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MHETase enzyme
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Plastic pollution represents a global environmental crisis. In response, microbes have
evolved the ability to utilize synthetic polymers as carbon and energy sources. Recently, it was
reported that Ideonella sakaiensis secretes a dual-enzyme system to degrade polyethylene
terephthalate (PET) into its constituent monomers. Specifically, Ideonella sakaiensis PETase
depolymerizes PET, releasing soluble products including mono(2-hydroxyethyl)terephthalate
(MHET), which is cleaved by MHETase to terephthalic acid (TPA) and ethylene glycol (EG)
[1].

Characterization of Ideonella sakaiensis revealed the enzyme PETase, which is a
cutinase-like  serine  hydrolase that attacks the PET polymer, releasing bis-
(hydroxyethyl)terephthalate (BHET), mono(2-hydroxyethyl)terephthalate (MHET) and TPA.
PETase cleaves BHET to MHET and EG, and the soluble product of MHET is further
hydrolyzed by MHETase to form TPA and EG. The structure and function of the MHETase
enzyme is much less understood: to date there are few published studies on the structure and
development of MHETase. To this end, this article combines information on the structure and
function of MHETase and the results of bioinformatics analysis.

Functional annotation

MHETase was originally assigned to the Tannase family of enzymes, which belongs to
Block X of the a/B-hydrolase enzymes classified in the ESTHER database [2]. This family
includes fungal and bacterial tannases and feruloylesterases. Other significantly different
bacterial tannases can be found in a separate H block (Tannases bact) in this database.
Accordingly, MHETase has been shown to hydrolyze exclusively MHET but not BHET, PET, p-
nitrophenyl (pNP) aliphatic esters or aromatic ester compounds such as ethyl gallate and
ethylferulate, which are converted by other enzymes in the tannase family, indicating a severely
limited substrate specificity [3].

Functional annotation of the enzyme MHETase was performed using the InterPro
program. Figure 1 shows the annotation of the MHETase enzyme.
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Figure 1 - Functional annotation of the MNETase enzyme.

The InterPro and Panter databases classify the enzyme MHETase as a tannase and
feruloylesterase family and provide the following description: this family includes fungal
tannases [4] and feruloylesterases [5, 6]. It also includes mono(2-hydroxyethyl) terephthalate
hydrolase from the bacterium Ideonella sakaiensis [7] and several bacterial homologs with
unknown function.

The Pfam database provides information on the relationship of the enzyme to the tannase
and feruloylesterase family and provides the following description: this family includes fungal
tannases [4, p. 217] and feruloylesterase [5, p. 381., 6, p. 258]. It also includes several bacterial
homologs with unknown function.

The InterPro protein homologous superfamily refers as well as the PETase enzyme to
alpha/beta hydrolase.

All plastic-degrading enzymes known to date have an o/B-hydrolase fold. However,
MHETase probably possesses an unprecedented framework for plastic degrading enzymes.

Structural comparison of MHETase from Ideonella sakaiensis and feruloylesterase
FaeB from Aspergillus oryzae

The overall architecture of the 65 kDa domain of MHETase resembles that of
feruloylesterase, with a leader domain embedded between B-chain 7 and a-helix 15 of the o/p-
hydrolase fold [8]. As previously observed for feruloylesterase, the presence of a structural
calcium binding site was confirmed by X-ray fluorescence spectroscopy for MHETase.
Similarly, one of the five disulfide bonds flanks the catalytic triad (formed by S225, H528,
D492) and an oxyanion hole containing the nitrogen atoms of the main chain amide of G132 and
E226. In the ligand-free structure of MHETase, several water molecules are retained by a
hydrogen bond network at the substrate binding site. While the o/B-hydrolase domain overlaps
well with the closest structurally characterized homolog of feruloylesterase FaeB from
Aspergillus oryzae (1.60 A RMSD for aligned 280 of 342 residues, 32.5% amino acid identity),
the closing domain of MHETase contains several additional loops that differ markedly from
FaeB (2.33 A RMSD for 148 of 215 aligned residues, 18.9% identity). The overall structures of
MHETase and FaeB are structurally similar (2.04 A RMSD for 421 of 559 aligned residues)
despite relatively few amino acid identities (27.5%). When comparing MHETase with known
tannase structures, such as tanninacyl-o/B-hydrolase from Lactobacillus plantarum (LptE), it
becomes apparent that only the common fold of the a/p-hydrolase domain is similar (2.77 A
RMSD for 195 of 282 residues aligned, identity 13.8). PETase and MHETase share a common
fold only a/B-hydrolase domain (2.87 A RMSD for 184 of 262 residues aligned) [8, p. 1720].

