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SysBio - Enzymes to the people: mitigate together climate
change and promote circular bioeconomy

Laura Fernandez-Lopez', Paula Vidal', David Almendral', Patricia Molina-Espeja’, Cristina
Coscolin!, Manuel Ferrer' "Instituto de Catalisis y Petroleoquimica, ICP, CSIC, Marie Curie
2, 28049, Madrid, Spain The Systems Biotechnology (SysBio) group (https://
sysbio.csic.es/) is located at the Institute of Catalysis and Petrochemistry (ICP) (Madrid,
Spain), which belongs to the Spanish National Research Council (CSIC).

Our scientific activity is marked into the biotechnology field, which
uses microorganisms or parts of them to substitute traditional
chemical reactions for greener and more efficient biological
solutions. Our team is composed by chemists, biochemists and
biologists which confer a multi- and inter-disciplinary view to all
projects. The SysBio group offers and covers all steps from enzyme
discovery (including meta-genomics) to engineering and
implementation in multiple processes and products of interest for
multiple industrial sectors. Subsequently, the accumulated
knowledge of the bioprospecting and study of hundreds of new
enzymes combined with engineering and material science
techniques allowed the team to undertake leading investigations
aimed at achieving a detailed understanding of the mechanisms
underlying and tuning the properties of enzymes. Serve as
examples recent works that investigate the mechanisms by which
enzymes become promiscuousl, the adaptation of enzymes and
the microbes that contain them to climate change2, and a recent
investigation proposing a new strategy of enzyme supramolecular
engineering based on a meticulous modification of a synthetic shell
that surrounds an immobilized enzyme3. Most recently, the team
members acquired expertise in computational techniques which
have constituted the basis of a novel research addressing the
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design of a new generation of artificial enzymes with multiple
active sites, the PluriZzymes4,5. Bioinformatics and computational
integration of multiple enzyme reactivity data is also allowing us to
contribute to establishing the basis for predicting enzyme
properties from enzyme sequence without the need for enzyme
characterization6. To undertake all these activities, in the context of
our effort to circular economy and climate change fighting7, it is
crucial to know which are the requirements of industry. This is why
we are constantly working with several companies in our different
projects from a wide variety of sectors, such as those covering fine
chemicals, food and feed, cosmetics, textiles, detergents, etc.
Companies give us a set of necessities and real materials to start
with, which constitute the base for bioprospecting and engineering
enzymes a-la-carte. Science popularization and gender equality are
also driven the SysBio group, and all our projects have an
ecofriendly orientation. In this contribution, we summed up
relevant investigations driven the SysBio commitment for the
implementation of biocatalysts in our everyday life so we can help
to mitigate climate change and move towards bioeconomy and
circular economy?7.

References 1Martinez-Martinez M, et al. ACS Chem Biol. 2018; 13:225-234. 2Marasco R,
et al. Nat Commun. 2023; 14:1045. 3Giunta Cl, et al. ACS Nano. 2020; 14:17652-17664.
4Alonso S, et al. Nat Catal 2020; 3:319-328. 5Roda S, et al. Angew Chem Int Ed Engl. 2022;
61:2202207344. 6Xiang R, et al. Biomolecules. 2022; 12:1529. 7Molina-Espeja P, et al.
Oxford Open Climate Change, 2023; kgad003. Ack I 1ts We ack ledge the
FuturEnzyme Project funded by the European Union’s Horizon 2020 Research and
Innovation Programme (Grant Agreement No. 101000327), and the Grants
PID2020-112758RB-100, PDC2021-121534-100, and TED2021-130544B-100 from the
Ministerio de Ciencia e Innovacion, Agencia Estatal de Investigacion (AEI) (Digital Object
Identifier 10.13039/501100011033), and the European Union (“NextGenerationEU/
PRTR").
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DESIGN OF AN IN-ONE PROTEASE-ESTERASE PLURIZYME FOR
CASCADE REACTIONS

Laura Fernandez-Lopez', Sergi Roda®, Jose L. Gonzalez-Alfonso!, Francisco J. Plou’,
Victor Guallar’*, and Manuel Ferrer’

*Department of Applied Biocatalysis, ICP, CSIC, 28049 Madrid, Spain
"Department of Life Sciences, Barcelona Supercomputing Center (BSC), 08034
Barcelona, Spain
“Institution for Research and Advanced Studies (ICREA), 08010 Barcelona, Spain

Enzymes are one of the cornerstones of the circular bio-economy, since they are
selective and specific, as well as a relevant sustainable and greener alternative to
mitigate and even reverse climate change. Regardless of technological developments in
terms of screening new naturally occurring enzymes, protein engineering and machine-
learning methods are still an alternative for adjusting and repurposing enzyme scaffolds
and activities. This potential is particularly noteworthy when addressing the
development of novel enzymes for one-pot cascade reactions, considering that they
require the engineering of the catalysts of each internal chemical reaction.

PluriZymes, enzymes with more than one active site, one native and one artificially
miroduced, are a new alternative to this problem. Previously successful PluriZymes had
two active sites supporting similar (ester hydrolysis) or different (ester hydrolysis and
amine (ransamination) chemistry [1,2]. Here, we present the first PluriZyme that
combines one active site supporting esterolytic activity and another supporting
proteolytic activity [3]. This PluriZyme was designed by introducing a cysteine-histidine
dyad (which provides protease activity), that could accommodate bulky peptide
substrates, in an exposed site of a serine-ester hydrolase. As a result, an in-one protease-
esterase PluriZyme was produced, which could successfully perform the one-pot
cascade synthesis of amino acid esters from dipeptides.

This study demonstrates that active sites supporting proteolytic activity can be
artificially introduced into esterase scaffolds to design in-one protease-esterase
PluriZymes for synthetic cascade reactions.

Acknowledgements. This research was funded by the FuturEnzyme Project, funded by the European
Union’s Horizon 2020 Research and Innovation Programme under Grant Agreement No. 101000327 and
101000607. We also acknowledge the financial support under Grants P1ID2020-112758RB-100, PID2019-
106370RB-100, PDC2021-121534-100, and PID2019-105838RB-C31. from the Ministerio de Ciencia e
Innovacion, Agencia Estatal de Investigacion (AEI) (Digital Object Identifier 10.13039/501100011033),
Fondo Europeo de Desarrollo Regional (FEDER) and the European Union (“NextGenerationEU/PRTR™).
SR thanks the Spanish Ministry of Science and Innovation for a PhD fellowship (FPU19/00608).

[1] Alonso S., Santiago G. ef al. Genetically engineered proteins with two active sites for enhanced
biocatalysis and synergistic chemo- and biocatalysis (2020). Nature Catalysis, 3, pp. 319-328. DOL:
10.1038/s41929-019-0394-4.

