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Generation of mice lacking SGLT1 (Slc5a1) 
 
The Sglt1 targeting construct containing three LoxP sites and a neomycin cassette (Supplemental Fig. 
1A) was created using the pEasyFlox vector (kindly provided by Klaus Rajewsky, University of 
Cologne, Germany). For generation of the targeting construct, BAC clones carrying the Slc5a1 gene 
were identified by hybridization of a mouse BAC-library placed on the filters (Genome Systems, Inc., 
St. Louis, Mo) using a PCR-fragment of Sglt1 which covered the region coding for the first N-terminal 
104 amino acids. Embryonic stem cells (129/OLA) were transfected with the targeting construct. G418-
resistant cells were selected and analyzed by PCR and Southern hybridization. Clones with the desired 
recombinant Sglt1 allele (Supplemental Fig. 1A) were cotransfected with Cre recombinase to remove 
DNA parts flanked by LoxP sites. Clones lacking the neomycin resistance locus, part of the Sglt1 
promotor and exon 1 of Sglt1 were identified by PCR and Southern hybridization (see floxed Sglt1 allele 
in Supplementary Fig. 1A) and selected. Cells with the floxed allele were introduced into blastocysts of 
C57BL/6J mice to generate germ line chimeras. Sglt1-/- mice were backcrossed with C57BL/6J mice for 
12 generations. For Southern blot analysis, genomic DNA was digested with BamHI and hybridized 
with a 0.9 kb HpaI/KpnI fragment from the 5’-flanking region of the Sglt1 gene (Supplemental Fig. 1A: 
HP in the wildtype Sglt1 allele). Wildtype mice show a 1.8 kb hybridization signal and Sglt1-/- mice a 
2.5 kb hybridization signal (Supplemental Fig. 1B). To identify floxed Sglt1 alleles PCR was performed 
using three primers in one reaction mix (P1: GAGCCTGGGCTTCTGGTTCAG, P2: 
TCTAGTTGCAGTAGCACACCCC, and P3: GCAGTCTGCAGAGGTGATGAC). Amplification with 
primers P1/P2 generates a 216 bp product (wildtype Sglt1 allele) whereas amplification with primers 
P1/P3 generates a 349 bp (floxed Sglt1 allele) product (Supplemental Fig. 1C). 
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Supplementary Figure 1. Targeting strategy to disrupt the Slc5a1 locus and detection of the disrupted 
gene. (A) Schematic representations of the Sglt1 wildtype allele fragment containing the targeted part of 
the promotor and the targeted exon 1 (Sglt1-P-Ex1), the Sglt1 targeting construct, the recombinant allele, 
and the floxed Sglt1 allele. Positions of the BamHI restriction sites (B), the position of the hybridization 
probe used for Southern blot (HP), and the sites for PCR primers (P1, P2, P3) are indicated. By 
recombination and neomycin selection the indicated Sglt1 targeting construct containing the neomycin 
locus (NEO) and 3 loxP sites (L) was inserted into the Sglt1 gene. After treatment with Cre recombinase, 
floxed Sglt1 allele without exon 1 and the indicated part of the promoter was obtained. (B) Southern blots 
of Sglt1+/+,  Sglt+/- and Sglt1-/- mice. (C) Genomic PCR using a mix of primers P1, P2 and P3. 
 

 
 
 
Demonstration that SGLT1 is inactivated after removal of exon 1 
 
For expression in oocytes Sglt1ΔEx1 construct lacking the first 46 amino acids of wildtype Sglt1 
(missing in the Sglt1 null mice) was created on the basis of Sglt1 using PCR and introduced into the 
vector pRSSP. Experiments in which SGLT1 or SGLT1 missing the first exon (SGLT1∆Ex1) were 
expressed in oocytes of Xenopus laevis showed that SGLT1∆Ex1 is inactive (Supplemental Fig. 2). 
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Supplementary Figure 2. Demonstration that mouse SGLT1 is inactive after removal of exon 1. Sglt1 
wildtype and Sglt1 mutant  without exon 1 (Sglt1ΔEx1) were expressed in oocytes of Xenopus laevis by 
injection of 5 ng of the respective cRNAs. After two days incubation, uptake of 50 µM [14C]AMG was 
measured in the absence and presence of 100 µM phlorizin. Mean values + SE of 25-30 oocytes from 3 
independent experiments are shown.  

