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Abstract 
 

Glucose is a monosaccharide and fuel for body, it cannot pass through membrane by simple 

diffusion so, integral transmembrane proteins named glucose transporters (Gluts) are involved 

in the regulation of the movement of glucose between the extracellular and intracellular 

spaces within the body. GLUT1 and GLUT3 have previously been shown by cold detergent 

extraction methods to reside in distinct plasma membrane domains in non-polarized 

mammalian cells, with GLUT1, but not GLUT3, residing  in detergent-resistant membrane 

(DRM) domains. To confirm this observation under less invasive conditions, molecular fusion 

tags are inserted in the first external loop in Glut1 with biotin ligase acceptor peptide (BLAP) 

between Ser-55 and Ile-56 and in Glut3 with Acyl carrier peptide (ACP) in between Val-57 

and Leu-58 respectively. These Glut fusion proteins will be used in order to confirm these 

observations by fluorescence recovery after photobleaching (FRAP) and single molecule 

fluorescence microscopy in live cells. hGLUT1-EGFP, hGLUT1 (AgeI)-EGFP recombinants 

were constructed and transfected human embryonic kidney cells (HEK-293) quantum dot 

images supports the fact that EGFP transfected cells uniformly and is distributed in the cell 

cytoplasm, hGLUT1-EGFP transfected cells and is localized to the cell membrane and 

hGLUT1 (AgeI)-EGFP transfected cells and located to the plasma membrane with high 

intensity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 3 

Abbreviations 
 

AP   Acceptor Peptide 

ACP  Acyl Carrier Protein 

BLAP  Biotin Ligase Acceptor Peptide 

Bir A  Biotin Ligase 

cDNA  Complementary DNA 

CoA   Co Enzyme A 

DRM  Detergent Resistant Membrane 

DMEM Dulbecco’s Modified Eagles Medium 

dsDNA Double stranded DNA 

EGFP  Enhanced Green Fluorescent Protein 

FRAP  Fluorescence Recovery after Photobleaching  

FP  Fluorecent Protein 

GLUT  Glucose Transporter 

GLUTs Glucose Transporters 

GLUT1 Glucose Transporter type 1 

GLUT3 Glucose Transporter like protein 3 

GLUT1 DS GLUT1 Deficiency Syndrome 

HEK  Human Embryonic Kidney cells 

MCS  Multiple Cloning Site 

PBS  Phosphate Bufferd Saline 

PCR  Polymerase Chain Reaction 

QD  Quantum Dot 

RT-PCR Reverse Transcriptase Polymerase Chain Reaction 

SGLTs  Sodium coupled glucose like Transporters 

TM  Transmembrane 

TMD  Transmembrane Domain 

TMDs  Transmembrane Domains 
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1. Introduction 
 

1.1 Glucose  

 

Glucose is a monosaccharide, called simple sugar, that plays an important role in many 

cellular processes and is used as a main energy source in most of organisms
(1)

. It is a precursor 

molecule for the synthesis of bio-macromolecules such as glycoprotein, triglycerides and 

complex carbohydrates which are an important source for glycolysis in order to generate ATP 
(2)

. Glucose is a polar molecule and it cannot pass through hydrophobic plasma membrane, so 

specific carriers required to transport the glucose across the plasma membrane 
(2, 3)

.  

 

1.2 Glucose transporters 

 

In higher eukaryotes two kinds of glucose transporters have been identified. These are sodium 

coupled glucose transporters (Na
+
-glucose transporters or SGLTs) and facilitated glucose 

transporters (Gluts)
 (2)

.   SGLTs are found in epithelial cells of small intestine, proximal tubule 

of the kidney and these are involved in the active transport of glucose through the 

electrochemical Na
+
 gradient channels which requires ATP to drive their translocation 

mechanism 
(2, 3)

. In contrast Gluts are involved in passive transport through the plasma 

membrane and energy independent manner
 (2, 4)

.  

 

Gluts are a group of integral membrane proteins, that share significant sequence homology 

and these are characterized by high degree of stereo selectivity and facilitative bidirectional 

transport of glucose. Gluts regulate the glucose transportation dependent on concentration 

gradient manner between the extra cellular and intracellular spaces within the body 
(3-5)

. To 

date 13 different kinds of isoforms of Gluts have been identified namely Glut1-Glut13 among 

these Glut1 and Glut3 are well characterized 
(5)

. 

 

All 13 different kinds of Gluts have 12 membrane spanning helices and the N-termini and C-

termini located intracellularly. Within the TM segments a high degree of homology has been 

identified. Gluts having 40% sequence homology with each other and the amino acid length is 

roughly 470-500
(6)

. The human and rat Glut1 cDNA encodes a 492 amino acid protein and the 

glycosylation site at amino acid 45 which undergoes glycosylation. The human and rat Glut1 

isoforms contain 97.6% amino acid sequence homology 
(7)

. The human Glut3 cDNA encodes 

496 amino acid sequence protein and glycosylation site at amino acid 43. The human and rat 

Glut3 having 83% amino acid sequence homology
 (8)

. Glut1 and Glut3 have showing the 65% 

amino acid sequence homology. Comparison of Glut1 protein and cDNA sequences in mouse, 

rat, rabbit and pig reveals approximately 97% homology. Analysis studies of Glut1 primary 

structure provides the clues of high order of structure, hydrophobic residues occupying 

approximate 60% of the TM protein. Gluts 6, 8, 10 and 12 are the oldest isotypes, the Gluts 5, 

7, 9 and 11 are evolved from Gluts 1-4 in the mammalians for adjustment the glucose 

homeostasis 
(5)

. 

