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a  b  s  t  r  a  c  t

�-l-Rhamnosidases  (�-RHAs)  are  a group  of glycosyl  hydrolases  of  biotechnological  potential  in indus-
trial  processes,  which  catalyze  the  hydrolysis  of  �-l-rhamnose  terminal  residues  from  several  natural
compounds.  A  novel  �–RHA  activity  was  identified  in the  crude  extract  of  Novosphingobium  sp. PP1Y,
a  marine  bacterium  able  to grow  on  a wide  range  of aromatic  polycyclic  compounds.  In  this  work,  this
�-RHA  activity  was  isolated  from  the  native  microorganism  and  the corresponding  orf  was identified
in  the  completely  sequenced  and  annotated  genome  of  strain  PP1Y. The  coding  gene  was  expressed  in
Escherichia  coli,  strain  BL21(DE3),  and  the  recombinant  protein,  rRHA-P,  was  purified  and  characterized
as  an  inverting  monomeric  glycosidase  of ca.  120  kDa  belonging  to  the  GH106  family.  A  biochemical  char-
acterization  of  this  enzyme  using  pNPR  as  substrate  was  performed,  which  showed  that  rRHA-P  had  a
moderate tolerance  to organic  solvents,  a significant  thermal  stability  up  to  45 ◦C  and  a  catalytic  efficiency,
lycosyl hydrolases
iotransformation

at  pH 6.9,  significantly  higher  than  other  bacterial  �-RHAs  described  in literature.  Moreover,  rRHA-P was
able to  hydrolyze  natural  glycosylated  flavonoids  (naringin,  rutin,  neohesperidin  dihydrochalcone)  con-
taining �-l-rhamnose  bound  to  �-d-glucose  with  either  �-1,2  or �-1,6 glycosidic  linkages.  Data  presented
in  this  manuscript  strongly  support  the potential  use  of RHA-P  as  a biocatalyst  for diverse  biotechnological
applications.

© 2016  Elsevier  B.V.  All  rights  reserved.
. Introduction
�-l-Rhamnosidases (�-RHAs) are a group of glycosyl hydro-
ases (GHs) that catalyze the hydrolysis of terminal residues of

Abbreviations: �-RHAs, �-l-rhamnosidases; GHs, glycosyl hydrolases; GTs,
lycosyl transferases; PPMM, potassium phosphate minimal medium; pNPR,
-nitrophenyl-�-l-rhamnopyranoside; MOPS, 3-(N-morpholino) propanesulfonic
cid; pNP, p-nitrophenolate; BSA, bovine serum albumin; LB, Luria Bertani medium;
B-N, Luria Bertani medium containing a final concentration of 0.5 M NaCl; LB-BS,
uria Bertani medium supplemented with 1 mM of both betaine and sorbitol; LB-
BS, Luria Bertani medium containing a final concentration of 0.5 M NaCl and 1 mM
f  both betaine and sorbitol; IPTG, Isopropyl �-d-1-thiogalactopyranoside.
∗ Corresponding author.

E-mail address: vizzo@unisa.it (V. Izzo).
1 These authors equally contributed to the work.

ttp://dx.doi.org/10.1016/j.molcatb.2016.10.002
381-1177/© 2016 Elsevier B.V. All rights reserved.
�-l-rhamnose from a large number of natural compounds [1]. L-
Rhamnose is widely distributed in plants as component of flavonoid
glycosides, terpenyl glycosides, pigments, signaling molecules, and
in cell walls as a component of complex heteropolysaccharides,
such as rhamnogalacturonan and arabinogalactan-proteins [2–7].
In bacteria, l-rhamnose appears to be included in membrane
rhamnolipids [8,9] and polysaccharides [10]. According to the sim-
ilarities among their amino acidic sequences, �-RHAs are grouped
in the CAZy (carbohydrate-active enzymes) database (www.cazy.
org) into four different families: GH28, GH78, GH106, and NC (non-
classified).

In the last decade, �-RHAs have attracted a great deal of atten-

tion due to their potential application as biocatalysts in a variety of
industrial processes and in particular in the food industry [1]. Sev-
eral dietary products are rich in glycosylated flavonoids that show
the presence of either a rutinoside (6-�-l-rhamnosyl-�-d-glucose)

dx.doi.org/10.1016/j.molcatb.2016.10.002
http://www.sciencedirect.com/science/journal/13811177
http://www.elsevier.com/locate/molcatb
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molcatb.2016.10.002&domain=pdf
mailto:vizzo@unisa.it
http://www.cazy.org
http://www.cazy.org
http://www.cazy.org
dx.doi.org/10.1016/j.molcatb.2016.10.002
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r a neohesperidoside (2-�-l-rhamnosyl-�-d-glucose) disaccha-
idic unit. In particular, naringin, hesperidin and rutin, flavanone
lycosides found in grapefruit juices, lemons, sweet oranges and
egetables, have gained increasing recognition for their potential
ntioxidant, antitumor and anti-inflammatory properties [11–14].

The ability to hydrolyze glycosylated flavonoids has been used
o mitigate the bitterness of citrus juices, which is primarily caused
y naringin. Rhamnose removal from naringin allows softening the
itter taste of citrus juice [15,16]. Moreover, the corresponding
e-rhamnosylated compound, prunin, is endowed with antimicro-
ial properties [14], and shows an improved intestinal assimilation
hen compared to naringin. Other applications of �-RHAs are gain-

ng popularity in the oenological industry, where these enzymes are
sed to hydrolyze terpenyl glycosides and enhance aroma in wine,
rape juices and derived beverages [17–19].

