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Abstract

The bacteria, known as Ideonella sakaiensis, is capable of producing two enzymes known as PETase and
MHETase. These enzymes can degrade PET (Polyethylene terephthalate) into ethylene glycol and
terephthalic acid. The genes that code for these two enzymes can be transferred to a much suitable host
that has a high enough copy number that can produce the enzymes in economically viable amounts. The
mass-produced enzymes can then be made to react with PET materials which will get converted to the
by-products. Following this the products, ethylene glycol and terephthalic acid can then be separated.
Each of the products can further be treated to convert them into energy sources that can be utilized by
other microorganisms. The ethylene glycol is converted into formaldehyde which can be utilized by
various methylotrophic bacteria. The terephthalic acid that is produced can be used by Arthrobacter sp.
bacteria. Thus, helping us to achieve the complete biodegradation of PET plastic waste materials.

Keywords: MHETase, polyethylene terephthalate, Ideonella sakaiensis, PETase

1. Introduction

Plastic pollution is the accumulation of plastic objects and substances, in the various
components of the ecosystem. It was the major threat to wildlife, habitats, and also human life
associated with these ecosystems (Moore, 2020) [2°, Plastic pollutants have been classified
based on their size as, micro-debris, meso-debris, and macro-debris (Hammer et al., 2012) ¥,
The low expense of manufacturing, high durability, and chemical structure, which makes them
resistant to normal degradation procedures, have led to the rise of plastic products in our
society or environment. Macro and Microplastics have shown maximum accumulation in the
Northern hemisphere, mainly in waterfronts and urban centers. Plastic debris that starts as
macro-debris can turn into meso or micro-debris as a result of degradation or collision
(Hammer et al., 2012) ™. Plastic pollution on land poses more of a threat than what is
observed in the ocean. It affects plant life and animal life, including that of the humans who
are settled on the land (Anderson et al., 2018) [l The plastic wastes that are not properly
managed varies from 60% in East Asia and Pacific to 1% in North America (Hannah et al.,
2018) 1,

The number of plastic pollutants that are entering the ocean is increasing yearly. As of a recent
survey that was carried out, it is expected that there are more amounts of plastic materials on
the seabed as when compared to that of the ocean surface. The great Pacific Garbage Patch is
an example of the harmful effects of plastic pollution in the ocean. According to Forbes, The
Great Garbage Patch is about 1.6 million square kilometers in size as of 2020. Not just that the
plastic debris that falls into the ocean destroys the aesthetic beauty of the ocean but it also
causes major harm to marine life. Plastic can cause the release of toxic carcinogens such as
diethylhexyl phthalate. Plastic can also pollute water bodies by the release of heavy metals
such as cadmium, lead, and mercury.

Plastic pollutants not only harm the abiotic components of the ecosystems but also causes
major harm to the flora and fauna of a region (aquatic or terrestrial). Plastic pollutants if
accidentally consumed by organisms can likely lead to the death of the organisms as this can
cause blockages within the digestive tract of the organism and ultimately lead to starvation and
death of the organism. Likewise, the toxic substances that could be released as a result of
plastic pollution can poison animals in a variety of ways which could in turn poison the food
supply of other organisms including humans.
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The plastic debris that is not visible to the naked eye could be
scarier than what was anticipated earlier. Microplastics are a
growing concern in our modern world. Microplastics can be
of such small scales that they can be even found in the womb
of pregnant women. (Ragusa et al., 2021) (4,

Plastic can also alter the chemistry of the soil drastically. The
films formed as a result of plastic pollution could lead to
increased evaporation of the soil of a region leading to the
faster drying out of the soil of that specific area. The
microplastics present in the soil could also lead to nutrient
immobilization, leading to lower availability of nutrients to
plants (Salt, 2019) 5],

1.1 About the problem

There are many issues related to the different ways in which
plastic pollutants are dealt with. Conventional methods of
plastic waste disposal are methods such as landfills and
incineration. As mentioned, numerous drawbacks are
associated with these methods, and they can end up causing
more harm than good.

The landfill is one of the oldest methods of waste disposal.
When rainfall occurs in areas of landfills, the water from the
rain percolates through the garbage that is present and
accumulates various toxic substances as it passes down. This
forms what is known as “Leachate”. If left unchecked, this
leachate could cause major harm by polluting the groundwater
sources. Depending on the constituents of plastic products the
time it takes to degrade a plastic waste in a landfill can vary
anywhere from ten years to more than centuries. Very little of
the plastic waste that is being discarded daily is being
recycled. Most of the plastic wastes either end up in large
landfills or get discarded carelessly into open spaces. Another
issue associated with discarding plastic wastes in the open is
that there is a high chance of accidental consumption of the
said plastic wastes by animals, which could prove to be fatal
for the animal. The plastic waste that is consumed by the
organism gets retained in its digestive tract and leads to the
starvation of the organism and causes the death of the
organism. Landfills could cause eutrophication of water
bodies. It could also negatively impact the flora and fauna of a
region by releasing toxic substances into the environment.
Landfill leachate can affect both groundwater sources and
surface water sources. The chemical composition of the
leachate and the harm caused by it is mainly dependent upon
various factors such as the composition of the waste, climatic
conditions, age, and degradation of solid waste. The existing
methods employed to treat the landfill leachate are either too
expensive or can lead to the production of harmful by-
products (Stefanakis et al., 2014) [16],

The leachate produced can also hinder the flourishing of soil
microflora, thus reducing the quality of the soil, and adversely
affecting the topography of an area. The plastic wastes that
accumulate in an area can also cause the water to not
percolate into the soil, which will deplete the groundwater
reserve.

Another conventional way of dealing with plastic wastes is to
incinerate them. There are numerous disadvantages to the
burning of plastic wastes. It is deadly for both aquatic and
terrestrial life. Various incineration techniques such as
gasification, plasma arc, etc are employed to burn plastic
wastes. Plastic at its core is petroleum-based and its
incineration can cause the release of various toxic fumes
which can cause various respiratory issues. The incineration
of plastic can also cause the release of various greenhouse
gases which can inadvertently lead to global warming. Not
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only that the fumes produced as a result of plastic burning can
lead to respiratory issues, but they can also lead to various
skin allergies or even cancer. As a result of plastic burning,
air toxicity can also rise. In many areas, this can also
contribute to the phenomenon known as smog. Prolonged
exposure to plastic fumes as a result of plastic burning can
also have varied neurological effects such as nausea,
dizziness, etc due to the release of chemical components such
as styrene, Butadiene, and acetone. The melting of plastics is
also not a good alternative as it can release various dioxins
into the environment. Home burning of plastics, which is a
common practice in many rural areas, can cause the release of
various harmful gases directly into the atmosphere without
any treatment or any ways to contain it. Recycling is a good
way to deal with plastic wastes that are being generated. But it
is to be noted that almost 90% of the plastic that is being
produced is not being recycled. Also, many of the garbage
patches formed in the oceans are way beyond what can be
easily recycled and dealt with. Another issue that of recycling
plastic wastes is that it does not essentially reduce the amount
of plastic that is present in the world. It is just being
transformed from one form to another. As mentioned
previously the complete degradation of any plastic wastes
causing its complete breakdown is by burning or incinerating
it and we saw why it is not at all safe to burn plastic wastes.

1.2 Objectives of the study

The study aims to develop a protocol for the complete
biodegradation of plastic wastes using microorganisms and
their enzymes. The objectives are,

1. Successful cultivation of bacteria Ideonella sakaiensis on
a suitable growth medium.

2. ldentification and Isolation of genes that code for the
enzymes PETase and MHETase from the bacteria.

3. Cloning and expression of the genes in suitable vectors.

4. Separation of enzymatic degradation products of PET
degradation as a result of bacterial action.

5. Conversion of ethylene glycol to formaldehyde using
periodic acid.

6. Culturing of microorganisms on formaldehyde for its
complete assimilation.

7. Culturing of microorganisms on terephthalic acid for its

complete assimilation.

2. Review of literature

Ideonella sakaiensis strain 201-F6 is a bacteria that belong to
the genus Ideonella. It has displayed the ability to break down
polyethylene terephthalate (PET) and use it as a source of
carbon (Yoshida et al., 2016 March) 2% 21, |, sakaiensis was
first discovered in Japan, in 2016. It was discovered by Kohei
Oda and Kenji Miyamoto.

