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    Chapter 10   

 Identifi cation and Use of Fluorescent Dyes for Plant Cell 
Wall Imaging Using High-Throughput Screening 

           Charles     T.     Anderson      and     Andrew     Carroll   

    Abstract 

   Plant cell walls defi ne cell shape during development and are composed of interlaced carbohydrate and 
protein networks.    Fluorescent dyes have long been used to label plant cell walls, enabling optical micros-
copy-based interrogation of cell wall structure and composition. However, the specifi c cell wall compo-
nents to which these dyes bind are often poorly defi ned. The availability of fl uorescent compound libraries 
provides the potential to screen for and identify new fl uorescent compounds that interact with specifi c 
plant cell wall components, enabling the study of cell wall architecture in intact, living tissues. Here, we 
describe a technique for screening fl uorescent compound libraries for enhanced fl uorescence upon interac-
tion with plant cell walls, a secondary screening method to identify which cell wall components interact 
with a given dye, and a protocol for staining and observing Arabidopsis seedlings using a fl uorescent cell 
wall-labeling dye. These methods have the potential to be applied to screening for differences in cell wall 
structure and composition among genetically diverse plant varieties or species.  
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1      Introduction 

 Plants use carbohydrates to transfer and store energy and to build 
rigid cell walls [ 1 ] that encase and protect the cell, but these walls 
can also undergo controlled deformation to allow for cell growth 
[ 2 ]. Unlike proteins, carbohydrates cannot be labeled with geneti-
cally encoded fl uorescent tags, and other methods are required for 
their in situ detection. Plant cell walls present the additional chal-
lenge of having low porosity [ 3 ] that might prevent the penetra-
tion of larger detection probes, such as lectins and antibodies [ 4 ]. 
Thus, small fl uorescent molecules that recognize specifi c cell wall 
polymers are highly desirable for microscopic studies of intact cell 
wall architecture and dynamics [ 5 ]. Because many fl uorescent dyes 
contain ring moieties [ 6 ], they represent good potential candidates 
for interaction with cell wall carbohydrates [ 7 ]. 



104

 Recently, combinatorial libraries of fl uorescent compounds 
have become available [ 6 ]. However, screening these libraries for 
interaction with cell walls in intact plants is laborious, and it can be 
diffi cult to distinguish cell wall binding from plasma membrane or 
cytoplasmic labeling at the low magnifi cations often used for 
screening. The methods described below include screening of fl uo-
rescent compounds for interaction with powdered plant cell walls, 
secondary screening for interaction with isolated cell wall compo-
nents, and imaging of plant seedlings using fl uorescent dyes.  

2    Materials 

 Prepare all solutions using nanopure water. 

      1.    Dried plant tissue ( see   Note 1 ).   
   2.    Fluorescent compound library in 96-well plate format 

( see   Note 2 ).   
   3.    2 mL screw-cap polypropylene tubes (Sarstedt).   
   4.    3 mm diameter steel milling balls (Retsch).   
   5.    Bead beater or ball mill (e.g., Retsch MM 400) suitable for 

2 mL polypropylene tubes.   
   6.    50 mL conical tubes.   
   7.    12-Channel pipettes (1–10 μL, 50–300 μL), multichannel dis-

pensing reservoirs (Matrix Technologies).   
   8.    Black polystyrene 96-well plates (e.g., Nunc).   
   9.    Anhydrous dimethyl sulfoxide (DMSO).   
   10.    ½ MS liquid: add 2.2 g Murashige and Skoog salts (Caisson 

Laboratories), 0.6 g MES (3-( N -morpholino)propanesulfonic 
acid, Research Organics) to 975 mL nanopure water, adjust 
pH to 5.6 with 1 M KOH, autoclave, add 25 mL 40 % (w/v) 
fi lter-sterilized sucrose solution.   

   11.    Paradigm plate reader (Beckman) with multiple wavelength 
cassettes and Multimode Analysis software.      

      1.    1 mg/mL solutions/suspensions of isolated cell wall compo-
nents ( see  Table  1 ) in ½ MS liquid.