Application of �-RHAs to improve flavonoids bioavailability has
lso been recently described [20]. In humans, flavonoids absorp-
ion occurs primarily in the small intestine where the attached
lucose (or possibly arabinose or xylose) is removed by endoge-
ous �-glucosidases [21–23]. Terminal rhamnose is not a suitable
ubstrate for human �-glucosidases. Therefore, unabsorbed rham-
osylated flavonoids arrive unmodified in the colon, where they
re hydrolyzed by �-rhamnosidase activities expressed by the local
icroflora [24]. To improve intestinal absorption of rhamnosylated

avonoids, and thus their bioavailability in humans, a removal of
he terminal rhamnose group catalyzed by �-RHAs would be indeed
eneficial [25–27].

The absence of human �-RHAs has been the key to the devel-
pment of a novel targeted drug delivery strategy, indicated as
EAPT (Lectin-directed enzyme activated prodrug therapy) [28,29],

 bipartite system based on the internalization of an engineered
-RHA bearing a glycosidic moiety that is recognized by specific

ectins present on the surface of different eukaryotic cell lines. In the
EAPT system, the intake of a rhamnosylated prodrug, which can-
ot be processed by mammalian enzymes, allows a site-selective
ction of the drug in cells where the engineered �-RHA has been
relocalized.

To date, microbial �-RHAs have been mainly purified from fun-
al strains such as Penicillium and Aspergillus [30–32]; only one
xample of �-RHA isolated from a viral source has been described
33], and it is noteworthy that only a limited number of bacte-
ial rhamnosidases has been fully characterized [34–39]. One of
he main differences between fungal and bacterial �-RHAs is their
ifferent optimal pH values, with the fungal enzymes showing
ore acidic pH optima when compared to the bacterial counter-

arts, for which neutral and alkaline values have generally been
escribed. This characteristic suggests diverse applications for fun-
al and bacterial enzymes, making bacterial �-RHAs suitable in
iotechnological processes requiring good activity in more basic
olutions such as, for example, the production of L-rhamnose from
he hydrolysis of naringin or hesperidin, flavonoids whose solubil-
ty strongly increases at higher pH values [40]. In addition, bacterial
hamnosidases could be ideal candidates for dietary supplements
aving activity across the entire gastrointestinal (GI) tract, and
ore specifically in the small intestine where flavonoids absorp-

ion should mostly occur to enhance the beneficial effect of these
olecules on human health.

In order to elucidate the real biotechnological potential of bac-
erial �-RHAs, further investigation is undoubtedly needed. Few
etails on the catalytic mechanism of bacterial �-RHAs are avail-
ble, and most importantly, to the best of our knowledge, no
ttempt to improve the catalytic efficiency or modify substrate

pecificity of these enzymes by mutagenesis has been performed
et. This is in part consequential to the fact that only a very limited
umber of crystal structures of �-RHAs are currently available, such
s the �-l-rhamnosidase B (BsRhaB) from Bacillus sp. GL1 [41], and
sis B: Enzymatic 134 (2016) 136–147 137

the �-l-rhamnosidase from Streptomyces avermitilis [42]. There-
fore, it is evident that bacterial �-RHAs represent a yet unexplored
reservoir of potential biocatalysts for which more functional and
structural data are required.

A member of the order of the Sphingomonadales, recently iso-
lated and microbiologically characterized, Novosphingobium sp.
PP1Y [43,44], appears to be a valuable source for the isolation
of �-RHA activities. Sphingomonadales are a group of Gram-
negative �-proteobacteria whose genomes show the presence of
a great abundance of both glycosyl hydrolases (GHs) and gly-
cosyltransferases (GTs). These activities are probably involved in
the biosynthesis of complex extracellular polysaccharides and
microbial biofilms [45]. The interest for Novosphingobium sp. PP1Y
carbohydrate-active enzymes has grown as the sequencing and
annotation of the whole genome, recently completed, allowed the
identification of a great number of genes encoding for both GHs (53
orfs) and GTs (57 orfs) [46].

Recently, a �-RHA activity in Novosphingobium sp. PP1Y crude
extract was described, which showed an alkaline pH optimum and
a moderate tolerance to organic solvents [47]. Novosphingobium sp.
PP1Y crude extract expressing this enzymatic activity was used for
the bioconversion of naringin, rutin and hesperidin. Based on these
preliminary results, a more detailed biochemical characterization
of the �-RHA activity was essential.

In this work, the isolation, recombinant expression and par-
tial characterization of a �-RHA from Novosphingobium sp. PP1Y is
reported. This enzyme, named RHA-P, belongs to the GH106 family
[48], a subgroup for which, according to our knowledge, no crystal
structure is available yet. As evident from our analyses, RHA-P is a
promising candidate for several biotechnological applications.

2. Materials and methods

2.1. Generals

General molecular biology techniques were performed accord-
ing to Sambrook et al. [49]. Bacterial growth was  followed by
measuring the optical density at 600 nm (OD600). pET22b(+)
expression vector and E. coli strain BL21(DE3) were from Amersham
Biosciences; E. coli strain Top10 was purchased from Life Technolo-
gies. N. sp. PP1Y was isolated from polluted seawater in the harbor
of Pozzuoli (Naples, Italy) as previously described [43].

