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•  Lignin fluoresces naturally at all wavelengths from blue to far-red. 

•  Changes in amount and type of lignin can be characterised but only to a 
limited extent. 

•  Lignin autofluorescence is relatively weak compared to staining but is 
much more specific. 
 
•  Lignin autofluorescence is very sensitive to molecular environment so can 
be used as a fluorescent indicator to measure chemical and biological 
modification of cell walls. 

•  Lignin autofluorescence can be assessed by 
Ø   Intensity 
Ø   Wavelength 
Ø   Lifetime 

 



A Wavelength Sequence from 400 nm to 660 nm 

Spectral data are acquired as a sequence of images at different wavelengths. 



The fluorescence spectra of normal and compression wood with UV excitation (355 
nm) showing differences in brightness (A) and a spectral shift (B).  

Fluorescence intensity of lignin 



Excitation 355 nm 

Spectral deconvolution 

Normal wood S2 Compression wood S2L 
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Fluorescence lifetime 



The mean lifetime distribution of normal wood shows a single peak while 
compression wood has two overlapping peaks. 



The lifetime distribution of normal wood consists of 3 log-normal 
components. This graph shows the components which are spatially 
resolved to represent ray cell walls (1), middle lamella (2), secondary wall 
(3). 
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 Examples of applications 

•  Genetic modification/compression wood 

•  Biofuel substrate 
 
•  Porosity 
 



Excitation 488 nm, 561 nm, pH9, Normal wood 



Excitation 488 nm, 561 nm, pH9, CCR Rainbow phenotype 

Downregulation of cinnamoyl coA reductase 
Reduced lignification in some phenotypes 
Minor changes in H:G 
Accumulation of ferulate in cell wall 



Excitation 488 nm, 561 nm, pH9, 4CL collapsed xylem phenotype 

Downregulation of 4 coumarate CoA ligase  
Large reductions in lignification/uneven lignification 
Collapsed xylem phenotype 
Stress response causing acculation of extractives 



Compression wood spectral imaging 





Field of view 79.5 x 79.5 µm 

Localizing enzyme in biofuel substrate 



Steam exploded wood control 
Green = lignin  



Steam exploded wood + labelled cellulase 
Green = lignin  
Red = Enzyme 



Steam exploded wood + labelled PEG 
Green = lignin  
Red = PEG 



Fluorescence spectra of the two control samples were comparable with λmax at 550 nm. 
The spectrum of the Rhodamine-PEG treated sample was significantly different with λmax 
of 580 nm and quenching of lower wavelengths. Intensities are comparable in this 
example (exposure was held constant). Excitation was 458 nm. 
 

Quenching 



FRET (Forster Resonance Energy Transfer) can be used as a molecular ruler to study 
interaction of Rhodamine-PEG with lignin. If the emission of the donor (lignin) overlaps 
with the absorption of the acceptor (Rhodamine-PEG), energy will be transferred from 
the donor to the acceptor resulting in reduced emission of the donor and increased 
emission from the acceptor. This only occurs  when molecules are within 10 nm of each 
other. 
 



To measure FRET we use the “acceptor photobleaching” method. 
 
•  An image of the substrate is acquired. 
•  A region of interest is bleached with 100% laser power at 561 nm. 
•  A second image of the substrate is acquired. 
•  If FRET is occurring the bleached area will show an increase in green emission relative to red. 
 



If we examine the FRET behaviour of a ML particle as shown above we see that FRET 
efficiency is very low compared to the adjacent secondary wall particle within the bleach 
zone. This confirms poor infiltration with Rhodamine-PEG in the ML particle. 
 



Field of view 79.5 x 79.5 µm 

Effect of pH on lignin fluorescence 











Spectral unmixing 

Excitation 488 nm 
Monochromatic image 

After spectral unmixing 

Members of the Salicaceae family are known to contain characteristic syringyl p-
hydroxybenzoate lignin and it is likely that this special lignin type is responsible for 
the characteristic pH dependant fluorescence of poplar fibre walls. 



Field of view 79.5 x 79.5 µm 

Measuring cell wall porosity 



It is possible to measure wall porosity by determining the exclusion point using a range of 
molecular probe sizes. Lignin autofluorescence is used as a reporter for the presence of the 
molecular probes within the cell wall. 
 



Field of view 79.5 x 79.5 µm 

Scion welcomes COST members to visit our 
facility in New Zealand for training and 

collaboration through STSM. 
We are also keen to be involved in  

Marie Curie fellowships. 