I. sakaiensis is a gram-negative bacterium. It is aerobic. Its
morphology is rod-shaped. Cells show motility which is due
to the presence of a single flagellum. Ideonella sakaiensis
responds positively to both catalase and oxidase tests.
Ideonella sakaiensis grows in a temperature range of 15-42
degrees celsius with an optimum of 37 degrees celsius. It
grows at a pH range of 5.5-9 with an optimum of 7-7.7.
Colony characteristics of ldeonella sakaiensis are as follows:
colony colour- colourless; colony texture- smooth; colony
shape- circular; colony size- 0.6-0.8 micrometre width and
1.2-1.5 micrometer length. It is observed that the bacteria can
grow on PET surfaces by adhering to PET surfaces with the
aid of thread-like appendages. Apart from the fact that these
appendages serve the function of aiding in attachment, it also
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might be helping with the release of PET degrading enzymes
(Yoshida et al., 2016 March) 2% 24, The cultivation medium
used for the cultivation of the bacterium in laboratory
conditions is NBRC no.802 agar medium. The medium
components are as follows: Hipolypepton, Yeast extract,
Magnesium sulphate, Dipotassium hydrogen phosphate,
distilled water, and agar. Any temperature above 45 degrees
celsius inhibits the growth of the organism. Also, salt (NaCl)
concentration of 3% (w/v) prevented the growth of the
organism. It is observed that the organism could not grow
under anaerobic conditions with or without the aid of lighting.
Furthermore, it is also observed that under aerobic conditions,
the lighting to which the organism is subjected does not affect
the growth of the organism. The DNA G+C content was
found to be 70.4mol%. It is also observed that Strain 201-F6
has ubiquinone with 8 isoprene units. Some of the other
members of the genus Ideonella include 1. dechloratans and I.
azotifigens. Based on various features such as physiological,
biochemical, and various other data such as phylogenetic data,
Strain 201-F6 was found to be representative of a new species
that was never observed before. Hence it was given the name
Ideonella sakaiensis (Kohei et al., 2016).

The partial sequence for the gene that codes for the 16S rRNA
of I. sakaiensis, as obtained from NCBI is as follows:

ORIGIN

1 attgaacgct ggcggcatgc cttacacatg caagtcgaac ggtaacgcgg ggcaacctgg

61 cgacgagtgg cgaacgggtg agtaatgcat cggaacgtge ccagtagtgg gggatagecc
121 ggcgaaagcc ggattaatac cgcatacgac ctacgggtga aaggggggga tcgcaagace
181 tctcgctatt ggageggcecg atgtcagatt aggtagttgg tggggtaaag gectaccaag

241 ccgacgatct gtagctggtc tgagaggacg accagccaca ctgggactga gacacggecc
301 agactcctac gggaggceagce agtggggaat tttggacaat gggcgcaage ctgatccage
361 catgccgegt gcgggaagaa ggcecttcggg ttgtaaaccy cttttgtcag ggaagaaacg
421 cgctgggtta atacctcggce gtaatgacgg tacctgaaga ataagcaccg gcetaactacyg
481 tgccagcagc cgcggtaata cgtagggtge aagegttaat cggaattact gggegtaaag
541 cgtgcgcagg cggttgcgta agacagatgt gaaatcceeg ggcetcaacct gggaactgca
601 tttgtgactg cgtgacttga gtgcggcaga gggggatgga attccgegtg tagcagtgaa
661 atgcgtagat atgcggagga acaccgatgg cgaaggcaat ccectgggece tgeactgacg
721 ctcatgcacg aaagcgtggg gagcaaacag gattagatac cctggtagtc cacgecctaa
781 acgatgtcaa ctggttgttg ggagggtttc ttctcagtaa cgaagctaac gcgtgaagtt

841 gaccgcetgg ggagtacggce cgcaaggttg aaactcaaag gaattgacgg ggacccgeac
901 aagcggtgga tgatgtggtt taattcgatg caacgcgaaa aaccttacct acccttgaca

961 tgccaggaat cctgaagaga tttgggagtg ctcgcaagag aacctggaca caggtgcetge
1021 atggcegteg tcagetegtg tcgtgagatg ttgggttaag tcccgcaacg agcgcaacce
1081 ttatcattag ttgctacgca agggcactct aatgagactg ccggtgacaa accggaggaa
1141 ggtggggatg acgtcaggtc atcatggccc ttatgggtag ggctacacac gtcatacaat
1201 ggccggtaca gagggetgee aacccgegag ggggagctaa tctcagaaaa ceggtegtag
1261 tccggatcgc agtctgcaac tcgactgegt gaagtcggaa tcgetagtaa tcgeggatca
1321 gcttgecgeg gtgaatacgt tccegggtet tgtacacace gecegtcaca ccatgggage
1381 gggttctgce agaagtagtt agcctaaccg caaggagggc gattaccacg gcagggtteg
1441 tgactggggt gaagtcgtaa caaggtagcec gtatcggaag gtgeggcetgg atc

1

[Accession number NCBI LC0025, version number: LC0025.1.]

