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Fosmid library: Metagenomic DNA (assemble 9722contigs: 500-56,677bp;
>18Mbp; 232071NORF.)
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@ Biodiversity Predominant: bacteria; less abundant: archaea”

Taxonomic classification

six most abundant bacterial phyla
Deinococcus-Thermus, Proteobacteria, Firmicutes, Acidobacteria, Aquificae,

and Chloroflexi.
e ). TEEI). BERE). BRH=EI). m=/KEI]). &5E]
archaea

the phylum Thaumarchaeota was predominant with the dominant species
“Candidatus Caldiarchaeum subterraneum”.
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@ Genes most abundant: one-carbon metabolism

Functional classification




Both taxonomic and functional classifications showed a mixture of different
microbial metabolic patterns: aerobic and anaerobic, chemoorganotrophic and
chemolithotrophic, autotrophic and heterotrophic. Remarkably, the presence of
genes encoding enzymes with potential biotechnological interest, such as xylanases,
galactosidases, proteases, and lipases, was also revealed in the metagenomic library.

Functional screening of this library was subsequently done looking for genes
encoding lipolytic enzymes. Six genes conferring lipolytic activity were identified
d one was cloned and characterized. This gene was named LOB4Est and it was



LOBA4Est codes for a novel esterase of family VIII, with sequence similarity to [3-
lactamases, but with unusual wide substrate specificity. When the enzyme was
purified from the mesophilic host it showed half-life of 1 h and 43 min at 50°C,
and maximal activity at 40°C and pH 7.5 with p-nitrophenyl-laurate as substrate.
Interestingly, the enzyme retained more than 80% of maximal activity in a broad
range of pH from 6.5 to 8.
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@ IAZRIG82: Lobios hot spring, Ourense,Galiza,Spain. (76°C, pH = 8.2)

SR, MR
@ Fosmid Pcclfos:

sequenced - assembled - analyzed to draw a picture of the microbial
diversity captured into the Lobios library.

subjected to functional screening for lipolytic activity using tributyrin

(=T ERHHES) agar plates.

EE— AR, (EREREEEIBI3SOSFARIREE. BAIYEPFLAG-I1
TERRIAEIRIE, FRX. FRIUIEHE.

N
5 44 N
7k 7 A\
7 LD N

7
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@ Sampling

F£r2: Lobios hot spring, Ourense, Galician, Spain. (GPS 41.86113, —8.1062)

R ERFLEN2SLHB R 7K (temperature >76°C, pH > 8.2)F#RF=+ (70%
JEGiR, PERERIKIETE)

| HERANE: ERHEE, FTXRER2umIVERRTHERISIRITIE, 4°CiEfF.
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@ Construction of Metagenomic Library

& Metagenomic DNA Isolation Kit for Water (Epicentre Biotechnologies)

Fosmid3JZ&E: Copy Control Fosmid Library Production kit (Epicentre Biotechnologies)
pCC1FOS Metagenomic Fosmid Library Escherichia coli EP1300-T1

Metagenomic library in £ coli

5%96*25

i (X 46)

0.2mL LB
wellplates: (1 2. 5mg/ mLﬁ %)
colonies Per Wi
37°CEE7%24h

(X 25)

-80°C i 1+
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@ Metagenomic Library Sequencing

Biodiversity analysis @

h . e ——— QuIE R IEFF5mL LB(12.5 pg/mL &
| DNA pool from 5760 fosmid clones ]—I 5%96*12 : EZ%. 1X CopyControl Induction
| | 1 b Solution), 37°CHKIEF, EES=EN
Metagenomic sequencing
(Mumina HiSeq 2000 system) ) o o o o s s o o S . o o T o S o o o o o o o o o o
1} ) IFosm1dMAXTM DNA Purification Kit (Epicentre) | !
Raw reads pre-processing l EAEREAIDNAE-5ug Fosmid DNA I
| | J |I A total of 11982436 reads with a read size of=
De novo assembly using IDBA-UD ] I 100 bp wEere generated I

I 9722 sequences :
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@ Sequence Annotation and Lipolytic Genes Screening

9722 contigs
= 500 bp

ORF calling ]l MG-RAST J
BLASTP ]
MEGAN ]

Taxonomic Funetional
assignment annotation

DEFSITSIRE R
AlphaZ R E(MG-RAST)

