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Cloning and investigation of RGT2 gene char ecteristics from an
Iranian strain of Saccharomyces cerevisiae
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Figure 2- The schematic map of vectors used for cloning of

RGT2 gene: (A) pGEM-T vector for primary cloning (B)
pGBKT?7 expression vector.
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Figure 4- Electrophoresis of PCR product by using specific primers of
RGT2 gene on recombinant colonies after transformation with ligation
product and growing on selectable media, the observation of 2292bp band
confirmed physical presence of cloned vector into colonies. 1, 2, 3, 4 are
four independent replications. M(Kb) is 1kb DNA ladder 500 to 10000bp.
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Figure 5- Electrophoresis of PCR product by using specific primers of
RGT2 gene on extracted recombinant plasmid, the observation of 2292bp
band confirmed physical presence of cloned fragment into colonies. 1, 2,
3, 4 are four independent replications. M(Kb) is 1kb DNA ladder 500 to
10000bp.
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Figure 3- Electrophoresis of PCR product resulting from RGT2 gene
amplification with specific designed primers, 2292bp band Corresponds
to expected size. 1, 2, 3, 4 are four independent replications. M(Kb) is
1kb DNA ladder 500 to 10000bp.
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Figure 7- Electrophoresis of recombinant plasmid (pGBKT7+RGT2)
digested with Pstl and Ncol restriction enzymes, the observation of
2292bp band confirmed physical presence of cloned fragment. M(KDb) is
1kb DNA ladder 500 to 10000bp.
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Figure 6- Electrophoresis of recombinant plasmid digested with Pstl and
Ncol restriction enzymes, the observation of 2292bp band confirmed
physical presence of cloned fragment. M(Kb) is 1kb DNA ladder 500 to
10000bp.
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Figure 8- Survey on Hydropathic index of Rgt2 protein sequence.