 

Gluts play a specific role in glucose transportation and these are determined on the basis of 

tissue expression, transport kinetics and substrate specificity. Gluts are divided on the basis of 

sequence similarities and characteristic elements in to three major classes namely class I 

(Glut1-4), class II (Glut 5, 7, 9 and 11) and class III (Glut 6, 8,10,12 and 13) 
(5,9)

. These major 
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classes of Gluts distribute in different tissue organs, figure 1, describing the gene names, 

chromosome localization and distribution of Gluts. 

 

 
   Fig 1: describing the gene names, chromosome localization and expression of Gluts (1-13) in different   

    tissues. Figure adopted from Joost et al (2001).  

1.2.1 Sequence and Structure 

 

Among all the Gluts, Glut1 and 3 have been extensively studied and are well characterized. 

The 12 membrane spanning helices orientations of Glut1 within the cell membrane have been 

verified by several techniques 
(3)

. The 12 membrane spanning helices are connected by 

extracellular, intracellular loops alternatively and carboxyl termini and amino termini located 

in the cytoplasm 
(10)

. The extracellular loop in between 1 and 2 TM segments the amino acid 

N-45 and N-43 is glycosylated in Glut1 and Glut3 respectively fig 2 showing the 

glycosylation site (marked –CHO) between the 1 and 2 TM segments. The large intracellular 

loop situated between the 6 and 7 TM segments and short extracellular loop connected 

between the 11 and 12 TM segments. During the glucose transport the conformational 

changes occurred in the structure and hexose binding site sequentially exposed to the external 

and internal surfaces of the transporter 
(11)

. Gluts having the two different ligand binding sites 

one is comprehensible to the cytoplasm and other is for external solvent and both of the 

glucose binding sites occupied erythrocyte simultaneously 
(6)

. Several studies suggesting the 

Glut1 forming the oligomeric structures in vitro but high order oligomeric status unclear 
(3, 6)

. 



 3 

 
  Fig 2: The secondary structure of human Glut1-4.the closed circles indiacating the amino acids and are identical 

between Glut1 and Glut4. the N-glycosylation site(CHO) site conserved in all four Glut isoforms.  Figure 

adopted from Olson et al (1996). 

1.2.2 Physiological functions of the Glut isoforms  

 

Glut1 is highly expressed in the erythrocyte cell membranes, Gluts are differentially expressed 

in brain where 15-30% of the Gluts in brain are Glut1 isoforms which present the highest 

levels in endothelial cells of arterioles, venules and capillaries in several regions of the 

brain
(9)

. In many cancer cells Glut1 and Glut3 are often found. Glut1 is mainly involved in the 

transport of the glucose across the blood brain barrier, Glut1 deficiency syndrome (Glut1 DS) 

is caused autosomal-dominant loss of function and mutations in the Glut1 gene leading to 

brain energy failure. Glut1 DS resultant the hypoglycorrhachia, seizures and development 

delays occurs 
(12)

.the homozygosity, compound heterozygosity mutations in the Glut2 gene 

caused Fanconi-Bickel syndrome which characterized by heptorenal glycogen deposition, 

galactose intolerence, massive glycosuria, fasting hypoglycemia and renal Fanconi syndrome 
(13a)

. Glut1 and Glut3 mediate basal glucose uptake and highly expressed in the placenta, 

Glut3 is plays an major role in glucose transport to the embryo, the physiological role is not 

well defined. Glut3 deficiency causes the asymmetrical growth retardation often from 

uteroplacental dysfunction during the gestation period 
(13b)

.  

 

 

1.3 BLAP (Biotin Ligase Acceptor Peptide) 

 

Biotin ligase acceptor peptide (BLAP) is a 15 amino acid fusion tag . Biotin Ligase (BirA) is 

an Escherichia coli enzyme and its site specifically biotinylates a lysine side chain of BLAP 
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(14)
. The fusion protein containing a BLAP is biotinylated by adding ATP, recombinant BirA, 

biotin is supplied with media and cells incubated 1-60 minutes at room temperature. The cells 

are washed twice with PBS-Mg. Streptavidin-conjugated QD are used to recognize a 

biotinylated protein 
(15)

. In Fig 3 giving the detail mechanism of the targeting the QDs to cell 

surface protein. There are various advantages by using streptavidin for detection of biotin. The 

biotin and streptavidin interaction is very strong and its off-rate on the order of days. 

Streptavidin displays diminutive nonspecific binding its comparatively very small protein 

with IgG antibody. There are a number of streptavidin conjugated QDs are commercially 

available and nonspecific cell surface biotinylation is used to study the membrane protein 

trafficking. The nonspecific biotinylation is commonly achieved by incubation of cells with 

amine-reactive biotin probe. 

 
 
 Fig 3: The detail mechanism of step by step biotinylation targeting QDs to cell surface proteins. Figure adopted 

from Howarth et al (2005). 

 

1.4 ACP (Acyl Carrier Protein) 

 

The ACP is a highly conserved small acidic protein with a molecular mass of 8847Da. 

