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Supplementary material

Methods

pGreen Lantern mycGLUT4eGFP construct was a generous 

gift from Dr M P Czech, University of Massachusetts Medical 

School, Worcester, MA, USA. CHO cells overexpressing 

wild-type IR (CHO-HIRc) were kindly donated by Dr 

M. Bernier, National Institute of Aging, Baltimore, MD, 

USA. F-12, FBS and lipofectAMINE 2000 were purchased

from Invitrogen (Carlsbad, CA, USA). Monoclonal

antibody against myc (9E10) and rhodamine-conjugated 

secondary antibodies were purchased from Santa Cruz 

Biotechnology (Santa Cruz, CA, USA). Cytochalasin B, 

genistein, insulin, wortmannin and other fi ne chemicals 

were purchased from Sigma (St Louis, MO, USA). 

Fenugreek seed extract (FSE) was prepared as reported 

earlier (Vijayakumar et al. 2005). 

Development of CHO-HIRc-mycGLUT4eGFP cells

The backbone of the plasmid construct used to establish 

CHO-HIRc-mycGLUT4eGFP cells consists of the modifi ed 

pGreen Lantern Vector with the insert of cDNA-encoding 

mycGLUT4eGFP chimera. The myc epitope DNA sequence 

is between the 66th and 67th amino acid of GLUT4 and the 

eGFP-encoding sequence is at C-terminal of GLUT4 (Jiang 

et al. 2002).

CHO-HIRc-mycGLUT4eGFP cells were developed as 

reported previously (Vijayakumar et al. 2005). In brief, 

CHO-HIRc cells were transfected with 4 μg of pGreen 

Lantern mycGLUT4eGFP and 1 μg pTk-Hyg plasmid

using lipofectAMINE 2000 as per manufactures protocol. 

Cells were selected individually in a medium containing 

200 μg/ml hygromycin B. GFP clones were isolated

and verifi ed for GLUT4 translocation based on the increase

in GFP fl uorescence in the plasma membrane

upon stimulation with various concentrations of insulin

(10–1000 nM) for 10–20 min under a fl uorescent micro-

scope (Olympus, Shinjuku-ku, Tokyo, Japan). During

the selection process of transfected cells with hygromycin, 

we obtained eight clones that expressed GLUT4 chimera 

and were designated as CHO-HIRc-mycGLUT4eGFP clone 

1-8. 

To select the clones that respond to insulin treatment, 

CHO-HIRc-mycGLUT4eGFP clones were treated with 1–

100 nM insulin for 10 min and membrane-associated increase 

in GFP fl uorescence was observed in paraformaldehyde fi xed 

cells. We obtained two clones (clone No 4 and 6) in which 

GLUT4 chimera were translocated to the PM upon insulin 

stimulation. We used only one clone (clone 4) for all the 

experiments described in this article. The cells were grown 

on tissue culture plates in Ham’s F-12 medium containing 

10% FBS and maintained in a humidifi ed incubator with 5% 

CO
2
 at 37oC.

Live cell imaging 

Cells (5×103) were grown in chamber slides with cover 

(Nunc, NY, USA) until 70–80% confl uency. Cells were 

washed with serum-free media and serum-starved in Ham’s 

F-12 media containing 1 mg/ml BSA for 3 h. Slides were 

placed on a microscope and cells were focused under a 

40× objective and were then treated with 100 nM insulin 

or 25 μg/ml FSE. To confi rm the specifi city of insulin-

induced GLUT4 translocation, cells were pre-treated 

with pharmacological inhibitors, followed by treatment with 

100 nM insulin. Pre-warmed reagents at 37oC were added 

at 2× concentration. With a quick fi nal adjustment of focus, 

images were captured at room temperature at the rate of one 

frame per min for 25–40 min using CCD (cooled charge-

coupled device) 1.4 megapixel, 12 bit camera (Olympus) 

attached to microscope. Analysis of images and conversion 

of videos to individual frame were done using the Image-

Pro Plus 5.0 software (MediaCybernetics, Silver Spring, 

MD, USA).

Immunofl uorescence confocal microscopy

The cells were grown on multi-well microslides (MP 

Biomedicals, OH, USA) until 80% confl uency. Cells 
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were serum-starved for 3 h and were treated with insulin 

or FSE for 10 and 30 min, respectively, at 37°C. Cells 

were washed quickly with ice-cold PBS and fi xed by 

treating with 3% paraformaldehyde in PBS pH 7.4 for 

10 min at room temperature, rinsed with PBS three 

times and quenched with 1% glycine for 5 min. Cells 

were blocked with 5% BSA and 5% FBS, and were 

incubated overnight at 4°C or 2 h at room temperature 

with primary antibody at a dilution of 1:50. Cells were 

washed and incubated with a rhodamine conjugated 

secondary antibody at a dilution of 1:100 for an additional 

1 h, washed again and mounted using vectashield (Vector 

Laboratories, CA, USA) for visualization by confocal 

microscopy (LSM510, Zeiss, Oberkochen, Germany). 