The thermostable recombinant DNA polymerase used for PCR
amplification was  TAQ Polymerase from Microtech Research Prod-
ucts. dNTPs, T4 DNA ligase, and the Wizard PCR Preps DNA
purification system for elution of DNA fragments from agarose gels
were purchased from Promega. The QIAprep Spin Miniprep Kit for
plasmid DNA purification was  from QIAGEN. Enzymes and other
reagents for DNA manipulation were from New England Biolabs.
Oligonucleotides synthesis and DNA sequencing were performed
by MWG-Biotech. N-terminus of rRHA-P was  sequenced by Pro-
teome Factory AG. The presence and location of a potential signal
peptide cleavage site on the amino acidic sequence of RHA-P was
analyzed using SignalP 4.1 server (http://www.cbs.dtu.dk/services/
SignalP).

Q-Sepharose Fast Flow and p-nitrophenyl-�-l-
rhamnopyranoside (pNPR) were from Sigma Aldrich; Sephacryl
S200 High Resolution was purchased from Amersham Biosciences.
IPTG (isopropyl �-d-1-thiogalactopyranoside) was obtained from

Applichem.

Solvents used in enzymatic assays were either from Applichem
(DMSO) or from Romil (acetone). TLC silica gel plates were from E.
Merck (Darmstadt, Germany).

http://www.cbs.dtu.dk/services/SignalP
http://www.cbs.dtu.dk/services/SignalP
http://www.cbs.dtu.dk/services/SignalP
http://www.cbs.dtu.dk/services/SignalP
http://www.cbs.dtu.dk/services/SignalP
http://www.cbs.dtu.dk/services/SignalP
http://www.cbs.dtu.dk/services/SignalP
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.2. Growth of Novosphingobium sp. PP1Y cells

N. sp. PP1Y cells were grown in Potassium Phosphate Minimal
edium (PPMM)  at 30 ◦C for 28 h under orbital shaking at 220 rpm.

 pre-inoculum in LB was  prepared by transferring 50 �L from a
lycerol stock stored at −80 ◦C to a 50 mL  Falcon tube containing
2.5 mL  of sterile LB. The pre-inoculum was allowed to grow at
0 ◦C O/N under orbital shaking and then used to inoculate 1 L of
PMM at an initial cell concentration of 0.01- 0.02 OD600. 0.3 mM
aringine was added to the medium and used as an inducer of the
-RHA activity, as previously described [47].

.3. Cloning of orfPP1Y RS05470 and construction of the
ET22b(+)/rha-p expression vector

Genomic DNA was extracted from a 50 mL  saturated culture
f N. sp. PP1Y as described elsewhere [44]. OrfPP1Y RS05470
oding for the �-RHA activity was amplified in two contigu-
us fragments, owing to the considerable length of the orf
3441 bp). The first fragment, named rha-up (1816 bp), was
mplified using an internal downstream primer, RHA-Intdw (5′-
GGCGGCCATGGGAATGT-3′), which included an internal NcoI site
lready present in orfPP1Y RS05470, and an upstream primer, RHA-
p (5′-GGGAATTCCATATGCCGCGCCTTTCGCT-3′), designed to add

 NdeI restriction site at 5′ of orfPP1Y RS05470. The second half
f the gene, named rha-dw (1625 bp), was amplified using the
pstream primer RHA-Intup (5′-ACATTCCCATGGCCGCCT-3′), com-
lementary to RHA-Intdw, and the downstream primer RHA-dw
5′-AAAACCGAGCTCTCAATGCCCGCCCGTG-3′) that was  intended to
ncorporate a SacI restriction site downstream of the amplified orf.

The amplified fragments, rha-up and rha-dw, were purified from
garose gel, digested, respectively, with NdeI/NcoI and NcoI/SacI,
nd individually cloned in pET22b(+) vector previously cut with
he same enzymes.

Ligated vectors were used to transform E. coli, strain Top10,
ompetent cells. The resulting recombinant plasmids, named
ET22b(+)/rha-up and pET22b(+)/rha-dw,  were verified by DNA
equencing. Next, the construction of complete rha-p gene in
ET22b(+) was performed. First, both pET22b(+)/rha-dw and
ET22b(+)/rha-up were digested with NcoI/SacI restriction endonu-
leases to obtain, respectively, fragment rha-dw and linearized
ET22b(+)/rha-up.

Digestion products were purified from agarose gel electrophore-
is, eluted and ligated. Ligation products were used to transform E.
oli Top10 competent cells and the resulting recombinant plasmid,
amed pET22b(+)/rha-p was verified by DNA sequencing.

.4. ˛-l-Rhamnosidase recombinant expression

Protein expression was carried out in E. coli BL21(DE3) strain
ransformed with pET22b(+)/rha-p plasmid.

All the media described in this paragraph contained 100 �g/mL
f ampicillin.

