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Abstract




@ FARXISR: Estl0
One positive clone with lipolytic activity isolated from a metagenomic

fosmid library from bovine rumen (42 5).

The 367 amino acids sequence harbors a signal peptide, the conserved
secondary structure arrangement of alpha/beta hydrolases, and a GHSQG

pentapeptide which is characteristic of esterases and lipases.



SRERIA

heterologously expressed in Escherichia coli as a His-tagged fusion protein

Esterase: showed maximum activity towards C4 aliphatic chains and
undetectable activity towards C10 and longer chains

optimum pH is 9.0 optimum temperature is 40°C
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carboxylesterases (EC 3.1.1.1) el S]
triacylglycerol lipases (EC 3.1.1.3) HiH=EgASinkE
RAFRFS. 8. %Y. HoK. HRMEMGHTFERFAIFIERMNT;

a/B-7J<%’$E§#§7Z‘<B% BERASEMK, BEHRGXSXGRIKERFIZFEZ
RS HSETHEBRZAENBREKE (REaBEaaE) Ak,

\ 7 SHINKEE (I-VII) : BEINKRE (IXEXVI) ; FKIEXV: DUF3089,




functional metagenomics turns the problem around by first identifying
specific functions present in a microbial population and then isolating the
genes responsible for them. To date, numerous novel biocatalysts from

various microbial habitats, such as lipases, esterases, cellulases, proteases,

amylases, lacasses, were identified by functional metagenomic approaches.






@ Sample collection and processing

One hundred and fifty grams of fresh cow rumen digesta of a Holando
bull (2 years old, 482 kg, pasture fed in southern Uruguay)

The liquid fraction of digesta was obtained by compressing whole digesta
between two layers of cheesecloth.

The cells were harvested from this fraction by centrifugation at 10.000x g

for 20 min at room temperature. The cells were suspended in 1 ml of

PBS buffer pH 8.0.

!
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@ Isolation of bacterial metagenomic DNA

Lq fraction:Percoll= 1:1v/v — centrifugation: 4°C 14000g 20 min — pellet:

suspended in lysis buffer — cells: disrupted by vortexing at maximum
speed 30s GRIEMERE) — mixture: incubated for 15 min at 70°C ) —

centrifugation: 4°C 16000g 5 min — supernatant: 15 ul Proteinase K (0.2

mg/ml) incubated for 1 h at 37°C —10% CTAB in 0.7M NaCl incubated

for 10 min at 65°C
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@ Isolation of bacterial metagenomic DNA

two consecutive extractions: equal volumes phenol , 4°C 10400g 10 min —
remove aqueous phase (Z£7K#H) — two consecutive extractions: chloroform
— precipitated: 0.6 volumes isopropanol 0.1 volumes 3 Msodium acetate
(pH 5.2) — 30 min on ice — centrifugation — washed on 70% ethanol

—air dried — re-suspended in water (20 ul RNAse A 0.4 mg/ml) —

p, resolved on a 0.8% agarose gel —20 kb — QIAEX II Gel Extraction Kit
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Library construction and screening for lipolytic
lone:

CopyControl Fosmid Library Production kit with the pCC1FOS Vector
(Epicentre)

MaxPlaxLambda Packaging Extracts (Epicentre)
packaging and infection of E. coli EPI300-T1R (Epicentre)

LB agar medium supplemented with 12.5 pug/ml chloramphenicol (LB-
Cm) at 37°C for 16 h.

Grow: 37°C overnight LB-Cm
Store: 25% (v/v) glycerol -20°C
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Library construction and screening for lipolytic
Jone:
For lipolytic activity screening, clones were replica plated with a 48-
pin array onto LB-Cm agar medium containing 1% (v/v) tributyrin
(Sigma-Aldrich), 12.5 pg/ml chloramphenicol and 0.01% (w/v) L-
arabinose to increase the fosmid copy number. Cells were grown at
30°C and periodically checked for enzymatic activity. Clones
expressing lipolytic activities were identified by the formation of clear

halos surrounding the colonies after 2 to 3 days.
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@ In vitro transposon mutagenesis and DNA sequencing

In vitro transposon mutagenesis: EZ-Tn5 <K AN-2> Insertion Kit

LB-tributyrin (50 pg/mL kanamycin): wild-type and mutant fosmids were
digested with BamHI and Xhol.