Escherichia coli gene acpP gene encodes the ACP. The ACP is asymmetric monomer 

composed of three α-helices packed into a bundle with a flexible extended loop at one end 
(16)

. 

Commercially ACP is used as a polypeptide tag and it is a more specific, covalently attached 

to almost any molecule of protein of interest. The ACP tag is best suited for labeling of 

surface proteins; in the figure 4 describing the labeling process substituted 

phosphopanththeine group of CoA is covalently attached to serine of the ACP-tag by 

phosphopantetheine transferase 
(17)

.  

 



 5 

 
    Fig 4 Describing the ACP-tag labeling process. Figure adopted from datasheet of ACP trial kit from the   

     Covalys Biosciences AG, Switzerland.  

 

1.5 Quantum dots (QDs) 

 

QDs are semiconductor nano-paticules few nanometers in diameter and expand the 

possibilities for fluorescence imaging of cells and living animals 
(18, 19)

. QDs are more 

advanced features than the small molecular dyes  having the intense fluorescence emission, 

makes easier to track single protein molecules, resistant to photobleching, narrow emission  

spectrum make possible imaging of many proteins simultaneously and large two-photon cross 

sections permit  in vivo imaging at greater depths 
(15)

. The major disadvantages of the QDs are 

during the trafficking the cell surface proteins the QDs conjugated dissociation of QD from 

the interest of protein 
(15, 18)

.  With the confocal microscopy single QDs can be observed and 

tracked similarly fluorescence correlation spectroscopy allowed to determine brightness of the 

particle and measure the average size of the QDs 
(20-21)

. Usually QDs are synthesized in non-

polar organic solvents if these syntheses performing in aqueous solutions the hydrophobic 

surfaces must be replaced with hydrophilic ones 
(22)

. The QDs have been used in 

biotechnological applications in DNA array technology, immunofluorescence assays, cell and 

animal biology 
(15)

.  

 

1.6 Aim of the project 

 

Glut1 and Glut 3 have been previously shown by cold detergent extraction methods to reside 

in distinct plasma membrane domains in non-polarized mammalian cells, with Glut1, but not 

Glut3, residing in detergent-resistant membrane (DRM) domains 
(23)

.  In this project we are 

interested in confirming these observations under less invasive conditions (inserting 

mutations) and observing the localization changes due to the inserting large sequences by 

fluorescence recovery after photobleaching (FRAP) and single molecule fluorescence 

microscopy in living cells.  
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2. Materials and Methods 
 

2.1 Primer design 

 

Primers were designed for amplification of Glut1 cDNA, BLAP, ACP, inserting restriction 

recognition sites within the Glut1 and Glut3, by using the vector NTI- and NEB cutter 

software’s. All designed primers were purchased from DNA Technology A/S, Denmark. In 

table 1 primer sequences are given in 5’ to 3’ direction and corresponding restriction 

recognizing sequences are bolded and underlined. 

 

Table 1: Primer sequences from 5’to 3’ direction and corresponding restriction recognition 

sequences are bolded  

Primer 1 GGCGCCGAGCTCGGTCGGAGTCAGAGTCGCAGT 

                    SacI 

Glut1 

(Forward) 

Primer 2 CCGGGGTACCACTTGGGAATCAGCCCCCAG 

            KpnI  

Glut1 

(Reverse) 

Primer 3 GCTATGGGGAGAGCACCGGTATCCTGCCCACCAC 

                                        AgeI  

Glut1 

internal 

(Forward) 

Primer 4 GTGGTGGGCAGGATACCGGTGCTCTCCCCATAGCGG 

                                        AgeI 

Glut1 

internal 

 (Reverse) 

Primer 5 CCGGACCGGTGGCCTGAACGACATC 

              AgeI 

BLAP 

(Forward) 

Primer 6 CCGGACCGGTCTCGTGCCACTCGAT 

              AgeI  

 BLAP 

(Reverse) 

Primer 7 GGGCCCCTCGAGATGAGCACTATCGAAG 

                   XhoI 

ACP 

(Forward) 

Primer 8 GGCCGCCTCGAGCGCCTGGTGGCCGTTG 

                   XhoI 

ACP 

(Reverse) 

Primer 9 GGCGCCTGCAGATGGGGACACAGAAGGTC 

                PstI 

Glut3 

(Forward ) 

Primer 10 GGACGGGTACCGGGACATTGGTGGTGGTC 

                KpnI 

Glut3 

(Reverse) 

Primer 11 GGTGCTCGAGCTGCTCACGTCTCTCTGG 

              XhoI 

Glut3 

internal 

(Forward) 

Primer 12 GCAGCTCGAGCACCTCAGAGGGTGGGGC 

              XhoI 

Glut3 

internal 

(Reverse) 

Primer 13 GGACTTTCCAAAATGTCG 

 

Recombinant 

vector Glut3  

(Forward)  

Primer 14 ATTAGGACAAGGCTGGTGGG Recombinant 

vector Glut3  

(Reverse)  
 Table 1. Showing the primer sequences  
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2.2 Extraction of Glut 1 mRNA from HeLa cells  

 

The mammalian HeLa cell line was grown in the Dulbecco’s modified Eagle’s medium 

(DMEM 1885) (Appendix 1), the fresh media was added in regular intervals. After 72 hours 

the cell population reached 7 million cells/ml, then media was sucked off and cells were 

washed with phosphate buffered saline (PBS). Trypsin (concentration) was added to detach 

the cells from walls of the flask. DMEM was added for inactivation of trypsin, then cells were 

transferred to RNase-free glass centrifuge tubes. The tubes were centrifuged at 300 rpm for 5 

minutes and a white pellet was obtained. The total RNA was purified with spin technology by 

using the RNeasy mini kit purchased from Qiagen
TM

, further mRNA was purified by using the 

Oligotex mRNA spin columns purchased from Qiagen
TM

.   

