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Abstract: Plastics are ubiquitous in our ecosystems, and microplastic 

accumulation in the environment is an emerging global health concern. 

Since available recycling technologies are not economically 

competitive with primary plastic production, global use is expected to 

reach 1231 megatons by 2060, with 493 megatons leeching into the 

environment each year. To identify new nylon-recycling 

biotechnologies, targeted genome mining was used to identify 

thermostable enzymes capable of degrading polyamides. Here, we 

describe the characterization of a novel protein sourced from 

Thermovenabulum gondwanense: TvgC. TvgC is extremely stable, 

exhibiting a melting temperature of 93 °C and no detectable losses in 

hydrolytic activity after one week at 60 °C. While nylonases primarily 

process nylon-6, TvgC catalysed the degradation of both nylon-6 and 

nylon-6,6 films, exhibiting marked preference for nylon-6,6, which is 

considered more difficult to degrade. Finally, conversion experiments 

demonstrate that TvgC achieves a 1.2 wt% conversion of nylon-6 film, 

outcompeting the most highly engineered nylonases. This novel 

hyperthermostable protein represents an excellent starting point for 

future engineering of increasingly efficient nylonases. 

Plastics are pervasive as modern society depends heavily on their 

use. The range of desirable properties displayed by these 

polymers (i.e., ductility, thermostability, high strength-to-mass 

ratios)[1] also pose risks to the environment from a waste 

management perspective. Of the 460 megatons of plastic 

consumed in 2019, approximately 41 megatons were recycled 

while the remaining 419 megatons were incinerated, landfilled, or 

mismanaged.[2] Plastics are generally non-biodegradable, with 

breakdown requiring high pressures and temperatures that make 

recycling costly, unsafe, and unsustainable.[3] Consequently, 

current recycling platforms are poorly used and effort is being 

directed towards developing more sustainable technologies. 

Biocatalytic degradation of plastics is receiving significant 

attention as a potential solution to this problem.[4–8] 

 

Global plastic pollution may have allowed nature to evolve 

enzymes to metabolize these xenobiotics.[9] For instance, several 

classes of bacterial enzymes have been identified that enable 

organisms to metabolize polyethylene terephthalate (PET).[9] 

Exploiting these enzymes for  biodegradation has real-world 

utility: in 2025, Carbios will use an engineered PETase to recycle 

50,000 tons of PET annually.[10,11] Yet, biotechnologies that 

enable recycling of other plastics are less developed. For instance, 

few enzymes are known that can degrade nylon, a common 

polyamide used in textiles, medical appliances, fishing, 

agriculture, and military equipment.[12,13] Current methods to 

recycle nylon-6 (Fig. S1) include 200 °C hydrolysis in inorganic 

acids, whereas nylon-6,6 (Fig. S1) is not recycled due to poor 

product recovery and purification.[14,15] 

 

To date, seven nylonases have been identified from 

microorganisms isolated from nylon-waste facilities.[16–22] In 

particular, the 6-aminohexanoate oligomer endohydrolases 

(NylCs) that resemble N-terminal nucleophile (Ntn) hydrolases 

show potential for nylon biodegradation. Unfortunately, known 

NylCs are neither sufficiently stable nor efficient for industrial 

purposes.[18,21,22] Although directed evolution has improved the 

thermostability and activity of nylonases, enzyme-catalyzed 

processes have achieved a maximal conversion of nylon-6 films 

of 0.67 wt%.[5] Studies on enzyme-catalyzed nylon degradation 

have largely focused on known NylCs from Agromyces sp KY5R. 

(NylCA), Kocuria sp. KY2 (NylCK), or Arthrobacter sp. K172 

(NylCp2).[6,7,21,22] 

 

To find novel, robust NylCs, we constructed a sequence similarity 

network (SSN) for the S58 peptidase family, containing known 

NylCs (Fig. S2).[23] At an alignment score of 50, known NylCs fell 

into a cluster that contained one gene from the thermophilic 

Thermomicrobiales bacterium (Fig. S2). Although this gene 

showed 42% sequence similarity to NylCp2, catalytic residues 

were not conserved. Thus, other clusters within the SSN were 

explored. SwissProt descriptions suggested that four genes in the 

largest cluster encoded putative aminopeptidases. However, no 

functionally annotated entries were contained therein. While 

many genes in this cluster came from thermophiles (Table S1), 

we became interested in a protein (TvgC; A0A162M3R4) from 

Thermovenabulum gondwanense that grows optimally at 65 °C 
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and has no known association with nylon production or waste 

facilities (Fig. S3, Table S2).[24–26]  