 
 
 
SGLT3b mediates phlorizin-inhibitable glucose transport and is located in small intestinal brush 
border membranes 
 
For cloning of SGLT3a and SGLT3b total RNA was isolated from mouse small intestine using Qiagen 
RNeasy kit (QIAGEN GmbH, Hilden, Germany) and cDNA was synthesized with the ThermoScript 
RT-PCR System (Invitrogen GmbH, Darmstadt, Germany) using gene-specific primers for reverse 
transcription. Full-length mouse Sglt3a and Sglt3b cDNAs were cloned into the HindIII and XhoI sites 
of the vector pRSSP and completely sequenced to rule out PCR errors. The cloned mouse Sglt3a and 
Sglt3b were identical to the database sequences (accession numbers BC003845, AF251267 and 
AF411960, respectively) with the exception that SGLT3a contains methionine instead of proline in the 
position 376. After cloning into the vector pRSSP SGLT3a and SGLT3b were expressed in oocytes of 
Xenopus laevis and phlorizin-inhibitable uptake of AMG was measured (Supplemental Fig. 3A). 
SGLT3b mediates phlorizin-inhibitable transport of AMG whereas SGLT3a does not mediate this 
function. 
     To localize SGLT3b in small intestine polyclonal antibody against mouse SGLT3b (SGLT3b-Ab, 
amino acids 576-595, EELETQEEAGGALEEDSEQSC) was generated in rabbits and affinity-purified 
via the respective antigenic peptide as described (20)1. Supplemental Fig. 3B shows that SGLT3b is 
localized in the BBM of small intestine. 
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Supplementary Figure  3. SGLT3b mediates phlorizin-inhibitable uptake of glucose and is located in 
BBMs of small intestine. (A) Measurements of AMG uptake after expression of SGLT3a and SGLT3b 
in oocytes of Xenopus laevis. The cRNAs of Sglt3a and Sglt3b (10 ng per oocyte) were injected and the 
oocytes were incubated three days for expression. Uptake of 50 µM and 10 mM [14C]AMG was 
measured. Mean values + SE of 25-30 oocytes from 3 independent experiments are shown. *P<0.05, 
***P<0.001 (ANOVA test with post hoc Tukey comparison). The [14C]AMG uptake expressed by 
Sglt3b was completely blocked by 100 µM phlorizin (data not shown). (B) Immunoreactivity of an 
affinity-purified polyclonal antibody against a peptide of SGLT3b (SGLT3b-Ab) in small intestine of 
wildtype mice. After preabsorption with the antigenic peptide immunostaining was abolished (lower 
panel). SGLT3b-Ab immunoreactivity was observed at the BBM, but the antibody also stained nuclei 
and connective tissue. Bar 20 µm. 
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Supplementary Figure 4. Demonstration that 100 mM glucosamine does not alter SGLT1 mediated 
glucose uptake. cRNA of mouse Sglt1 (5 ng per oocyte) was injected and the oocytes were incubated for 
two days. Uptake of 50 µM [14C]AMG was measured in noninjected control oocytes and in Sglt1 cRNA 
injected oocytes. The measurements with expressed SGLT1 were performed in the absence of phlorizin 
and glucosamine, in the presence of 100 µM phlorizin, or in the presence of different concentrations of 
glucosamine. Osmolyte compensation was performed using appropriate concentrations of mannitol. A 
typical experiment out of three is shown. Mean values + SE of nine oocytes are presented.  
 