Contig: ISCTGO074, whole genome shotgun sequence, can be visualised as:
ORIGIN

1 ccgtttgaaa ttcctatgeg cgegegeget geegcteate cgeatgeteg acgeecacce

61 cgagctgagc ctcgatgcac tcgegegeaa getcggctac tcgcaccagg tgatgtcgeg
121 gctcettctcg tcggeggtgg geatgtcgat gecgegactat cagaactgge tcaagcageg
181 ccgggtgtac gacgtgctct acacccgeeg ctcgatcacg caggtggect acctcgeggg
241 ctttgccgat tcaccccagt tcacgegceac cttccagegce tggtacggge agacgceccte
301 gaccgegege gacccgaage acgtgegggt gttcatccac ggeggeagcea accagecgee
361 ggccgeccece ggegegecte aagacgeegg ctgagacgge tcggggatca gegagegetg
421 atcggggggc agcttggegce geagetcgte gageegcetge ttcttetget cgagegtgag
481 cgacgggtcc tggtcgacga acatcgecte catcgacacc cgegeatgea tgtcggeegg
541 gcecgaagage gectgggegg tggeggegte gaaatggegce tgettgateg cetecatetg
601 gtcgaagaag gcgttcatct cctgcaggtt gcgeggeacg ccgageggct ccatctgecy
661 gcgcacgtcg geggtgtagt cgeggtagga gecgaagagce ttgagegeac getcggegte
721 ttcgegeggce aggeectege gecagggtgeg ctccaggege tgcaggtegt cggeegagagg
781 ctgctcgggc atggagttga gecaccgcecte gatcaccgeg cgggtgtcge ggtcgatcac
841 caggccgceeg gcaaagecga gttcgaagag gegegeggeg tcgaggttggegeccgagge
901 gtcggcecacc atcaccgacg acgaggegge ggetgeggac gegeeggtgg getegttgge
961 cgggcegegce aaggegeege cggcatgggg ggecgtggeg gecagagggg caacgtcaag
1021 cggctcgggce gtccacacgce gatageecac agecaccgec acgaaagcega ctgccaacac
1081 cagaaatacg ggaaggggct tgaagcgcegg catggggctt ggctgcacgg tcatccaaaa
1141 caggccagca gcataaccac ccgacaggcec cggtcaaagce ccgggattce ccaccggaca
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1201 tggccttcce aggggceacca cgeeccgacg cgegegtace acaaaagtga tggttetggt
1261 agctcgcatg ttcggatgaa aaaaggcagt cgtgcaccca agatgcgaca geccccaagg
1321 ctcgtgacac ctacaccaac aggagacaac atgaactttc cccgegcttc ccgectgatg
1381 caggccgcceg ttctcggegg getgatggee gtgtcggeeg ccgecaccge ccagaccaac
1441 ccctacgecc geggeecgaa cccgacagee gectcactcg aagccagege cggeecgtte
1501 accgtgcgct cgttcaccgt gagecgeeeg ageggetacy gegeecggeac cgtgtactac
1561 cccaccaacg ccggcggeac cgtgggegec atcgecatcg tgecgggcta caccgegege
1621 cagtcgagca tcaaatggtg gggeccgege ctggectcge acggcettegt ggtcatcace
1681 atcgacacca actccacgct cgaccagecg tccagecgct cgtcgecagcea gatggecgey
1741 ctgcgecagg tggecteget caacggcace agcagcagec cgatctacgg caaggtcgac
1801 accgcecgca tgggegtgat gggcetggteg atgggeggtg geggceteget gatctcggeg
1861 gccaacaacc cgtcgetgaa ageecgeggeg ccgeaggece cgtgggacag ctcgaccaac
1921 ttctegtcgg tcaccgtgece cacgetgate ticgectgeg agaacgacag catcgecccg
1981 gtcaactcgt ccgeectgee gatctacgac agcatgtcge gcaatgcgaa geagttecte
2041 gagatcaacg gtggctcgca ctectgegee aacageggcea acagcaacca ggegetgate
2101 ggcaagaagg gcgtggectg gatgaagegc ttcatggaca acgacacgcg ctactccace
2161 ttcgectgeg agaacccgaa cagecaccege gtgtcggact tccgeaccge gaactgcage
2221 tgagtctcac cgtttccaat caggegtgat gectttggtg gecgeggete gcaagageeg
2281 cggtcttttt gccattcage cggggcactc cgggtggecc cctccgegge ggtcaggega
2341 gcettccaggce gaggctetee ccgeegegea ggggettgag ttcggegteg ccgaagggea
2401 gcgcttcggg cagegtecag cectecttet tgagegtgac cgtgecgegg ttgegeggea
2461 ggccatagaa cgccgggecy tggaagetgg cgaaggcttc gagcettgtcg agegeaccea
2521 ccgactcgaa ggcectcggceg tacagetcga gegecgagag cgeggtgtag cagectgege
2581 agccggtegce gtgetecttc aggtgegecg ggtgeggege getgtcggtg ccgaggaaga
2641 aacggtcgct gececgacgty gecggeageca ccagegegeg geggtgctee tegegcttca
2701 acaccgggag acagtagtag tgcggacgca cgcccecccag gaagatcgea ttgeggttgt
2761 agagcaggtg atgcgcggtg atcgtggeeg cggtgtacgg gecggcttcg ggcacgtatt
2821 gcgceggctte gcgggtggtg atgtgetcga acacgatett gagttcgggg aagtcgegge
2881 gcagcgggat gagetgegtg tcgatgaagg ccttctcgeg gtcgaagagg tcgatgtcgg
2941 ggctggtcac ttcgeegtge acgageagct tcaagectte gegcetgeate gettcgageg
3001 tggcgtaggt cttgcggagg tcggtcacge ccgcatcget gttggtggty gecaccggecy
3061 ggtagagctt caaggcgacg acgccggcect ctttcgegeg geggatctee tcgggeggea
3121 ggttgtcggt gaggtagagce gtcatcaggg getcgaagcet gagaccctge tecttcageg
3181 atgcgggceac ggcagcgagyg atgegetcge ggtaggecac cgectgegece geggtggtea
3241 ccggeggctt gaggttgggce atgatgatcg cgcggecgaa ctgacgegeg gtgtcgggea
3301 ccacggcatg gagcgeegeg ccgtcgegaa cgtgcaggty ccagtcgtcg gggegggtga
3361 aggtgagagt ggtcggggtyg gaagtcatge geccgatttt cgcaggegge catgeccatg
3421 agcgeaacgc caaggaacac gaccgcgecg cceeecgegce tgagetacct getcggecac
3481 gatggcttca tctacgccac ccgecactte gcgageggea tgacggtgeg cccaccggec
3541 gtgctgcetgce tgagegecga ctacaagecc ttcacgetca cgetgaagaa cggecacage
3601 gtgaccacca gegecgecat cgtggeeecg cgegtggage geegectcga tgcgcaagag
3661 gcggcegctct tgagcttcaa cgtgatgecc tcgecacgagt cettccacgt cttcggeace
3721 ttgcagcegeg cgcaggtgct geecgcetegac cggeatgect tcgegeeget cgacgegage
3781 ctgtgcgegce tgatcgacgg gagcgecgge ctetcggtgg ccgaggeggt gttcgacgec
3841 gccacgcagg aggcgatgeg ccagetgecg cccaccgege cgeccgacacgatggegete
3901 acctgcatcc gcgaactcga ggecgaccce ggeatcagec tggaaacget ggecaagege
3961 tgcgggegcet cgcagcagat gatgtcgegg cagttctcgg ccgeggtegg catctegetg
4021 cgc

"

[Accession number:BBYR01000074, version number:BBYR01000074.1.]
There are a total of 4023 base pairs in the above-shown sequence.

Contig: ISCTG104, whole genome shotgun sequence, can be visualised as:
ORIGIN

1 tgatccgeca gaacgcagtg ctggeggtte ccgtcgacat gaccaggacy tggattgatg

61 ccatggaaga gcgaaagatg atctttcgct acgaggagat tcaggacgeg gatcaccgea
121 cggtcatcga cagaagcatg cttggegttt tegecttect cgagaggecce gacaagectt

181 gacgccgaga gtgegactgg acgcaagatg gcgeccaggy attcgegtaa ageectgget
241 ggaaatcgag gcgacgceact gtcggegacg ccggggtttg tettagcaga agagtgggtt
301 gecatgacgce agtegttgcet gcccaaggac gtgectgaag gatgaaccca aggagactga
361 ccagactccg cacgtggtce tcgacatcat cccatgtcag tttgagggcet ggacggggtt

421 ggattttcgt ggtttctgaa ggatcttgaa gcagtccaac cccggtagte ticgegtaca

481 gccagtgtct ctgagttgag cgcgggegta gtgecgeaggg tgtageggge cgtcecectt
541 cactcgggat aaagccgctc geccaacgta gtgecggect tgegcaggge ggccaggaag
601 gcctcgegga actcggegaa getcatgege tcggegegcea ctgegatget catggeacce
661 accagcgagc cgctgeggte gtgcaccgge acggecatgg agcgeacgec cagttccagt
721 tcgeegtege tgccggegaa geectgeteg cggeageggg cgatcagete cageacgggg
781 cgcacctcgt acaccgtgeg cggcegtcage ggctggegag geatggegeg cacgcggege
841 tcggcttcge ccgggggceag getggecage ageacgegge cgatggecga geagtaggec
901 ggcaggcgceg agecgatgece cageccgatg ctcaggctge gecgegecgt agagegegeg
961 atgatgatcg cgtcgtcgtc cagcagcettg cccagecgagg ctgactcgec cgtgegetee
1021 gacagcgcat ccaacaacgg ctgagccage gecggtgtgg cgcgegagge gaggtaggeg
1081 tgcgcgatca gecagegectt gggcagceate cagaagegct tgeecgteget gtcgaggtag
1141 ccaagagcct gcagegtgag cagcgagegce cgegecgagg ccggegtget geeggtcagg
1201 cgcegcecgect ccgagactgt cagtegegeg tgctgecgge cgaageaget cageacctge
1261 agacccttgt cgagcgaagt cacgaagttt ttgtctgtca tcgegtcttg accctgette

1321 caggacccga tcgtcaagta cgcagcatga aaacttcacc ttgccggagce aatcgtgcaa
1381 ggcgecacgce tacgtggeee ctatcaggga ggegecgege aggegaagtt cgcttcggty
1441 ttgatgtctc cactaccctt gtagcgggceg atttggggat acgggcaaag tggecgegtg
1501 cgtgcegeca ceccecgaagta cectggegty cccgaccagg cggagatetg atccggegec
1561 tcgeegegct cgacccagge gaccaagggce gtcageatgt cgaaccggte ggtcccggga
1621 ccgecgetge aatgattcat acccggcace agaaaaagge gcgcgaatce agcagceacct
1681 ggcatcgctg cgccaagtct ctcgtaatag tcggecgtgt ccagggetga gaacgeggeg
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1741 tcggacatgc cgtggtacag gatcatcttg ccgecgegat cgcggaaggc agcaaggtca
1801 gtagaagttg caccgtgcca gtccatgcetg gattgggtga actgtccget ggtcgeccaa
1861 atcttcaacg gatcgatgtc gaaatcgaat ttcatcatcc gegeggcaac ctgegtcatg
1921 ggcatcggtt cgggeggtgt ggcgaaatcg accagccagg agcgcgecga gaagecgete
1981 acgcgctggg cgttgttgge actgctgttg aagctaccga gecaccacga gegecaccee
2041 tggttatagg tcgtgecact cagtccgctce atgccagegt cccaagecca tetgttgtac