[2] Roda S.. Fernandez-Lopez L. ef al. A Plurizyme with transaminase and hydrolase activity catalyzes
cascade reactions (2022). Angewandte Chemie International Edition, 61(37):¢202207344. DOI:
10.1002/anie.202207344.

[3] Fermmandez-Lopez L., Roda S. et al. Design and Characterization of In-One Protease-Esterase
PluriZyme (2022). International Journal of Molecular Sciences, 23(21):13337. DOI:
10.3390/1jms232113337.
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DESIGN OF AN IN-ONE PROTEASE-ESTERASE %‘ﬁ
PLURIZYME FOR CASCADE REACTIONS @

Laura Fernandez-Lopez'sy, Sergi Roda’, Jose L. Gonzalez-Alfonso’, Francisco J. Plou', Victor Guallar’?, and Manuel Ferrer!

!Department of Applied Biocatalysis, ICP, CSIC, CSIC, 28049 Madrid, Spain, 2Department of Life Sciences, Barcelona Supercomputing Center
(BSC), 08034 Barcelona, Spain, *Institution for Research and Advanced Studies (ICREA), 08010 Barcelona, Spain

PLURIZYMES: BAC

Native Native

PluriZymes are enzymes that preserve their native active site while having more active site active site.
computationally added (Fi;. 1). The well-known advantages of biocatalysts -selectivity and %
specificity, driven by the architecture of active sites, and sustainability-, can be extended by

3 : : : ; 4 Artificial
the addition of active sites, which by supporting complementary selective chemistry allows a AR
sole enzyme performing one-pot cascade reactions.
We have successfully designed PluriZymes that had two active sites supporting similar (ester Serine ester hydrolase PluriZyme
hydrolysis) or different (ester hydrolysis and amine transamination) chemistries . Here,
we further extend our computational effort to design a PluriZyme with both esterase and Figure 1. PluriZyme design scheme: introduction of an artificial active site,

protease activity (Fg. 2).

Figure 2. Schematic representation of the design of the protease-esterase PluriZyme EH, g We used as target the Plurizyme EH,,y, |||, that contained two ester hydrolase
active sites, one native (EH,,) and one artificially introduced (EHy,). EHyqpc was further designed by introducing catalytic residues supporting proteolytic activity in the
vicinity of the artifidially introduced EH,g,. Esterase active sites shown in yellow (A: 1615, 256D, 286H; B: 2115, 250, 214H). Protease active site shown in red (C 2144, 24).
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Figure 3. Concentration of reaction products obtained for the conversion of Lcarnosine (B-alanine-L-histidine) by EH, .5, in the absence (A) or presence (B) of methanol.

Schematic representation of the main product obtained in a one-pot reaction with L-camosine and methanol (C). The preferential route is the production of L-histidine methyl
ester via the hydrolysis of L-carnosine at the protease site and the selective esterification with methanol of L-histidine (but not -alanine) at the esterase site.
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PImees fm_synlhguc cascade rgaa-qns, herein exemplified by the one-pot R s 6l B A S 363 Yo
synthesis of amino acid esters from dipeptides.

Systemrs &=
Biotachnology
Group om

4) zesic B, v S .:I-

Acsrowedemt o, T i s racd by e bt et fe) SR Loopees wisons S Lo AenCRata At Pt g G Agecties b 10RO 140 10R00NC7. We sl et 1 a4 29700 e Qoms
2 e iagw PO £ 41 0 (30 gkl (14D KD 40 e LU ) 00| NS T A/ HT ) 5610142 T1e 30 N NS 0150w 450 0naBon LS PO IOl iy

pagina 10 de 49



7
MINISTERIO DECLARACION RESPONSABLE SOBRE )

DE CIENCIA E , DIVISION DE
INNOVACION PUBLICIDAD Y COMUNICACION oy PROGRAMACION Y
ESTAALDE, GESTION ECONOMICA
Y ADMINISTRATIVA

METAGENOMIC-BASED BIOPROSPECTION
FOR NOVEL MYCOTOXIN DEGRADING
ENZYMES TO KEEP FOOD AND FEED SAFE

Manuel Ferrer?, David Almendral®, Jog Raj?, Hunor Farkas?, Marko Vasiljevic?

Ipepartment of Applied Biocatalysis, ICP, CSIC, CSIC, 28049 Madrid, Spain; 2PATENT CO, DOO., Vlade Cetkovi¢ 1A, 24 211 Misic¢evo, Serbia
Email: Jog Raj, jog.raj@patent-co.com; Manuel Ferrer, mferrer@icp.csic.es

Mycotoxins: backgro o
OH
Many spedies of fungi capable of growing in grain and animal feed produce secondary metabolites H
called myc: ns. My ins, such as f isin FB1 and T-2 toxins shown in Figure 1, are the
biggest challenge for animal feed producers and therefore, regular monitoring and remediation is
necessary, as these toxins can be very detri | to both h and !
The ic loss of my ins in the agrifood sector is estimated to be billions of dollars, so
the economic potential of protection or mycotoxin |y is correspondingly high. Fumonisin B1 T-2 Myeotoxin

There are already different measures available today, such as mechanical, thermic, or chemical

approaches. However, these kinds of approaches have as an associated disadvantage the Figure 1. FB1 and T-2 toxins. The potential sites potentially be attacked
possibility of unknown or uni ded side products g ion which may turn out as dangerous by enzymes are highlighted in green.

as the original toxin,

Keep food and feed safe: Using.,eff,

Enzymes are proteins that catalyze biochemical reactions that make life possible since 3.8 billion years ago. Scientists have been able to "domesticate" them in such a way that
enzymes are now key players for the circular economy and for the processing, manufacturing and consuming everyday products, both for humans and animals [2]. Their worldwide
production reached 117 Kilo-tons per year. In this context, enzymatic detoxification is currently a very promising subject of research and development, as enzymes can remove the
mycotaxins in a defined way.

Repowering the agri-food industry with enzymes capable of efficiently removing mycotoxins can contribute to keeping our food and feed safe and reducing carry over of
mycotoxins form animals to humans.

However, the option to find such new enzymes, particularly those to degrads y ins such as in B1 (FB1) and T-2 toxins (Figure 1) is challenging, costly, and time-

consuming. Indeed, a few number of enzymes are known that degrade both toxins {for example see ref. [1]).