 

2.3 Conversion of Glut1 mRNA to Glut1 cDNA  

  

The first strand was synthesized from purified mRNA by adding oligo(dT)20 and 

SuperScript
TM 

III reverse transcriptase enzyme purchased from Invitrogen
TM

 and followed 

RT-PCR using Superscript standard protocol (Appendix 2). Further Glut1 cDNA was 

amplified by adding primers 1 and 2 and expand high fidelity PCR enzyme mix purchased 

from Roche Applied Science according to standard protocol (Appendix 3).  

 

2.4 Insertion of restriction sites in Glut1 cDNA    

 

A two-step PCR reaction was performed. Primer combinations 1& 4 and 2&3 were used in 

first PCR reaction and second PCR reaction respectively and amplified PCR products were 

purified by using QIAquick PCR purification kit purchased from Qiagen
TM

. Further products 

were annealed and extended by addition of primers 1 and 2.  

 

  

2.5 Cloning experiment 

  

Vector pEGFP-N1 (4700bp) was from Clontech. The vector contains a gene for kanamycin 

resistannce and a multiple cloning site (MCS) located between 591- 671 bp. Restriction 

enzymes used in the cloning were purchased from New England Biolabs. Both vector pEGFP-

N1 and Glut1 were double digested with SacI and KpnI according to standard digestion 

protocols from New England Biolabs (Appendix 4). Digested products were ligated  by 

standard protocols with the T4 DNA ligase purchased from Invitrogen
TM  

. Both vector and 

inserts are mixed in different vector to insert molar ratios (table 3) using the procedure 

described in appendix 4. Ligation products were transformed into rubidium chloride 

competent DH5α (Escherichia coli) cells and cells were plated on Kanamycin containing LB 

media plates (Appendix 5). 
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                                Fig 5: schematic diagram of pEGFP-N1 vector. 

 

Plates were incubated at 37
o
C overnight, colonies were observed, a single colony was sub- 

cultured and plasmids were purified by using plasmid purification kit purchased from 

Qiagen
TM

. Further plasmid were confirmed by restriction digestion and agarose gels 

(Appendix 5) 

 

          Table 2: Vector and insert ratios 

 

                           

                                       
                           

 

 

 

 

 
 

              Table 2 showing the molar concentration ratios of vector and insert. 
 

2.6 Amplification Glut 3 from Recombinant vector pCMV6-XL5 

 

The 7500bp recombinant vector pCMV6-XL5 which contains a gene for ampicillin resistance 

(which contained 2800bp Glut3 in between NotI restriction sites) was purchased from 

OriGene Technologies
TM

. The Fig 6   Recombinant vector was digested with AgeI enzyme 

then Glut3 was amplified in two approaches  

Vector: Insert (molar concentrations in ng) Plate  

20:25 1 

40:25 2 

60:25 3 

40:10 4 

40:20 5 

40:30 6 

60:60 7 

EGFP-N1 vector

4733 bp

ApaLI (4362)

BamHI (661)

ClaI (2598)

EcoRI (630)

HindIII (623)

Pst I (639)

Sma I (659)

XmaI (657)

KpnI (650)

Sac I (621)

Ava I (614)

Ava I (657)

Nco I (361)

Nco I (678)

Nco I (2487)

Nco I (3190)
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                        Fig 6: schematic diagram of pCMV6-XL5 vector. 
   

 

2.6.1 Inserting XhoI restriction sites with the using primers provided by company 

  

A two step-PCR protocol was used. Primer combinations 12&13 and 11&14 were used in first 

PCR reaction and second PCR reaction respectively and amplified PCR products were 

purified by using QIAquick PCR purification kit purchased from Qiagen
TM

. Products were 

annealed and extended by primers 13 and 14. The PCR products were purified and cloned into 

vector. Recombinant vector was transformed in to DH5α cells , colonies were subcultured and 

plasmid was purified. 

  

2.6.2 Inserting XhoI restriction sites with the using designed primers  

 

A two-step PCR was used. Primer combinations 9&12 and 10&11 were used in first and 

second PCR reactions respectively and amplified PCR products were purified using QIAquick 

PCR purification kit purchased from Qiagen
TM

. Products were annealed and extended by 

using primers 9 and 10. The PCR products were purified. 

 

 

2.7 BLAP amplification 

 

BLAP template was provided by Christoffer Lagerholm. The primer combination 5 and 6 

were used with the BLAP template and the BLAP gene amplified using the expand high 

fidelity standard protocol resulting in a 50bp BLAP containing the AgeI restriction sites at 

both ends. 

pCMV6-XL5

4482 bp

EcoRI (980)

HindIII (1004)

Sma I (1062)

XmaI (1060)

ApaLI (2544)

ApaLI (3790)

Ava I (1060)

Ava I (1354)

Nco I (719)

Nco I (1935)

Not I (973)

Not I (1025)
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2.8 ACP amplification  

 

The recombinant vector pSEMXT-ACPwt-GPI was purchased from Covalys AG, 

Switzerland. This vector contains the ACP in between the 765-989bp. The primer 7 and 8 

were added to the recombinant vector and the ACP gene was amplified using expand high 

fidelity standard protocol yielded 245bp ACP containing XhoI restriction sites at both ends.  