2101 aacggcgttc ccgecgaatt cacgggecce gecatcgege gettgatcge agtgacctgg
2161 acggggctca ggcaatccge agtettggeg ccaacgeact ggagegcectg geegtttgea
2221 ggattggctg ccgtggeggg gtcaaaggcet geetggeagg cccggtaatt gtcaacgatg
2281 ccatccgcaa ggecgtcgag ggcegtcacat gtgcccagga ttgcctgtga aagaaggtge
2341 aggtcggegt cagagaaaga cttattgata agcggcacgc cttgtgcatc caaaccgaca
2401 gcggegggeg caagggactg tgtggtcecac geaccgetga tceeggectt cggeaactgg
2461 tagcctggtg caccggcaac gatgeegteg tagtgggaag ggaagegety cgagagceatc
2521 atgccctege ggeegeccte cgaacagecg atgaaatagg acttgtcgge agegegteeg
2581 tagaacctgg ccaccgeggc cttgectgec tgegtgacct gatcgtacga gttgtagece
2641 atatcgagac gggcctgegg atccaatccg aaggcaacgg tgccgagege gtcgggatty
2701 tcgttcactg cgttgtcgtg acctccatcce gttgcgatgg tggcgaaatt gcgagacage
2761 gegcttgega tetgtceeece accaatgetg ccggtageeg cggacagcega geegttagtt
2821 ccgctgceegce cttccatgaa gaaacgaccg ttccattcgg cgggeatceg gaggeggaat
2881 ttgatttcgt agggatagcec gtcgatceeg gtgcgcttcg cgatggegece ggacaccteg
2941 cagtgttcgg gcagcgeage cgcagatgeg gtggegggeg cggegtcacy ccaggcagey
3001 acttccacga ccgtcgeggc atttggecac accatgtcgc catttcegte cttcagagec
3061 tcgeatgegg cgegegaage caagggeace gggggcggeg gaggctectg ctgeggegge
3121 tgctgetgeg geageggeag cggegtggat ccgecgecag cgeacgegge tagggecace
3181 gacgccagca geatcgtggt gactgttgtce tgcatcttat gtctccttcg actggttcge

3241 ggcattgatt tgcagccgeg ggcgegatgg tgtgaccgaa ggcttgatgt agegtcagga
3301 tatttgcgca tcgcgaaaga aacttggtcg ttccagggtt tccectacga cgctttgeat

3361 cgaagtaccg agatgcccgce cgcageggct cecactgcgee cggeeegggt gegeacaate
3421 cgcceggeaag cgggtegeca gegeatcgeg cgcacgacge agegecggcea geatggtega
3481 acggaatccg ccatcgtcat acggtcggcec tggaccgcega tgetcatgge gecgacggta
3541 tcgeecgeac ggtcgaacac cgggatggee atcgaccgcea cgecgagtte cagttcttca
3601 tcgctctcecg accagecectg ctcgeggeag cgggecacct cggecacgac gtegttgeta
3661 cgccagaggg tgcgeggtgt cagtgcageg cgetgceatct ggtcgacacy tetgegtget
3721 tccaggggct cgaacgcgge gagcaacace ccgecgageg ccgagcaata getcggaage
3781 cgcgatccga tggecagece cgtcgaaagg ctgegeeggg caattgegeg agegacgatce
3841 accacatcgt cgcccagaag catgcccagg ctggcecgact cacgggtgeg ctcagagaga
3901 gcgaccagca geggetgege aagetgeggce atcgggeggg aactgatagg cgtgegegat
3961 cagcagcgcce ttgggeagca tccagaageg cttgecgteg ctgtcgaggt agecgagege
4021 ctgcagcgty agcagcgage geecgegecga ggecggegtg ctgecggtca ggegegeege
4081 ctccgagacg gtgageegeg cgtgetgeeg gecgaageag cccageacct gcaggecctt
4141 gtcgagcgag ctcacgaagt tettgtctge catcgeatct tgatcctgeg catgccgggg
4201 cgtccatttt tgcgcatgece geacatcegg cttgtggega aaggceatgeg geeccggacac
4261 tggatcaccc ccgacgaacg tcagacacgg agacacaaca ggatgacaac cgcecctcgeg
4321 cggcgecteg gegeegectg cetgaccgeg geetgectge teggeagege tgeggeacag
4381 actccgcaag ccctcaagat catcgtgecc tacccggecg geggeacggce cgacatectg
4441 ccgegegtgg tggecgagaa getgegegeg cagtteeeeg ceggegtgcet gatcgacaac
4501 cgcaccggceg ccggeggeaa catcggegee gaggeggtgt tecgegecga acccgacgge
4561 aacaccctgc tggcctcgee geccgggeeg atcgecatca accaccacct gtaccggaag
4621 atggccttcg accecgtcgaa gtgggageeg gtcacggtge tggcgacggt geccaacgtg
4681 ctggtggtca atccgeggct gecggtgaag aacgtgcagyg agttcatcge ctacgecaag
4741 gccaacccgg gcaaggtgac ctacggetcg cagggcaacg geaccaccte gcacctgacy
4801 gccagcectgt tcatgcagct cacgggeacg gagatggtce acgtccecta caagggeacg
4861 gcgccggcegc tggtggacct ggtgggeggg cagatcgacy tgttcttcga caacatcage
4921 tcgtcgetge ccttccacca ggecggeaag ctgegceatee tgggegtgge cgacgageag
4981 cgctcegeceg cgetgeeccga ggtgeccacc ttcgecgage aggggcetgec gtcgatgaac
5041 gccgtgacct ggttcgeggt ggtggegeeg ccgggeacce cecgeggecaa ggtggeegeg
5101 ctccagaaga gctttgccgg cgcactgace cageccgagg tgcagcagaa gttcgecgag
5161 cagggcgcecg agecgegegg ctgggacceg geeegeaccg geeagttcat ccgegecgag
5221 tccgecaagt gggaccgggt catccgeage gecaacgtee gectcgactg agcaacceca
5281 tgcaagacac gtccaccctt caaccegtce getggtececgg ceecegggcte acgegeatee
5341 cctacggcgt ctaccgcgac gcgeagctcg ccgecgagga gcaggegegce atcttccagg
5401 gcgagacctg gaactacctg tgcctggagg ccgagetgee cgaggecgge agetaccgea
5461 ccaccttcgt cggcgagacg ccggtggtgg tggtgcgega cgcggacggce gaggtetatg
5521 ccttcgagaa ccgetgegee caccgeggeg cgetgatcge getggagaag tcgggecgeg
5581 ccgagaactt ccagtgegtce taccacgcct ggagetacaa ccggcaggge gacctgaccy
5641 gcgtggcctt cgagaaaggce gtcaagggec ggggceggcat gecgeeeggc ttctgcaagg
5701 aggcgcacgg cccgegeaag ctgegegtgg cgaacttcty cggectgete ticggcaget
5761 tcggcgacga ggtgeeecgge atcgaggagt acctgggcega ggagatctge gaacgcatcy
5821 agcgcgtgct gcacaagccg gtggaggtga tcgggegcett cacgcaggeg ctgeccaaca
5881 actggaagct gtacgtggag aacgtgcgceg acagctacca cgecagecty ctgcacctgt
5941 tcttcaccac cttcgagcetc aaccgectgt cgcagaaggg cggegtgate gtcgacgaaa
6001 gcggeggcaa ccacgtgagce tattccatgg tcgacgegea ggccgagaag gacgectegt
6061 accgcgacca gggcectgege tcggacgatg cgaactaccg cctcaaggac ccgagectge
6121 tggceggctt ccaggaatac ggggacggceg tgacgctgcea gatecteteg gtettceeceg
6181 gcttcgtgcet gcagcagatc cagaactgece tggeggtgeg ccaggtgetg cccaggggeg
6241 tggagcgeac cgaactgaac tggacctacc tgggctatge cgacgacacg cccgageage
6301 gccaggtgceg getcaageag tccaacctga tcgggeegge cggctteate tcgatggagg
6361 acggcgcecgt cggeggctte gtgcagegeg geatcgecgg cgegggegeg ctggaggegy
6421 tggtggagat gggcggegac ggeaccgect cgagcgaggg ccgegecace gaggectegg
6481 tgcgeggctt ctggaaggcec taccggeage acatgggegt ctgagcacga cggecccaaa
6541 gagagagtga aagagcccca caccatgatc gacctgetgg cgetgtgege cttcaacgeg
6601 gcctacgeeg agaccatcga cagcgacgey ctggageggt ggeccgactt cttcaccgac
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6661 gactgccact accgcatcac ccacgccgag aacgagegeg aggggcetgge cgecggeatc
6721 gtctacgceg actcgegege gatgetggag gaccgceatcg ccgegetgeg cgaggecaac
6781 atctacgagc gccagegeta ccggeacctg ctgggeatce cgetgetcgg cgegcaggac
6841 gacacgggcg ccgaggegceg cacacctttc atggtggege geatcatgge caccggecag
6901 accgagctgt tcgecagegg catctaccgg gaccgegteg tgcgecagga cggegggcety
6961 cggctgegct cgegegtgge cgtgtgegac agcacggtga cggacacgcet getggeectg
7021 ccgcetgtgaa cgecaccect geggecgteg cgeecgeeecy getggegetg geggteggeg
7081 atcccaacgg catcgggecg gagatcgege tcaaggecct ggeggegetg ccggeegegg
7141 cgcgegggceg catcacgety tacggecceg cggecgtgcet ggagegeacg geatcgcage
7201 tcgggcagga ggcgcetgcetg cgegageage cegtggtgga cgecggegeg ctgecggege
7261 aggcggcegeg geeeggecge atcgaccegg cggegggege cteggeegty gecteggeca
7321 gegeegcecat cgaggectge cggegeggeg aggeegacge cgtggtegee tgecegeace
7381 acgagacggc gatccaccag gccggceateg ccttcagegg ctaccecteg ctggtcgege
7441 gcgtgtgegg ccagecggag gacagegtgt tectgatget ggtcggegge ggectgegea
7501 tcgtgcacge cacgetgeac gagagegtgg cgeacgegcet gggecggetg cageecgege
7561 tgatcgecge ggeggegege geeggegege gggectgege geggetggge gtecgecgate
7621 cgcgeategg cgtcttcgge atcaaccege acgectcgga gggegggetg tteggeeccy
7681 aggacgcgca gcacgtcgag ccggecgtge aggegcetgeg tgecgaagge ctgegegtgg
7741 acggcccegcet gggegecgac ctgetgetgg cgcageggeyg geacgaccty tacgtcgega
7801 tgctgcacga ccagggecac atccecggtea agetgetgge geecgaatgeg gecagegege
7861 tgtccatcgg cgcgeaggtg ctgetgteca gegtcggeca cggcagegeg atggacatcg
7921 ccggecgegg catcgeggac ceceggtgecg tgetgegeac catcgegetg ctgtcgggeg
7981 ccggegtgga ggaagggacg geatgaacca tcgeatcace atcgaaggcea gegacgecge
8041 cttcgactgc ggeceggegce agagegtget cgacgeegeg ctgegegeeg geatcgaget
8101 gccctactce tgecgcaaag gegtgtgegg caactgegee ggegeggtgg ccgagggega
8161 ggtggceggce ctcggeggcec cgatccgeaa cgagagetge gegeecgate aggttetett
8221 ctgcatgtgc gegecgegeg gegacctgeg catcegeece geecgectgge accgegtega
8281 cccgtcegec cgcaagegct tcacggegaa ggtgttcecge aaccagceteg ccgegeecga
8341 cgtctcggty ctgcagcetge gectgeegge cgggeagegg geecgettee aggecggeca
8401 gtacctgcag ctcgegetge ccgacggeag caccegcetge tactcgatgg cgaacccgec
8461 gcacgagaac gacacgctga ccctgeacgt gegecacgtg cccggeggeg ccttcagege
8521 gcgegtgecce ggeetggege cgggegacgce gatcgaggte gagetgeegt teggegeegt
8581 cacgctggag gcggacgege geecggecgat cgtettegtg gtgggeggea ceggettege
8641 gccggecagg tcgatcctgg acgacatgge gegetggege gtggagegece cgatcacgcet
8701 gatctggggc gcacgecgeg ccgagggceat ctacctgege ccggecattg ccaagtggea
8761 gcgccagtgg ccgcagggct teegettegt cgaggegete ageggggagg cgcgegaggg
8821 cgccttcgee ggeegggteg acgeggegct gegegegeac tgeececgacc tgtcgggeca
8881 cgagctgtat tgctgcggct cgccgggceat ggtgeagteg gtgcgegagg cggeggtgea
8941 ggcgctggge ctgecggeeg cgegctteca cgeecgacgtg ttcgtcaacg ggecggegge
9001 gggcgcecegtg ccggectgaa gacggecggce cccatagaga gatgecgeag gagegtttea
9061 tggtgtcttc agtctcattc ggccacgagg acaaatggca tacagcgaat tccttcaaga
9121 aggcttgagc tctttttgca atatgtgaat cgactcetgg cctactagte cattcgacte