 

Despite sharing only 31 – 33% sequence similarity with known 

NylCs (Table S3), further in silico analysis suggested that TvgC 

might catalyze nylon-6 degradation. As with Ntn hydrolases, 

known NylCs autocatalytically cleave to release the N-terminal 

nucleophile following translation.[6,27] The structures of full-length 

TvgC and NylCA were predicted and aligned to illustrate that the 

overall folds of these proteins are very similar (Fig. 1a; Table 

S3).[28–30] Critically, residues important for the autocatalytic 

cleavage of NylCA were conserved in TvgC (Lys154, Asn185, 

Asp273, Asp275, Asn233, Thr234) and coincident in the overlaid 

structures (Fig. 1b),[6,28–30] strongly suggesting that TvgC would 

undergo autoprocessing. 

 

This suggestion was experimentally supported by attempts to 

overexpress TvgC (33.9 kDa). Following nickel affinity 

chromatography of N-terminally His6-tagged TvgC, SDS-PAGE 

analysis revealed two additional bands with apparent molecular 

weights of ~24 kDa and ~10 kDa (Fig. S4). These bands are 

consistent with TvgC autocleaving to unmask Thr234 as the 

terminal nucleophile in the 10-kDa fragment. To drive cleavage to 

completion, TvgC was incubated at 50 °C for 48 hours. Over this 

period, the smaller bands increased in intensity while the full-

length band decreased (Fig. S4). The kinetics of this process were 

probed using densitometry, and comparable apparent first-order 

rate constants of (7.1 ± 1.0) x 10-5 s-1 and (1.4 ± 0.1) x 10-4 s-1 

were obtained using the full-length and the 24 kDa bands (Fig. 2).  

TvgC was then compared to the quaternary structure of the 

assembled NylCA (PDB: 3AXG).[6] Following autocatalytic 

cleavage of full-length length NylCA, the two fragments non-

covalently assemble into a tetramer of heterodimers.[27] We 

generated the expected cleavage products of TvgC in silico, 

docked the fragments, and aligned the resulting heterodimer with 

3AXG.[28–34] 

Figure 1. a) Alignment of the predicted structures of full-length NylCA (⎯) and 

TvgC (⎯) (RMSD of 0.88 Å). b) Autoprocessing residues are conserved and 
well-aligned between NylCA and TvgC. c) In silico-cleaved TvgC aligned with 
subunit of 3AXG. Isolated view in red. 

Figure 2. Time courses for autocatalytic cleavage of TvgC. First-order 
exponentials were used to fit all values obtained with full-length TvgC, whereas 
values were measured up to and including t = 12 hours for the Asn fragment.  

Figure 1c demonstrates that the TvgC heterodimer aligns 

reasonably well with one subunit of 3AXG (Table S3). While 3AXG 

lacked the resolution needed to evaluate alignment of the 

proposed Asp-Asp-Thr catalytic triad, docking experiments using 

the TvgC heterodimer suggested that a nylon-6 pentamer would 

bind within a tunnel bearing the equivalent residues (Asp273, 

Asp275, Thr234; Fig. S5).[6,28–30,35] 

 

Before probing the activity of TvgC, the melting temperature (Tm) 

of the purified protein was determined to be 92.8 ± 0.3 °C (Fig. 

S6).[36] This represents the highest Tm value for any NylC, 

exceeding that of highly engineered NylC variants.[6,27] For 

instance, NylCp2 (Tm = 52 °C) underwent several rounds of 

mutagenesis before identifying a quadruple mutant (NylCp2-TS) 

with a Tm of 88 °C. Bell et al. achieved similarly impressive Tm 

values of 87 °C via rational mutagenesis of NylCK and NylCA.[5] 

Considering the relative effort required, we were enthused that 

genome mining delivered a hyperthermostable variant of NylC 

that is more thermostable than engineered variants.[27] 

 

Initial activity tests were then conducted using small amide 

containing molecules. TvgC did not hydrolyze N-(4- 

nitrophenyl)hexanamide (Fig. S7), consistent with the suggestion 

that NylCs require at least three monomeric units for catalysis.[27] 

Subsequently, we used a “trimer” analogue of nylon-6 (“trylon”, 1; 

Scheme 1) and incubated this compound (96 μM) with TvgC (50 

μM) for  20 minutes at 50 °C.[37] This resulted in quantitative 

consumption of 1 (Fig. 3). Concentrations as low as 5 μM also 

facilitated quantitative hydrolysis of 1 (96 µM) in under two hours 

(Fig. S8). 