After comparing the fragments sizes between them, single insertion
mutants were selected because only one of the fragments from the wild-
type was split into two smaller fragments. Flanking DNA was sequenced
by conventional Sanger method (Macrogen). ORFs were called using
getORF from the EMBOSS suite.
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@ Est10 cloning

Primers— PCR — 1% (w/v) agarose gel — purified (1100bp) — digestion

with Ndel and BamHI — ligated into expression vector pET14b —

electroporated into E.coli DH5a cells — sequence

5'-AAAAACATATGATCATGAAAAAACAGAATTTCTTCG-3'
containing a Ndel site shown in bold
5'-ATTAGGATCCAATCAGTTCTCCATACGG-3'
containing a BamHI site shown in bold
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@ Overexpression and purification of Est10

E.coli BL21 (DE3)-pET14b-Estl0 — IL 2X YT media — 1 mM IPTG
(OD620=0.5-0.7) — 18 h at 20°C with shaking — 4°C, 15min — 4°C, 1600g,

30 min — imidazole, Suspended — Sicated — 1 ml 50% Ni-NTA agarose

 resin, purify Estl0 — imidazole, Suspended — dialyzed twice with 10% (v/v)

glycerol — SDS-PAGE (Uif4tiE) — BCA (UIiRE)
S ANy
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©
o
Effect of pH, cations, chelating agents and detergents on activity
o
o

| Nucleotide sequence accession number
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04 Results




Vletagenomic library construction anc
CC L . 19

To 1dentify genes associated with lipolytic activity, a metagenomic library

was generated using DNA isolated from the non-associated bacteria
present in the Lq or liquid fraction of cow rumen. The library contained
27500 clones with average insert size of 42 kbp. The quality and size of
inserts were verified by analyzing 40 randomly picked clones. The

majority of analyzed clones contained inserts of approximately 35-45 kbp.

Restriction analysis revealed a high level of diversity among the cloned

{ /?

DNA fragments.
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Fosmid clones encoding esterase activity were identified by their halo-
forming ability on agar plates containing tributyrin. A total of 3 clones
were identified in these plates. None of them showed similar activities in
tricaprylin or triolein plates, suggesting that the encoded enzymes are not

lipases.
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EstD2
EstWSD

Identification of lipolytic genes
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EstWSD 299,

Est5S
an uncultured bacteria in cow rumen

EstZ3 EstGK1
metagenomic library of sheep rumen

EstD2 EstWSD
soil metagenomes

Interestingly, all of them come from unidentified bacteria.
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Est10 clustered with esterases from
family XV, such as EstD2 and EstWSD.
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Determination of substrate specificity, effect of pH,
temperature and thermostability on Est10 activity
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Est10 was expressed as a His-tagged fusion protein and purified by
affinity chromatography using a N12* NTA resin.
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S Against activity:
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O
14
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Substrate

Substrate specificity of the purified enzyme was initially assayed
o using fatty acids esters of p-nitrophenol.(XFFEERED)
1=

R 2
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Effect of pH on Est10 activity
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The activity of Est10 was tested under buffered conditions over the
pH range 3.6 to 9.5, using pNP butyrate (C4) as substrate, at 40°C.
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Effect of thermostability on Est10 activity
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In order to test its thermostability the enzyme was pre-incubated at

activity was assayed.

Varlous temperatures between 30°C and 65°C for 30 min and its residual
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Effect of temperature on Est10 activity

D
R 120 -
gwo-
-§ 80 -
® 60 -
-,3:40-
s 20 - l
® 9 : . : . :
30 35 40 45 50 b5

Temperature (°C)

The effect of the reaction temperature on the activity of Est10 was
determined between 30°C and 55°C, using pNP butyrate as substrate.
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Effects of cations, detergents, chelating agents
and additives on Est10 activity
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Determination of kinetic parameters

hydrolysis of pNP acetate (C2), pNP butyrate (C4) and pNP decanoate (C10)

Substrate Specific activity(U/mg of protein)® Ku(mM)® Keat (87)? Keat/Ku(s™ mM™)?
c2 0.31 (0.04) 0.3 (0.1) 0.22 (0.03) 0.8 (0.4)
c4 4.4 (0.2) 0.16 (0.02) 3.1 (0.1) 19 (3) )
c10 1.06 (0.06) 0.35 (0.06) 0.72 (0.04) 2.1 (0.5)

AStandard errors are indicated in parentheses.

doi:10.1371/journal.pone.0126651.t001

non-linear least squares implemented on the R package
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05 Discussion




Est10;EMEXS 1 PHE FAFREUR. ARKSERMMERRETIERRIEM,
Cu>FCa> FF{E FHIEHIHIER.

A THERIEUFFE FRURRENE, EstlofRE 7 EAEIFEFEESHIFRY
REpoidlt, MEBFREESHIEPEKE.

Est10F0EstSS EAR RS R IEF RIS ERE. BEstl 0BG EstSSE SR IE
ExlapH, Estl0BRI&EpHE 9.0, ZEEpH8FN9.5 2 B RIFHEIT 8 5% A&,

EstlOfERIERELI40°C, BIREEEE, =R NAMH, Estl0fUiEfUERR
EE30F040°Cia), XA 2B RANEE.

\ 1 2
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