The option to find new enzymes, although being challenging, costly (€30k per CD

enzyme) and time-consuming (15 months per enzyme), is realistic given the recent g O — *@

technological advances. Indeed, the use of bioinformatics, machine-learning, % @ q ‘. G/ ONA Extraction \

accurate protein structure prediction, and data-driven artificial intelligence 2 S [ —

technigues, combined with naive screens with appropriated substrates, are essential - Targe: Selection e

to fully exploit the potential of sequencing data and as a source of new enzymes. BCrS

In order to access to new enzymes capable of degrading mycotoxins, we have Synergistic Computational &

established a comprehensive and synergetic platform to better bio-prospect Experimenta| Workflow X }:::_;;

environmental metagenomes for novel such rare enzymes, summarized in Figure 2. Blosromesting ond Fkering

It consists in the following steps: 2 2

* Extraction and sequencing of DNA from microbial communities (the so-called R lll_l_ ﬁ ﬁi - J
metagenome) of a large number of environmental samples. e PRI . s‘zﬁfp;mo‘"

* Bioinformatic processing of the sequences representing the metagenomes to Vakdation of Gest Concidates

filter for those y in the genome potentially degrading FB1 and T-2
& 1 ‘&? .
toxins, namely, hydrolases. _ samiury ll Q; o
= oo e -

* Computational docking lysis to further provided computational Fesdback b

quantum/molecular mechanics (QM/MM) analysis to identify, through Performance Improvement
quantifying the catalytic events, which of the selected enzymes can bind and \_/
potentially degrade FB1 and T-2 toxins.
Finally, the experimental validation: gene synthesis, production, purification and
characterization.

Computationsl Proptrbﬁ Predicton

¥

Figure 2. Schematic workflow for the bioprospecting of enzymes capable of degrading toxins.
Shown are the steps related to extraction, sequencing, assembling, annotation and virtual
screening of new enzymes from the metagenomes of environmental samples, followed by
CONCLUSIONS their accurate protein structure prediction, high throughput characterization, and iterative

improvement by engineering.

Through the application of our synergetic platform, we hawe successfully bio-

p d er tag: and found several FB1 and T-2 toxins A z 4\/\°
degrading hydrolases, to highligh e v—}& %
* A family Vil esterase, isolated from the metagenomic DNA of microbial '1""7 -

communities inhabiting the seashore area of Milazzo Harbor (Sicily, Italy), capable

of degrading T-2 toxin (Figure 3) without producing HT-2 intermediate [1]. ~ C i
* An ble of degrading 2-10 ppm FB1 (100% degradation) after 5 min M_,.,_ ‘“m By R I3 N :

p B! 8 . aretescs o oM e

reaction time at concentrations as low as 5 pg/ml at 37-90°C [3]. sl dae o 7 A /l ° \3:}—{““

R E F E R E NCES Figure 3. (A) Structure of toxin T-2. Different ester bonds that can be hydrolyzed are colored.

Product(s) obtained by the degradation of toxin T-2 through the isovalerate group by the

(4] Cea-Rama, Coscoin €, Gonzaiez Atfonso L, Raj 1, Vasljev M, Plou Fl, Rermer M, Sanz-Agancio J. FEBS 1. 2022 280(21) 6734 6730
esterase EH7 (B) and by the hydrolysis of both acetates by different hydrolases (C).

[2] Molina-£5pma, o1 a1, Cafond Open Chmat e Change, 2023, Rgadons, hitgs // dol arg/ 10, 3093 sty kg o)

9] r umonisin remave! by earymatic detowfication- £P1641 1745
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SYNERGETIC COMPUTATIONAL AND EXPERIMENTAL WORKFLOW TO
BETTER BIOPROSPECT AND TRANSFER TO INDUSTRY NOVEL ENZYMES

Paula Vidal?, Laura Fernandez-Lopez?, Cristina Coscolin?, David Almendral?®, Patricia Molina®, Manuel Ferrer®

3Department of Applied Biocatalysis, ICP, CSIC, CSIC, 28049 Madrid, Spain

It is now accepted that repowering the industry with enzymes, with which to improve or transform the circular economy, is critical to our strategy to achieve dimate neutrality. As
example, recent estimations suggest that the full climate change mitigation potential of enzymes may range from 1 to 2.5 billion tons of CO, emissions per year [1]. However, the
growing concern of climate change requires new enzymes capable of maintaining high catalytic performance during a number of catalytic cycles in an enzyme’s lifetime [2), and whose
production carbon footprint is as low as possible. The option to find [3] or design [4] such new enzymes, although being challenging, costly (€30k per enzyme) and time-consuming (15
months per enzyme), is realistic given the recent technological advances. Indeed, the use of bioinformatics, computing, accurate protein structure prediction, and artificial intelligence
is essential to fully exploit the potential of sequencing data as a source of new enzymes and speed up their engi ing with ultrahigh-throughput . But for these techniques
being effective, it is essential to link sequences encoding enzymes with the specifications (e.g., activity and stability) and needs (e.g., substrate to transform) of industries.

hod

In this contribution, we provided a comprehensive overview of our combined experimental and computational efforts to implement a user-friendly and predictive Machine Learning
Predictor software prototype that has the capacity to pre-select from sequence databases, and in time frames as short as seconds, novel enzymes that meet the key performance
indicators requested by industries in the sectors of sustainable consumer products. Figure 1 summarizes the methodology to achieve this objective.

H( INPUT

* Compilation of technical specifications in three industrial sectors. STRUCTURE

* Development of a hierarchical approach to enzyme prospecting and its (PDB)
application in several use cases, SEQUENCE DATAFRAME OF

* Characterization of new target enzymes. PREDICTIONS

* Correlating experimental metadata for a wide set of enzymes, namely, ester- " o
hydrolases, and theoretical descriptors and motifs obtained by
bicinformatics and computational techniques. 9

* Implement prototype software to select target enzymes with the required TEMPERATURE " o > S S
specifications, by integrating different bio< iners into a graphical web SUBSTRATE AFFINITY o = R : : = : eocoding enzymes g
application (Galaxy). ETC. 2 B 0= a4 mmm:m:.::nmc

W Somte ULt

Fagure 1. Methodological sche me of the process followed to obtain the enzymes that meet the specifications for their use in the industry.

* By applying a number of high-throughput assays, we have extensively characterized +500
environmentally and taxonomically diverse enzymes, ester-hydrolases. Biochemical
parameters such as pH and thermal profiles, substrate profile, and kinetic parameters
towards standard and industrially-relevant substrates, have been retrieved.

* By linking biochemical datasets and enzyme sequences, we have developed a Machine
Learning tool called EP-Pred [5), that allows predicting the substrate scope (or substrat
promiscuity) of ester-hydrolases. This tool was trained on a dataset of ca. 150 ester-
hydrolases tested against ca. 100 ester substrates.