.4.1. Analytical expression
E. coli BL21(DE3) competent cells transformed with plasmid

ET22b (+)/rha-p were inoculated in a sterile 50 mL  Falcon tube
ontaining 12.5 mL  of either LB [50] or LB containing a final con-
entration of 0.5 M NaCl (LB-N). Cells were grown under constant
haking at 37 ◦C up to 0.6–0.7 OD600. This preinoculum was  diluted
:100 in 12.5 mL  of either one of the four following media: LB, LB-N,
B supplemented with 1 mM of both betaine and sorbitol (LB-BS), or

B containing a final concentration of 0.5 M NaCl and 1 mM of both
etaine and sorbitol (LB-NBS). Cells were grown under constant
haking at 37 ◦C up to 0.7–0.8 OD600. RHA-P recombinant expres-
ion was induced with 0.1 mM IPTG at either 23 ◦C or 37 ◦C; growth
sis B: Enzymatic 134 (2016) 136–147

was continued in constant shaking for 3 h. Cells were collected
by centrifugation (5,524 × g for 15 min  at 4 ◦C) and suspended in
25 mM MOPS pH 6.9 at a final concentration of 14 OD600. Cells were
disrupted by sonication (12 times for a 1-min cycle, on ice) and an
aliquot of each lysate was  centrifuged at 22,100 × g for 10 min  at
4 ◦C. Both soluble and insoluble fractions were analyzed by SDS-
PAGE. The soluble fraction was  assayed for the presence of �-RHA
enzymatic activity.

2.4.2. Large scale expression
Fresh transformed cells were inoculated into 10 mL of LB-N and

incubated in constant shaking at 37 ◦C O/N. The preinoculum was
diluted 1:100 in four 2 L Erlenmeyer flasks containing each 500 mL
of LB-NBS and incubated in constant shaking at 37 ◦C up to 0.7–0.8
OD600.

Expression of the recombinant protein, named rRHA-P, was
induced with 0.1 mM IPTG and growth was  continued for 3 h at
23 ◦C. Cells were collected by centrifugation (5,524 × g for 15 min
at 4 ◦C) and stored at −80 ◦C until needed.

2.5. Native and recombinant ˛-l-rhamnosidase purification

Both native and recombinant RHA-P were purified following
three chromatographic steps. Cell paste was suspended in 25 mM
MOPS pH 6.9, 5% glycerol (buffer A), at a final concentration of 100
OD600 and cells were disrupted by sonication (10 times for a 1-
min  cycle, on ice). Cell debris were removed by centrifugation at
22,100 × g for 60 min  at 4 ◦C and the supernatant was collected and
filtered through a 0.45 �m PVDF Millipore membrane.

Afterwards, cell extract was loaded onto a Q Sepharose FF col-
umn  (30 mL)  equilibrated in buffer A. The column was washed with
50 mL  of buffer A, after which bound proteins were eluted by using a
300 mL  linear gradient of buffer A from 0 to 0.4 M NaCl at a flow rate
of 15 mL/h. The chromatogram was obtained by analyzing fractions
absorbance at � = 280 nm and the presence of the recombinant �-
RHA activity was  detected using the pNPR assay. Relevant fractions
were analyzed by SDS-PAGE, pooled and concentrated at a final vol-
ume  of ∼ 0.5 mL  using a 30 kDa Amicon ultra membrane, Millipore.
The sample was then loaded onto a Sephacryl HR S200 equilibrated
with buffer A containing 0.2 M NaCl (buffer B).

Proteins were eluted from the gel filtration column with 250 mL
of buffer B at a flow rate of 12 mL/h. Fractions were collected, ana-
lyzed and screened for the presence of �-RHA activity as previously
described. At this stage, NaCl was removed from pooled fractions
by repeated cycles of ultrafiltration and dilution with buffer A. The
sample was then loaded on a Q Sepharose FF column (30 mL)  equi-
librated in buffer A. The column was  washed with 50 mL  of buffer
A, after which bound proteins were eluted with 300 mL  of a linear
gradient of buffer A from 0 to 0.25 M NaCl at a flow rate of 13 mL/h.
Fractions were collected, analyzed by SDS-PAGE and screened for
the presence of �-RHA activity. Relevant fractions were pooled,
concentrated, purged with nitrogen, and stored at −80 ◦C until use.

2.6. Analytical gel filtration

Analytical gel-filtration experiments were carried out as fol-
lows: 100 �L of a 40 pM protein sample was  loaded on a Superdex
200 HR 10/300 column previously equilibrated in buffer B, installed
on an AKTATMFPLCTM (GE Healthcare Life Science). Samples were
eluted isocratically at RT at a flow rate of 0.5 mL/min. Protein elu-

tion was  monitored at � = 280 nm.  A molecular weight calibration
was performed in the same buffer with the following proteins of
known molecular weight: �-amylase (200 kDa), glyceraldehyde-3-
phosphate dehydrogenase (143 kDa), carbonic anhydrase (29 kDa).
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.7. Enzyme activity assays

�-RHA activity was determined using pNPR as substrate (pNPR
ssay). Otherwise stated, all activity assays were performed
t RT. The reaction mixture contained, in a final volume of
.5 mL  of 50 mM MOPS pH 6.9, pNPR at a final concentration of
00 �M and variable amounts of the sample tested. The reac-
ion was blocked after 10 and 20 min  by adding 0.5 M Na2CO3;
he product, p-nitrophenolate (pNP), was detected spectropho-
ometrically at �= 405 nm.  The extinction coefficient used was
405 = 18.2 mM−1 cm−1. One unit of enzyme activity was defined
s the amount of the enzyme that releases one micromole of pNP
er min.

.7.1. Kinetic parameters determination
Kinetic parameters were obtained at pH 6.9 using a pNPR con-

entration in the range 0.025–1 mM.  All kinetic parameters were
etermined by a non-linear regression curve using GraphPad Prism
GraphPad Software; www.graphpad.com).

.7.2. pH optimum
pH optimum for �-RHA activity was determined in the range

.7–8.8. Enzyme assays were performed as described above, using
he following buffers: 50 mM potassium acetate (pH 4.7–5.7),
0 mM MOPS/NaOH (pH 5.7–7.7) and 50 mM Tris/HCl (pH 7.7–8.8).