PO [EE-TLF S A - o BRI S0 L3 ey L

AR Fres Hhlag M E T CIndreg

3% TR M Coning

Llodks 618 yled VY B 5l edns Uil glaals ROEZ2P 508 Kom 51 sny 55 s34 UK

Figure 9- Two dimension topology of Rgt2p glucose sensor. Protein transduction domains are numbered from 1 to 12.
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HNDSONCLROREENSHL NP GROF GHHOGAEC T INHNNHPHRNAY TESTHDTEAKS TVACDDPNAYOISY THHEPAGDGATETTSILL SOPLPLRSHVHSYLVGIFVAVGGFLFGYDTGLINSTTOHPYVE
HHDSONCLROREENSHL HPGHDF GHHOGAREL T THHNHHPHRNAY TES THDTEAKS TVACDOPHAYOISY THREPAGDGATE TTSTLLSOPLPLRSNVHSYLYGTFVAVGGFLFGYDTGL INSTTOHPYVE
MNOSANCL ROREENSHL NP GNDF GHHOGREL T TNHNNAPHRNAY TES THOTERKSTYRCDOPNAYOTSY TNNEPAGDGATETTSTLLSOPLPLRSNYRSYLYGIFYRYGGFLFGYDTGL INSTTDHPYVE
HNDSONCLROREENSHL NP GNDF GHHOGREC T INHHNHPHRNAY TES THDTEAKSTVHCDDPHAYOISY THNEPAGDGAIETTSILL SOPLPLRSHYHSYLYGIFVAYGGFLFGYDTGLINSITOMPYVE
HNDSONCLROREENSHL NP GRDF GHHOGREC T THHNNHPHRNAY TES THDTEAKS TVHCDDPHAYOISY THREPAGDGATETTSILL SOPLPLRSHYHSYLVGIFVAVGGFLFGYDTGLINSITOHPYVE
HHDSANCLROREENSHLNPGHDF GHHOGAGE TTNHNNHPHRNAY TESTNDTEAKS IYHCDDPHAYOTSY THHEPAGDGATE T TSILLSQPLPLRSNVHSYLYGIFYAVGGFLFGYDTGLINSITORPYYE
HNDSONCLROREENSHL NP GHDF GHHOGREL T INHNNHPHRNAY TES THDTERKSTYHCDDPNAYOISY THNEPAGDGAIET TSILLSOPLPLRSNYHSYLYGLFYAYGGFLFGYDTGLINS ITDHPYYE
HNDSONCLROREENSHL NP GHDF GHHOGREC T INHNNHPHRNAY TES THDTERKS TVHCDDPNAYOISY THHEPAGDGAIETTSILL SOPLPLRSNYHSYLYGLFYAVGGFLFGYDTGLINSITOHPYVE
HHDSONCLROREENSHLNPGHDF GHHOGREL T LHHNNHPHENAY TES THDTERKS IVHCDDOPHAYOLSY THHEPAGDGALE T TSILLSOPLPLRSNVHSYLYGLFVAVGGFLFGYDTGLINS LTOHPYVE
HROSORCL RUREENSHL NP GNDF GHHOGReCTTNHNNHPHENAY TES THOTERKS TYRCDDPRAYOLSY THHEPAGDGALIET TSILLSOPLPLESNYHSYLYGIF YRYGGFLFGYDTRLINSTTDHPYYE
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TYIAPRHSYF TTSOTATLYSFLSLGTFFGALTAPYISOSYGREP TIRFSTAYIFSTGNSLOYASGGL YLLTYGRYISGIGIGITSAYYPL YORERADKNL RGATISSYOHATTIGLLYSSAYSOGTHSKN
TYIAPHHSYFTTSOTAILYSFLSLGTFFGALIAPYISDSYGREP TIHFSTAVIFSIGNSLOVASGGLYLLIVGRYISGIGIGITSAVYPL YOAEARDKHL RGATISSYOHATTIGLL VSSAVSOGTHSEN
TYIAPHHSYFTTSOIATLYSFLSLGTFFGALTAPYISOSYGREP TINFSTAVIFSIGNSLOYASGGELYLLIVGRYISGIGIGITSAVYPL YOREARDKNL RGATISSYOUATTIGLL YSSAVSOGTHSKN
TYIAPNHSYFTTSOTATLYSFLSLGTFFGALIAPYISDSYGREP TINFSTAVIFSIGNSLOVASGGLYLLIVGRYISGIGIGITSAYYPL YOREARDKNLRGATISSYOHATTIGLLYSSAYSOGTHSKH
TYIAPHHSYFTTSOIRILYSFLSLGTFFGALIAPYISDSYGREP TINFSTAVIFSIGNSLOYASGGLYLLIVGRYISGIGIGITSAYYPLYOREAROKNLRGALISSYOMATTIGLLYSSAYSOGTHSEN
TYIAPHHSYFTTSOIAILYSFLSLGTFFGALIAPYISDSYGREP TINFSTAVIFSIGNSLOVASGGLYLLIVGRYISGIGIGITSAVYPLYOAEAROKNLRGALISSYOMALITIGLL YSSAYSOGTHSEN
TYIAPNHSYF TTSOLAILYSFLSLGTFFGALIAPY ISOSYGRKP TINFSTAYVIFSIGNSLOYASGELVLLIVGRY ISGIGIGI ISAVYPLYORERAQKNLRGALISS YOMALT LGLLYSSAVSOGTHSKN
TYIAPRHSYF TTSOIALILYSFLSLGTFFGALIAPYISOSYGREP TIRFSTAYIFSIGNSLOYARSGELYLLIYGRY ISGIGIGLISAYYPLYOREAROKNL RGALISSYUHALTIGLLYSSAYSOGTHSEN
TYIAPHHSYFTTSOIALLYSFLSLGTFFGALIAPYISOSYGREP TINFSTAYIFSIGNSLOYASGGLYLLIVGRYISGIGIGIISAYYPLYOAEAROKNLRGALISSYOMATTIGLLYSSAYSOGTHSKEN