             1.     Arabidopsis thaliana , ecotype Columbia seeds.   
   2.    Sterilization solution: 30 % (v/v) bleach in nanopure water, 

0.01 % sodium dodecyl sulfate (SDS).   
   3.    1.5 mL microcentrifuge tubes.   
   4.    Autoclaved nanopure water and 0.15 % agar (w/v) in nano-

pure water.   

2.1  Primary 
Screening Materials

2.2  Secondary 
Screening Materials

2.3  Plant Growth 
and In Vivo Imaging 
Materials
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   5.    ½ MS plates: add 2.2 g Murashige and Skoog salts (Caisson 
Labs), 0.6 g MES (3-( N -morpholino)propanesulfonic acid, 
Research Organics), 8 g agar-agar (Research Organics) to 
975 mL nanopure water, adjust pH to 5.6 with 1 M KOH, 
autoclave, add 25 mL fi lter-sterilized 40 % (w/v) sucrose in 

    Table 1  
  Isolated cell wall components for secondary screening of cell wall-interacting fl uorescent 
compounds   

 Carbohydrate  Description  Source 

 Cellulose  Semicrystalline; multiple β-1,4-linked glucose 
chains 

 Avicel; Sigma-Aldrich 

 Cellobiose  Dimer of β-1,4-linked glucose  Seikagaku Corporation 

 Cellotriose  Trimer of β-1,4-linked glucose  Seikagaku Corporation 

 Cellotetrose  Tetramer of β-1,4-linked glucose  Seikagaku Corporation 

 Cellopentose  Pentamer of β-1,4-linked glucose  Seikagaku Corporation 

 Cellohexose  Hexamer of β-1,4-linked glucose  Seikagaku Corporation 

 Xyloglucan  Hemicellulose; β-1,4-linked glucose backbone with 
neutral sugar side chains 

 Tamarind seed; 
Megazyme 

 Isoprimeverose  Hemicellulose; α-xylose-1,6-glucose dimer  Megazyme 

 Xylan  Hemicellulose; β-1,4-linked xylose chain  Larchwood; 
Sigma-Aldrich 

 Arabinoxylan  Hemicellulose; β-1,4-xylose backbone with 
arabinose side chains 

 Rye; Megazyme 

 Mannan  Hemicellulose; β-1,4-linked mannose chain  Borohydride reduced; 
Megazyme 

 Glucomannan  Hemicellulose; β-1-4-linked mannose and glucose 
with β-1,6-linked branches 

 Konjac; Megazyme 

 Galactomannan  Hemicellulose; β-1,4-linked mannose backbone 
with α-1,6-linked galactose side groups 

 Guar; Megazyme 

 Rhamnogalacturonan  Pectin; repeating galacturonic acid-α-1,2-rhamnose- 
α-1,4-backbone with branched side chains 

 Soybean pectic fi ber; 
Megazyme 

 Pectic galactan  Pectin; α-1,4-linked galactose  Lupin; Megazyme 

 Arabinan  Pectin; α-1,5-linked arabinose  Sugar beet; Megazyme 

 Arabinogalactan  Pectin; branched arabinose and galactose  Larch; Megazyme 

 Starch  α-1,4-linked glucan with α-1,6-linked branches  Potato; Sigma-Aldrich 

 Curdlan  β-1,3-linked glucose  Sigma-Aldrich 

 Lichenan  β-1,3/1,4-linked glucose  Icelandic moss; 
Megazyme 

Fluorescent Dye Screening in Plants



106

nanopure water, pour into 10 cm square polystyrene plates 
(Simport) in a laminar fl ow hood, store at 4 °C.   

   6.    Plant growth chamber (e.g., Percival) set at 22 °C, 67 % rela-
tive humidity, 24 h light or greenhouse.   

   7.    2 mL microcentrifuge tubes.   
   8.    25 × 75 mm glass slides (Gold Seal).   
   9.    #1.5 24 × 50 mm cover glass (Fisher).   
   10.    Fine forceps (e.g., Dumont #3).   
   11.    Vacuum grease (Beckman) loaded into a 10 mL syringe with a 

blunt 21-gauge needle attached.   
   12.    Fluorescence microscope (epifl uorescence, laser scanning con-

focal, or spinning disk confocal) with a 100× 1.4 NA oil immer-
sion objective.       

