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Structural and functional analysis of elastomer synthase
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Prenyltransferases catalyze the sequential condensation of isopentenyl diphosphate, and the
resulting products are short-chain prenyl precursors essential for isoprenoid biosynthesis.
Chain length determination and reaction mechanism of prenyltransferase, especially farnesyl
diphosphate synthase, have been well studied; however, ultralong-chain prenyltransferase in
nature is still unclear.

Here, we characterized isoforms of novel trans-1,4-prenyltransferases in Eucommia
ulmoides, producing ultrahigh molecular weight polyisoprene. We determined the crystal
structure of one of the trans-1,4-prenyltransferases (TPT), revealing a novel dimeric
architecture, despite the apparent homology with the monomeric architecture of short-chain
prenyltransferase. The active site of TPT is shared with those of the other short-chain
prenyltransferases, suggesting the molecular mechanisms of substrate recognition and
condensation are similar to those of other short-chain prenyltransferases. Unlike short-chain
prenyltransferases, TPT forms a hydrophobic tunnel inside of the dimer, suggesting how TPT
elongates the ultralong-chain trans-1,4-polyisoprene.
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