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Abstract 
Sucrose transporters play a critical role in the long distance 
transport of carbohydrates in plants. Products of 
photosynthesis must have an efficient means of being 
distributed to tissues in the plant that depend on the net 
import of fixed carbon such as roots, flowers, and seeds. In 
many plants this is achieved by active loading of the phloem 
(vascular tissue) using H+ coupled sucrose transporters. 
  
In his study, we developed a new assay for plant sucrose 
transporter (SUT) activity based on their ability to transport the 
fluorescent coumarin β-glucoside esculin. Budding yeast 
normally does not take up esculin, however, when type I 
sucrose transporters StSUT1 or AtSUC2 were expressed in yeast, 
the cells took up esculin and became brightly fluorescent. The 
esculin uptake assay is rapid and sensitive and should be useful 
for preliminary tests of SUT function by heterologous 
expression in yeast. This assay is also suitable for selection of 
yeast showing esculin uptake activity using FACS, making 
possible the rapid scanning of cDNA libraries for type I SUTs.  

Methods 
1. To collect the yeast cells, microtiter plates were centrifuged in a GH 3.7, 1600mm 

rotor at 2700 rpm (1.4kxg) for five minutes after which the SD-URA supernatant 
was aspirated. 

2. Esculin (1 mM or concentration indicated in figure legends) in 200 μl of 
phosphate buffer (25 mM Na2HPO4, pH4 or pH indicated in the figure legends 
adjusted with phosphoric acid) was added to each well. 

3. The plates were sealed and the yeast re-suspended by vortexing for 30 seconds. 
The plates were then incubated at 30°C for one hour (or time indicated in the 
Figure legends) with shaking.   

4. Microtiter plates were centrifuged at 1.4kxg for five minutes and the supernatant 
was aspirated. 

5. The cells were washed by adding 200 μl of phosphate buffer of the same pH to 
each well. 

6. The microtiter plate was re-sealed, and the yeast cells were re-suspended by 
vortexing for 30 seconds.   

7. The microtiter plate was centrifuged at 1.4kxg for five minutes and the 
supernatant was aspirated.   

8. 200 μl of phosphate buffer of the same pH was added to each well and the cells 
were re-suspended by gently pipetting up and down. 

9. The contents of the microtiter plate were then transferred to a new, black 
microtiter plate and fluorescence was read using a BioTek® SYNERGYMx 
spectrofluorometer at 367 nm excitation and 454 nm emission. 

10. A second microtiter plate to determine the OD600 of the cells was prepared by 
adding 150 μl of ddH2O and 50 μl of the cell suspensions from the black 
microtiter plate to each well.  Water was used as a blank.  

11. Cell density was obtained by measuring OD600 on a BioTek® PowerWave 340 plate 
reader.  The measurements were adjusted to compensate for the 1:4 dilution 
used. 

12. Fluorescence per unit OD600 was calculated to determine relative fluorescence. 
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Conclusions 
The esculin uptake assay is rapid and sensitive and should be generally useful for 

preliminary tests of sucrose transporter function by heterologous expression in yeast. 
This assay is also suitable for selection of yeast showing esculin uptake activity using 

FACS.  The ability to use these methods in conjunction allows for the rapid scanning of 
a cDNA library for type I SUTs. 

Results 

Figure 5 - Yeast (SEY6210) transformed with plant sucrose transporters StSUT1, OsSUT1 or 
vector control (pDR196), indicated on the left, were incubated for one hour in 1mM esculin in 
25mM sodium phosphate buffer (pH 4.0). The cells were washed and visualized at 100x 
magnification using differential contrast (DIC, column 1) or fluorescence microscopy (column 
2).  For fluorescence microscopy the following filters were used: excitation filter 426-446nm, 
455 nm LP dichroic mirror, 460-500nm emission filter. The DIC and fluorescence images were 
overlaid as shown in column 3.  

Effect of pH on Esculin Uptake 

Figure 1 – Yeast cells were incubated for 1 hour with 
1mM esculin at three pH values. 

Effect of Incubation Time on  
Esculin Uptake 

Figure 4 – Yeast cells were incubated with 1 mM 
esculin at pH 4.0 for the indicated times. 

Concentration Dependence of  
Esculin Uptake 

Figure 3 – Yeast cells were incubated with different 
concentrations of esculin at pH 4.0 for 1 hr. 

Esculin Uptake by Two Yeast Strains 

Figure 2 – Yeast cells were incubated in 1 mM esculin 
at pH 4.0 for 1 hour 

Yeast (SEY6210, except where indicated) transformed with sucrose transporter cDNAs StSUT1, AtSUC2, 
OsSUT1 or empty vector (pDR196) were incubated in 25mM sodium phosphate buffer containing the 
fluorescent coumarin glucoside esculin. The cells were washed and fluorescence was determined at 
367nm excitation and 454nm emission using a fluorescence plate reader. Cell density was determined by 
absorbance at 600nm. Values are means for each treatment, normalized for cell density, ± SE (n=4). 
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Figure 6 – Yeast cultures used for 
fluorometer measurements were placed 
on light box at a wavelength of 312nm 
and photographed. 
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