* By computing the phase transition temperature (Tp), through constraint network analysis
(CNA) and Delta Delta G (DDG) calculations, we found that Tp, a measure of protein
flexibility, is associated with the mean annual temperature (MAT) of the sites from where
an enzyme is retrieved. Thus, both MAT and Tp can be used for implementing smart search
of enzymes fitting manufacturers’ needs, particularly those with specific thermal
conditions [6].

* Currently, we are linking biochemical datasets associated to the capacity of degrading PET

plastics and long-chain oils and sequences of hydrolases.
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The develop t of predictive hine Learning Metapredi Software or other bioinformatics- or computational-based tools, will offer the possibility to search, in sequence databases, for

enzymes that meet the specific demands of industries and manufacturers. Such enzymes may offer the possibility to improve competitiveness, innovation capacity, and sustainability in a
modern low emission, low-carbon circular economy and sustainable bio-based economy.
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Transforming an esterase into an enantioselective

catecholase through bioconjugation of a versatile

CHe thiv Chem Comamen . 3001
59, Baig

Retaind 20eF Agedl 2038
derpephes D00 Jure POZE

Arng K Ressmann,
DO 40 3030 i SeeDiiaEe

g Bighans camam

Communication

BEM, upy wats found to preferentially oxidize (- Jeatechin (Fig. $6
and S8, ES10)L B is generally acoeptod that the apparent enantio-
selectivity (£,..) of soluble enzymes can be cakoulated as the ratio
between the comwersion rates of the preferned chiml substrate and
the ponpeefermed substrate obtained by testing the two enantio-
mers separately, Using the osidation rates (in min ') valses for
each blomimetic and enantiomer (Fig, S8, ESIf), £, of 919 £ 05
for BEM, ((+), preferred ) and 3.9 + 0.7 for bEM 4, ([~ ) preferred)
were obeained. It ks plausible that the higher number of methio:
nine residues in close and Bexible regions of the bEH, complex
compared 10 that of BEM ., might proside additional Bgands for
Cu™, probably stabilizing the metal complex, which has higher
accessshibity from the solvent (Fig. 3d and ¢); this may promete the
entrance of the substestes influencing the obsenod  catalytic
activity and enantioselocthity.

In summary, we synthesized a versatile inhibitor that
enables the tramformation of csterases into biomimetic catecho-
Lases without manipulating the protein seguence by genetic
engineering. Indeod, the introduction of Gy, Ly, "™ His ™
nosnasural aminoacds,” and other mutations™ has  boen
reporsed as being necessary for dessgning metalloenzymes. It alo

obviates the use of putational efforts ly needed to
find sites that can 3 a bi decule in peotcin
scaffolds,” "' We applied this malecule to an esterase and deser-
mined the of the biomimetics using singlecrystal Xy
cryszallography. The syimthetic relovance and mc possabiliey of
using 2 and the residring bacamimetics for focthve comver
sions, cther modulated by the of the P

onginomietallic comples or by the nanoemironment of the active
site, noeds 1o be funther evalusted. Although vt to fully clucidate
the nature of the copper site in the blominetic bEH, and how it
is modulated for catechofase function, it is plavsible that the
catalytie mk of the hlomlmﬂlc berein designed proceeds as

copper N4 donors,'” In
contrast to mlunl ml«hnhsn that (lﬂcn have binuchear
coppet centres.” In beief, the nonpeotonated catecholate
anion first binds o the Cu”™ centre of the blomimetic. This
intermediate then oxidizes the coordinated catecholate anion
Torming Cu' species; these species then react with dioaygen 10
give a copper dioxygen comples which yields catechin quinane
and H,0,, which would be decomposed to oxygen and two
maolecules of 10 and the h d {0 s original
active form [n closing up the catalytic cycle.
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Unlnckin? a Key Residue in a Lipase for Efficient
Polyethylene Terephthalate (PET) Hydrolysis and

Influencing Depolymerization Product Profiles

Paula Vidal',” Ana Robles-Martin®,9 Laura Fernandez-Lopez,™ Jose L. Gonzalez-Alfonso,™
David Almendral™ Ruben Mufoz-Tafalla,”> 9 Francisco J. Plou™ Victor Guallar,*™¥ and

Manuel Ferrer®®

Polyethylene terephthatate (PET) pollution |s a global challenge.
Advancing the bloprospeciing of PET-degrading  enzymes
through metagenomibs and using compuiational and func-
tional methods o ldentify key positions Influencing the Catalytic
rate and selectivity are pam of the solution. Here, we report
PETase activity In the metagenomic lipase Lipyy. whid
exhibits peak actyity at 30°C and pH 9.0 and has a denatura-
tion temperature of 42°C. In addition to acting on long-chaln
irighrcenides (up to 12 units (Umg, pH B0, 30°%0) and a wide
range of 34 other esters jup 1o — 28 LGN LDy, NyOrolysss.
mono(2-hydrocgrethyl) terephthalate (-57 Ui and bis{2-hy-
dronyetityl) terephithalate (—137 LWg). It also eMidently decon-

Introduction

The environmental challenges posed by polyethyiene tereph-
thalate (PET), a common plastic that | extensively used, nave
spurred significant Interest In Its use In anzymatic dagradation
a5 3 sustalnable and efMdent solutlon for recycling and
upcyding. which has been explored at the Indusirial scake%
This joumey began with the discovery of Thermobifldg fusca, a
bacterium from which the Cutinase TH was Isolated, showing
s abliity to diegrade PET with 10% aystallinity ower three

=] F Wisal® L Fermandes-doper, L L Gonsker Aln, O Almendnal
F. L Pios, M. hemor
Depariomenio de Biooaiditsls Apécos, Imfitulo de Colales F Peirolsogul
g (TOPY, CSM Marie Cvie 3, 25049 Madrid, Spain
- i IO PP AP

] A Robies Marfin,- B Muior-Toiaia, V. Guoalior
Depariment of Lile Sciencey, Barcoiong Supercompuling Comler (5],
OBE54 Barcriong, Spain
E-manl: wiclow quenilargdier s

[£] A Robies Marfin," B Muios- Toioka
D progeam v Blofecnologr, Focufy of Pharmacy and Food Sokemors,
Universify of Barceiona (LB, G807 Bocsiong, Spain

I W G
insifenid Colakna de Recerca | Esfudls Avoncals SCREAL 05070, Barcoiong,
Spain

'] bgual coniribulion:

= Supporting information for ths article & ovollable on the WWW ander
ot Pl g THL D Db MRS