TYIAPHHSYF TTSOTALLYSFLSLGTFFGAL TAPYISOSYGREP TINFSTAVIFSTGNSLOVASGGELYLLIVGRYISGIGIGITSAYYPL YOREARDKNL RGALISSYOUATTIGLLYSSAVSOGTHSKN
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GPSSYRIPTGLOYYHSSILAVGHIFLPESPRYYVLKDELNKAAKSLSFLRGLPTEDPRLLEELVETKATYDYEASFGPSTLLOCFKTSENRPROTLRIF TGIALOAF QOASGINF IFYYGYNFFNNTGYD
GPSSYRIPTGLOYYHSSTLAYGHIFLPESPRYYVLKDELNKRAKSL SFLRGLPTEDPRLLEELYETKATYDYERSFGPSTLLOCFKTSENRPKOTLRIF TGIATOAF QOASGINF IF Y YGYNFFNNTGYD
GPSSYRIPIGLOYYHSSILAYGHIFLPESPRYYYLKDELNKARKSLSFLRGLPTEDPRLLEELVETKATYDYERSFGPSTLLOCFKTSENRPKOTLRIF TGIATOAF AOASGINF IFYYGYNFFNNTGYD
GPSSYRIPIGLOYYHSSILAVGNIFLPESPRYYVLKDELNKARKSLSFLRGLPTEDPRLLEEL VEIKATYDYEASFGPSTLLOCFKTSENRPKOILRIF TGIALOAF QOASGINF IFYYGYNFFNNTGYD
GPSSYRIPTGLOYYHSSILAYGHIFLPESPRYYVLKDELNKRAKSLSFLRGLPIKDPRLLEELVEIKATYDYERSFGPSTLLOCFKTSENRPKOTLRIFTGIALOAFQOASGINF IFYYGYNFFNNTGYD
GPSSYRIPIGLOYYHSSILAYGHIFLPESPRYYYLKDELNKAAKSLSFLRGLPTEDPRLLEELVEIKATYDYEASF GPSTLLOCFKTSENRPROILRIF TGIATOAF QOASGINF IF Y YGYNFFNNTGYD
GPSSYRIPIGLOYYHSSILAVGNIFLPESPRYYYLKDELNKARKSLSFLRGLPIEDPRLLEEL VEIKATYDYEASFGPSTLLOCFKTSENRPROILRIF TGIALOAF QOASGINF IFYYGYNFFNNTGYD
GPSSYRIPIGLOYVHSSILAVGHIFLPESPRYYVLKDELNKAAKSLSFLRGLPIEDPRLLEELVEIKATYDYEASFGPSTLLOCFKTSENRPKOILRIF TGIALOAF QOASGINF IF Y YGYNFFNNTGYD
GPSSYRIPIGLOYYHSSILAYGHIFLPESPRYYYLKDELNERRESLSFLRGLPTEDPRLLEELYE IKATYDYERSF GPSTLLOCFETSENRPEOILRIF TGIALOAF QOASGINF IFYYGYNFFNNTGYD
GPSSYRIPIGLAYYHSSILAYGRIFLPESPRYYYLKDELNKAAKSLSFLRGLPTeDPRLLEEL YEIKATYDYERSFGPSTLLOCFKTSENRPROTLRIF TRIATOAFOOASGINF IFYYGYNFFNNTGYD
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HSYLYSF ISYRYNYAFSIPGHYLVDRIGRRPYLLAGGY INATANLY IAIYGYSEGKTYYRSKIHIAF ICLF TARF SATHGGYYHYYSREL YPLGYRSKCTAICARANMLYNF ICALITPYIVDVGSHTSS
HSYLVSFISYRYNYAFSIPGHYLVDRTGRRPYLLAGGY INATANLY IRIVGYSEGKTYYASKINIAF ICLFIAAF SATHGGYYHYYSAEL YPLGYRSKCTAICARANMLYNFICALITPYIVOVGSHTSS
HSYLVSFISYRYNVAFSIPGHYLVORTGRRPYLLAGGY INATANL Y TATVGYSEGKTYVASKIHIAF ICLF TARF SATHGGYVHVYSAEL YPLGVRSKC TRICARANMLYNF ICALITPYIVOVGSHTSS
HSYLYSFISYRVNYAF SIPGHYLVORTGRRPYLLAGGYINATANL Y TATVGYSEGKTVYASKTHIAF ICLF TAAF SATHGGYVHYYSAEL YPLGVRSKC TRICARANHLYNFICALITPYIVDVGSHTSS
HSYLYSFISYRYNYAFSIPGHYLVDRTGRRFYLLAGGYINATANLY IATVGYSEGKTYYASKINIAF ICLFIARF SATHGGYYHVYSAEL YPLGYRSKCTRICARANMLYNFICALITPYIVOVGSHTSS
NSYLVSFISYRYNVAFSIPGHYLVDRIGRRPYLLAGGYINATANLY IATVGYSEGKTYVASKIHIAF ICLFIARF SATHGGYVHYYSAEL YPLGVRSKC TAICARANMLYNFICALITPYIVOVGSHTSS
HSYLYSFISYAVNYAF SIPGHYLVORIGRRPYLLAGGYVINATANL Y IATVGYSEGKTYYASKIHIAF ICLF IAAF SATHGGYVHYYSREL YPLGYRSKCTRICARANMLYNFTCALITPYIVDVGSHTSS
NSYLYSFISYRYNYAFSIPGHYLVDRIGRRPYLLAGGYINATANLYIATVGYSEGKTYYASKINIAF ICLFIAAFSATHGGYYHYYSREL YPLGYRSKCTATCARANMLYNFICALITPYIVDVGSHTSL
HSYLVSFISYRYNVAFSIPGHYLVDRIGRRFYLLAGGYINATANLY IAIVGYSEGKTYVASKINIAF ICLF IAAF SATHGGYYHYYSAEL YPLGYRSKCTAICARANMLYNFICALITPYIVOVGSHTSS
NSYLYSFISYRYNVAFSIPGHYLVDRIGRRPYLLAGGY INATANLY IATVGYSEGKTYYASKINIAF ICLFIAAF SATHGGYYHYYSAEL YPLGYRSKC TRICARANMLYNF ACALITPYIVOVGSHT S
