
Sci en tists have ac ci den tally cre ated a mu tant en zyme that breaks down plas tic drinks bot -
tles. The break through could help solve the global plas tic pol lu tion cri sis by en abling the full
re cy cling of bot tles for the �rst time.

The new re search was spurred by the dis cov ery at a waste dump in Japan in 2016 of the
�rst . Sci en tists have now re vealed the de tailed struc ture of the cru cial en zyme pro duced by
the bug.

An in ter na tional team then tweaked the en zyme to see how it had evolved, but tests
showed they had in ad ver tently made the mol e cule even bet ter at break ing down the PET
(poly eth yl ene tereph tha late) plas tic used for soft drink bot tles. “What ac tu ally turned out was
we im proved the en zyme, which was a bit of a shock,” said Prof John McGee han, at
Portsmouth Uni ver sity, who led the re search.

The mu tant en zyme takes a few days to start break ing down the plas tic – far faster than
the cen turies it takes in the oceans. But the re searchers are op ti mistic this can be speeded up
even fur ther and be come a vi able large-scale process.

“What we are hop ing to do is use this en zyme to turn this plas tic back into its orig i nal
com po nents, so we can lit er ally re cy cle it back to plas tic,” said McGee han. “It means we
won’t need to dig up any more oil and, fun da men tally, it should re duce the amount of plas tic
in the en vi ron ment.”
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About 1m plas tic bot tles a minute are sold around the globe and, with just 14% re cy cled,
many end up in the oceans, where they have pol luted even the re motest parts, harm ing
marine life and thus peo ple who eat seafood. “It is in cred i bly re sis tant to degra da tion,” said
McGee han. “It is one of these won der ma te ri als that has been made a lit tle bit too well.”

How ever, even those bot tles that are re cy cled can only be turned into opaque � bres for
cloth ing or car pets. The new en zyme in di cates a way to re cy cle clear plas tic bot tles back into
clear plas tic bot tles.

“Oil is cheap, so vir gin PET is cheap,” said McGee han. “It is so easy for man u fac tur ers to
gen er ate more of that stu�, rather than even try to re cy cle. But I be lieve there is a pub lic
driver here: per cep tion is chang ing so much that com pa nies are start ing to look at how they
can prop erly re cy cle.”

The re search, pub lished in the US jour nal Pro ceed ings of the Na tional Academy of
Sciences, be gan by de ter min ing the pre cise struc ture of the en zyme pro duced by the bug. The
team used the Di a mond Light Source, near Ox ford, an in tense beam of x-rays 10bn times
brighter than the sun that can re veal in di vid ual atoms.

The struc ture of the en zyme looked very sim i lar to one evolved by many bac te ria to break
down cutin, a nat u ral poly mer used as a pro tec tive coat ing by plants. But when the team ma -
nip u lated the en zyme to ex plore this con nec tion, they ac ci den tally im proved its abil ity to eat
PET.

“It is a mod est im prove ment – 20% bet ter – but that is not the point,” said McGee han.
“It’s in cred i ble be cause it tells us that the en zyme is not yet op ti mised. It gives us scope to
use all the tech nol ogy used in other en zyme de vel op ment for years and years and make a su -
per-fast en zyme.”

In dus trial en zymes are widely used in, for ex am ple, wash ing pow ders and bio fuel pro duc -
tion. They have been made to work up to 1,000 times faster within a few years – the same
timescale McGee han en vis ages for the plas ticeat ing en zyme. A patent has been �led on the
spe ci�c mu tant en zyme by the Portsmouth re searchers and those from the US Na tional Re -
new able En ergy Lab o ra tory in Colorado.

One pos si ble im prove ment be ing ex plored is to put the mu tant en zyme into an “ex -
tremophile bac te ria” that can sur vive tem per a tures above the 70C melt ing point of PET – the
plas tic is likely to de grade up to 100 times faster when molten.

Ear lier work had shown that some fungi can break down PET plas tic, which makes up
about 20% of global plas tic pro duc tion. But bac te ria are far eas ier to har ness for in dus trial
uses.

Other types of plas tic could be bro ken down by bac te ria evolv ing in the en vi ron ment,
McGee han said. PET sinks in sea wa ter but some sci en tists have con jec tured that plas tic-eat -
ing bugs might one day be sprayed on the huge patches of plas tic �ot sam in the oceans to
clean them up.

But Prof Adisa Aza pagic, at Manch ester Uni ver sity, warned: “A full life-cy cle assess ment
would be needed to en sure the tech nol ogy does not solve one en vi ron men tal prob lem – waste
– at the ex pense of oth ers, in clud ing ad di tional green house gas.”