9181 ggggcatcaa tgattgagct aagacacctg cggtacttca ttgcggtcge ggaggaactg
9241 aatttccgece gtgetgecga acgtgtgeac gtcgaccaga cgectetgtc gecgeaccgtg
9301 cgcgatctgg aggagcaact gggtgtcacg ctectegtee gecgegecacg caggctgaaa
9361 ctgacccctg ccggatccaa getgetcgag catgeccgcea tgctcttcac gegtetggag
9421 cgcatcaagc gggtcgtceg cgaaaccgat gegegcetace gegeaccget tegegtecgge
9481 gtggcggacg geatggctca getcaggctce teccgaatgcet tcgeeggcetg gegegeactg
9541 gcgcececgaca teecgetgga gattgeggag atgectgegg ccgaactgte gggegegttg
9601 cggcgcgagg aagtcgacat cggcttttct ttcggecttc cggacgatga cgecattgec
9661 caggagatgg cctgggacta tccgetggtg gecctgetge cgecggacca cgaactggee
9721 acccgcegagg ttgtgcagac ctcecgaactg ctgtegtttc ccatgatcge ctgeegecte
9781 gaccgtctge cgggectgeg ccggeagatg gacgecgtge gecagaacta cgetgegegg
9841 cccgtcatcg ccgecgaagce acggacgety gtgggctacg tcatccgegt cgecgegggg
9901 ttgggtgtcg gegtggegga tgccggacac atggegacce tgegeegeac cgatgtegte
9961 gtggtaccgc tggccgagga catacgcate aagacctacg tgctgcacaa gcaccggege
10021 gacggcctge cgcagatgcet ccagegatte ctcgegtacg cccgaacctt gcatcagecg
10081 taacagcaca tcgcegtggg gegatgtcgg ctegegecag aagecttgga cgegtegege
10141 gtcggcetggce atgctaaccy ccgectgact tggetgegec ctgcgageag tctccaccac
10201 acctctggaa tcaacgaagc acccgetage gtacgeegeg ccacgecectg atgggtgtge
10261 ctcgecgggcy cttgatttca gacttgeacce tgegtgtcgt ggtggcacgce geattggaaa
10321 tcacgtgect cgggaggtgg cctcatgecy acatcagega ccggceatect gttcggacag
10381 atcatcgtcg tgctatgegt gccgetggge ggeacgtggg ctgecacgea gtggacggeg
10441 cgggccttgg getaccagge cggactcggg ccggectggt tecatgtget cggeatgeeg
10501 gcctacgagce cgtggaagct gttcgagtgg tggtatttct atggegcecta ttcgececge
10561 gtcttcgaac gcggagggat catggecgcet tcgageggge tggeegeceac cgecgeggee
10621 atcgccatgg cggtgtggeg ggeccggctt gecgggeggg tecaccaccta cggetetgee
10681 tgctgggceeg aagccgaaga ggtggaaaag gecggectgg ccggegatge cggggtette
10741 ctgggctgcea tcgaaggegt gggecgaaag ctgegeegee ggetgegeac gtacctgegt
10801 catgacggcc ccgagcacgt getggecttc gegeccacge gttcgggceaa gggegtgggg
10861 ctggtggtgc ccacgcetget cacctggecee ggetcggecy tgatccacga catcaaggge
10921 gaaaactgga atctcacggc cggctggegce agtcggttca gecactgect getgttcaac
10981 ccgaccgatc cgegcetcggce cgcttacaac ccgetgetgg aagtgegecg gggegtgeac
11041 gaggtgcgca taggaatttc aaacggtc

"

NCBI number:

[Accession  number version

BBYR01000104.1.]

is:BBYR01000104,

There are a total of 11,068base pairs in the above-shown
sequence.
It was observed that the organism would attach itself to the
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PET surface and make use of an enzyme, PET hydrolase or
PETase.

