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In order to determine physical quantities related to the anisotropic distribution of molecules in 
microscopic samples, we have constructed differential polarization (DP) attachments to our 
laser scanning microscope [1,2]. The DP attachments use high frequency modulation of the 
polarization state of the exciting, transmitted or emitted light, and a demodulation circuit. By 
modulating the linear polarization of the laser beam between two orthogonal polarized states 
we can determine the associated transmitted and fluorescence intensity-difference signals, 
which serve the basis for LD (linear dichroism) and FDLD (fluorescence detected linear 
dichroism) imagings, respectively. By using left and right circularly polarized states, CD 
(circular dichroism) and FDCD measurements can be performed. LD and FDLD, and CD and 
FDCD carry information on the anisotropic distribution of the absorbance dipoles and the 
chirality in the microscopic structure, respectively. By modulating the fluorescence beam, 
originating from a sample excited with non-polarized light, we can determine the anisotropy 
of the emission (r), which originates from the anisotropic distribution of the emission dipoles, 
and CPL, the circularly polarized luminescence of the microscopic sample. Our DP-LSM is 
also capable to image P, the degree of polarization of the fluorescence emission, and LB, the 
linear birefringence of the sample. Quantities using the fluorescence optical path, FDLD, 
FDCD, r CPL and P, can be imaged in confocal mode, and thus, after optical sectioning, can 
be mapped in 3D.  

In recent years we have demonstrated the use of DP-LSM in different biological samples. LB 
images of magnetically aligned higher plant chloroplasts revealed strong birefringence with 
large local variations, due the granal organization of membranes. The resulting anisotropic 
interaction with the linearly polarized laser beam significantly contributed to the torque 
orienting the chloroplasts in optical tweezers [3], opening the possibility for manipulating 
photosynthetic protein assemblies in artificial systems. In wild type and mutant Drosophila 
embryos, r-imaging revealed variations in the local order of F-actin filaments in the O-ring 
canals, which depended on the presence of some key proteins [4]. By comparing LD, FDLD 
and r imagings on plant cell walls, fiber-laminate extracellular structutures, we have 
demonstrated that the organization of cellulose is highly anisotropic, which however can only 
be revealed quantitatively by using confocal DP microscopy [5]. By using fluorescence lipid 
probes in lymphoid cells we have determined the local variations of P, characteristic for the 
microdomain organization of membranes [6]. r images of isolated human amyloids, stained 
with Congo Red, revealed the existence of a periodic structure that might originate from a 
twisted macrostructure of the amyloid fibrils [7].  
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