 

2.9 Microscopy 

 

Different constructs of the recombinant vector (pEGFP-N1 with Glut1) was transfected into 

human embryonic kidney (HEK-293) cells and localization observed with a standard  

Olympus IX-81 microscope equipped with an electron-multiplied CCD (Andor DV887-ECS) 

and by using fluorescent quantum dots (Qdots) purchased from Invitrogen (USA). 

 

3. Results 

3.1 Glut1 cDNA  

 

Purified Glut1 mRNA from cultural extracts of HeLa cells further RT-PCR using Primer1 and 

2 given 1500bp of Glut1 cDNA. These Glut1 cDNA contains the SacI and KpnI restriction 

sites. figure 7a and 7b, lane1 showing  100bp marker (quick load marker) and lane 2 shows in 

Fig 7a Glut1 cDNA PCR product and Fig 7b, Glut1 cDNA gel purified product .                                                           

        
 Figure 7. Lane 1 shows 100bp marker (quick load marker). Lane 2 in Fig 7a shows Glut1 cDNA     

 PCR product and in Fig 7b Glut1 cDNA gel purified product. 

 

In the next experiment, in order to create AgeI restriction sites in between amino acids Ser-55 

and Ile-56 in Glut1 cDNA. A two-step PCR reaction was performed using primers 1 and 4 in 

first reaction, primers 2 and 3 in the second reaction and primers 1 and 2 in the third reaction. 

This yielded a 1500bp, Glut 1 cDNA containing SacI, KpnI and AgeI restriction sites. Fig 8a 

and Fig 8b shows the two step PCR experiment results and in Fig 8c the AgeI digested 

product of Glut1 cDNA. 
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Figure 8a, 8b and 8c, lane1 shows 100bp marker (quick load marker) and lane 2 shows in Fig 8a first PCR 

reaction product in lane 3 second reaction PCR product, in Fig 8b, lane 2 the third PCR reaction PCR product 

corresponds to Glut1 cDNA containing SacI, KpnI and AgeI restriction sites and in Fig 8c, lane 2 AgeI digested 

product of the Glut1 cDNA. 

 

3.2 Restriction digestion and Plasmid purification 

 

Both  pEGFP-N1 vector and PCR product of Glut1 cDNA were double digested with SacI and 

KpnI resulting in cohesive end products. Digested products were ligated in the corresponding 

molar ratios (table 2) and transformed into DH5α-cells. Clones were subcultured and plasmids 

were purified. Additionally, the purified plasmid was double digested with SacI and KpnI and 

the insert and vector was separated. Figures 9a-d shows the double digested Glut1, double 

digested vector, purified recombinant vector and double digested recombinant vector 

respectively. 

 

                              
Figure 9a, in lane1 shows 100bp marker (quick load marker). 9b, 9cand 9d in lane1 shows 1Kb marker.  lane 2 

shows in Fig 9a double digested Glut1(1500bp), in Fig 9b double digested vector (4700bp),Fig 9c purified 

recombinant vector (6200bp), in Fig 9d double digested recombinant vector 4700bp(vector) and 1500bp (insert) 

separated 
 

 



 12 

3.3 Amplified BLAP  

 

BLAP was amplified by giving the primer 5 and 6, resulted 50bp containing AgeI restriction 

sites at both ends. Fig 10 showing the amplified BLAP product contains the AgeI restriction 

sites. 

                    
 Fig 10: In lane1 shows 100bp marker (quick load marker) and in lane 2 shows amplified BLAP product (50bp). 

 

3.4 Glut3 purification from recombinant vector (pCMV6-XL5) 

 

The circular recombinant vector pCMV6-XL5 of 7500bp which contains 2800bp Glut3 (extra 

sequences inserted) in between NotI restriction sites was digested with AgeI and yielded linear 

dsDNA. This was followed by NotI digestion giving two separate bands, one band at 4700bp 

corresponding to vector the other one at 2800bp corresponds to Glut3 and contains some extra 

sequences company provided primers 13 and 14, first used these combinations for Glut3 

amplification resulted 2800bp Glut3 contained some extra sequences this is also interesting to 

see the localization changes of Glut3 in plasma membrane.                                

                                                                                      

       
Figure 11a and 11b, lane1shows 1Kb marker (quick load marker) Lane 2 shows in Fig 11a AgeI digested Product 

(7500bp) in Fig 11b, lane 2 NotI digested product 
 

For comparative studies new primers were designed to obtain the original Glut3 (1500bp) So, 

Glut3 amplification and cloning experiments were performed in two different individual 

approaches. 
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3.4.1 Approach 1 

 

Primer combination of 13 and 14 were used on the AgeI digested product 2800bp Glut3. Fig 

12a shows the Glut3 dsDNA PCR product (2800bp).   In order to create XhoI restriction sites 

in between amino acids V-57 and L-58 in Glut3 dsDNA a two step PCR reaction was 

performed by using primer 12 and 13 in first reaction, primer 11 and 14 in second reaction 

and primer 13 and 14 in the third reaction yielding a 2800bp, Glut 3 DNA containing NotI and 

XhoI restriction sites. Fig 12b is showing the results of first PCR reaction and second PCR 

reaction and Fig 12c shows the results of the third PCR reaction. Fig 12d shows the results of 

restriction digestion with XhoI. Both vector and Glut3 were digested with NotI, Fig 12e 

showing the results of digested products. Further digested products were ligated and 

transformed in to DH5α-cells, colonies were grown on ampicillin plates, clones were sub-

cultured and plasmid was purified, Fig 12f shows the purified plasmid. 

