미경을 이용하여 어떤 

이송체가 ROD1 단 질에 의해 향을 는지를 

탐색하 다. 그 결과, HXT1 단 질이 ROD1 단 질의 표  

단 질이며, 루코스 신  달 체계에  루코스 뿐만 

아니라 자일로스 한 신 로 인식한다는 것을 알  

있었다. 

그 뿐만 아니라, ROD1의 결여에 의한 HXT1의 

내포작용의 해가 효를 할 때 실  당 소비 증가를 

일 키는지를 확인하 다. 그 결과, 복합 지에  ROD1 

결여 균주는 야생  균주에 비해 루코스 소비 속도를 

14.1% 증가시 고, 최소 지에 는 73.7% 증가시키는 

결과를 얻을  있었다. 

 

주요어: 이 에탄 , 번역 비활 화(catabolite inactivation), 

ROD1, HXT1, Saccharomyces cerevisiae 

 

학  번: 2013-21164 

 


	I. INTRODUCTION
	1. Bioethanol
	2. Saccharomyce cerevisiae
	3. Catabolite inactivation
	4. Arrestin like protein
	5. ROD1
	6. Hexose transporter
	7. Research objectives

	II. MATERIALS AND METHODS
	1. Reagents
	2. Strains and plasmids
	3. DNA manipulation and Transformation
	3.1. Enzymes
	3.2. Transformation of Escherichia coli
	3.3. Preparation of plasmid DNA and yeast genomic DNA
	3.4. Isolation of DNA fragments and DNA sequencing
	3.5. Polymerase chain reaction (PCR)
	3.6. Yeast transformation

	4. Fluorescence microscopy
	5. Confocal laser scanning microscopy (CLSM)
	6. Culture conditions
	6.1. Media
	6.2. Inoculum
	6.3. Batch fermentation

	7. Fermentation analysis
	7.1. Dry cell mass
	7.2. Metabolites concentration


	III. RESULTS AND DISCUSSION
	1. Searching for target transporters of ROD1
	1.1. Overlapping sugar transporter genes from S. cerevisiae and Enhanced Green Fluorescence Protein (EGFP)
	1.2. Fluorescence microscopy
	1.2.1. The endocytosis of HXT1
	1.2.2. The endocytosis of HXT5
	1.2.3. The endocytosis of STL1

	1.3. Confocal laser scanning microscopy for endocytosis of HXT1

	2. The effect of ROD1 on sugar transporting

	IV. CONCLUSIONS
	V. REFERENCES
	국 문 초 록


<startpage>13
I. INTRODUCTION 1
 1. Bioethanol 1
 2. Saccharomyce cerevisiae 2
 3. Catabolite inactivation 5
 4. Arrestin like protein 6
 5. ROD1 7
 6. Hexose transporter 9
 7. Research objectives 11
II. MATERIALS AND METHODS 12
 1. Reagents 12
 2. Strains and plasmids 13
 3. DNA manipulation and Transformation 18
  3.1. Enzymes 18
  3.2. Transformation of Escherichia coli 18
  3.3. Preparation of plasmid DNA and yeast genomic DNA 19
  3.4. Isolation of DNA fragments and DNA sequencing 19
  3.5. Polymerase chain reaction (PCR) 20
  3.6. Yeast transformation 21
 4. Fluorescence microscopy 22
 5. Confocal laser scanning microscopy (CLSM) 23
 6. Culture conditions 24
  6.1. Media 24
  6.2. Inoculum 24
  6.3. Batch fermentation 25
 7. Fermentation analysis 26
  7.1. Dry cell mass 26
  7.2. Metabolites concentration 26
III. RESULTS AND DISCUSSION 27
 1. Searching for target transporters of ROD1 27
  1.1. Overlapping sugar transporter genes from S. cerevisiae and Enhanced Green Fluorescence Protein (EGFP) 29
  1.2. Fluorescence microscopy 37
   1.2.1. The endocytosis of HXT1 37
   1.2.2. The endocytosis of HXT5 39
   1.2.3. The endocytosis of STL1 40
  1.3. Confocal laser scanning microscopy for endocytosis of HXT1 41
 2. The effect of ROD1 on sugar transporting 45
IV. CONCLUSIONS 52
V. REFERENCES 53
±¹ ¹® ÃÊ ·Ï 59
</body>