RS IR EBXAYFS
£refeints. BEREER
(http://www.uniprot.org/)
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@ Functional Screening

b Functional sereening

| LB-tributyrin plates 'I

BEEE: LB+H1%=J B HEE

0000O0O0
000000

control
200000 O s IERRE: EFL5ul; H25N6FUAR

neones 37°Cand up to 8 h

I
I
600000 at 65°C 1275 37°C, 2d; 65°C, 8h |
I
I

Negative

1
-~
Identification of positive ﬁrﬁiri#_a' . J\EHEE

clones surrounded by clear
halos

N | % HESENREE (WEDE)

|

Isolation by
streak seeding |
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@ Subcloning and Sequence Analysis

—
e 53 : FOS4 |
“ t .
aieloning mio p PN I FEEUDNA ;. FosmidMAX DNA purification kit I
l | (Epicentre Biotechnologies)
Sequencing and ORF search BE%U'l\E{ﬁ/r\I_\__'\ : SphI EcoRI |
_ l _ | &R pUC19 |
[ Idﬂntxﬁcatmnﬂc;figglyhc gene by ] I ;:,?:\g . 10oug/mLﬁ%%gg-LB-ETE’&H;EEE I

M F7-FMORF-BLASTP-ORF3-Clustal W(/ANRHBIUES. 281NC BB 7
- E8F5)-MEGA 6(p-distance model)-ORF3 NBEEE-1E 3z E RS AVERER RS
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@ Subcloning and Sequence Analysis

| ClustalW-ORF3RIBIEBEIR SV ISR S EFAILCRS |

)

Signal P 4.0-{FSIEER

L

| ProtParam ELTRMEBEIFAMIEL LS |
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@ Subcloning and Sequence Analysis

5|4
YFF4A3F AAAAGAGACTACAAGGATGACGATGACAAGagccgeccgegtaceg

YFF4A3R TGGGACGCTCGACGGATCAGCGGCCGCTTAggcgcagecegagttcetege

PCR: 95°C, 5min; 30X (95°C, 30s; 64°C, 30s; 72°C, 70s); 72°C,7min
Pfu DNAEZ&TES (Thermo Scientific) Fl&H4%DMSOHIPCREE K

[&#i: YEpFLAG-1 T&3: S.cerevisiae BJ3505

FAEcoRIFOSalliBL (- £ ER 8 /574 (lithium acetate procedure) SPCRFZ4.
EpFLAG- 1R HZ - FMELBRRTEEAE (ATEESEEHRN
YEpFLAG1-LOB4EstRY3&AL(K) -fmissia i 8840 Fk

uﬁ’\\“,‘ Vi
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Sc-LOB4Est

@ Culture Conditions

YPHSMIZFFE(W/Y) |
8% HEEH AR |
1 % B EHREY) | =%
3% HH |
1% EhErE |

: 2mL YPHSM, 30°C, 200rpm, 3d

50mL SRLEEEIRIEE

. 20%{AFH YPHSM, 30°C, 200rpm, 3d

FEFhE 1:20 SEFCER
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@ Biochemical Characterization of the Recombinant Enzyme

YIRITIE. 8% BE. pH
» (RS SL IR E )
vk Lty B YR - B A B

P Polyacrylamide Gel Electrophoresis and Western Blotting
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TABLE 1 | Alpha diversity estimates for various hot springs around the

world.
Sample T(°C) pH MG-RAST a-Diversity* Reference
location accession no
China 65 7.0 4530144.3 457.729 Menzel et al.,
== N=] 20185
Russia 6164 58860 45444533 615.968
ltaly 76 3.0 4529716.3 86.121
%—iﬂ lceland 8590 5.0 45301433 196.142
USA 92 3.0-4.0 4529719.3 117.640
{ EE;E Colombia 29 2.7 4449206.3 467 609 Jimenez
etal, 2012
Spain 76 8.2 4570559.3 330.865 This study

& Alpha diversity, number of distinct species in a sample, was estimated using the
N\ MG-RAST server (Meyer et al., 2008).
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FIGURE 2 | Taxonomic classification of ORFs predicted from contigs. (A) All ORFs (0 = 23.207) predicted from contigs (=500 bp) at the superkingdom level.

Predicted ORFs were comparad using BLAST to the NCBI protein database and assigned to taxa using MEGAN with a minimum bit-score of 100 and e-value 12-05.