 

Scheme 1.  The two amides in 1 are not equivalent and can be hydrolyzed to 
release two different sets of products  
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This substrate has two distinct amide bonds that would produce 

either 2 and 3 or 4 and 5 upon hydrolysis (Scheme 1). When fed 

1, NylCA predominantly produces 2 and 3, indicating that NylCA 

selectively hydrolyzes one amide.[37] Interestingly, while TvgC 

exhibits selectivity for the same amide as NylCA, TvgC exhibited 

a ~78% increased capacity to hydrolyze the other amide in 1 to 

release 4 and 5 (Fig. S9).  

 

Conversion assays using substrate 1 revealed 60 °C and pH 7.5 

to be the optimal conditions for TvgC catalysis (Fig. S10 and Fig. 

S11). Given the glass transition temperature (Tg) of nylon-6 (50-

55 °C),[38] optimal activity around 60 °C would be ideal for nylon 

recycling applications. Furthermore, TvgC showed no loss in 

activity after incubation up to 70 °C and only an 18% decrease in 

conversion at 80 °C after 24 hours (Fig. S12). This kinetic stability 

extended to longer incubations, with no activity lost after 

incubation for one week at 60 °C (Fig. S13). TvgC even tolerates 

organic solvents, remaining soluble in mixtures containing up to 

40%, 48%, and 54% (v/v) methanol, acetonitrile, and DMSO, 

respectively (Fig. S14).  

 

After probing the amidase activity of TvgC, we evaluated nylon-

degrading capacity using nylon-6 film via UPLC-MS. Incubating 

nylon-6 (0.38 mg enzyme/mg film) with TvgC gave rise to a peak 

confirmed to be 6-(6-aminohexanamido)hexanoic acid (nylon-6 

dimer) (Fig 4. & Fig. S15). Over 10 days at 60 °C, TvgC (139 µM) 

converted 1.2 ± 0.1 wt% (mg dimer/mg film) whereas at 50 °C, 

TvgC (139 µM) converted 0.41 wt% of nylon-6, consistent with the 

observed temperature impact on activity towards 1. Additionally, 

this demonstrates the utility of enzymes that function above the 

Tg of the plastic. Conversion was still observed using lower 

concentrations of enzyme (Fig. 4, Table S10). Gratifyingly, 

conversions obtained at 60 °C were higher than the previous 

benchmark: NylCK-TS (a thermostable variant of NylCK) achieved 

a 0.67 wt% conversion after 10 days at 80 °C.[5]  
 

While the enzyme loading with TvgC is significantly higher than 

NylCK-TS (0.58 mg enzyme/g nylon-6 film),[5] conversions with 

NylCK-TS did not increase with more enzyme, suggesting some 

substrate-dependent limitation not observed with TvgC.[5] 

Figure 3. TvgC (50 µM) incubated with 1 (96 µM,■) and 6 (96 µM,●) for 30 

minutes at 60 °C. Complete hydrolysis of 1 and 6 are observed within 20 and 8 
minutes.  

Figure 4. UPLC-MS analysis of nylon-6 (7.2 mg) incubated with 50 µM (⎯)  and 

139 µM (⎯) TvgC at 60 °C for 10 days. Monomer (0.81 min), dimer (1.22 min), 
and trimer (2.69 min) are only present in the reaction. 

Fortunately, TvgC reliably overexpresses at high concentrations, 

so increased enzyme loadings may be possible for downstream 

applications. Intriguingly, small peaks corresponding to different 

nylon-6 degradants were observed, suggesting TvgC is non-

specific, consistent with Bell’s findings.[5] Despite release of 

monomers from the film, separate assays with nylon-6 dimer 

substrate showed no hydrolysis over 24 hours (Fig. 4, Fig. S16). 