.7.3. Temperature optimum and stability
Optimum temperature was evaluated by performing the stan-

ard pNPR assay and incubating the reaction mixture at different
emperatures, in the range 25–55 ◦C.

The thermal stability of the enzyme was determined by incubat-
ng the enzyme for one and 3 h at 30, 40, 50, 60 ◦C and measuring,
fter each incubation, the residual specific activity.

.7.4. Organic solvents tolerance
The tolerance of the enzymatic activity to the presence of

rganic solvents in the reaction mixture, such as DMSO, acetone
r ethanol, was evaluated by performing the standard pNPR assay

n 50 mM MOPS pH 6.9 to which either 10% or 50% of solvent was
dded.

.8. Substrate specificity

Reactions were carried out in 0.6 mL  of 50 mM Na-phosphate
uffer pH 7.0 under magnetic stirring at 40 ◦C in the presence of
0 mM of either aryl glycoside and 0.25 U of rRHA-P. Reactions
ere monitored over time (0–24 h) by TLC analysis (system sol-

ent: EtOAc:MeOH:H2O 70:20:10). Compounds on TLC plates were
isualized under UV light or charring with �-naphthol reagent.

Hydrolysis reactions of maltose, pullulan, starch, amylopectin,
ucrose, raffinose, lactose, xylan from birchwood, xylan from oat
pelt, hyaluronic acid, � − cellulose, cellobiose, chitosan, �-Glucan
rom barley, laminarin, curdlan, fucoidan from Fucus versiculo-
us, rhamnogalacturonan, rutinose were performed using 2.5 mg
f each substrate, which was suspended in 0.5 mL  of 50 mM Na-
hosphate buffer pH 7.0. The reaction was carried out at 40 ◦C under
agnetic stirring, in the presence of 0.25 U of rRHA-P. Hydrol-

sis products were monitored by TLC analysis (system solvent
COOH:HAc:H2O:2-propanol: EtOAc:1:10:15:5:25).

Flavonoidic compounds such as naringin, rutin, neohesperidin
ihydrochalcone, were screened as possible substrates. In this case,
 6 mM solution of each compound in a final volume of 1 mL  of
0 mM Na-phosphate buffer pH 7 was incubated at 40 ◦C in the
resence of 0.25 U of rRHA-P. Reactions were checked over time
y TLC analysis (t = 0, 15′, 30′, 60′, 90′, 120′, 150′, 180′, 24 h) with
sis B: Enzymatic 134 (2016) 136–147 139

the following solvent system: EtOAc:MeOH:H2O 70:20:10. An addi-
tional hydrolysis reaction of naringin was performed in conditions
similar to those reported above in the presence of 10% DMSO, and
the reaction was monitored over time.

In all experiments, TLC standard solutions of pure reagents and
products were used for comparison.

2.9. Mass spectrometry analysis

Identification of native and recombinant RHA-P by mass spec-
trometry was performed by enzymatic digestion, either in solution
or in situ after separation by SDS-PAGE.

When digesting in solution, the protein sample was lyophilized
and then dissolved in denaturing buffer (300 mM Tris/HCl pH
8.8, 6 M urea, 10 mM EDTA). Cysteines were reduced with 10 mM
dithiothreitol in denaturing buffer at 37 ◦C for 2 h, and then car-
bamidomethylated with 55 mM iodoacetamide dissolved in the
same buffer at RT for 30 min, in the dark. Protein sample was
desalted by size exclusion chromatography on a Sephadex G–25 M
column (GE Healthcare, Uppsala, Sweden). Fractions containing
RHA-P were lyophilized and then dissolved in 10 mM NH4HCO3
buffer (pH 8.0). Enzyme digestion was performed using proteases
with different specificity such as trypsin, chymotrypsin and endo-
proteinase GluC (V8-DE) (Sigma), using a protease/RHA-P ratio of
1:50 (w/w) at 37 ◦C for 16 h.

For the enzymatic digestion in situ, Coomassie blue stained
bands excised from polyacrylamide gels were destained by
several washes with 0.1 M NH4HCO3 pH 7.5 and acetonitrile. Cys-
teines were reduced for 45 min  in 100 �L of 0.1 M NH4HCO3,
10 mM dithiothreitol, pH 7.5. Carbamidomethylation of thiols was
achieved after 30 min  in the dark by adding 100 �L of 55 mM
iodoacetamide dissolved in the same buffer. Enzymatic digestion
was carried out on different bands of RHA-P by using 100 ng of
proteases with different specificity (same as above) in 10 mM
NH4HCO3 buffer, pH 7.5. Samples were incubated for 2 h at 4 ◦C.
Afterwards, the enzyme solution was removed and a fresh pro-
tease solution was  added; samples were incubated for 18 h at 37 ◦C.
Peptides were extracted by washing the gel spots/bands with ace-
tonitrile and 0.1% formic acid at RT, and were filtered using 0.22 um
PVDF filters (Millipore) following the recommended procedures.

Peptide mixtures were analyzed either by matrix-assisted laser-
desorption/ionization mass spectrometry (MALDI-MS) or capillary
liquid chromatography with tandem mass spectrometry detection
(LC–MS/MS).