Ower 67% (15,565) ORFs were assigned to Bacteria, Eukaryota, Achaea, and Viruses, while <33% remained unclassified. (B} ORFs assigned at the phylum level. Of
15,557 ORFs assigned by MEGAN to Bacteria, Eukaryota, and Achaea, 14,5677 (94%) could be classified at the phylurn level. Bactenal phyla are colored in dark gray
and achaeal are represented by light gray bars. Phyla with abundance <1% were collapsed into the “Cther phyla” category (black bar). (C) ORFs assigned at the
genus level. Of 15,557 ORFs assigned by MEGAN to Bacteria, Eukaryota, and Achaea, 13,419 (86%) could be classified at the genus level. Bacterial genera are
colored in dark gray and archaeal are represented by light gray bars. Genera with abundance less <1% were collapsed into the “Cther genera” category (black bar).
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KA E W) SEED Subsystems

33 Clustering-based subsystems
% E' )'Dfi ,ft lﬂj‘ Miscellaneous 9.1%
f= 2 T2, Carbohydrates 9,1%
%%ﬁ&&ﬂ I/fE% Protein Metabolism 8,3% !
S TS T Amino Acids and Derivatives 8,2%
iﬁ % N zﬁ/:t:‘% N @‘%E: Cofactors, Vitamins, Pigments,... 7.8%
> RNA Metabolism |esssmmes 4 4%
RNA,fJE lﬂj DNA Metabolism | 4 3%
> Respiration [eess— 3 0%
DNA{tLﬁi Membrane Transport s 3 9%
[Pl Cell Wall and Capsule |sssmmmm—m—= 3 5%
i &T/E)Eﬁ Nucleosides and Nucleotides | 3 1%
H%ﬁ?:@ Fatty Acids, Lipids, and Isoprenoids | 3,1%
"t Virulence, Disease and Defense | 2 5%
glﬂﬂ@ﬁ%\ % Stress Response e 2 1%
N Cell Division and Cell Cycle s 1.5%
*Zﬁﬁgi Regulation and Cell signaling [ 1 4%
S “ Metabolism of Aromatic Compounds s 1,4%
HHEE@& N HHEE Phages, Prophages, ... fmsss 1,3%
Nitrogen Metabolism e 1 0%
%‘I‘i N ﬁﬁ N Iyiﬁﬂ Motility and Chemotaxis == 0,9%
. Sulfur Metabolism == 0,9%
BB e i =
isiti I s
élﬂﬂ@jj\%% N élﬂﬂ@,}% ﬂ;ﬁ Potassium metabolism = 0,3%
J= 1v0 Secondary Metabolism = 0,3%
%’Fﬁ Lﬂf{ Dormancy a;1hd f‘)porulﬁliqn P 0,202-.
gy AT owsynthaesis: § 0.1% | T T T T T T T T 1
ﬁ)"‘,ft lﬂj 0 200 400 600 800 1000 1200 1400 1600 1800 2000

Number of protein coding regions

FIGURE 3 | Functional classification of contigs using MG-RAST. Of 17,994 protein coding regions predicted from contigs by MG-RAST, 85% (11,636) were
assigned by MG-RAST to SEED functional categories (Subsystems).

B (4.1%5FE) . BlR&Em. TCATEIK...
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pM 2 3 4

- & [ GeneRuler 1kb DNA Ladder
1: Sphl, EcoRI ;B FOS4 (2686bp)

3000 2:EcoRIiB{tpUC19-hRIII T2 fZ(2628bp)
2500 ° ! 3:SphIiE{pUC19hYIT TfE
= 4: 18 BpUC 19 RISz

1500
1000

- | BERRE MO SRR RENIRE, A/NAI95.2kb

fosmid FOS4 (2686 bp); 2- digestion by EcoRl of subclone in plasmid pUC19

(2628 bp); 3- digestion by Sphl of subclone in plasmid pUC18; 4- subclone in

plasmid plUC19 undigested. M: GeneRuler 1kb DMA Ladder (Fermentas).

GEIGreen staln [C] F“h*,fsm:al map of the insert of FOS4A subcloned into 29
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¢  pUCI19-FOS4 subcloned insert (5185 bp)

1000 2000 3000 4000 5000

v v v v v

ORF1 ORF2 ORF3

ORF 4 ORF 5 P— ‘ORF6 ORF7
— —— = &—

L J

MIBENFHIFGNZEI-EORF, HAR =5 EHELE, RFR
[ERIEAYIRTREIR B MR IREASE B R.
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TABLE 2 | Best hits by BLASTP search against non-redundant protein (nr) database for ORFs detected in the insert from FOS4A subcloned in pUC19.