 

 
 

Figure 12a, 12b, 12c, 12d, 12e and 12f, lane1 shows 1kb marker (quick load marker) and lane 2 shows in Fig 

12a Glut3 (2800bp), In Fig 12b  first PCR reaction product (500bp) in lane 3 second reaction PCR product 

(2300bp), in Fig 12c, lane 2 the third PCR reaction PCR product corresponds to Glut3 dsDNA containing NotI, 

and XhoI restriction sites and in Fig 12d, lane 2 Glut3 (2800bp) lane 3 XhoI digested product of the Glut3 

(500bp, 2300bp), In Fig 12e NotI digested vector in lane 2 (4700bp) and Glut3 (2800bp), In Fig 12f, lane 2 

purified plasmid (7500bp). 
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3.4.2 Approach 2 

 

A PCR using primers 9 and 10 on the AgeI digested recombinant vector product gave the 

1500bp Glut3 containing PstI and KpnI restriction sites at both ends in Fig 11c representing 

the Glut3 corresponding band  at 1500bp. In order to create XhoI restriction sites in between 

amino acids V-57 and L-58 in Glut3 dsDNA a two step PCR reaction was performed by using 

primer 9 and 12 in first reaction, primers 10 and 11 in second reaction and primers 9 and 10 in 

the third reaction yielding a 1500bp, Glut 3 DNA containing PstI, KpnI and XhoI restriction 

sites. Fig 13a is showing the results of Glut3 dsDNA, Fig 13b represents the first and second 

PCR reaction products and in Fig 13c shows the result of third PCR reaction.  

 

           
Figure 13a and 13b, 13c lane1 shows 100bp marker (quick load marker) and lane 2 shows in Fig13a Glut3    

(1500 bp), 13b first PCR reaction product in lane 3 second reaction PCR product and in Fig 13c, the third PCR     

reaction product. 

 

3.5 Amplified ACP  

 

ACP was amplified using primer 7 and 8 yielding a 245bp ACP which contains XhoI 

restriction sites at both ends. Further ACP was digested with XhoI restriction enzyme. ACP 

will be cloned into a vector (ongoing work). Fig 14 shows the results of amplified ACP and 

XhoI digested ACP products.   

 

                                          
Fig 14 in lane 1 shows 100bp marker (quick load marker), in lane 2 shows amplified ACP product (245bp) 

Contains XhoI restriction sites, in lane 3 shows XhoI digested ACP product. 
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3.6 Microscopy 

 

The purified recombinant vector (pEGFP-N1 and Glut1 (AgeI)) was transfected to human 

embryonic kidney (HEK-293) cells with the positive control and localization observed by 

fluorescence microscopy in living cells. Left column of Fig 15 shows the DIC images and 

right column fluorescence images of EGFP. Top row shows cells transfected with EGFP only, 

middle row cells transfected with hGLUT1-EGFP, bottom row cells transfected with hGLUT1 

(AgeI)-EGFP. 

  

 
Fig 15a,15b,15c showing the DIC images, Fluorescence images of human embryonic kidney (HEK-293) cells 

transfected with EGFP-N1 in 15a, hGLUT1-EGFP in15b and hGLUT1-(AgeI)-EGFP in 15c. 
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4. Discussion 
 

pEGFP-N1-Glut1-BLAP and  pCMV6-XL5-Glut3-ACP construction 

 

In the described results section the Glut1 cDNA 1500bp was sucessfully amplified from the 

HeLa cells. In the first attempt, the amplification of Glut1 cDNA by using designed primers 

yielded only 1000bp. New primers were then designed to obtain Glut1 cDNA but in these 

primers the restriction enzymes were by mistake reversly designed, so cloning experiments 

were not successful because insert was oriented in reverse. Again new primers were designed 

primer sequences given in the table 2, and the 1500bp Glut1 was sucessfully amplified. 

During the cloning experiments Glut1 (1500bp) cloned into vector (4700bp) ligation was 

performed at 26
o
C for 1 hour, the expected recombinant vector band length was 6200bp but a  

10,000 bp product was obtained. For confirming these results colony PCR was performed 

with all colonies but the responisble product was not identified. It was later identified that 

these larger plasmids were due to multiple inserts that were ligated in the vector. As a result, 

the ligation conditions were changed to 16
o
C for 4 hours and vector and insert concentrations 

were taken in weight ratios (40ng:30ng) and the expected product size of 6200bp was 

obtained. During the two step PCR, problems were faced in the annealing of the third PCR 

reaction resulting in a low conectration of the gel-purified PCR product., The use of the 

Qiaquick PCR purification kit circumvented this problem. Glut3 was sucessfully amplified 

from provided primers recombinant vector pCMV6 –XL5, but the obtained product was 

2800bp instead of 1500bp because provided recombinant vector contained some extra non-

coding sequences. To obtain only the 1500bp coding region new primers were designed and 

the amplification was successful. The work is still in progress. hGLUT1 (AgeI)-EGFP and 

pCMV6-XL5-Glut3(XhoI) have now been constructed but the insertion of BLAP and ACP is 

under process. 