5l & J03 The Authors. ChemCafChem patilishen by Wikey WCH GmbfL This &

Chamoiham 2004, p2RMRaL (1 of T

structs GoodFeliow amomphous submicro- and nanoskzed PET
partides [-984/273E M oegradation products at 30/40°C,
pH 7.0, 21.5 h) and Mims (- 112719 uM degradation products at
WWAD®C, pH 70, Tdays). Through molecular modelling and
experimental analysks, the active site of Lipyg, Was revealed,
identifying a key residue contributing to Rs PETase acivity
compared with thiose of ts closast homologues. This residue
plays a cruclal role In determining the distinct profiles of
degradation products fom PET hyomolysis and should be
studied In ofher PETases for Its Influence on the catalytic
process,

weeks ™ The solztion of ideonella sakmensss ™ which ancodss 3
PET hydrolase (or PETase, [SPETase) that Inftiates the hydrolysls
of PET Inte bis2-hydrocyethyl} terephthalate {BHET or ETE™
and 2 MHETase that Turther braaks oown maong-{2-hydroxystn-
¥l} terephthalate (MHET of TE® to terephihallc acid [TA or T
and ethylens giycol (EG or B, has allowsd us to delve desper
Inta the PET degradation process™

However, these natural enzymes are nob sulfickent o
address the challenges assoclated with racyding and upcycing
PET affectivaly™ The search for other PET-degrading erzymes
using cultivation-dependsnt functicnal screening methods and
large-scale Qename and metagensms mining and the subse-
quent optimization of microbial systems for enzyme production
and eryme enginesrng have been recognimed a5 part of the
solution to PET pollution.

Through CUlIVItIoN 3pEIoaches, warious specles within
Actinomyces, BacoWus, Boclersidetes, and Profechactenia, as wall
a5 cartaln fumgl, have besn ldentified a5 capabie of degrading
PET, and thelr respective erzymes have undegone extenshe
characterization™ " Furthermore, the development of outture-
Ingependent QENOImics and metagencmics tools has signil-
cantly enhanced our understanding of the giobal disiribution of
plasiic-depolymertzing enzymes, including thoss that degrade
PET, and has expanded the rapartoire of PETases charactenzed
from emvionmental metagenomes.™ ™ This progress nas been
facilfated by advancements In bioinformatic algorithms and
machiine lsaming methods™™ aihough these studles also
Indicaie that current sequence-based approachies restrict the
discovery of nowel PET-degrading erzymes to a3 limited
SEQUENCE SPaCe sumounding known PETases™ Curently, the

0 00 T Authiors. RemCChom pubishss by Wikey WIH Gmibk
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Oxyplasma meridianum gen. nov., sp. nov., an

extremely acidophilic organotrophic member of the
order Thermoplasmatales

Dlga v Galyshira'™, Evoenil & Lunes', Marca & Distasa’, Rafael Barglela™, Matthew C. Gaines®, Bertrarm Daum®
Manuel Ferrar®, Micale J. Bale®, Michel Koenen®, Jaap 5. Sinninghe Damstas, Mikhall M. Yakimaw® and Peter M. Golyshin’

Abstract

& mesophilic, hyperacdophilic archason, strain M17, was isolated from a rock sample from Yulcano Island, Italy. Cells of
this arganism were cocci with an average diameter of 1 pm. Some cells possessed filaments. The strain grew in the range
af temperatures between 15 and 52 °C and pH 0.5-4.0 with growth optima at 40°C and pH 1.0. Strain M17 was a=robic
ard chemoorganatrophic, growmng an comphex substrates, such as casamino acids, iryplicase, tryptone, yeast and beef
extracts. Mo growth at expenses of oxidation of elemental sulphur or reduced sulpbur compawnds, pyrite, or ferrous sul-
phate was aobserved. The care lipids were glyceral dibiphytany! glycero! fetraether lipids imembrane spanning) with D to
& cycloperdane moicties and archaecd, with trace amawnts of hydraxy archaecl. The dominant quirane was ME-T:7. The
genome size af M1 was 1.67 Mbp with a G=C content of 3%.76 mel%, and bath characieristics were well within the camman
range for Thermoplasmatales. The phylogenetic analysis based an 165 rAMA gere sequence placed the strain M7 within the
arder Thermoplasmatales with sequence identities of 90.9, 0.3 and %0.5% to the closest 55U rRHA gene sequences from
arganisms with walidly published names, Thermaoplasma acidophiluvm, Thermopiasma volcanium and Thermogpmnomanzs
acigicola, respectively. Based on the results of our genomic, phylogenatic, physiolagical and chemataxcnomic studies, we
propase that strain M17 (=DEM 1146057=JCM 345707 represents a new genus and species, Dayplasma meridianum gen.
now, sp. rav, within the order Thermoplazsmadales.

INTRODUCTION

Archaea of the crder Thermoplasmatales are ubiquitous 2cross most terrestrial acidic environments of various scale and erigin
(geothermal and anthropogenic sulphide-ore-containing mining bistopes with temperatures between 1 and 607C) [1-3].
These archaea accur in a variety of sites in significant abundance, suggesting they contribute substantially 1o element cyclin

and community compasition [1-6]. However, most of these archaea were detected by obtaining metagenemes workdwide and,
thus, remain uncultured. Up to now, there are six genera with validly published names within the arder Thermoplasmatales:
Thermoplasmea, Picroplilus, Ferroplasma, Thermogyomomoras, Acidiplasma and Cioniculiplasoa [ 7). The scarcity of iselated
and descnbed members limits our knowledge about the ecological, physielogical, morphological, and chemetazonsmie
properties of these organisms. The phylogenetic position of the order Thermoplasmeatales has been recently changed. Origi-
nally, the arder was affiliated with the phylum Exrparchaeota |2]. However, an updated phylegenetic reconstruction from
Genome Taxonomy Database {GTDB} firmly placed these erganisms as a separate phylum, namely Thermaoplasmatoda (8, 9]
According to this classification, the phylum Thermeplasnetota comprises classes "Ca. Possidonia’ and Thermoplasmata, with

Author alfiliatons: 'Cantra for Enviranimantal Biotechnology, Schaal of Enviranmantal and Matural Scences, Bangor Lraversity, Bangor, L¥; “InstRuta
die Catalsis v Petrolaoguirmica {ICF, CSIC, Madrid, Spain 'Lwn-g Eystems Institube and Depariment of Biosoanoes, Faculty of Haalth and Life Sclemcas,
Unksersity of Exeler, Esater, UK, "Oaparimant of Karing Microbiclogy and Blogaachemistry, MIDZ Aogal Melharlands Institube for Sea Research, Taxed,
Metharlareds; "Instiube of Palar Scknces, CHA, Massina. laly.