MALDI-MS experiments were performed on a 4800 Plus MALDI
TOF/TOF mass spectrometer (Applied Biosystems, Framingham,
MA)  equipped with a nitrogen laser (337 nm). The peptide mixture
(1 �L) was  diluted (1:1, v/v) in acetonitrile/50 mM citrate buffer
(70:30 v/v) containing 10 mg/mL  of �-cyano-4-hydroxycinnamic
acid. Mass calibration was  performed using external peptide stan-
dards purchased from Applied Biosystems.

Spectra were acquired using a mass (m/z) range of
300–4000 amu  and raw data were analyzed using Data Explorer
Software provided by the manufacturer. Experimental mass
values were compared with calculated masses derived from an in
silico digestion of RHA-P obtained with different proteases, using
MS-Digest, a proteomics tool from Protein Prospector software
(prospector.ucsf.edu/).

Peptide mixtures were analyzed by nanoLC–MS/MS on a CHIP
MS  6520 QTOF equipped with a capillary 1200 HPLC system and a
chip cube (Agilent Technologies, Palo Alto, Ca). After sample load-
ing, the peptide mixture was first concentrated and then washed at

4 nL/min in a 40 nL enrichment column (Agilent Technologies chip)
with 2% acetonitrile + 0.1% formic acid.

The sample was  then fractionated on a C18 reverse-phase cap-
illary column at a flow rate of 400 nL/min by using a two-solvents
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ystem consisting of 2% acetonitrile + 0.1% formic acid (solvent A)
nd 95% acetonitrile + 0.1% formic acid (solvent B). Separation was
arried out with a 50 min  linear gradient from 5 to 60% of solvent
.

Peptide analysis was performed using data-dependent acquisi-
ion of one MS  scan (mass range from 300 to 2,000 m/z) followed
y MS/MS  scans of the five most abundant ions in each MS  scan.

MS/MS  spectra were acquired automatically when the MS  sig-
al detected upraised the threshold of 50,000 counts. Double and
riple charged ions were isolated and fragmented. The acquired

S/MS  spectra were transformed in Mascot Generic format (.mgf)
nd used to query either a NCBInr 02-2015 (21,322,359,704 amino
cid sequences; 10,835,265,410 residues) or a N. sp. PP1Y (4635
minoacid sequences; 1,493,994 residues) sequence database.

A licensed version (2.4.0.) of MASCOT software
www.matrixscience.com) was used with the following search
arameters: trypsin, chymotrypsin or GluC endoproteinase as
nzyme; 3 or 2 as allowed number of missed cleavages; car-
amidomethylation of cysteines as fixed modification; 10 ppm
S  tolerance and 0.6 Da MS/MS  tolerance; peptide charge from

2 to +3. Oxidation of methionine and formation of pyroglutamic
cid from glutamine residues at the N-terminal position of pep-
ides were considered as variable modifications. Ions score is
10*Log(P), where P is the probability that the observed match is a

andom event. Individual ions score >14 indicate identity or exten-
ive homology (p < 0.05). Protein scores derive from ion scores
s a non-probabilistic basis for ranking protein hits. Individual
on score threshold provided by MASCOT software, necessary to
valuate the quality of matches in MS/MS  data and to calculate
rotein score, was 52 in NCBInr database and 14 in PP1Y Database.

n Table 1 only peptides with ion score ≥ 10 are reported.

.10. NMR  Analysis

All the experiments were performed at 298 K on a Bruker
00 MHz  DRX spectrometer equipped with a cryo probe. pNPR was
issolved in D2O to a final concentration of 3 mM in a 5-mm NMR
ube. The ligand proton resonances were assigned by a combina-
ion of 1D and 2D NMR  experiments including COSY, TOCSY and
SQC. 1H NMR  spectra were acquired with 32 k data points. Dou-
le quantum-filtered phase sensitive COSY and TOCSY experiments
ere performed by using data sets of 2096 × 256 (t1 x t2) points.

otal Correlation Spectroscopy (TOCSY) spectrum was recorded
ith a spin lock time of 100 ms.  Heteronuclear single quantum

oherence (HSQC) experiment was measured in the 1H-detected
ode via single quantum coherence with proton decoupling in

he 13C domain, by using data sets of 2048 × 256 points. Experi-
ents were carried out in the phase-sensitive mode according to

he method of States and coworkers [51]. In all homonuclear spec-
ra the data matrix was zero-filled in the F1 dimension to give a

atrix of 4096 × 2048 points and resolution was enhanced in both
imensions by a cosine-bell function before Fourier transformation.

After the acquisition of the initial spectra of the ligand alone,
RHA-P was added to a final concentration of ∼1 �M (∼60 �g) in
he NMR  tube from a ∼5.9 �M solution in 25 mM MOPS contain-
ng 5% glycerol. The NMR  sample was immediately placed in the
pectrometer probe to record experiments on the mixture.

Data acquisition and processing were performed with TOPSPIN
.1 software.

.10. Analytical methods
Protein concentration was measured using the Bio-Rad Pro-
ein System [52] using bovine serum albumin (BSA) as standard.
olyacrylamide gel electrophoresis was carried out using standard
echniques [53]. SDS–PAGE 15% Tris–glycine gels were run under
sis B: Enzymatic 134 (2016) 136–147

denaturing conditions and proteins were stained with Coomassie
brilliant blue G-250. “Wide range” (200–6.5 kDa) molecular weight
standard was from Sigma (ColorBurstTM Electrophoresis Marker).

