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Most animals including us have highly asymmetric organ arrangement along the 

left-right axis. This asymmetry can be paraphrased as the biological chirality. This 
chirality seems under control of that of biomolecules: First, it is obvious from a thought 
experiment supposing the world in a mirror, as described in some scientific fiction novels. 
Second, the left-right determination in mammalian development is a good example of 
conversion of biomolecular chirality to the whole animal. A mouse embryo has small hairs 
(cilia) on its ventral surface. The cilia are molecular machines built of tightly packed 
proteins, and twirl clockwise with their rotation axes tilted posterior against cell surface. 
This movement pattern causes liquid flow toward the left of the embryo, and results in 
the asymmetric expression nodal, the master gene of ‘leftness’. 

Biological left-right asymmetry is, however, not just a simple translation of that 
of biomolecules. One thing we need to consider is the occurrence of individuals with 
mirror-image reversal of organs (situs inversus). Reversed animals are made of the same 
molecule with normal ones, and moreover, they are totally healthy as far as the reversal 
is complete, suggesting apparent unimportance of the chiral information. Nevertheless, 
the organ arrangement is strongly biased in a species, and seems evolutionally preserved, 
at least among vertebrates. 

Another thing is superficial symmetry common in most animals. It seems rather 
strange since each side of the body is composed of the same kind of chiral molecules. 
Interestingly, studies indicate that individuals with higher left-right symmetry are 
preferred as mating partners in some species. 

The biosystems appear to have two opposite ideas on molecular chirality: one is 
to utilize it as informational cue to discriminate the left from the right, the other is to 
cancel or minimize it for symmetric body. This session aims to discuss underlying 
principle(s) connecting molecular chirality and biological left-right a-symmetry. 
 
 
 
 
 
 
 
 
 

 