 

Microscopy  

 

Fig 15 representing the images of the transfected pEGFP-N1-Glut1 left column DIC images 

field of view and in right column Fluorescence images of EGFP. Top Cells transfected with 

EGFP only, middle cells transfected with hGLUT1-EGFP, bottom Cells transfected with 

hGLUT1 (AgeI)-EGFP. These results supports the fact that EGFP transfected cells uniformly 

and is distributed in the cell cytoplasm, hGLUT1-EGFP transfected cells and is localized to 

the cell membrane and hGLUT1 (AgeI)-EGFP transfected cells and located to the plasma 

membrane with high intensity.  

 

Cold detergent extraction methods and Molecular fusion tags 

 

Sakyo et al., (2002) describes the organization in membrane domains and distribution of Glut1 

and Glut3 to detergent resistant membrane domains (DRMs) in non-polarized mammalian 

cells. Glut1 and Glut3 were treated with non-ionic detergents (Triton X-100 or Lubrol WX) 

these experiments showing the solubilisation Glut3 but not Glut1 because Glut1 associated 

with detergent resistant membrane (DRM)-associated proteins such as caveolin1 and intestinal 

alkaline phosphatase (IPA) 
(23)

. Recent observation supported that the mammalian plasma 

membrane is not evenly organized; it contains specific microdomains notorious as DRMs, 

caveolae or lipid rafts, these microdomains are enriched with cholesterol and sphingolipids 

due to this nature the microdomains are opposed to solubulization by non-ionic detergents, 

depilation of cholesterol from microdomains Glut1 is solubulized in non-ionic detergents have 

been identified
(11, 24)

.These observations strongly supporting the Glut1 is distributed to 
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detergent resistant raft-like domains (DRM) and Glut3 distributed to fluid lipid domains. The 

above described detergent extraction methods are commonly used and are time consuming 

and expensive. Recent developments of many advanced sophisticated procedures are available 

without detergents such as molecular fusion tagging on the basis of antigen-antibody 

interactions. This thesis project focus on creating constructs of Glut1 and Glut3 for use in less 

invasive conditions by tagging with the BLAP and ACP and finally fusing with fluorescent 

proteins (FP) in order to enable microscopy in vivo in living cells. Glut1 and Glut3 were 

cloned into enhanced green fluorescent proteins (EGFP). EGFP can initially bleach very fast, 

but after first bleaching phase the photo stability would decay. Photobleaching assay results 

suggest that the photostability is highly variable between different FP’s. The choice of the FP 

characters is important in the imaging experiments, these should express efficiently and 

without toxicity, to provide enough brightness and sufficient signals that would readily 

detects, during the experiments these should be photostable, and should not oligomerize
(28)

. 

 

Functional domains and mutational analysis 

 

Gluts are transmembrane proteins containing 12 membrane spanning helices that are located 

in plasma membrane of mammalian cells. These proteins are expressed in tissue and cell-

specific manner and mediate transport of glucose 
(25)

. Hydropathy analysis studies of amino 

acid sequences from the Glut1 predicted it has the 12 membrane spanning domains and an 

amino and a carboxyl termini located intracellularly 
(4)

.  Fourier transform infrared spectra of 

Glut1, and vibration and stretching frequencies observed in α- helical structures in these 

studies strongly supporting the fact that Glut1 contains significant amount of α- helical 

character and small signals corresponding to random coil β-sheet structures have been 

detected 
(26)

. Protease digestion studies confirmed the occurrence of hydrophilic loop spanning 

membrane domains in between helix 6 and 7 and a cytoplasmic orientation of the carboxyl 

terminus intracellularly 
(27)

. Scanning mutagenesis experiments suggests that the first TM 

segment, first extracellular loop and carboxyl terminal domains of the are glycosylated 
(11)

. 

The Gluts have the two conformational states with the substrate–binding site facing either 

intracellular or extracellular of the membrane; upon binding the glucose to the substrate 

binding site either outward facing or inward facing the conformational changes occurred in 

the protein results the reorientation of the substrate binding site. Previous studies reported the 

helix 5 in exofacial substrate binding concerned of mutational analysis of Gln-161 substitution 

suppress the exofacial biniding have been detected additionally Gln-200 in helix 6 found 

having unexpected transport activity 
(28)

, furthermore mutations at  Trp-186, Cys-201, Phe-

187 in the helix 6 doesn’t effect the transport activity
(29)

.  In the helix-7 mutation of Gln-282 

in the shown loss of activity of exofacial binding site and mutation of Tyr-293 also caused the 

transport function by reducing the substrate binding site and effectively locking the outward 

facing conformation of the transporter been observed.
(30)

. These studies strongly supporting 

that during the glucose transportation helices 7 and 8 participated with the conformational 

changes in the structure and all these experiments performed with the single point mutations. 

In this thesis project, the goal was to insert large sequences in the 1
st
 helix after glycosylation 

site and observe the localization changes and solubility of the Glut1 and Glut3 in the plasma 

membrane.  