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1 I
HGPKLFFIMGGLNVYAYIIVYFAVYE TRGL TLEE IDELFRKAPNSY LSSKHNKKIRKRCLAF PLSOOTEHKTHIKKAGKL DNNNSP IVODDSHN T IDYDGFLENOIOSHOHHIARDKGNGSL VNI IOTAP
HGPELFFIMGGELNYYAY LIVYFAVYE TRGL TLEE IDELFRKAPNSY ISSKHNKKIRKRCLAF PISUOLIEHK T HIKKAGKLONNNSP IVODDSHN IIDYDGF LENOIOSNDOHHIRADKGNGSLYNLIDTAP
HGPKIFF IMGGLNYYRYIYYYFAYYETRGL TLEEIDELFRKAPNSY ISSKHNKKIRKRCLAF PISOOTEHKTNIKKAGKLDNNNSP IYODDSHNTIDYDGF LENDIOSNDHHIAADKGNGSL YNIIDTAP
HGPKIFFIMGGLNYYAYIVVYFAVYE TRGL TLEETDEL FREKAPHSY ISSKHNKKIRKRCLAFPISOOTEHKTHIKXAGKL DNRNSP IVODDSHN I IDVDGEL ENOIOSHOHHIANDKGHNGSL VNI IOTAP
HEPEIFFIMGGLNYYAYIYYYFAVYE TRGL TLEETDELFREAPHSY ISSKHNKKTRERCLAFPISOOTENKTHIKNAGKL DNNNSP IVODDSHN TIDVDGF LENOLOSHDHHTARDKGNGSL VNI TOTAP
HGPKIFFTHGGLNYYAYTYYYFAVYE TRGL TLEE IDELFRKAPNSYTSSKHNKKTRKRCLAFPTISQOTENKTHIKNAGKLONNNSP TYQDOSHN TIDVOGF LENGTGSHOHRTARDKGHGSL VNI TOTAP
HGPEIFFIHGGLNYYAYIYYYFAYYE TRGL TLEEIDELFRKAPNSY ISSKHNKKIRKRCLAFPISOOTERKTNIKNAGKL DNNNSP TYODDSHN I IDVDGEL ENOIOSHOHHIARDKGSGSL YN IOTAP
HGPEIFFIHGGLNYYAYIVYYFAVYE TRGL TLEEIDEL FREKAPNSYISSKHNKKIRKRCLAFPISOOTEMKTNIKNAGKL DHNNSP IVODDSHNTIDYDGFL ENOIOSHOHHIARDKGSGSL VNI IOTAP
HGPKYFFIHGGLNYYAYIVVYFAVYE TRGL TLEE IDELFRKAPHSY ISSKHNKKTRKRCLAFPISOOTENKTHIKNAGKL DNNNSP TVODDSHHTIDVDGF L ENOIOSNOHHIARDKGHGSL VNI TOXVP
HGPE! FFIHGGLNYYRYTYYYFAYYETRGL TLEETDEL FREAPNSYTSSKHNKKTRERCLAFPTSONTERKTNIKnAGKL DNNNSP TYODDSHNTIDYDGFLEND i O5SNOHATAADKGNGSL YNT T aP
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LTSTEFKPYEHPPYNYYDLGNGLGLNTYNRGPPSIIS0STOEF YEENDSSY YNNNTERNGANSYNT YHAGLINSPS TTSNDTSFSPSHNSNARTSSHUTSOLASKHSAYTSPO
LTSTEFKPYEHPPYNYYDLGNGLGLNTYNRGPPSIISDSTOEF YEENDSSY YNNNTERNGANSYNTYHAOLINSPSTTSNDTSFSPSHNSHARTSSHNMTSDLASKHSOYTSPO
LTSTEFKPYEHPPYNYYDLGHGLGLNTYNRGPPSIISDSTOEF YEENDSSY YNNNTERNGANSYNTYRAOLIHSPSTTSHDTSFSPSHNSHARTSSNHTSDLASKHSOYTSPO
LTSTEFKPYEHPPYNYYOLGHGLGLNTYNRGPPSTISDS TOEF YEEHDSSY YNNN TERNGANSYNTYHAOLINSPS TTSHOTSESPSHHSHARTSSHUTSOLASKHSOYTSPO
LTSTEFKPYEHPPYNYYDLGNGLGLNTYNRGPPSIISDSTOEF YEENDSSY YNNNTERNGANS YN TYHROLINSPSTTSHDTSFSPSHNSHAR TSSHNMTSDLASKRSAYTSPO
LTSTEFKPYEHPPYNYYDLGNGLGLNT YNRGPPSIISDSTOEF YEENDSSY YNNNTERNGANSYNTYHAOLINSPSTTSNDTLFSPSHNSHARTSSNHTSDLASKHSOYTSPO
LTSTEFKPYEHPPYHYVDLGNGLGLNTYNRGPPSIISDSTOEF YEENDSSY YNNN TERHGANSYN T YHAOL TRSSS TTSNDTSFSPSHNSHAR TSSHNHTSOLASKHSAY TSPO
LTSTEFKPYEHPPYNYYDLGHGLGLNTYNRGPPSTISOSTOEF YEENDSSY YNNN TERNGANSYNT YHAOLINSSS TTSNOTSESPSHNSHARTSSNHTSOLASKHSOY TSPO
LTSTEFKPXEHPPYHYYDLGNGLGLNT YNRGPPSIISDSTOEF YEENXSSY YNNNTERNGANSYNTYHAOLINSPSTTSNDTSFSPSHNSHARTSSNMTSOLASKHSOYTSPO
LTSTEFKPwEHPPYNYYDLGNGLGLNTYNRGPPSTISDS TOEF YEENdSSY YNNNTERNGANSYNTYRAOL IS pSTTSNDTsF SPSHNSHARTSSHNHTSDLASKHSOYTSPO
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Figure 10- The obtained Rgt2 Amino Acid sequence was aligned with other sequences of the same protein in S. cerevisiae by using of Multialign program.