“Correspandance: Diga W Galyshina, ogolyshinafbargoracuk

Haywords: acidic ervironmants; acidophilic archaea; geatFermal andronments; Seyplaems Thermoplicmadalas

Apbraviations OSMZ, German Collkction of Microerganisms and Cull Cullures GmbH; TOA cvcle, e oitre soid optla; TEM, trare mission ekcbron
[l o et

Thie GanBank accession ramber 2or the 145 rAMA gane of strain M17 & DAT490681. Tha GenBank accassion numbar for the complate genome
sguence of sirainM 17 is CP133771.

Thres supplermeniary tablas e awallabbe with the orling verson of this amicla.
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Moderately thermostable GH1 g-glucosidases from
hyperacidophilic archaeon Cuniculiplasma divulgatum S5
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Abatract

Family GH1 glycasy] hydrolases are ubiguitous in prokaryotes and eukarpotes and are utilized in numerous mdustrial applications,
including bioconversion of lignocelluloses. In this study, hyperacidophilic archason Cuniculiplasma divulgatem [S57 =08 306427 was
explored as a scurce of nowel carbohydrate-active enzymes. The gename of C. divulgatum encades three GH1 =nzyme candidates,
from which ClE1Z and CIE13 were heterologously expressed and characterized. Fhylogenetic analysis of CIB12 and ClE13 clustered
them with #-glocesidases fram genuinely thermeghilic archaea including Thermoplasma aodophdlum, Picrophilus torrides, Sulfolobus
soffotoricwes, Pyromoocws furiosus, and Thermoroocus koadokarensis. Purifed enzymes showed maximal activities at pH 4.5-6.0 (CIB12} and
4.5-5.5 (CIB1Y) with optimal temperatures at 50°C, suggesting a high-temperature crigin of Cuniculiplasma spp. ancestars. Crystal
structures of both enzymes revealed a classical {o/a)y TIM-barred fold with the active site lacated inside the barrel close to the C-termin:
of j-strands including the catalytic residues Ghu2(4 and Glo3E8 (CIE12), and Glu2l4 and Glul3gs (CIH13). Bath enzymes preferred
cellobiose aver lactose as substrates and were classified as cellobiohydrolases. Cellobiose addition increased the biomass yield of
Cumiruliplasma cultures growing an peptides by S0%, suggestng that the cellabiohydrolases expand the carbon substrate range and

hence environmental fitness of Cuniculiplosma.

1 acidic emvironments; acidophilic archaea; g-glucosidase; cellobiohydraolase; Cundruliplasme; extremozymes; GH1; Thermo-

plasmatales

Introduction

Extremmaphiles thrving in environments with physica-chemical
conditions b ta comman micrcarganisms, are widely dis

tributed across the glabe. Archasa often cutcompete bacteria and
eukaryates in extreme snviranments, and flourish at high tem

peratures, at low or high pH walues and at elevated salinities (Shu
and Huang 20%). They emplay various and often unigque physio

logical properties, which result in praducts of bictechnological im

partance useful far applications in different industries [Elleuche
et al. 2014). One of such organisms is Cuniculiplesma divilgotum,
ubiquitcus in moderate-to-low temperature acid mine drainags
systemns, with pH aptirmum at 1.0-1.2 {Galyshina et al. 2016a,h]
Cuniculiplarmo spp. are alza found in geothermal areas worldwide,
painting at their glohal distribution in acidic environments of dif;
ferent origin and at variety of termperature adaptations in these
archaea {Galyshina et al. 201%). Taxcnamically, the genus Cundculi

plosma is included in the arder Thermoplasmatales, which contains
crganisms with the lawest pH values for growth ever recorded
[Golyshina =t al 201%). Potentally, Cunituliplasma spp. can serve as
a saurce of extremazymes, enhancing cur compeehension of these
enzymies’ functicns and their significance in the life strategies and
ecology of extremaphilic archaea, whilz alsa offering promise for
patential bictechnalogical uses.

Curmiculiplozma divulgatem 55 penome encades 12 glyceside hy
drolases [GHs), according to CAZY records [t/ www. cazyorg”
aF55% html; Cantarel =t al. 2004, three of which belong to the
Glycosyl Hydrolases Family 1 (GHI1) that encompasses a large
set af enzymes sharing a catalytic domain with a w88 TIM
barrel fold and a retaining mechanism of catalysis with activi
ties spread across 34 EC numbers [CAZY database; Cantare] et al
2009). These enzymes are ubiquitous across all domains of life
and play fundamental males, such as in vvo degradation of ligno
cellulasic materials for nutrnent uptake. Additicnally, they have
a wide range of in vitro applications in food, medicine, and the
productian of hia-based chemicals and renewable snergy sources
[Cantarel et al. 2008, Ketudat Cairn and Esen 230]. GH1 enzymes
are encoded in genomes of archaea, with 25 enzymes function
ally characterized, indluding from two taxonamic neighbours af C
divulgatum, Thermoplasmo addophilum DS 1728 (Kim et al. 2008],
and fram Prcrophilus torrides DSR 9750 (Murphy and Walsh 2079)
Cumiculiplosma divwlgatum encodes three such GH1 proteins, ane
of which was partially characterized, hawewsr, cnly with madel,
p-nitrepheny] {piNP|) glucaside substrate, with no activity detsr
mired against natural substrates {He et al. 2023)

Cumiculiplosma spp. are known {Galyshima et al. 2006ahb),
like their clossst relatives from Thermeplesmateles (Huber and

Riszwdwed 10 May T2, revised 36 July 2004, accepred 3 Aupast 2004
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Abstract: Lipases have valuable potential for industrial use, particularly those mostly active against
water-insoluble substrates, such as iriglyeerides composed of long-carbon chain faity acids. However,
in mast cases, engineered variants often need to be constructed o achieve optimal performance
tor such substrates. Protein engineering techniques have been reported as strategies for improving
lipase characteristics by introducing specilic mutations in the cap domain of esterases or in the lid
domain of lipases or through lid domain swapping. Here, we improved the lipase activity of a
|'i|:|:|:-;|: (WP _IF57434487.1, or Lippgpn} retrieved from the Marine Metagenomics MlarKef Database
and assigmed o the Achimenlloteachus genus. The improvement was achieved through site-directed
mutagenesis and by substituting its lid domain (FRGTEITCHKDWLTDA) with that of Rinzepos
deternr lipase (previously K. oryzae; UniProt accession number, 11BGO3) (FRGTMSFRSAITDIVE).
The results demonstrated that the redesigned muotants gain activity against bulkier toglycerides,
such as glyceryl tridecanoate and tridodecanoate, olive oil, coconut oil, and palm oil. Kesidue WaS
{Lipppp numbering) appears to be key bo the increass in |'i|:h:me activity, an increase that was als
achieved with lid swapping. This shudy reindorces the impaortance of the lid domains and their amino
acid corTipos o in dl.-bermininﬁ the substrate specificity ot li]:!:mmq, bt the gl.-nmhmti.i:ln of the
lid domain swapping between lipases or the introduction of specific mutations in the lid domain ke

improve lipase activity may reguine further mvestigation.