3. Results

3.1. Isolation and identification of a ˛-RHA from
Novosphingobium sp. PP1Y

In a previous work [47], a �-RHA activity was detected in the
crude extract of N. sp. PP1Y grown in minimal medium and in the
presence of 0.3 mM naringin. In order to identify and characterize
this enzymatic activity, N. sp. PP1Y cells were grown under the same
experimental conditions described by the authors [47]. Cells were
collected by centrifugation after 24 h of growth in PPMM (optical
density of ∼1 OD600) at 5,524 × g for 15 min  at 4 ◦C. �-RHA purifi-
cation was  carried out following the procedures described in this
work in Materials and Methods. In all three chromatographic steps
used for the purification of N. sp. PP1Y crude extract, a unique peak
of �-RHA activity was always detected, but no major protein band
was ever evident from the SDS-PAGE analysis of the corresponding
active fractions (data not shown).

Peak fractions obtained from the first two chromatographic
steps were digested with trypsin and analyzed by LC–MS/MS
analysis. Raw data were used to search NCBI database (Bacte-
ria as taxonomy restriction) with the MS/MS  ion search program
of Mascot software. Among the identified proteins, a mem-
ber of the glycoside hydrolase family (Novosphingobium sp.
PP1Y:WP 013837086.1) was  identified with 10 (20% of sequence
coverage) and 32 peptides (46% of sequence coverage) in the first
and in the second chromatographic step, respectively (data not
shown). The putative MW,  deduced from the amino acid sequence,
was of 124,225 Da.

Peak fractions obtained from the last chromatographic step (Q-
sepharose) showed the presence of a relatively limited number of
protein bands (Fig.S1, Supplementary material). Five bands migrat-
ing as expected for proteins of MW higher than 100 kDa were
selected and excised from the polyacrylamide gel stained with Col-
loidal Coomassie Blue. Bands were digested in situ with trypsin,
and the resulting peptides mixture was analyzed by LC–MS/MS.
Raw data were used to search NCBI database (Bacteria as taxonomy
restriction) with MASCOT software.

One of the protein bands analyzed, indicated in Fig. S1 by a
red arrow, was  identified (52 peptides, 71% sequence coverage,
Table 1) as the protein encoded by the orfPP1Y RS05470; this latter
is located in one of the extrachromosomal elements of N. sp. PP1Y,
the Megaplasmid referred to as Mpl  [44]. This protein, from now
on indicated as RHA-P, had been previously annotated as a mem-
ber of the GHs family and is composed by 1,146 aa for a calculated
molecular weight of about 124,225 Da.

3.2. Cloning, recombinant expression and purification of
recombinant RHA-P

The recombinant plasmid pET22b(+)/rha-p (Materials and
Methods), in which orf PP1Y RS05470 was cloned, was  used to
transform E. coli BL21(DE3) strain. First attempts of expression of
the recombinant protein at 37 ◦C showed the presence of a protein
band with the expected molecular weight of recombinant RHA-P
(rRHA-P) almost exclusively in the insoluble fraction of the induced
culture (Fig. S2). As evident from Fig. S2 of the Supplementary mate-

rial, when E. coli was instead induced at 23 ◦C [54], the presence of
a protein band with the expected MW for rRHA-P in the soluble
fraction (lane 5) appeared to be markedly increased when com-
pared to the soluble fraction obtained after an induction performed
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Table  1
Identification of native RHA-P by in situ digestion followed by LC–MS/MS analysis.

Protein [Species] NCBInr
Accession number

Mass Protein score Sequence coverage (%) n◦ of peptides Ion scorea and peptide sequence

Glycoside hydrolase family
protein [Novosphingobium sp.
PP1Y]
gi|334145605|ref|
WP  013837086.1|

124,225 2318 71 52 34 R.TGDAIK.A
31 R.VGGFYGK.G
38 R.GVVQNEK.R
28 R.LDNELVR.G
21 R.GPEIEPVK.A
11 R.VLPITGRK.A
19KVGSKNEPR.G
37 R.AVAEAAFDK.V
42 R.GVVQNEKR.Q
48KLSSPNAMALR.A
13KLSSPNAMALR.A+Oxidation (M)
37 R.DITDQVPVLR.L
13 R.ITVVGDITMDR.L
41 R.ITVVGDITMDR.L+Oxidation (M)
32 R.LGRPEDYYVK.L
17KAPIVSVTLYYK.V
24KVEKWFGQIPR.G
55KVGLHILGGLASSR.L
52 R.VKAQAEAELAQK.L
61 R.LDATAIAEAQER.L
35 R.TFVVSAPVQADR.T
28 R.MGWLLPAVTQDK.L
15 R.MGWLLPAVTQDK.L+Oxidation (M)
27 R.KAPIVSVTLYYK.V
52 R.DLAAMAALTPAQVK.A
70 R.DLAAMAALTPAQVK.A+Oxidation (M)
74 R.AVVSTLSGEIGGLER.V
32 R.LKPMLEQAFGAWK.A
31 R.LKPMLEQAFGAWK.A+Oxidation (M)
74KGATLAEGQVYSDDPAK.Y
28 R.RAVVSTLSGEIGGLER.V
50KFVLANGLTTIVHTDR.K
18KSAAPVKPLGAAVPAAQGR.I
23 R.NWTAPGINDPDTPALK.V
37 R.MGWLLPAVTQDKLDK.Q
33 R.MGWLLPAVTQDKLDK.Q+Oxidation (M)
47 R.AVAEAAFDKVLADYLR.D
65 R.ALPNQFETNAAVQAAIR.K
25KGWSYGVYSSVTQPTGPR.T
29KWMSRPVYALNVVPGPR.T
26KWMSRPVYALNVVPGPR.T+Oxidation (M)
20 R.TFVVSAPVQADRTGDAIK.A
18KGATLAEGQVYSDDPAKYK.R
36 R.IVLIDRPNSPQSVIMAGR.V
43 R.IVLIDRPNSPQSVIMAGR.V+Oxidation (M)
58KADTEALGLANDVLGGGFLSR.L
47 R.GPEIEPVKAGPVTLPAPLSR.D
55 R.HATIGSMADLDAATLTDVRK.W
56 R.HATIGSMADLDAATLTDVRK.W+Oxidation (M)
21 R.EEKGWSYGVYSSVTQPTGPR.T
46KAIIADVGAFPGQKPITQEELQR.V
70 R.TNYVETVPTGALDLALFMESDR.M
50 R.AIEASANEFLRPGGMTYVVVGDR.K
59 R.AIEASANEFLRPGGMTYVVVGDR.K+Oxidation (M)
65 R.AIEASANEFLRPGGMTYVVVGDRK.I
54 R.QGDNQPYGLFDYAQADGLLPVGHPYR.H+
Gln->pyro-Glu (N-term Q)
71 R.QGDNQPYGLFDYAQADGLLPVGHPYR.H
23 R.LNKDLREEKGWSYGVYSSVTQPTGPR.T
38KWFTEHYGPNNVVLVLSGDIDAATARPK.V
35KIVEPQLEGLGLPIDVQQAPQAAADDQSVE.-
55 R.KIVEPQLEGLGLPIDVQQAPQAAADDQSVE.-