Thelast row shows the consensus sequences after alignment.
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Figure 11- Phylogenic tree of Rgt2 amino acid sequence with other peer genes existed in NCBI for other strain of S. cerevisiae. Thistree was drawn by
MEGA4 software
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Figure 12- Phylogenic tree of RGT2 gene sequence from Iranian strain of S. cerevisiae with other hexose transporter genes existed in NCBI. This tree was
drawn by MEGAA4 software and accession humber of each gene was brought into parenthesis.
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ABSTRACT

he yeast Saccharomyces cerevisiae has 20 genes that encode Hexose Transporter

proteins, including HXT1-HXT17, GAL2, SNF3 and RGT2. Two of these genes

(SNF3 and RGT2) act as glucose sensors while the HXT1-HXT17 genes function

in direct transportation of glucose. Earlier research has shown that alcohol
fermentation can be augmented by increasing the expression of these genes, resulting in
increasing ethanol production. The aim of this study was the identification and isolation
of the Restores Glucose Transport 2 (RGT2) gene from Saccharomyces cerevisiae
genome. Specific primers were employed in PCR so as to clone RGT2 into a vector
under a suitable expression promoter for recombinant yeast. After gene amplification,
ligation was achieved between the amplified fragments and pGEM-T vector and the
recombinant colonies were identified by the blue-white screening method. Candidate
recombinant plasmids were sequenced. The nucleotide sequence of the open reading
frame was found to be 2292 bp long with a deduced amino acid of 763 residues. The
estimated molecular mass and the predicted isoelectric point of the deduced polypeptide
were 83.173 kDa and 5.68 respectively. The deduced protein sequence showed a high
similarity to RGT2 sequences in the NCBI database, especially with P301 strain of
Saccharomyces cerevisiae (100 % similarity). Finally, the RGT2 gene was cloned into
the pGBKT7 expression vector which is suitable for protein expression in yeast via the
restriction sites Ncol and Pstl. A phylogenic study of the RGT2 gene and other hexose
transporter families showed that this gene has the most similarity with SNF3. Therefore,
by isolation, cloning and sequence identification and transformation of this gene into
yeast, ethanol production via alcohol fermentation can be increased.
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