Given the ability of TvgC to hydrolyze either amide bond of 1, we 

hypothesized that TvgC might also degrade nylon-6,6. We 

incubated TvgC (0.18 mg enzyme/mg film) for 10 days at 50 °C 

and observed 0.65 wt% conversion (Fig. 5, Fig. S17), higher than 

the 0.41 wt% observed with nylon-6 at this temperature. Thus, 

TvgC appears to be the first NylC to show preference for nylon-

6,6 over nylon-6. Contrastingly, NylCp2-TS is the only NylC 

reported to have activity towards nylon-6,6, albeit at 60% of that 

observed with nylon-6.[39] Unfortunately, efforts to thoroughly 

evaluate activity with nylon-6,6 were hindered by plasticizers and 

unknown byproducts adhering to the UPLC-MS column, which 

rendered it inoperable. We are developing an appropriate assay 

to more thoroughly evaluate nylon-6,6 film degradation by TvgC 

at 60 °C, as previous results suggest conversions will increase 

significantly at elevated temperatures.   

Given issues with the nylon-6,6 film, we used two mimics as 

proxies: the carbonyl-centered nylon-6,6 “trimer” (6; Scheme 2a) 

and the amine-centered nylon-6,6 “trimer” (8; Scheme 2b).[37] We 

incubated TvgC (50 μM) with each mimic (96 μM) and found that 

it quantitatively hydrolyzes 6 to 3 and 7 in 10 minutes at 60 °C, 

corresponding to nearly twice the apparent rate observed with 1. 

Conversion of 8 to 4 and 9 required approximately 24 hours (99.2 

± 0.2 wt% conversion) under the same conditions (Fig. 6). 

Interestingly, known NylCs were reported to show limited activity 

towards 8.[37] 
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Figure 5. UPLC-MS analysis of nylon-6,6 (13 mg) incubated with TvgC (147 

µM) at 50 °C for 10 days. Dimer (1.22 min) is only observed in reaction (⎯).  

 

These results suggest that the TvgC active site may 

accommodate various orientations for labile amides as well as 

increased spacing between carbonyl units of consecutive amide 

groups. While the leaving group amine being on the “outside” of 

the chain (observed in 1 and 6) appears to improve hydrolysis, 

TvgC seems to accommodate the flipped amide orientation 

observed in 8 more so than known NylCs.[37] Moreover, apparent 

rates of conversion parallel the spacing between these units: 6 > 

1 > 8. While TvgC is best able to process substrates with two 

consecutive amide carbonyls separated by four methylene groups, 

this is not a strict requirement. This plasticity likely contributes to 

the capacity of TvgC to process both nylon-6 and nylon-6,6, as 

these polymers have different spacings between consecutive 

amides and also likely exhibit disparate amide orientations. 

Despite this plasticity, TvgC could not hydrolyze nylon-6,6 

degradants to monomers, suggesting it cannot cleave two 

consecutive amide bonds, consistent with the ‘endo-amidase’ 

annotation of NylCs. 

 

Using targeted genome mining, we have discovered and 

characterized a novel hyperthermostable NylC. To our knowledge, 

TvgC exhibits i) the highest thermostability of any nylonase, 

natural or engineered, ii) increased promiscuity, iii) outstanding 

kinetic stability, iv) a preference for nylon-6,6, and v) the highest 

reported conversion of nylon-6. Considering that the gold-

standard nylonase (NylCK-TS) was sourced from an organism 

exposed to nylon and subsequently engineered, it is remarkable 

that TvgC achieves higher levels of conversion of nylon-6. As 

TvgC was not discovered in nylon-exposed environments,[24–26]  

this work speaks to the utility of non-native enzymatic functions in 

biocatalysis. Moreover, the identification of this novel NylC                                    

 
Scheme 2. Hydrolysis of the carbonyl-centered nylon-6,6 “trimer” (6) and the 
amine-centered nylon-6,6 “trimer” (8) produce two different sets of products.  

Figure 6. Time course for incubation of TvgC (50 µM) with 8 (96 µM) at 60 °C. 
Near quantitative conversion was observed within 24 hours.  