The PETase degrades PET and converts it into mono (2-
hydroxyethyl) terephthalic acid (MHET). This MHET is a
heterodimer that is made up of two major constituents,
Ethylene glycol and terephthalic acid (TPA). The PET
hydrolase or PETase found in I. sakaiensis functions by
hydrolyzing the ester bonds that are found in PET. Upon
further analysis, it was observed that Ideonella sakaiensis was
able to produce a second enzyme called the MHETase
enzyme or MHET hydrolase. This enzyme was found on the
outer cell membrane. The MHETase is capable of degrading
MHET, which is produced as a result of hydrolysis of PET by
the PETase enzyme that was produced in the early stages of
degradation by the organism, into Ethylene glycol and
terephthalic acid (O. Kohei et al., 2016). PETase and
MHETase share a similar structure and can be combined to
form a super enzyme which can increase the activity of the
enzymes. This was first discovered at the University of
Portsmouth, United Kingdom. The super enzyme was formed
as a result of the combination of the two separate enzymes,
PETase and MHETase (Carrington, 2020) . Polyethylene
terephthalate hydrolase or PETase is coded by the gene
ISF6_4831 and MHETase is coded by the enzyme ISF6_0224
(UniProtKB - AOAOK8P6T7 (PETH_IDESA) and UniProtkB
- AOAOKS8PBE7 (MHETH_IDESA)). According to the above-
mentioned Shotgun sequences, Gene ISF6_4831 is observed
in the 74th contig and the gene ISF6_0224 is observed in the
104th contig. The whole-genome shotgun sequence consists
of 227 contigs. The whole organism consists of 6,142,063 bp.
It has a total number of 5,527 proteins in it (NCBI accession
number: BBYR01000000).

2.1 Polyethylene terephthalate Hydrolase (PETase)
PETase belongs to the class of enzymes designated as an
esterase. Esterases are enzymes that hydrolases catalyze the
splitting of esters into acid and alcohol with the aid of water.
PETase is responsible for the catalysis of PET into its
monomeric form mono-2-hydroxyethyl terephthalate (MHET)
(Yoshida et al., 2016) 20211, The PETase was first observed in
Ideonella sakaiensis strain 201-F6. It was discovered in 2016.
The structure of PETase consists of three polypeptide chains,
and these polypeptide chains were observed in an asymmetric
unit. These three chains are denoted as A, B, and C chains.
PETase adopts an alpha/beta-hydrolase fold. Within the fold
is the highly conserved catalytic triad S131-H208-D177,
found on the protein surface. The S131 part is what acts as the
nucleophile. This nucleophile is located within a short
distance that it can be polarized by the base H208. This is
stabilized by acid D177. Many unique features are associated
with the catalytic center of the enzyme. For instance, PETase
forms two intramolecular disulphide bridges. These disulfide
bridges are named as DS1 and DS2. This is only seen in
PETase as all the other homologous enzymes only have one
Disulfide bridge. The DS1 is what is specific to the PETase.
DS2 connects the C-terminal helix and the last loop, while the
DS1, which is only found in PETase, links the two loops that
are associated with the catalytic acid and the base (Han. X et
al.2017) B,

PETase is coded by the gene ISF6 4831. The gene is
observed in the 74th contig out of the 227 contigs. The
sequence that codes for the enzyme is as follows:

1321 ctegtgacac ctacaccaac aggagacaac atgaactttc cccgegcettc ccgectgatg
1381 caggccgcceg ttetcggegg getgatggee gtgtcggeeg ccgecaccge ccagaccaac
1441 ccctacgece geggeccgaa cccgacagee gectcactcg aagecagege cggeecgtte
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1501 accgtgcgct cgttcaccgt gagecgeceg ageggctacg gegeeggeac cgtgtactac
1561 cccaccaacg ccggeggeac cgtgggegcec atcgecateg tgecgggcta caccgegege
1621 cagtcgagca tcaaatggtg gggceccgege ctggectege acggcettegt ggtcatcace
1681 atcgacacca actccacgct cgaccagceg tccagecgcet cgtcgeagea gatggeegeg
1741 ctgcgcecagg tggecteget caacggeace agecagcagec cgatctacgg caaggtcgac
1801 accgccecgca tgggegtgat gggcetggteg atgggeggtg geggceteget gatctcggeg
1861 gccaacaacc cgtcgctgaa ageecgeggeg ccgeaggece cgtgggacag ctcgaccaac
1921 ttctegtcgg tcaccgtgec cacgcetgate ttcgeetgeg agaacgacag catcgeeceg
1981 gtcaactcgt ccgecectgec gatctacgac agcatgtcge gcaatgcgaa geagttecte

2041 gagatcaacg gtggctcgca ctectgegee aacagcggcea acagcaacca ggegetgatc
2101 ggcaagaagg gcgtggectg gatgaagegc ttcatggaca acgacacgeg ctactccacc
2161 ttcgectgeg agaacccgaa cageaccegce gtgtcggact tccgeaccge gaactgeage
2221 tgagtctcac cgtttccaat caggcgtgat gectttggtg geegeggetc gcaagageceg

The gene sequence is made up of 872 base pairs. The translation of the
above-mentioned nucleotide yields a result as seen below:
MNFPRASRLMQAAVLGGLMAVSAAATAQTNPYARGPNPTAASLE
ASAGPFTVRSFTVSRPSGYGAGTVYYPTNAGGTVGAIAIVPGYTARQS
SIKWWGPRLA
SHGFVVITIDTNSTLDQPSSRSSQQMAALRQVASLNGTSSSPIYGKVDT
ARMGVMGWS
MGGGGSLISAANNPSLKAAAPQAPWDSSTNFSSVTVPTLIFACENDSI
APVNSSALPI
YDSMSRNAKQFLEINGGSHSCANSGNSNQALIGKKGVAWMKRFMD
NDTRYSTFACENP

NSTRVSDFRTANCS

There are a total of 290 amino acids in the sequence. The
above-mentioned nucleotide and amino acid sequence can be
obtained from NCBI using the accession ID:
BBYR01000074.

The structure has been obtained from Uniprot, Accession ID:
AOAQOKSP6TY.

The enzyme, as mentioned previously is an esterase, more
specifically it is a lipase.

2.2 Mono (2-hydroxyethyl) terephthalic acid hydrolase
(MHETase)

MHETase belongs to the class of enzymes designated as
hydrolases. It was first observed in 2016. As the name
suggests the enzyme causes the hydrolysis of Mono(2-
hydroxyethyl) terephthalic acid, which was formed as a result
of the action of PETase enzyme on PET, into terephthalic acid
and ethylene glycol(Yoshida et al., 2016) % 24, The enzyme
was first observed in ldeonella sakaiensis strain 201-F6. The
structure of MHETase shares a close resemblance to tannase
and feruloyl esterase. Like PETase, MHETase also displays
an alpha/beta-hydrolase fold. Within the fold, the catalytic
triad was formed by S225, H528, and D492. The catalytic
triad is flanked by the presence of 5 disulphide bonds. The
disulphide bonds also flank an oxyanion which comprises
backbone amide nitrogen atoms of G132 and E226. Unlike
PETase, the catalytic site of MHETase binds to the substrate
very tightly. Structural analysis results of MHETase identified
that the lid domain of the enzyme was the major difference to
the closely related tannases and feruloyl esterases. MHETase
might originate indeed from a loop modification in the lid
domain. The major changes in the functioning of MHETase
from that of the other enzymes originate due to loop insertion,
deletions, and recombination (Weber. G et al.,2019)
MHETase is coded by the gene ISF6_0224. The gene was
observed in the 104rth contig out of the 227 contigs. The
sequence that codes for the enzyme is as follows:

1381 ggcgccacgc tacgtggecc ctatcaggga ggcgeegege aggegaagtt cgettecggtg
1441 ttgatgtctc cactaccctt gtagcgggceg atttggggat acgggcaaag tggecgegtg
1501 cgtgccgeca ceccecgaagta ceetggegtg ccegaccagg cggagatetg atccggegee
1561 tcgeegegct cgacccagge gaccaagggce gtcagcatgt cgaaccggte ggtcccggga
1621 ccgceegctgc aatgattcat acccggeacc agaaaaaggc gegcegaatce agcagceacct
1681 ggcatcgcetg cgecaagtct ctegtaatag tcggeegtgt ccagggetga gaacgeggeg
1741 tcggacatgc cgtggtacag gatcatcttg ccgecgegat cgcggaaggce agcaaggtca
1801 gtagaagttg caccgtgcca gtccatgetg gattgggtga actgtceget ggtcgeccaa
1861 atcttcaacg gatcgatgtc gaaatcgaat ttcatcatcc gcgeggceaac ctgegtcatg
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1921 ggcatcggtt cgggeggtgt ggcgaaatcg accagccagg agcgcgecga gaagecgete
1981 acgcgctggg cgttgttgge actgctgttg aagctaccga gecaccacga gegecaccee
2041 tggttatagg tcgtgecact cagtccgcte atgccagegt cccaagecca tetgttgtac