Structure of MHETase bound to a non-hydrolyzable ligand

The main chain conformation in the structure of the MHETase-MHETA complex is
almost identical to that of MHETase without substrate (RMSD 0.54 A) and sheds light on the
position of MHET for catalysis. Although the catalytic triad and oxyanion hole residues are part
of the o/B-hydrolase domain, substrate specificity is almost exclusively provided by the cap
domain. Hydrophobic contacts between the phenyl ring of MHETA and the o/B-hydrolase
domain are restricted predominantly to F495 and to a lesser extent to G132 and A494.
Surprisingly, MHETA is firmly bound by the closing domain residues F415, L254 and W397
surrounding almost the entire phenyl fragment of MHETA. Two oxygen atoms of the free
carboxylate make contact with R411, which is held by S416, S419 and the main chain amide
G258, which maintain a hydrogen bonding network involving three water molecules [8, p.
1720].

Despite their overall high similarity, a detailed comparison of MHETase structures in the
absence and presence of substrate reveals a mechanism of induced compliance upon MHETA
binding. In the ligand-free structure, F415 is directed away from the active center and thus opens
it for substrate binding [8, p. 1720].
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Unlike PETase, MHETase binds very strongly to its substrate. The position of the
substrate in the active center of MHETase resembles tanninacyl o/p-hydrolase from
Lactobacillus plantarum bound to ethyl gallate (LptE), but shows marked differences with
respect to residues contacting the substrate at the interface. [8, p. 1721].

3D structure of MNETase enzyme

Using the SWISS-MODEL program, the 3-D structure of the MNETase enzyme was
constructed, its structure is shown in Figure 2.

Figure 2 - 3D structure of the MHETase enzyme.

The 3D structure of the enzyme MNETase revealed the crystal structure of PETase
S121D, mutant D186H from Ideonella sakaiensis, in the range of amino acids 417-518. This may
indicate similar functions of these enzymes.
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YJK: 616-006.699
IMpumeHenne peg-plga HaHOYACTHII /ISl TEPANHH KOJIOPEKTAIBLHOTO paKa
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KonopekranbHblii pak MpencTaBisieT coboil cepbe3Hylo mpolieMy OOLIECTBEHHOTO
3/[paBOOXPAHEHUS, CTOSIIYIO HA BTOPOM MECTE CPEJIU BCEX TUIIOB 3JI0KAUECTBEHHBIX OIyXOJIEH U
3aHMMAIOIYI0 YETBEPTOE MECTO II0 CMEPTHOCTH OT paka B Mupe. CorjiacHO JaHHBIM
AMepuKaHCKOTo OoHKojoruueckoro obmectBa Ha 2020 rox, B CIIIA 6buto 3aperucTpupoBaHO
104 610 HOBBIX ciyyaeB paka TOJICTOM KUIIKU U 43 340 HOBBIX CllyyaeB paka NpSIMON KUIIKH.
Puck 3aboseBaHus KOJOPEKTAJIBHOTO paKa B TEUEHUE KHU3HHU OLICHUBAETCA NMpuUMepHO | cirydait
Ha 23 st My>kuuH U 1 cimydaid Ha 25 11 )KeHInuH [ 1].