 

Choice of molecular fusion tags and mutation site 

 

In this study the  fusion tags are inserted in extracellular loops which connects TM domains 1 

and 2 because the amino or carboxyl halves of Glut1 are not functional when expressed 

independently in cells and these have been reported
 

not to be involved in glucose 
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transportation 
(6)

.  Accordingly, molecular fusion tags were inserted in the first external loop 

in Glut1 with biotin ligase acceptor peptide (BLAP) between Ser-55 and Ile-56 and in Glut3 

with Acyl carrier peptide (ACP) between Val-57 and Leu-58. The BLAP and ACP tags are 

both cell surface proteins and can easily be tagged to the target proteins. BLAP is a short 

peptide 15 amino acid length, more specific and strongly interact with the streptavidin 

quantum dots, resulting in very bright light emission under microscopy. ACP is 77 amino acid 

peptide, more specifically attached to the target peptide and a relatively longer peptide than 

BLAP. 

 

5. Conclusion and future prospects 
 

The QDs images confirms that Glut1 is localizing to the plasma membrane, and inserting 

restriction sites hGLUT1 (AgeI)-EGFP has doesn’t affect the localization changes. So, 

interestingly upon the construction of pEGFP-N1-Glut1-BLAP and pCMV6-XL5-Glut3-ACP 

localization changes would be monitored under microscopy. Inserting large sequences like 

BLAP and ACP might be useful in the biotinylation of the surface proteins and which could 

be easily detected under microscopy. With these fusion tags the Glut1 and Glut3 might be 

soluble in plasma membrane. Future experiments conducted on this issue should determine 

the solubility of these proteins. FRAP experiments would be useful and premier large scale 

investigation of the effect the probe valency on the plasma membrane nanostructure. The 

characterization of Glut1 and Glut 3 proteins would useful the reveal of glucose transport 

activity and more over  functional domains of Glut1 and Glut3 would be able to determine the 

average ensemble lateral characterize and dynamic studies by single molecule imaging. 
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7. Appendix 

 

Appendix-1 

 
Dulbecco’s modified Eagle’s medium (DMEM 1885) 
 

Foetal Calf Sera (FCS)   10% 

Glutamine (2.9g/l)    1% 

Penicillin/Streptomycin  1% 

CO2                10% 
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Appendix-2  
 

RT-PCR (First-Strand cDNA Synthesis) 
Component Amount 

mRNA (or) Total RNA 1µl 

50 µM oligo(dT)20 1µl 

10 mM dNTP mix 1µl 

DEPC-treated water 7µl 

Final Volume 10µl 

 

 

cDNA Synthesis Mix 
Component Amount for (1 reaction) 

10X RT buffer 2 µl  

25 mM MgCl2 4 µl 

0.1M DTT 2 µl 

RNaseOUT  (40U /µl) 1 µl 

SuperScript III RT (200 U/µl) 1 µl 

Final Volume 10 µl 
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Appendix-3 

 

Expand High Fidelity PCR System 

 

Mix 1(for one reaction) 
Reagent Volume 

Deoxynucleotide mix,10mM of each dNTP 1 µl 

Upstream Primer 1 µl 

Downstream Primer 1 µl 

Template DNA 1 µl 

Sterile double-dist. Water 25µl 

Final Volume 25µl 

 

Mix 2 (for one reaction) 
Reagent Volume 

Sterile double-dist. Water 19.25 µl 

Expand High Fidelity buffer, 10X conc. 

With 15ml MgCl2 

5µl 

Expand High Fidelity enzyme mix 0.75µl 

Final Volume 25 µl 

 

 

Initial Denaturation       94
o
C           2 min             

Annealing                      55
o
C           30 s              

Denaturation                  94
o
C           15 s               

Elongation                     72
o
C            2 min 

Final Elongation            72
o
C           7 min 

Cooling                          4
o
C 

 

 

 Number of Cycles         40 
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Appendix-4  
 

Resriction Digestion protocol 

 

 
Components Volume 

DNA Sample(1µg) 10 µl  

10X digestion buffer 2 µl  

BSA 2 µl 

Restriction Enzyme 0.5 µl 

Distilled Water 5.5 µl 

Final Voume 20 µl 

 

 

Samples are incubated one hour (1hr) at 37
o
C for Restriction Digestion. 

 

 

DNA Ligation Protocol 
 

 

Components Volume 

10X Ligation buffer 1 µl 

Vector 1 µl  

Insert 1µl  

T4 DNA Ligase 0.5 µl 

Distilled Water 6.5 µl 

Final Volume 10 µl  

 

 

Samples are incubated 4 hours (4hr) at 16
o
C for ligation. 
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Appendix-5 

 

DNA Gel Electrophoresis 

 
50X TAE:  242 g Tris base 

                  57.1 ml acetic acid 

                  100 ml 0.5 M EDTA pH 8.0 

                   1L MilliQ Water 

 

 

1.  1 g agarose in 100 ml 1X TAE 

2. Melt until boiling 2 min at max setting on microwave 

3. Add 1µl ethidium bromide stock 

4. pour 50 ml in gel setting chamber 

5. Agarose gel run at 100 V and 50 mAMP for 1.5 hours 

 

 

 

 

 

 
   

 

 

 

 

 
 

 

 

 

 

 

 