Glucosamine does not inhibit SGLT1 
 

 
 
 
 
Effects of SGLT1 removal on GLP-1 and GIP secretion by primary cultures 
 
To confirm that SGLT1 is required for glucose dependent stimulation of GIP and GLP-1 in small 
intestine we also measured glucose dependent stimulation of GIP and GLP-1 secretion from primary 
intestinal cultures prepared from Sglt1+/- and Sglt-/- mice (Supplemental Fig. 5). Since cAMP is known 
to stimulate the secretion of GIP and GLP-1 and to enhance the glucose dependent secretion of these 
hormones (15,16), the experiments were performed with and without stimulation by 10 µM forskolin 
plus 10 µM 3-isobutyl-1-methylxantine. 
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Supplementary Figure 5. GIP (A) and GLP-1 (B) secretion from primary intestinal cultures. Primary 
cultures from small intestine were incubated in bath solution without monosaccharide, with 10 mM D-
glucose (G) or with 10 mM AMG (MG). In part of the experiments GIP and GLP-1 secretion was further 
stimulated by 10 µM forskolin plus 10 µM 3-isobutyl-1-methylxantine (right panels, forskolin-stimulated). 
Mean values + SE are shown. Numbers of measurements are indicated in parentheses. *P<0.05, **P<0.01, 
***P<0.001, ANOVA test with post hoc Tukey comparison; •P<0.05, Student´s t-test. 
 

 
 
 
     Secretion studies were performed 24 hrs after plating in 24-well culture plates coated with Matrigel 
(BD Bioscience, UK). Cultures were washed thoroughly and incubated with test reagents in phosphate 
buffer (128 mM NaCl, 5.6 mM KCl, 4.2  mM NaHCO3, 1.2 mM NaH2PO4, 2.6 mM CaCl2 , 1.2 mM 
MgCl2) containing 0.1 % fatty acid-free BSA for 2 hrs at 37 °C. Media were then collected and 
centrifuged to remove contaminating cells, and the plated cells were treated with lysis buffer containing: 
50 mM Tris-HCl, 150 mM NaCl, 1% IGEPAL-CA 630, 0.5% deoxycholic acid and 1 tablet of complete 
EDTA-free protease inhibitor cocktail (Roche Diagnostics Ltd, Burgess Hill, U.K.). Plates were freeze-
thawed and mechanically disrupted to extract intracellular peptides. Total GLP-1 was assayed in both 
the supernatant and cell extracts using the ELISA of MesoScale Discovery. GIP was assayed using an 
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ELISA of Millipore Corporation. GIP and GLP-1 secretion in each well was expressed as a fraction of 
the total hormone measured in that well. 
     In cultures from Sglt1+/- mice glucose-dependent stimulation of GIP and GLP-1 secretion was 
observed. These responses were abolished in cultures prepared from Sglt1-/- mice. The secretion of GIP 
and GLP-1 observed in cultures from Sglt1+/- mice was similar to wildtype mice (data not shown). The 
data indicate that SGLT1 is required for the glucose-induced intestinal secretion of GIP and GLP-1. 
 
 
Expression of SGLT2, GLUT1, GLUT2 and GLUT5 is not changed after removal of SGLT1. 
 