 

expands the database of these enzymes, contributing to further 

bioinformatic searches for new enzymes. That said, higher 

concentrations of TvgC were required to achieve improved 

conversions. Nevertheless, TvgC represents an important 

development towards bio-based nylon recycling, but directed 

evolution to improve catalytic efficiency represents a likely next 

step. Several examples of directed evolution and computer-aided 

enzyme engineering to improve the efficiency of PET-degrading 

enzymes have been reported, and similar efforts could be directed 

to improve TvgC.[4,40–43]  

Supporting Information 

The authors have cited additional references within the 

Supporting Information.[[44–51]]  

Acknowledgements 

ERH and GWH are grateful to NSERC for support through a CGS-

M scholarship and a Discovery Grant (RGPIN-2020-04455). 

GWH thanks Genome Canada and Genome Ontario for support  

through Large-Scale Applied Research Project (Open Plastic) 

and the Shirley and Bruce Edwards Better World Fund for 

additional financial support. We thank Dr. Maria Cleveland and 

Katherine Faulkner for critical reading of earlier versions of this 

manuscript. 

Keywords: biocatalysis • bioinformatics • NylC • nylonase • 

plastic degradation 

  
N
H

O

H
N

C-centered nylon-6,6 "trimer" (6)

O

H2N
H2O

TvgC

7
3

N
H

H
N

N-centered nylon-6,6 "trimer" (8)

O

O

H2O

TvgC

a)

b)

H2N

O

O

H
N

OH
94

5 5
N
H

O

O

5

OH

4 4 4

6 methylene 
groups

5 methylene 
groups

https://doi.org/10.26434/chemrxiv-2024-wn5jd ORCID: https://orcid.org/0000-0002-5976-0739 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2024-wn5jd
https://orcid.org/0000-0002-5976-0739
https://creativecommons.org/licenses/by-nc-nd/4.0/


 

          

5 

 

[1] A. L. Andrady, M. A. Neal, Philos. Trans R. Soc. B. 2009, 364, 

1977–1984. 

[2] OECD, in Global Plastics Outlook: Economic Drivers, 

Environmental Impacts and Policy Options, OECD Publishing, 

Paris, France, 2022, pp. 31–59. 

[3] R. Geyer, J. R. Jambeck, K. L. Law, 2017, 3, e1700782. 

[4] V. Tournier, C. M. Topham, A. Gilles, B. David, C. Folgoas, E. 

Moya-Leclair, E. Kamionka, M.-L. Desrousseaux, H. Texier, S. 

Gavalda, M. Cot, E. Guémard, M. Dalibey, J. Nomme, G. 

Cioci, S. Barbe, M. Chateau, I. André, S. Duquesne, A. Marty, 

Nature 2020, 580, 216–219. 

[5] E. L. Bell, G. Rosetto, M. A. Ingraham, K. J. Ramirez, C. 

Lincoln, R. W. Clarke, J. E. Gado, J. L. Lilly, K. H. Kucharzyk, 

E. Erickson, G. T. Beckham, Nat. Commun. 2024, 15, 1217. 

[6] S. Negoro, N. Shibata, D. Kato, Y. Tanaka, K. Yasuhira, K. 

Nagai, S. Oshima, Y. Furuno, R. Yokoyama, K. Miyazaki, M. 

Takeo, K. Hengphasatporn, Y. Shigeta, Y.-H. Lee, Y. Higuchi, 

FEBS J. 2023, 290, 3400–3421. 

[7] H. Puetz, C. Janknecht, F. Contreras, M. Vorobii, T. Kurkina, 

U. Schwaneberg, ACS Sustain. Chem. Eng. 2023, 11, 15513–

15522. 

[8] J. Jin, J. Arciszewski, K. Auclair, Z. Jia, J. Hazard. Mater. 

2023, 460, 132449. 

[9] J. Kaushal, M. Khatri, S. K. Arya, Clean. Eng. Technol. 2021, 

2. 

[10] A. Tullo, “Carbios mulls North American PET recycling plant,” 

can be found under 

https://cen.acs.org/environment/recycling/Carbios-mulls-North-

American-PET/100/i14, 2022. 

[11] Carbios, Press Releases 2023. 

[12] M. Shakiba, E. Rezvani Ghomi, F. Khosravi, S. Jouybar, A. 

Bigham, M. Zare, M. Abdouss, R. Moaref, S. Ramakrishna, 

Polym Adv. Technol. 2021, 32, 3368–3383. 

[13] F. Millard, JTA. 1949, 40, P379–P387. 