3    Methods 

 Perform all procedures at room temperature unless indicated. 

      1.    Break dried plant tissue into <5 mm pieces by hand or with a 
blade and add 150–200 mg tissue ( see   Note 3 ) to a 2 mL screw 
cap tube containing two 3 mm steel milling balls.   

   2.    Mill tissue in a bead beater or Retsch mill for 5 min. No obvi-
ous chunks of tissue should remain. Remove milling balls using 
a magnet, weigh powdered cell wall material, and add to a 
50 mL conical tube.   

   3.    Suspend powdered cell wall material in ½ MS liquid at a con-
centration of 10 mg/mL; vortex to break up any clumps.   

   4.    From a 96-well plate containing fl uorescent compound library 
members dissolved at 1 mM ( see   Note 4 ) in anhydrous DMSO, 
add 1 μL of each compound to two black 96-well plates using 
a 12-channel pipette. Some wells should contain DMSO only 
as a blank.   

   5.    Pour 12 mL of suspended cell wall material into a multichan-
nel dispensing reservoir and add 100 μL of material to each 
well of one of the black 96-well plates containing the fl uores-
cent compounds using a 50–300 μL 12-channel pipette, pipet-
ting up and down to mix the compounds with the cell walls. 
Repeat this procedure for the other plate using ½ MS liquid 
without cell wall material as a negative control.   

   6.    Cover both plates and incubate for 5 min, mix by gently tap-
ping side of plate, and measure fl uorescence values for each 
sample at multiple wavelengths using a Paradigm plate reader.   

3.1  Screening 
of Fluorescent 
Compound Libraries 
for Enhanced 
Fluorescence Upon 
Interaction with Plant 
Cell Walls
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   7.    Calculate the mean fl uorescence value at each wavelength for 
the DMSO-containing wells in the plates with and without cell 
wall material; these values represent background fl uorescence 
levels for each plate.   

   8.    Subtract the background fl uorescence values for each plate 
from the fl uorescence values for each sample to obtain the cor-
rected fl uorescence values for each compound with and with-
out plant cell walls. Compounds for which fl uorescence is 
enhanced upon interaction with plant cell walls should display 
a large ratio of (corrected fl uorescence with cell walls)/ 
(corrected fl uorescence    with cell walls) ( see   Note 5 ).      

      1.    Add 1 μL of a 1 mM solution ( see   Note 6 ) of a dye that dis-
plays enhanced fl uorescence in the presence of cell wall mate-
rial to 84 wells of a black 96-well plate.   

   2.    Add 100 μL of each carbohydrate listed in Table  1  to four wells 
of the plate ( see   Note 7 ); add ½ MS liquid with DMSO alone 
to four wells as a negative control.   

   3.    Measure fl uorescence at one or more wavelengths for the plate 
using a Paradigm plate reader; calculate the mean fl uorescence 
values for each carbohydrate and normalize to the negative 
control values to determine whether any carbohydrates cause 
enhanced fl uorescence upon interaction with the compound 
( see   Note 8 ).      

      1.    Sterilize seeds by adding ~50 μL seeds and 500 μL sterilization 
solution to a 1.5 mL microcentrifuge tube, vortex, incubate 
20 min; wash seeds 4× with sterile water, suspend in 1 mL 
sterile 0.15 % agar, and incubate at 4 °C in the dark for 3–7 
days.   

   2.    In a laminar fl ow hood, transfer seeds in two rows (one row at 
the top and one row halfway down) onto ½ MS plates using a 
200 μL pipette with a cutoff pipette tip and place vertically in 
a growth chamber or a greenhouse for 5 days.   