Keywaords: lipase; lid domain; protein enginesring: rational design

1. Introduction

Ester hydrolases (Enzyvme Commission (EC) number 3.1.-.-} are enzymes responsible
for the cleavage (under hvdralvsis conditions) or formation (under synthetic conditions,
e.g., lransesterification) of ester bonds [1]. Specifically, those enzymes that carry oul the
hydrolysis of carboxylic esters inko their respective acid and alcohol are known as carboxylic
ester hydrolases (EC 3.1.1.1-). This group is further divided inlo esterases (EC 3.1.1.1}
and Iipam (EC 3.1.1.3), which have been differentiated on the basis of their SEqUERCES
and substrate specificity. Esterases hydrolyse water-soluble short-chain (<10-12 carbon
atoms) acvl esters (e.g., p-nitropheny] butyrate, p-NF butyrate} and are mostly inactive
against water-insoluble long-chain (=12-18 carbon atoms) triacylglycerols (e.g., trinlein),
which, in turn, ave specifically hvdreolyzed by lipases [2.3]. The difference between lipases
and esterases has been a subject of continuing controversy, although most of the “true

https:/ Serwwmdpi.oom Sjoumal Sijms
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Synthesis of 12-aminododecenoic acid by coupling transaminase
to oxylipin pathway enzymes
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Abstract

Biohased polymers derived from plant oils are sustainable alternatives to petro based polymers. In recent years, multicnzyme
cascades have been develoged for the synthesis of biohased o-aminocarboxylic acids, which serve as building blocks for poly-
armides, I this work, we have developed a novel enzyme cascade for the synthesis of 12-aminododecenenic acid, a precursor
fior ylom-12, starting from lnoleic acid. Seven bacterial w-transaminases (o-TAs) were cloned, expressed in Escherichia
coll and sucoesafully purified by affinity chromatography. Activity towards the oxylipin pathway intermediates hexanal and
1 2-oxododecencdc scid in their 925 and 1{E) isoforms was demonstrated for all seven transaminases in a coupled photo-
metric enzyme assay. The highest specific activities were obtained with w-TA from Aguitelea denireificans (TR ,pn). with
062 U me~" for 1 2-000-9#)-dodecenoic acid, 0,52 U me™" for 12-ox0- 10(E)-dodecenoic acid and 117 U mg~" for hexanal,
Aone-pot engyme cascade was established with TR, and papaya hydeoperoxide lyase (HPLep oy ), seaching conversions of
59% according o LC-ELAD quantification. Staring from lineleie acid, up o | 2% conversion to 1 2-aminododecenaie acid
was achieved with a 3-enzyme cascade comprising sovbean lipoxygenase {LOX- 1), HFL5 and TR ;5. Higher product
concentrations were achieved by the consecutive addition of enzymes compared o simulianeous addition at the beginning.

Key points
& Severt w-trsaminases cosverted 1 2-onedodecenode acld tine i corresponding aviine.
o A three-ensyvimee coscade with lipocygenase, ivdroperoxide Base, ard w-rransasiinase was extaldiehed for the s Hine.

o A one-por troisformanion of linolele acld o J 2~omiredodecensde actd, a preciror of nyvlon -T2 was achieved,

Keywords Transaminase - | 2-aminododecenoic acid - Polyamide - Mylon-12 - Enzyime cascade

Introduction high-mobeculas-weight polymers (2., polyethylens ). Mylon-
12, a5 a high-performance polymer with good heat, UV and
chermical resistance, is manufaciured by ring opening polym-
crization of e-laurolactam {Ladkaw et al. 2006). Laurolactam
is synthesized in a cormplex reaction cascade starting from the
trimerization of petro-derived butadiene followed by cvelodo-
dizcane oxime synthesis and Beckmann rearrangement | Karau
et al. X151 An increasing demand exisis 1o replace fossil
resources with reneswable materials, forcing a switeh in poly-
mier production. Foe polyamide procursors, engineersd whole-

Polyamides are important industraal polymers. Among
them, nyvlon-12 exhibits properties that are centered
berween short-chain alipbatic nylons {e.g. nylon-6) and

=0 Ulrich Schirken
ulrich schoerken @ th-koeln. de

' Facubty of Applied Mavaral Sciences, TH Kaln University

af Applied Sciences « Leverkusen Campus, Leverkusen,
Germany

IR CERC, Madrid, Spain

Insiitute of Moleoalar Enzyme Technology, Heinrich Heine
Universily Daasseldarf, Farschungszentrum Julich. Jalich,
Germany

Insiviute of Bio- and Geosciences IR 1: Biotechnology,
Forschan gszentruns Jubich GnahH, Jalich, Gesmany

cell bincatalysts were weed For their symhesis from Fany acids
in multistep enzyme cascades. For example, | L-aminound-
coanoic acid, a precursor for nylon-1 1, was obtained from
| 2-bydroxystearic acid using alcohol dehydrogenase, Bae-
yer-Yilliger monooxygenase, eslerase, and w-transaminase
{u-TA) (Song et al. 2004). Furthermose, a whole-cell biocata-
lvat was designed using the alkane moncoxygenase AlkBGT
from Predomoas patde GPo 1 and the e TA CV2025 from

E- Springer
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The bone-degrading enzyme machinery: From multi-component m
understanding to the treatment of residues from the meat industry 1
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Antieke kstary Mamy macreorganisms feed on the tissue and recalotrant bone materials from dead animmals, however lit-
Recived B July 2021 tle is known about the collaborative effort and characteristics of their enzymes. In this study, microbaal
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metagenomes fram symbionts of the marine bone -dwelling worm Osedax mcoforis, and fram macrebaal
binfilms growing on expenimentally deployed bone surfaces were screened for speoalized bone-
degrading enzymes. A total of 2,043 taxonomacally | closest match within 40 phyla] and functiomally {1
proteolytic and % glycohydralytic activdees) divers: and non-redundant sequences [median pairwise
wentity of 23.6X) entoding such enzymes were retneved The faxonomic assignation and the median
sdentity of 72.2% to homelagous proteins reflect microbial and functional novelty asseciated to a speoial-
ized bone-degrading manine community. Binning suggests that only one generalist hosting all ten tar-

Kivmoik.