[14] J. P. Lange, ACS Sustain. Chem. Eng. 2021, 9, 15722–15738. 

[15] M. Chanda, Adv. Ind. Eng. Polym. 2021, 4, 133–150. 

[16] K. Tsuchiya, S. Fukuyama, N. Kanzaki, K. Kanagawa, S. 

Negoro, H. Okada, J. Bacteriol. 1989, 171, 3187–3191. 

[17] H. Okada, S. Negoro, H. Kimura, S. Nakamura, Nature. 1983, 

306, 203–206. 

[18] S. Negoro, K. Kato, K. Fujiyama, H. Okada, Biodegrad. 1994, 

5, 185–194. 

[19] S. Negoro, T. Mitamura, K. Oka, K. Kanagawa, H. Okada, 

European J. Biochem. 1989, 185, 521–524. 

[20] K. Kanagawa, M. Oishi, S. Negoro, I. Urabe, H. Okada, 

Microbiol. 1993, 139, 787–795. 

[21] S. Negoro, S. Kakudo, I. Urabe, H. Okada, J. Bacteriol. 1992, 

174, 7948–7953. 

[22] K. Yasuhira, Y. Tanaka, H. Shibata, Y. Kawashima, A. Ohara, 

D. Kato, M. Takeo, S. Negoro, Appl. Environ. Microbiol. 2007, 

73, 7099–7102. 

[23] P. Shannon, A. Markiel, O. Ozier, N. S. Baliga, J. T. Wang, D. 

Ramage, N. Amin, B. Schwikowski, T. Ideker, Genome. Res. 

2003, 13, 2498–2504. 

[24] C. D. Ogg, A. C. Greene, B. K. C. Patel, Int. J. Syst. Evol. 

Microbiol. 2010, 60, 1079–1084. 

[25] Queensland Government, Bore Report (Registered Number 

17263), Queensland Government, Queensland, Australia, 2023. 

[26] Australian Governemnt, “Queensland, Australia Non-

Hazardous Recycling and Resource Recovery Facilities,” can 

be found under 

https://www.dcceew.gov.au/environment/protection/waste/how-

we-manage-waste/data-hub/data-insights/national-data-viewer, 

n.d. 

[27] S. Negoro, N. Shibata, Y. Tanaka, K. Yasuhira, H. Shibata, H. 

Hashimoto, Y.-H. Lee, S. Oshima, R. Santa, S. Oshima, K. 

Mochiji, Y. Goto, T. Ikegami, K. Nagai, D. Kato, M. Takeo, Y. 

Higuchi, J. Biol. Chem. 2012, 287, 5079–5090. 

[28] T. D. Goddard, C. C. Huang, E. C. Meng, E. F. Pettersen, G. S. 

Couch, J. H. Morris, T. E. Ferrin, Prot. Sci. 2017, 27, 14–25. 

[29] E. C. Meng, T. D. Goddard, E. F. Pettersen, G. S. Couch, Z. J. 

Pearson, J. H. Morris, T. E. Ferrin, Prot. Sci. 2023, 32, e4792. 

[30] E. F. Pettersen, T. D. Goddard, C. C. Huang, E. C. Meng, G. S. 

Couch, T. I. Croll, J. H. Morris, T. E. Ferrin, Prot. Sci. 2021, 

30, 70–82. 

[31] I. T. Desta, K. A. Porter, B. Xia, D. Kozakov, S. Vajda, Struct. 

2020, 28, 1071–1081. 

[32] S. Vajda, C. Yueh, D. Beglov, T. Bohnuud, S. E. Mottarella, B. 

Xia, D. R. Hall, D. Kozakov, Proteins: Struct., Funct., Bioinf. 

2017, 85, 435–444. 

[33] D. Kozakov, D. R. Hall, B. Xia, K. A. Porter, D. Padhorny, C. 

Yueh, D. Beglov, S. Vajda, Nat. Protoc. 2017, 12, 255–278. 

[34] D. Kozakov, D. Beglov, T. Bohnuud, S. E. Mottarella, B. Xia, 

D. R. Hall, S. Vajda, Proteins: Struct., Funct., Bioinf. 2013, 81, 

2159–2166. 

[35] S. Forli, R. Huey, M. E. Pique, M. F. Sanner, D. S. Goodsell, A. 