   3.    Make a 10 μM solution of fl uorescent dye in ½ MS liquid in a 
2 mL microcentrifuge tube.   

   4.    Using fi ne forceps, transfer several 5-day-old seedlings from a 
½ MS plate to the dye solution; incubate in the dark for 30 min 
( see   Note 9 ).   

   5.    Add four very small (~0.5 mm diameter) drops of vacuum 
grease to the corners of a 24 × 50 mm rectangle on a micro-
scope slide.   

   6.    Using fi ne forceps, transfer a single seedling from the dye solu-
tion to a 2 mL microcentrifuge tube containing 1.8 mL water 
to remove excess dye, then transfer the seedling to the slide 

3.2  Secondary 
Screening to Identify 
Specifi c Cell Wall 
Components that 
Interact with 
Fluorescent Dyes
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Seedlings
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with the cotyledons extending beyond the edge of the vacuum 
grease rectangle. Add 80 μL nanopure water to the seedling 
and cover with a 24 × 50 mm cover glass.   

   7.    Observe the seedling root ( see   Note 10 ) on an epifl uorescence 
or confocal microscope, comparing any fl uorescence signals to 
control seedlings incubated in ½ MS liquid lacking the dye.       

4    Notes 

     1.    Although dried plant material consists mainly of cell walls, 
other cellular components are present in low amounts. Plant 
material from the species to be used for microscopy studies 
should be used, since plant cell wall composition can vary 
between species. If interspecies comparisons are being per-
formed, samples from identical tissues and developmental 
stages should be used. Tissue should be completely dry to 
enable effective ball milling, and can be dried in a 60 °C oven 
if air-drying is not effective.   

   2.    Fluorescent compound libraries can be diversity-oriented [ 6 ] 
or preselected for interaction with cell walls [ 8 ]. It might also 
be possible to identify compounds that fl uoresce only in the 
presence of plant cell walls by screening general diversity- 
oriented libraries.   

   3.    Do not add more than 200 mg tissue to tube, as this will 
inhibit milling. For each 96-well plate, approximately 110 mg 
of powdered material will be needed.   

   4.    Fluorescent compound concentrations in the 1–10 μM range 
can be used; however, we recommend using 10 μM to mini-
mize the risk of false negative results due to the high autofl uo-
rescence of cell wall material at some wavelengths. Alternatively, 
cell wall suspensions can be pelleted by centrifugation after dye 
incubation and the fl uorescence of the supernatants can be 
measured; any depletion of fl uorescence relative to the dye 
solution in ½ MS liquid alone represents potential interaction 
of the dye with cell wall material.   

   5.    Some compounds might display shifts in excitation or emission 
wavelengths upon interaction with plant cell wall components. 
These can be identifi ed by plotting the fl uorescence profi le 
across multiple wavelengths for each compound with and 
without cell walls and screening for compounds for which the 
two profi les differ.   

   6.    If the dye is soluble in an aqueous solution, the dye can be dis-
solved directly in ½ MS liquid, but if this is not the case, a 
stock solution in DMSO can be diluted into ½ MS liquid.   

Charles T. Anderson and Andrew Carroll
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   7.    Like crude cell walls, many cell wall components are insoluble 
in water, and fl uorescence measurements must be made quickly 
after mixing samples to avoid settling. Measurements of at least 
four replicates for each wall component in each experiment are 
recommended to reduce the chance of incorrect measurements 
due to heterogeneity in the suspensions.   

   8.    To allow for clearly interpretable results, only dyes that display 
enhanced fl uorescence in the presence of one or a few related 
components should be used for imaging.   

   9.    If cellular dynamics are to be observed, the effects of the dye 
on seedling growth should be tested by making ½ MS plates 
containing a range of concentrations of the dye and comparing 
seedling root elongation after 5 days on these plates to that on 
control plates.   

   10.    Seedling roots are amenable to dye labeling due to the lack of 
a cuticle, which can prevent dye penetration in aerial organs; 
for labeling aerial organs, the cuticle must be removed, e.g., by 
dissolving in DMSO, 80 % ethanol, or other organic solvents, 
but this method precludes in vivo imaging.         
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