2101 aacggcgttc ccgecgaatt cacgggecce gecatcgegce gettgatcge agtgacctgg
2161 acggggctca ggcaatccge agtettggeg ccaacgeact ggagegcectg geegtttgea
2221 ggattggctg ccgtggeggg gtcaaaggcet gectggeagg cccggtaatt gtcaacgatg
2281 ccatccgcaa ggecgtcgag ggcegtcacat gtgcccagga ttgcctgtga aagaaggtgce
2341 aggtcggcgt cagagaaaga cttattgata agcggcacgc cttgtgcatc caaaccgaca
2401 gcggegggeg caagggactg tgtggtcecac gecaccgetga tcceggectt cggeaactgg
2461 tagcctggtg caccggcaac gatgeegteg tagtgggaag ggaagegety cgagageate
2521 atgccctege ggeegeccte cgaacagecg atgaaatagg acttgtcgge agegegteeg
2581 tagaacctgg ccaccgeggc cttgectgec tgegtgacct gatcgtacga gttgtageee
2641 atatcgagac gggcctgegg atccaatccg aaggcaacgg tgccgagege gtcgggatty
2701 tcgttcactg cgttgtcgtg acctccatcce gttgcgatgg tggcgaaatt gcgagacage

2761 gegcttgega tetgtceeece accaatgetg ccggtageeg cggacagega geegttagtt
2821 ccgctgeegce cttccatgaa gaaacgaccg ttccattcgg cgggeatceg gaggeggaat
2881 ttgatttcgt agggatagcec gtcgatcecg gtgcgetteg cgatggegece ggacaccteg
2941 cagtgttcgg gcagegeage cgcagatgeg gtggegggeg cggegteacg ccaggeageg
3001 acttccacga ccgtcgeggc atttggecac accatgtcgc catttcegte cttcagagec

3061 tcgeatgegg cgegegaage caagggeace gggggcggeg gaggetectg ctgeggegge
3121 tgctgetgeg geageggeag cggegtggat ccgecgecag cgeacgegge tagggecacc
3181 gacgccagca geatcgtggt gactgttgtc tgcatcttat gtctccttcg actggttcge

The gene sequence is made up of 1811base pairs. The translation of the
above-mentioned nucleotide yields a result as seen below:
MQTTVTTMLLASVALAACAGGGSTPLPLPQQQPPQQEPPPPPVP
LASRAACEALKDGNGDMVWPNAATVVEVAAWRDAAPATASAAAL
PEHCEVSGAIAKRT
GIDGYPYEIKFRLRMPAEWNGRFFMEGGSGTNGSLSAATGSIGGGQIA
SALSRNFATI
ATDGGHDNAVNDNPDALGTVAFGLDPQARLDMGYNSYDQVTQAG
KAAVARFYGRAADK
SYFIGCSEGGREGMMLSQRFPSHYDGIVAGAPGY QLPKAGISGAWTT
QSLAPAAVGLD
AQGVPLINKSFSDADLHLLSQAILGTCDALDGLADGIVDNYRACQAA
FDPATAANPAN
GQALQCVGAKTADCLSPVQVTAIKRAMAGPVNSAGTPLYNRWAWD
AGMSGLSGTTYNQ
GWRSWWLGSFNSSANNAQRVSGFSARSWLVDFATPPEPMPMTQVA
ARMMKFDFDIDPL
KIWATSGQFTQSSMDWHGATSTDLAAFRDRGGKMILYHGMSDAAFS
ALDTADYYERLG
AAMPGAAGFARLFLVPGMNHCSGGPGTDRFDMLTPLVAWVERGEA
PDQISAWSGTPGY
FGVAARTRPLCPYPQIARYKGSGDINTEANFACAAPP

There are a total of 600 amino acids in the sequence. The
above-mentioned nucleotide and amino acid sequence can be
obtained from NCBI wusing the accession ID:
BBYR01000104.

The structure has been obtained from Uniprot, Accession ID:
AOAOKB8PBE7

The enzyme, as mentioned previously is a Hydrolase, more
specifically chlorogenate esterase.

2.3 Cloning of PETase and MHETase)

The functional expression of PETase can be carried out in
green microalgae (Chlamydomonas reinhardtii). This alga is a
unicellular photosynthetic microorganism. The ability to
incorporate the production of the enzyme PETase is achieved
through the transformation with the aid of a recombinant
vector pBR9_PETase_Cre (Ji Won Kim et al., 2020) [,

The functional expression of the MHETase enzyme can be
expressed in E.coli BL21 with the aid of the vector pUCIDT
plasmid, which also constitutes a native signal peptide derived
from ldeonella sakaiensis and a constitutive promoter
J23106(Janatunaim, Rifgi Z. et al. 2020) ["],

The two enzymes can then be combined to form a super
enzyme complex. This work was carried out at the University
of Portsmouth, U.K, under the guidance of Prof. John.E.Mc
Geehan. The combining of the two enzymes generated a super
enzyme complex that was capable of degrading the PET six
times faster (Carrington, 2020) 21,
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2.4 Separation of Ethylene Glycol and Terephthalic acid
The action of the enzymes produced by the bacteria Ideonella
sakaiensis, acts on and degrades Polyethylene terephthalate
into MHET and then into two by-products, namely, Ethylene
glycol and Terephthalic acid. Now, these two substances must
be separated as they might be produced as a mixture.

An economical and rather environment-friendly method of
separation of these two compounds was achieved by Gerald
C. Tustin and his colleagues. The technique they developed
involved the separation of terephthalic acid and ethylene
glycol from a complex resin through a six-step method. Of
this technique, only five steps is what we require. Cooling the
mixture of these two compounds will leave the terephthalic
acid in the solid phase and the ethylene glycol in the liquid
phase. For obtaining the factory-grade forms of these
compounds they have to be further treated. Ethylene glycol
can be separated from the liquid portion using distillation
techniques. The terephthalic acid can be recovered from the
solid portion by heating it in the presence of water vapours at
high enough temperatures. This acid-water vapour mixture
can be cooled below the dew point of terephthalic acid. From
this the polymer grade terephthalic acid can be isolated.
(Tustin et al., 1995) (7],

2.5 Dealing with Ethylene Glycol

The ethylene glycol, which can be separated from the
terephthalic acid, cannot be uptaken by many microbial
species, owing to its high toxicity. For this reason, ethylene
glycol must be converted into a less toxic form. To do this, it
is treated with periodic acid which converts it into
formaldehyde, which is arguably a less toxic form of ethylene
glycol.

The reaction mechanism is named Glycol cleavage. It is a
specific type of reaction in organic chemistry. This is a type
of oxidation reaction.

As stated above, the ethylene glycol upon reacting with
periodic acid can yield Formaldehyde as the reaction product.
The formaldehyde so formed can be utilized by a variety of
methylotrophic bacteria. This bacteria does not essentially
utilize formaldehyde as a source of carbon. Instead, they
utilize formaldehyde as a cofactor, for the degradation and
assimilation of single carbon atom molecules, such as
methane, methylamine, and dichloromethane, as a source of
energy (Vorholt, 2002) 181,

2.6 Dealing with Terephthalic acid

Terephthalic acid is an important industrial chemical. But if
left untreated or exposed to water, it can act as a major
pollutant. Recent studies have shown that terephthalic acid
can be degraded using physical and chemical methods. But
these techniques are rather expensive and complex. Because
of these reasons microbial degradation of terephthalic acid is
being considered as a viable alternative for the degradation of
terephthalic acid. This is also an environmentally friendly
method. This was achieved by utilizing a bacterial species
known as Arthrobacter sp. Rather than utilizing the enzyme
produced by the organism, the resting cells are being used for
the purpose. This is because the extraction of the enzyme is a
rather expensive method and also within the cells the enzymes
will be protected from the external environment (Yi-Mei
Zhang et al., 2013) 91,
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3. Methodology

The study with an extensive literature search using Google
Scholar and Google search engine using the search string
“Microbial degradation Polyethylene terephthalate”.

3.1 Cloning and expression of PETase enzyme in
Chlamydomonas reinhardtii

1. The amino acid sequence of PETase (ISF6_4831)
obtained from UniProt.

The amino acid sequence of PETase can be reverse-
translated, codon-optimized for C. reinhardtii, and
synthesized by using the resulting pIDT_PETase_Opt.
The codon-optimized PETase-encoding gene can be
digested and cloned into pPBR9_mCherry_Cre.

The digestion and cloning can be done by using Xhol and
BamHI restriction endonucleases, generating
pBR9_PETase Cre.

With the transformation of PETase gene, expression
confirmation, and plastic degradation, microalgal strains
can be used.