Like in other species SGLT1 is expressed in the S3 segments of renal proximal tubules whereas SGLT2 
is expressed in the S1 and S2 segments (Supplemental Fig. 6). Employing RT-PCR and Western blots 
on total kidney homogenates we demonstrated that the expression of SGLT2 was not changed in Sglt1-/- 
mice versus Sglt1+/+ mice (Supplemental Figs. 7A and B). Immunohistochemistry with an affinity 
purified antibody against SGLT2 was consistent with this observation (Supplemental Fig. 6B). By RT-
PCR using the primers indicated in Supplemental Table 1, we showed on the mRNA level that renal 
expression of GLUT1, GLUT2 and GLUT5 was similar in Sglt1-/- and wildtype mice (Fig. 7A). 
Performing Western blotting on total membrane fractions isolated from total kidneys using antibodies 
against GLUT1, GLUT2 and GLUT5 no difference in the expression of these transporters in Sglt1-/- 
versus Sglt1+/+ mice were detected (Fig. 7C). 
     For preparation of total cell membranes total kidneys from three mice were homogenized in 30 ml of 
Hepes buffer (20 mM Hepes-Tris, pH7.4, 100 mM mannitol) and the homogenate was centrifuged for 10 
min at 850 g. The resulting supernatant was layered on top of a sucrose cushion (40% sucrose in Hepes 
buffer) and centrifuged for 45 min at 100 000 g in a swinging bucket rotor. The fluffy interphase 
between sucrose cushion and first supernatant was collected, diluted with 30 ml of Hepes buffer and 
centrifuged again for 30 min at 120 000 g. The pellet containing the total cell membranes was suspended 
in 300 µl Hepes buffer, snap-frozen in liquid nitrogen and stored at -70°C until use. The polyclonal 
antibodies against GLUT1 and GLUT5 used for the Western blots were obtained from Santa Cruz 
Biotechnology, Inc. (Heidelberg, Germany). The antibodies were raised in rabbits against a peptide of 
human GLUT1 (N-20, sc-1603) or against a fragment of human GLUT5 (H-200, sc-20109). They cross-
react with mouse GLUT1 and mouse GLUT5, respectively. 
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Supplementary Figure 6. Immunohistochemical staining of mice kidney sections with antibodies against 
SGLT1 (SGLT1-Ab) and SGLT2 (SGLT2-Ab) in female wildtype mices compared to female Sglt1-/-  
mice. (A) After removal of SGLT1 no SGLT1-Ab immunoreactivity was observed in the BBM of proximal 
tubulular S3 segments (outer stripe) in contrast to wildtype mice. (B) After removal of SGLT1 the amount 
of SGLT2 in the BBM of proximal tububular S2/S3 segments (cortex) was not changed. 
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Supplementary Figure 7. SGLT1 removal did not change the expression of other glucose transporters 
in kidney. (A) Comparison of mRNA expression  of Sglt1, Sglt2, Glut1, Glut2, and Glut5 in kidneys of 
female Sglt1-/-  versus female Sglt1+/+  mice using real-time RT-PCR. Real time RT-PCR was 
performed as described (21) using the primers Mm00451203_m1 (Sglt1) and Mm00453831_m1 (Sglt2) 
(Applied Biosystems, Carlsbad, CA, USA). The primers used for Glut1, Glut2, and Glut5 are listed in 
Supplementary Table 1. N=8/genotype. (B) Comparison of SGLT2 protein in kidney homogenates from 
total kidneys of female Sglt1-/- versus Sglt1+/+ mice determined by Western blotting using SGLT2-Ab 
(21). The densitometric quantification of SGLT2 is shown in the right panel, N=4/genotype. (C) 
Comparison of GLUT1 protein, GLUT2 protein and GLUT5 protein in total kidneys of male Sglt1-/- 
versus Sglt1+/+ mice.  Representative Western blots were performed with total cell membranes as 
described (27) (right panel). The primary antibodies obtained from  Santa Cruz were diluted 1:1000. 
N=3 per genotype. Mean values + SE are indicated. 
 
 

 
 
 
Effects of SGLT1 removal on renal functions in male compared to female mice 
 
Whereas renal functions of SGLT1-/- and wildtype mice were routinely compared in male mice some 
measurements were performed in males and females. In male and female Sglt1-/- mice similar increases 
in urinary glucose related to creatinine were observed (male mice: 82±7 and 3.9±0.5 µmol/mg, female 
mice: 104±6 vs. 4.5±0.3 µmol/mg (P<0.001, n = 4-6 per group)). Whereas in female mice absence of 
SGLT1 was associated with an increase in food and fluid intake (food intake:  0.15±0.01 vs. 0.11±0.01  
g/(24h x g bw), P<0.001; fluid intake: 0.34±0.01 vs. 0.29±0.01 ml/(24h x g bw), P<0.005; n=10-11 per 
group), these parameters were not different between male Sglt1-/- and wildtype mice (food intake: 
0.09±0.01 vs. 0.10±0.01 g/(24h x g bw); fluid intake: 0.19±0.01 vs. 0.20±0.01 ml/(24h x g bw), n=16-18 
per group). In Supplemental table 2 the absolute and fractional renal excretion of D-glucose, fluid, 
sodium and chloride of male mice are indicated. It shows that the excretion of fluid, sodium and chloride 
were not changed significantly when SGLT1 was removed. Similarly, the concentrations of urea in the 