Jleuenue paka Bcerga ObUTO OONIACTHIO OONBIINX WCCIEAOBAHMN M3-32 CIIOXKHBIX U
OOIIMPHBIX  BapUaHTOB  JICUYCHHsS, a  TaKKe  CEepbe3HbIX  MOOOUHBIX  3ddexToB
XUMHOTEPANEBTUYECKUX TpenapaToB. CyIIecTBYET MHOKECTBO IPOTUBOPAKOBBIX IMPENaparTos,
JOCTYIHBIX U1 MCIOJb30BaHUS, HO HX TEPAlEBTUYECKOE 3HAYEHHE OrPAHMUYEHO TaKUMU
(akTopamu, Kak II0oXas pacTBOPUMOCTh, HU3Kast aOCOPOIMS U MHOKECTBEHHAs JIEKapCTBEHHAs
yCTOMYMBOCTG [2]. B mocneqnue roapl 4pe3BblYailHO MHTPUTYIOLIUM MPEAMETOM ISl U3yUEHUs
CTaJI0 MCHOJIb30BAaHUE HAHOTEXHOJIOTMM, TO €CTh MCIOJIb30BaHUS HAHOYACTHI] B KayeCTBE
MHCTPYMEHTA JIOCTAaBKH JIEKapCTB JJIs JICYCHHUS M JUArHOCTUKU 3aboneBanuii [3]. Cpeau Bcex
ApYTUX NPUMEHEHWH HMX HCIOJb30BAaHUE B KAaUECTBE CTPATETMUYECKUX CPEACTB JICUEHUS paka
uMeeT ocoboe 3HaueHue. B aToM 0030pe mokaszansl cBoiicTBa HaHouacTul] PEG-PLGA, a taxxke
UX TPUMEHEHUE B KAueCTBE CHUCTEM JIOCTaBKM JIEKApPCTB, HALIEJEHHBIX KOHKPETHO Ha
KOJIOPEKTAJIbHBIN paK.

Hanouwactuiisl npencTaBisiioT co0oil TBepple cheprudeckre Be3UKyIbl pazMepoM oT 1 110
100 wanometpoB. buocoBmecTuMbie U OumopasznaraeMble MOJUMEpPHl ObUIM pa3paboTaHbl C
HCII0JIb30BAaHUEM IIPUPOJIHBIX U CUHTETUYECKUX MATEPHAIOB, HO CUHTETHUUECKNE HAHOYACTHIIBI
Oomee KelaTeNbHbI JUISI TEPANeBTUUECKOTO HCHOJb30BAHUSA, TIOCKOJIBKY HMX MOXHO
MOJUGUIMPOBATE JJISl TOCTHKEHUS KEJAeMbIX CBOMCTB, HEOOXOIUMBIX JUIsI KOHTPOJIUPYEMOTO
U IEeNIEBOT0 BBICBOOOKIECHUS JekapcTB. OIHUM M3 TaKHMX W3BECTHBIX CHHTETHYECKHX
MatepuanoB sBisercss PLGA - comosnuMep NOIMMOJIOYHOM M TiukosieBod kuciot. [lomumep
PLGA o6rnagaer mpeBOCXOAHBIMU CBOIMCTBaMHU YyNpPaBIIEMOro M  II€JICHANPABICHHOTO
pacrpesielieHus B TOJICTOM KHIIKE BMECTE C JIGKAPCTBEHHBIMHU IpenapaTamu, 6Jaroaapst ueMy oH
o0ecreynBaeT MHTEIJICKTYAIbHYIO JeTpajaluio B opranu3Me. Ero crocoOHOCTh K pas3iioskeHuIo
KOHTPOJIUPYETCS YHUCJIOM TJMKOJMIHBIX €AWHMIL: CHIKEHUE KOHLIEHTpPAlMHM TJIMKOJA
CIOCOOCTBYET YIIYYLICHHIO PA3JIOKEHHUS, B TO BpeMS KaK MOBBIIMIEHHE 3TOW KOHIICHTPALUU
uMeeT npoTuBomonoxkHb dpdekr [4]. Kpome toro, PLGA »sddektuBHO criocoOCTByeT
JIOCTaBKE JICKAPCTBEHHBIX CPEACTB NPU KOJOPEKTAIbHOM pake, MOBBIIIAS UX 3PPEKTUBHOCTD,
obecrieunBasi ~ ONTHMAJbHBI  NMpOUIb  MEUIGHHOTO  BBICBOOOXIEHHUS,  YBEIMUYUBAs

13