For gene cloning, the ligated plasmid (PETase gene from
pIDT PETase Opt+pBR9 mCherry Cre) can  be
transformed into E. coli DH5a by using commercial heat
shock competent cells.

The heat-shocked cells can then be spread on LB-agar
plates (BD) containing 100 mg/L Ampicillin and the
correct clones can then be confirmed by polymerase
chain reaction (PCR) and DNA sequencing. From the
final E. coli clone, pBR9_PETase_Cre plasmid can be
purified from the 300 mL culture solution by using
Nucleobond Xtra Midi Plus for the transformation of
microalgae.

Competent cells of C. reinhardtii CC-124 and CC-503
can then be prepared by using MAX™ Efficiency
Transformation Reagent for Algae. Each 400 pL of
competent cells containing 10 ug of pBR9_PETase Cre
(linearized by Psil) is to be subjected to electroporation.
The electroporation can be performed with Gene Pulser
Xcell Electroporation systems under the conditions of
500 V, 50 uF, and 800 Q.

After the pulse, 10 mL of TAP medium supplemented
with 40 mM of sucrose is added to the cells immediately,
and the cells are recovered for 16 h at 25 °C with shaking
(80 rpm) under low light.

The cells can be plated on TAP-agar plates containing 10
mg/L Zeocin. Colonies from the TAP-agar plates can be
inoculated into 96-well plates with 150 uL TAP medium
containing 10 mg/L Zeocin. After cultivation, cells in
green-colored wells can be transferred to 24-well and 12-
well plates sequentially using the aforementioned
conditions. For the selection of stable transformants, the
cells from 12-well plates can be cultured with a 10 mL
TAP medium in a T-flask. The well-grown cells can be
chosen as the final clones. To verify the PETase gene
integration into the nuclear genome of C. reinhardtii, the
genomic DNA of the final clones can be extracted via
boiling with specific solution (1 M KCI, 10 mM EDTA,
100 mM of Tris—HCI, pH 9.5) for subsequent PCR
analysis.

The protein expression can be analyzed by Western blot
analysis and SDS-PAGE analysis.

To analyze the catalytic activity of PETase produced
from C. reinhardtii, a commercial PET beverage bottle
(PepsiCo., NY, USA) can be used as the substrate. The
PET powder for HPLC analysis can be prepared by

2.

10.

11.

12.
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grinding the bottle with sandpaper.

The ground PET was filtered using a sieve to remove
large fragments. The PET films for electron microscopy
were prepared by cutting a PET bottle into 2 cm X 1 cm
fragments.

Wild-type C. reinhardtii were cultivated and harvested to
obtain cell lysates. The harvested cells were resuspended
in 1x PBS and Protease Inhibitor Cocktail.

The solution was disrupted by sonication on ice for 20
min with 3 s pulses at 7 s intervals.

After the preparation of all materials, PET powder and
films were incubated with 1 mL and 5 mL of the cell
lysates, respectively.

All of the reaction mixtures were incubated at 30 °C for 4
weeks, changing the cell lysate to a fresh one weekly to
prevent contamination and PETase degradation (Ji Won
Kim et al., 2020) ©1,

13.

14.

15.

16.

17.

3.2 Cloning and expression of MHETase in E. coli BL21
Methods: Construction of MHETase gene in pUCIDT
plasmid with native signal peptide from I. sakaiensis 201-F6
and constitutive promoter J23106 can be expressed in
Escherichia coli BL21 (DE3) by heat shock. Expression
analysis using SDS-PAGE and activity of enzymes is
analyzed by spectrophotometry method and SEM.

Results: MHETase gene protein can be successfully
constructed in pUCIDT +Amp plasmid with native signal
peptide from Ideonella sakaiensis 201-F6, T7 terminator, and
constitutive promoter J23106. PCR analysis showed that the
gene was successfully contained in the cells by band size
(1813 bp) in electrophoresis gel. Analysis using SnapGene,
pairwise alignment using MEGA X, and NCBI can be
demonstrated that in the MHETase sequence the gene can be
in-frame in pUCIDT plasmid.

Conclusion: MHETase gene can be successfully constructed
in plasmids by the in-silico method. Synthetic plasmids
transformed in E. coli BL21 contain MHETase gene
sequences which were in the frame. Hence, the E. coli BL21
cells have the potential to produce MHETase proteins for the
plastic degradation testing process (Janatunaim, Rifqi Z., et
al. 2020) [,

3.3 Separation of the products of enzymatic degradation
by bacterial enzymes

(1) Cooling the mixture with water at about 70° C. to 100° C.,
filtering the solids, washing the solids, and then drying the
solids at a temperature of from about 25 C. to 100° C. to
provide a solid portion comprised of the terephthalic acid and
a liquid portion composed of ethylene glycol.

(2) Recovering the ethylene glycol from the liquid portion of
the mixture by a two-step distillation, wherein in a first step of
the two-step distillation the water and low boiling components
are removed at about 0.1 to 6 atmospheres pressure and
temperatures of about 100 °C. to 170 °C., and wherein in a
second step of the two-step distillation high boiling species
are removed at about 1 mmHg to 10 atmospheres pressure and
at a temperature range of about 50 °C. to 300 °C.

(3) Recovering the solid terephthalic acid by heating the solid
portion above its dew point with a continuous stream of water
vapor at a temperature of about 310 C. to 370° C. and a
pressure of about 0.1 atmospheres to 1.2 atmospheres to
produce a vapor comprised of the water and terephthalic acid.
(4) Cooling the vapor containing the terephthalic acid and the
water to a temperature below the dew point of 2 the
terephthalic acid and.
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(5) Collecting the solid polymer grade terephthalic acid
(Tustin et al., 1995) 7],

4. Expected results and discussion

4.1 Cloning and expression of PETase enzyme
Chlamydomonas reinhardtii

Firstly, expect to find the stable integration of the PETase
encoding gene in the plasmid, pBR9_mCherry _Cre, and
subsequently leading to the production of the stable
recombinant plasmid pBR9 PETase Cre. After this, it is
expected that this plasmid can be successfully transferred to
an E. coli DH5a host. Following this, the E.coli should be
able to infect the Chlamydomonas reinhardtii and transfer the
gene of interest into the nuclear genome of the
Chlamydomonas reinhardtii. The Chlamydomonas should
then be able to produce the enzyme PETase in an
economically viable amount.

in

4.2 Cloning and expression of MHETase enzyme in E. coli
B12

Here in this stage, expect to see the stable integration of the
MHETase coding gene into the plasmid pUCIDT +Amp.
From there expected that this recombinant synthetic plasmid
can then be stably transferred into an E.coli B12 expression
vector. Suppose to see that E.coli can produce the enzyme
MHETase in an economically viable amount.

4.3 Separation products of enzyme degradation

Following the enzymatic degradation of PET, left with
Terephthalic acid and Ethylene glycol in the mixture.
Following a variety of procedures, expected to separate the
two components from the mixture with the maximum purity
as much as it is possible.

5. Conclusions

Plastic pollution is a menace that is eating away at our planet
with each passing day. With this review literature, we aim to
bring to light a possible method to achieve the complete
degradation of PET plastics, without involving any of the
physical damage that any of the conventional methods would
bring forward. Microbial degradation is the only solution to
this problem. With the aid of the microbe Ideonella sakaiensis
and the enzymes that it is capable of producing, the complex

http://www.plantsjournal.com

substance PET can be converted into much simpler forms,
which can then be utilized by other organisms as a source of
energy or potentially use it as a catalyst.

Some of the few limitations that can be faced while utilizing
this method there can be some limitations. They are as
follows:

1. ldeonella sakaiensis is native to Japan and it is rather
costly to obtain, needing very specific growth medium
components. This could pose a challenge.

2. The exact economic feasibility of the entire work is not
determined.

3. The duration it takes to attain the complete

biodegradation of PET is not exactly known. Depending
on the size of the plastic pollutant the duration of the
process might vary.
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Fig 1: Transmission electron micrograph of a cell of strain 201-F6T
grew in NBRC no. 802 broth at 30 °C for 24 h. Bar, 1 um.
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Fig 2: Ideonella sakaiensis, 3D illustration
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Fig 3: Action of Ideonella sakaiensis on plastics

Source: https://www.uniprot.org/uniport/ AOAOK8P6T7
Fig 4: Tertiary structure of the enzyme PETase.

Source: https://www.uniprot.org/uniport/ AOAOK8PSE7
Fig 5: Tertiary structure of the enzyme MHETase.
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Fig 6: Plasmid pBR9_PETase_Cre
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Fig 7: Recombinant pUCIDT plasmid containing gene of interest.
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