©2011 American Diabetes Association. Published online at http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db11-1029/-/DC1 



SUPPLEMENTARY DATA 
 
plasma of male Sglt1-/- and wildtype mice were similar (45 + 3 vs. 44 + 2 mg/100 ml, n = 10 per group; 
differences not significant (NS)). Also GFR determined by FITC-inulin kinetics in awake male mice 
revealed similar values in Sglt1-/- and wildtype mice (11.1±0.9 vs. 11.6±0.6  µl/(min x g bw), n=9 per 
group; NS) 
     Daily food and fluid intake were determined over 3 days while the mice were maintained in their 
regular cages. Urine was obtained by picking up the mice to elicit reflex urination, then holding them 
over a clean Petri dish for sample collection. To obtain paired measurements, blood was collected by tail 
snip immediately after urine collection. Urine glucose was determined by the hexokinase/glucose-6-
phosphate dehydrogenase method (Infinity, Thermo Electron, Louisville, CO, USA). Urinary creatinine 
was determined enzymatically (Thermo Electron, Melbourne, Australia). Plasma urea was determined 
using the Infinity Bun Urea kit (TR12421) from Thermo Scientific (Rockford, IL, USA).  
     GFR was measured in awake mice using the plasma kinetics of FITC-inulin following a single dose 
i.v. injection as described (25). Whole kidney and proximal tubular reabsorption of glucose was 
measured in anesthetized mice. Mice were anesthetized with thiobutabarbital (100 mg/kg i.p.) and 
ketamine (100 mg/kg i.m.) and prepared for renal micropuncture (21, 26). A catheter was placed in the 
femoral artery for continuous blood pressure recording. For assessment of two kidney and single 
nephron GFR, [3H]inulin was added to the infusion to deliver 20 µCi/h. Urine was quantitatively 
collected using a bladder catheter. To determine proximal glucose reabsorption, quantitative fluid 
collections were made from the last surface loop of proximal convoluted tubules. Tubular fluid volume 
was determined from transfer to a constant bore capillary. The concentrations of glucose in plasma, 
urine, and tubular fluid were determined enzymatically (Infinity, Thermo Electron, Melbourne, 
Australia) in a regular photometer and a flow-through microfluorometer (NanoFloTM, WPI, Sarasota, 
FL), respectively (26). The concentrations of chloride in plasma, urine, and tubular fluid were 
determined photometrically (Infinity, Thermo Electron) and by a micro adaptation of the electrometric 
titration method, respectively. 
 
Footnote: 1Numbering of references is related to the references in the main document. 
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Supplementary Table 1. Primers 
 

Target Forward Reverse 
Glut1 AACATGGAACCACCGCTACG GTGGTGAGTGTGGTGGATGG 
Glut2 ATCGCCCTCTGCTTCCAGTAC GAACACGTAAGGCCCAAGGA 
Glut5 GTTCATGACCATCCTCACGATCT AATCGCCGTCCCCAAAG 
Rpl19 TGCTCAGGCTACAGAAGAGGCTTG GGAGTTGGCATTGGCGATTTC

 
 
Supplementary Table 2. Renal clearance experiments in age-matched male  WT and Sglt1-/- mice 
 

Parameter WT Sglt1-/- Parameter WT Sglt1-/- 
AE-glucose 
(nmol/(min x g bw)) 0.18±0.04 1.63±0.31*

* 
FE-glucose 
(%) 0.24±0.03 3.06±0.25** 

AE-fluid 
(nl/(min x g bw)) 57±7 48±7 FE-H2O (%) 0.72±0.08 0.67±0.07 

AE-Na+ 

(nmol/(min x g bw)) 3.0±0.4 2.2±0.3 FE-Na+ (%) 0.26±0.03 0.21±0.02 

AE-Cl- 

(nmol/(min x g bw)) 2.8±0.3 2.5±0.4 FE-Cl- (%) 0.31±0.03 0.30±0.04 

Data are means±SE; n=6-7 per group. AE, absolute renal excretion; FE, fractional renal excretion. 
** P<0.001. 
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