J. Olson, Nat. Protoc. 2016, 11, 905–919. 

[36] BioRad, 2022. 

[37] A. M. M. Rangaswamy, F. M. Roy, J. W. Keillor, Manuscript 

in Preparation. 2024. 

[38] Y. P. Khanna, W. P. Kuhn, J. Polym. Sci., Part B: Polym. Phys. 

1997, 35, 2219–2231. 

[39] K. Nagai, K. Iida, K. Shimizu, R. Kinugasa, M. Izumi, D.-I. 

Kato, M. Takeo, K. Mochiji, S. Negoro, Appl. Microbiol. 

Biotechnol. 2014, 98, 8751–8761. 

[40] E. L. Bell, R. Smithson, S. Kilbride, J. Foster, F. J. Hardy, S. 

Ramachandran, A. A. Tedstone, S. J. Haigh, A. A. Garforth, P. 

J. R. Day, C. Levy, M. P. Shaver, A. P. Green, Nat. Catal. 

2022, 5, 673–681. 

[41] H. F. Son, I. J. Cho, S. Joo, H. Seo, H.-Y. Sagong, S. Y. Choi, 

S. Y. Lee, K.-J. Kim, ACS Catal. 2019, 9, 3519–3526. 

[42] H. F. Son, S. Joo, H. Seo, H.-Y. Sagong, S. H. Lee, H. Hong, 

K.-J. Kim, Enzyme Microb. Technol. 2020, 141, 109656. 

[43] Y. Cui, Y. Chen, X. Liu, S. Dong, Y. Tian, Y. Qiao, R. Mitra, J. 

Han, C. Li, X. Han, W. Liu, Q. Chen, W. Wei, X. Wang, W. 

Du, S. Tang, H. Xiang, H. Liu, Y. Liang, K. N. Houk, B. Wu, 

ACS Catal. 2021, 11, 1340–1350. 

[44] P. Jones, D. Binns, H.-Y. Chang, M. Fraser, W. Li, C. 

McAnulla, H. McWilliam, J. Maslen, A. Mitchell, G. Nuka, S. 

Pesseat, A. F. Quinn, A. Sangrador-Vegas, M. Scheremetjew, 

S.-Y. Yong, R. Lopez, S. Hunter, J. Bioinform. 2014, 30, 1236–

1240. 

[45] J. A. Gerlt, J. T. Bouvier, D. B. Davidson, H. J. Imker, B. 

Sadkhin, D. R. Slater, K. L. Whalen, Biochim. Biophys. Acta, 

Proteins Proteomics. 2015, 1854, 1019–1037. 

[46] Y. Yang, J. Zhao, L. Zeng, M. Vihinen, Int. J. Mol. Sci. 2022, 

23, 10798. 

[47] F. Sievers, A. Wilm, D. Dineen, T. J. Gibson, K. Karplus, W. 

Li, R. Lopez, H. McWilliam, M. Remmert, J. Söding, J. D. 

Thompson, D. G. Higgins, Mol. Syst. Biol. 2011, 7, 539. 

[48] The UniProt Consortium, Nucleic Acids Res. 2023, 51, D523–

D531. 

[49] C. A. Schneider, W. S. Rasband, K. W. Eliceiri, Nat. Methods. 

2012, 9, 671–675. 

[50] R. J. Leatherbarrow, GraFit Version 7, Erithacus Software Ltd, 

Horley, U.K, 2010. 

[51] A. Tjernberg, N. Markova, W. Griffiths, D. Hallen, J. Biomol. 

Screen. 2006, 11, 131–137. 

 

 

 

  

https://doi.org/10.26434/chemrxiv-2024-wn5jd ORCID: https://orcid.org/0000-0002-5976-0739 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2024-wn5jd
https://orcid.org/0000-0002-5976-0739
https://creativecommons.org/licenses/by-nc-nd/4.0/


 

          

6 

 

Entry for the Table of Contents 

  
Plastic waste accumulation poses a severe threat to human and ecosystem health. As current recycling methods are inadequate, 

biocatalytic degradation offers a more sustainable platform. Using genome mining, we discovered TvgC, a new 6-aminohexanoate 

oligomer endohydrolase (NylC). TvgC has no affiliations to nylon facilities, is the most thermostable and promiscuous, and has the 

highest reported activity towards nylon-6, compared to known NylCs. 
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