GLUT4 translocation was investigated on the basis of GFP- 

or rhodamine-associated membrane fl uorescence. Images 

were subsequently processed using Adobe Photoshop 

software.

Supplementary fi gures and fi gure legends

Glucose transport assay

Glucose uptake was performed as described earlier 

(Vijayakumar et al. 2007) except that glucose uptake was 

initiated by adding 0.2 mM 2-deoxy glucose containing 0.5 

mCi/ml 14C 2-DG for 10 min at 37°C in a fi nal volume of 

250 μl per well. The reaction was terminated by keeping 

the cells on ice and washing three times with ice-cold PBS 

containing 20 mM D-glucose. Cells were solubilized with 50 

μl of 0.1%SDS and the lysate was transferred to unifi lter-96/

GFB plates (PerkinElmer, Waltham, MA, USA) and allowed 

to dry at 37°C for 6 h. Following the addition of 20 μl of 

scintillation fl uid per well, the radioactivity incorporated 

into cells was quantifi ed by scintillation counting (Packard, 

Albertville, MN). To examine the specifi city of the 

signalling pathway cells were pre-treated with specifi c 

pharmacological inhibitor for 30 min followed by treatment 

with insulin for additional time. 

Supplementary fi gure 1. Phase contrast microscopy analysis of CHO-HIRc-mycGLUT4eGFP cells. Cells were treated without or with 

pharmacological inhibitors for 30 min. (A) control cells, (B) cytochalasin B 10 μM, (C) genistein 50 μM, and (D) wormannin 100 nM. 

Images were captured at 40× magnifi cation, based on GFP fl uorescence. Arrow marks indicate the localization of GLUT4 chimera on the 

plasma membrane. The representative image from four independent experiments is shown. Scale bars 20 μM.
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Supplementary fi gure 2. Glucose uptake assay. (A) Dose response curve of insulin. CHO-HIRc-mycGLUT4eGFP cells were treated with 

the indicated concentration of insulin for 10 min during 2-deoxy-D-glucose (2-DG) uptake measurements. EC-50 for insulin is found to be 

1 nM (B) CHO-HIRc-mycGLUT4eGFP cells were pre-treated with or without 100 nM wortmannin or 50 μM genistein for 20 and 60 min, 

respectively, followed by treatment with insulin for 10 min during 2-DG uptake measurements. Statistical analysis was performed with the 

Student’s paired t-test. Each value shown represents the mean ± S.D. of two independent experiments performed in triplicate. 

Supplementary movie 1: Movie of GLUT4 translocation 

induced by insulin in CHO-HIRc-mycGLUT4eGFP cells: 

Cells were treated with 100 nM insulin in fi nal concentration 

and GLUT4 translocation is visualized by movement of 

GLUT4-associated GFP fl uorescence. Images were captured 

at one frame per min for 30 min.

Supplementary movie 2: Movie of GLUT4 translocation 

induced by insulin in CHO-HIRc-mycGLUT4eGFP cells 

pre-treated with cytochalasin: Cells were treated with 10 

μM cytochalasin B followed by 100 nM insulin in fi nal 

concentration, and GLUT4 translocation is visualized by 

movement of GLUT4-associated GFP fl uorescence. Images 

were captured at one frame per min for 20 min.

Supplementary movie 3: Movie of GLUT4 translocation 

induced by insulin in CHO-HIRc-mycGLUT4eGFP cells 

pre-treated with genistein: Cells were treated with 50 μM 

genistein followed by 100 nM insulin in fi nal concentration, 

and GLUT4 translocation is visualized by movement of 

GLUT4-associated GFP fl uorescence. Images were captured 

at one frame per min for 20 min.

Supplementary movie 4: Movie of GLUT4 translocation 

induced by insulin in CHO-HIRc-mycGLUT4eGFP cells 

pre-treated with wortmannin: Cells were treated with 

100 nM wortmannin followed by 100 nM insulin in fi nal 

concentration, and GLUT4 translocation is visualized by 

movement of GLUT4-associated GFP fl uorescence. Images 

were captured at one frame per min for 20 min.

Supplementary movie 5: Movie of GLUT4 translocation 

induced by fenugreek seed extract (FSE) in CHO-HIRc-

mycGLUT4eGFP cells: Cells were treated with 25 μg/ml 

FSE in fi nal concentration, and GLUT4 translocation 

is visualized by movement of GLUT4-associated GFP 

fl uorescence Images were captured at one frame per min 

for 40 min.

Supplementary movie 6: Movie of GLUT4 translocation 

induced by PBS in CHO-HIRc-mycGLUT4eGFP cells: 

Cells were treated with PBS, the vehicle control of FSE, 

and GLUT4 translocation is visualized by movement of 

GLUT4-associated GFP fl uorescence. Images were captured 

at one frame per min for 40 min.

Supplementary movies legends