Biaive (T b e
Bone degradation
Colligenase

Clhasidase geted activities, working in synergy with multiple specialists hosting a few or mdnvidual activities.
Mitagesamics Collagenases were the most abundant enzyme class, representing 483 of the total bats. A total of 47
Do peucofarnis diverse enzymes, representing 8 hydrolyic activities, were produced i Esciencig coli, whereof 13 were

soluble and active. The binchemical anahyses revealed a wide range of aptimal pH (4.0-7.0], optimal tem-
perature [5-65 U, and of accepted substrates, specific to each microbaal enzyme. This versatility may
conimibute to a high envirenmental plasticity of bope-degrading manne consortia that can be confronted
to diverse habutats and bone materials. Through bone-meal degradation tests, we further demonstrated

Abdreviatsite: COLL, collageiices [pepiadases Gimilies U332 and M9), DMS, dinioesalicglic acid; FALGPA, M- 3-[2-furyd]acndlogl]-L- leacyl -glgeyd- L prody | -L-alanimne,
HPAEC-PAD, High pesfarmance anion-exchange chresmarograpdy with pulsed amperometne denecnsn, HEPES, 4-{2-hydsoayettid]- 1-piperassestianesulfinic acid, HMM,
Hidden Farkoy Bodels; MAG, Metagename Assembled Cemome; NeaSac-GMy, Meryl-galacrese-2- L4 N-acerdneuaminidane -2, 3- |-galaciose- - | 4- ghacose-a-ceram
ide;, Meubhc-Ch, NeuSAcs2-3GaP1-40k Bl -comamnads; MI-MTA, micke-nimiloriacenc ackd; PEPT, peptidace [Gmilies 51, 58 533, MB1) gMP-HARGal, pflP-M-aoeng] 4
galamosaminide, pRP-MARGIL, pMP-K-acetd-p-glucesiminide, pSP-Keubhc, 2-0-p-netropheetyl b a-acetylinseraeneds: w0, pMP-sugars, p-nitrophe gl -sugars, pMP-sAFur,
pMP-a-arabinofuranessde,  pNP-aAPyr,  pHP-s-aabinopymasoside;  pNP-afuc, pNP-s-fucopyranoside;  pNP-aGal, phP-x-galactopyrasoside; pNP-aGlu, phP-a-
phecopyranesde; pMP-aMal pNP-d-maloside pHP-afdan, pHP-2-maespyranside; oNP-aRham, phP-s-rhansopycesside; phP-elyl pMP-a-aylogyranoside; phP-
APyT, o P-g-arabinogyranaside; pHP-2Ced pNP-p-cellodboside; phiP-ghac, pHP-p-fecopyransside; pHP-phal. gHP-i-galacrepyraneside; pP-pGlu, o8P gacopy ranoside;
pMP-RGlucun, pHP-p-glucumnide; phP-2Lac, pNP-flctoside; phP-IMas, pNF-f-maseo pyrasoside; phP-Rdyl, phP-paylopy diz; RHAM, -k dakes, SIAL
slalid e s; SFLAC, a-fucieadaces, WGAL a-Falatealaces, abIAN, a-massosidases, aMAG, s-N-acend-heiosaminidases, poAL f-galaciosidasis, POLL, p-glucosidices, fRAG,
M ey |- Bernosaenemedares.
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Chapter 13 .

Assigning Functions of Unknown Enzymes by 2
High-Throughput Enzyme Characterization 3

Patricia Molina, Laura Fernandez-Lopez, Peter N. Golyshin, s
and Manuel Ferrer 5
Abstract 6

The discovery of new enzymes is strongly ¢nabled by the implementation of high:throughput screening
methods to detect enzymatic activity in single organisms or clone expression libraries, or to benchmark their
performances against known prototypes. In this chapter, a number of methods, applicable at high-
throughput scale, are described that allow the screening and characrenzation of enzymes relevant o 10
biotechnology, particularly, ester-hydrolases (esterases, lipases, phospholipases, and polyester hydrolases). 11

o o~

Key words Ester-hvdrolases, Esterase, Lipase, High-throughput assays, Enzyme characterization, 12
Metagenomics 13
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1 Introduction

We have always used microbiological cultures to determine the microbial composition,
but at presentwe know thata large propordon of microorganisms in each ecosystem can-
not be cultured with traditional tools, and their detection is only possible with the DNA
sequencing of their genetic fingerprint, the so-called metagenome [1]. Characterization
of the metagenome can be performed through at least three types of approaches, as fol-
lows: (i) to determine the composition of total microorganisms present (including those
that are dead, dormant, or inactive), through the massive sequencing of the 165 ribosomal
RNA (165 rRNA) gene amplified from DNA; (ii) to identify the potentially active bacteria
that are dividing, through the massive sequencing of complementary DNA (cDNA) pro-
duced from the 165 rRNA molecule; and (iii) to analyze the genomic content through mas-
sive sequencing of DNA or cDNA, or functional screens in clone libraries. The aim of this
chaprer is to provide the basis and standard methods to cover these approaches. Before
detailing the strategies to each approach, it is important to mention that there are several
methods and techniques that can be used for the analysis of both the composition and the
functionality of microbial communities. Before describing them, some prior circum-
stances that can lead o an important bias and influence the final result should be
described. These circumstances are the selection, preservation, and transport of the sam-
ple and the method used for nucleic acid extraction, to cite just a few.

2 Wet-lab techniques for sample collection, preservation, and
transport

The recommendation is to collect the samples and to freeze them immediately ar —80°C,
although higher temperatures are also acceptable (up to —20°C). In some cases, storage
under strict anaerobic conditions is recommended to ensure the viability and

i/l org/10. 2391631800184 17
Copyright © 2013 Elaevier Inc. AU rights are reserved, including those for text and data mining Al training, and smilar echnologies

54 Meragenomics

2. Add 10pLof eachdilution to 100pLready-to-use E. coliEPI300-T1% andincubate at 37°C
over 20 min.

3. Plate the resulting cells on 12.5pg L™ chloramphenicol-LB agar plates.

4, After overnight incubation at 37°C, the colonies are quantified as follows: if there were
200 colonies on the plate streaked with the 1:10* dilution, then the titer incfu L "
(where cfu represents colony-forming units) of this reaction would be:

(# of colonies) (dilution facror) (1000 pL L")/ (volume of phage plated [pL])
That is: (200cfu) (10" (1000pL L™/ (10pL) =2 % 10°cfu L™!

Based on the titer of the phage particles determined previously, dilute the phage particles
with PD buffer to obtain the desired number of clones and clone density on the plate,
which will be prepared as previously described. Subse quently these clones are plated with
the help of a colony-picker robot, in 384-well plates (LB, 12.5ug L' chloramphenicol and
15% of glycerol). Plates are incubated overnight without shaking at 37°C. The colony-
picker robot is again used to produce copies of the 384-well plates.

Once the clone library is prepared, the clones are ready for activity screening. Extensive
descriptions of assay methods have been reviewed elsewhere [30-32].
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