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Prostaglandin D synthase (i3-trace protein): a 
molecular clock to trace the origin of REM 
sleep? 
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Abstract I In 1965, Zuckerkandl and Pauling proposed a novel concept that some important 
molecules termed semantides, which carry the information of the genes or a transcript 
thereof, can be used as molecular clocks to trace evolutionary history. According to this 
concept, enzymes are designated as tertiary semantides, fol lowing genes (primary 
semantides) and the mRNA (secondary semantides). Based on this idea, I propose that 
prostaglandin D synthase (which has been demonstrated recently as identical to the 13-trace 
protein present in the cerebrospinal fluid of mammals) may serve as a molecular clock to 
trace the origin and evolution of rapid eye movement sleep in the vertebrates. 

Introduction 

In 1953, Aserinsky and Kleitman (1) provided the 
first experimental evidence for the occurrence of 
dream sleep (also called rapid eye movement sleep 
or REMS), which is characterized by the movement 
of eyelids. REMS is believed to be present only in 
birds and mammals. However, no consensus exists 
among the researchers regarding the physiological 
significance of REMS. For example, Crick and 
Mitchison (2,3) proposed that dreams 'result in 
reverse learning', akin to the forgetting function of the 
brain. Thus this provides an important mechanism in 
preventing brain from being 'overloaded'. However, 
Winson (4) had postulated in the opposite direction, 
stating that crucial evidence acquired during the 
waking state may be reprocessed during the dream 
state and thus dreams reflect an individual's strategy 
for survival. 
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More than three decades ago, Zuckerkandl and 
Pauling (5) proposed a novel concept that some 
important molecules which carry the information 
of the genes or a transcript thereof can be used as 
molecular clocks to trace evolutionary history. They 
classified molecules occurring in life forms into three 
categories as follows: 

1. Semantophoretic molecules or semantides, which 
carry the information of the genes or a transcript 
thereof. These were further subdivided into 
(a) genes - primary semantides 
(b) mRNA - secondary semantides 
(c) most of the polypeptides such as enzymes 

(tertiary semantides); 
2. Episemantic molecules, which are synthesized 

under the control of tertiary semantides; 
3. Asemantic molecules, that are not produced by the 

organism. 
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According to Zuckerkandl and Pauling (5), 'the 
relevance of molecules to evolutionary history de- 
creases as one passes from semantides to asemantic 
molecules'. Based on the concept of molecular 
clocks, Doolittle et al (6) reported recently the diver- 
gence times of major kingdoms of living organisms 
determined from the amino acid sequence data of 
57 different enzymes. 

In this communication, I propose the idea that 
prostaglandin (PG) D synthase (a 27 kDa monomeric 
protein with 190 amino acid residues, first isolated in 
the rat brain) can serve as a molecular clock to trace 
the evolution of REMS in the vertebrates. 

Prostaglandin D synthase as a molecular clock 

Among the more than thirty endogenous sleep 
substances elucidated so far (7), the significance 
of PGD~ has been studied in detail in the laboratory 
of Hayaishi (reviewed in references 8-10). PGD 
synthase, the enzyme primarily responsible for the 
production of PGD 2 in the brain, was also biochemi- 
cally characterized by Hayaishi's group (11-13). 
They have also demonstrated that the PGD synthase 
exists mainly in the choroid plexus, leptomeninges 
and oligodendrocytes of the mammalian central 
nervous system (14). Concurrently, 13-trace protein, 
a major polypeptide which was isolated from the 
cerebrospinal fluid of humans for the first time in 
1961 and which remained a puzzling substance 
without any known function for three decades, has 
been shown to be identical to PGD synthase (15,16). 

In terms of the classification provided by 
Zuckerdandl and Pauling (5), PGD synthase is a 
tertiary semantide and PGD2 is an episemantic mole- 
cule. PGD synthase is the only member with an 
enzyme function, among the lipocalin superfamily of 
lipophilic ligand-carrier proteins, widely distributed 
among the invertebrates and five vertebrate classes 
(17-19). Preliminary data from studies conducted in 
Australia (20) and Switzerland (21) show that brain 
prostaglandin D synthase does possess some activity 
in the nervous systems of cane toad and chick, 
respectively. If this is so, one could present a case 
that PGD synthase, being a tertiary semantide, may 
serve as an appropriate molecular clock to trace 
the origin of complex sleep behavior (consisting of 
REMS) on the evolutionary time scale. 
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