ORF (bp) Possible function and microorganism Accession number % Query coverage % ldentity
ORF 1 {1254) hypothetical protein, Desulfotomaculum sp. BIC-A1/1_cB WP_034102674 B4 44
ORF 2 (459) alkyl hydroperoxide reductase, Cyanothece sp. PCC 7425 WP_012629091 80 48
[OFEF 3(1149) esterase Est8, uncultured organism from soil AEM4A5116 99 64 ]
ORF 4 (513) O-phosphoserine sulfhydrylase, Longispora albida WP_018348134 100 54
ORF 5 (339) ModE family transcriptional regulator, Acefohalobium arabaticum WP_013278309 a8 43
ORF 6 (327) hypothetical protein, Porphyromonas sp. COT-290_0OH3588CRHE KIGNGT422 56 32
ORF 7 (402) hypaothetical protein, Clostrdiales bacterium VE202-07 WP_024726181 100 55

ORFI B RESEETIEREE RERAE S S BHEEEEstS EERaNE
EHESBIIME (99%E BB ER64%HIHERM) , 458 IL0B4Est,
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B 53 RERBORF 457

55 Psel fragi (CAA32193)
B2 s (AAC15585)
9 Proteus vulgaris (AABO1071)
Burkholderia glumae (CAA49812)
Burkholderi i 6) |
£’ 100 uri eria cepacia (AAASD466) Family |

85/ Pseudomenas luteola (AAC05510) ~ / \ E
illus stearothermophilus (AAC12257)
. et AR KRB D ITHAELOBAEStRIBHVE
] s aureus (AAAZBE33) (Y
- H/E T ERESRIR VI
100 Photorhabdus luminescens (CAA47020) Famlly n E I
typhimurium (AAC3BT96)
3 (ABCET392) 7
[ Psychrobacter immobilis [CAA47949) Family V

| W—

T, 1 VIR BB ESES IC A13 80N R, &
L e s INF40 kDa, SCB-MEEESERS
L e [ A9tEMLIE. EELOBAEstRAE3821N %
e ) HF40.47 kDafIERKR, FNplA

% LOB4Est

sLtJ::mu:umr::es anumu:mlﬂgﬁir“s"s} Family Vil 5 . 5 8 o B LA S Tg%%ﬁﬁ%@ﬁ@g*ﬂ B_ W

sp. B510 (BAI7481)

T, | BERRRERIRFF IR,

1sis (KDNBT7123)

a1 00

FIGURE 5 | Neighbor-joining phylogenetic: tree based on amino acid sequence of the LOB4Est [shown in bold) and known members of lipase families
1-VHI (Arpigny and Jaeger, 1099}, GenBank accession numbers of the referancs SeqUENCes &1 Shown n parenthesss. The fras was drawn using MEGA software,
with p-distance modal snd 1000 bootsirap repications. Oniy bootstrep valuse :-50 are shown.

)
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B M1 2 3

75
63
48
33
25

17
11

17
11

WA R EF 0D W ERES -

£2mL YPHSMAH TS

1B1T SDS-PAGEFIWesternEQir 3 M L iE & FOFEIREN4D ;

= ﬂ’ﬂ'/\d‘innEPL,LJEIJkQ’J4OkDaE’Ja=m, S5&8EAE[RTINS FE—3,
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120 120

Residual activity (%)
5 B8
y
Residual activity (%)
5 &

0 2 4 6 0 2 4 B 3
Incubation time at 602C (h) Incubation time at 502C (h)

PESEME:
E£60°CIRB45 090005, EAEEDFIRE 736%F110% RS
M, MESCIFE 2/, EHEH R SIS 44 %I¢IeTEE.
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Lipolytic activi

pNP6 pNP8 pNP12
p-Nitrophenyl esters
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05 Conclusion




Metagenomic sequencing of the fosmid library constructed in this
work from the thermal water of the alkaline hot spring at
Lobios (Ourense, Spain) demonstrated the predominance of
Bacteria over Archaea, being Deinococcus-Thermus the most
abundant phylum, followed by other phyla that are also common
in other thermal environments around the world.
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