a
n
s

c
e
p

a In the table only peptides with ion score ≥10 are reported.

t 37 ◦C (lane 3). Neither the use of different IPTG concentrations
or the variation of the induction time seemed to improve rRHA-P
olubility.
To increase the yield of active rRHA-P in the soluble fraction of
ell cultures induced at 23 ◦C, a novel set of analytical expression
xperiments using either LB or LB-N (Materials and Methods) sup-
lemented with 1 mM of both betaine and sorbitol (two osmolytes),
40 R.ALGSTLFGQHPYAQPTDGLGNAASLAALTPAALR.A

were performed. Data in literature suggest that the addition of
these molecules to the growth medium of induced recombinant
cells of E. coli might increase protein solubility. This effect should

be improved by the co-presence in the medium of a high salt con-
centration (LB-N medium), which might i) increase the uptake rate
in the cytoplasm of betaine and sorbitol from the extracellular
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Table 2
Purification Table of rRHA-P.

Total Unitsb Specific Activity
(Units/mg)b

P.F.a Yield (%)

Cell lysate 13,728.8 49.8
I  Q-Sepharose 5,939.6 54.7 1.1 43.3
Gel  filtration 1,370.6 66.1 1.3 9.9
II  Q-Sepharose 920.9 346.9 6.9 6.7

a Purification Factor.
b Standard deviations, expressed as percentage errors, were always within 20%.

Fig. 1. SDS-PAGE analysis of rRHA-P purification steps. Lane 1: MW standard. Lane
2:  cell lysate of E. coli strain BL21(DE3). Lane 3: peak fraction after the first Q-
sepharose. Lane 4: peak fraction after S200-gel filtration chromatography. Lane 5:
purified rRHA-P; the red arrow in this line indicates the contaminant protein found
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Table 3
TLC results of RHA-P-catalyzed reaction using different pNP-�- and pNP-�- deriva-
tives as substrates.

Substratesa Hydrolysis Transglycosylation

3 h 20 h 3 h 20 h

1 pNP-�-d-Glcp – – – –
2  pNP −�-d-Glcp – – – –
3  pNP −�-d-Galp – – – –
4  pNP −�-d-Galp – – – –
5  pNP −�-d-Manp – – – –
6  pNP −�-d-Manp – – – –
7  pNP −�-d-Xylp – – – –
8  pNP −�-l-Fucp – – – –
9  pNP −�-d-Fucp – – – –
10  pNP −�-l-Araf – – – –
11  pNP −�-l-Araf – – – –
12  pNP −�-l-Rhap + + – –
13  pNP �-GlcAp – – – –
14  pNP �-d-NAGlcp – – – –
15  pNP �-d-NAGalp – – – –

a

t  the end of purification. For each sample an amount of ca. 4 �g of total proteins
as  loaded. (For interpretation of the references to colour in this figure legend, the

eader is referred to the web version of this article.)

nvironment [55], and/or ii) induce the expression of additional
eat-shock proteins assisting in protein folding [56].

For these experiments, IPTG concentration and induction time
ere respectively 0.1 mM and 3 h. Activity assays showed that the

est expression of active rRHA-P was obtained inducing the cul-
ures at 23 ◦C and using LB-NBS (LB-N to which 1 mM of both
etaine and sorbitol were added) as growth medium. In this case,
pecific activity of cell extract was 46 times higher than what
btained with the soluble fraction of recombinant cells grown in
B and induced at 37 ◦C.

Large-scale recombinant expression was performed by using the
ptimized conditions suggested by the analytical experiments.

rRHA-P purification was carried out following three different
hromatographic steps. The purification table (Table 2) showed a
nal purification factor (PF) of 6.9. SDS-PAGE analysis of peak frac-

ions representative of each purification step (Fig. 1) showed in the
nal purified sample of rRHA-P the additional presence of a major
ontaminant protein with an approximate MW of ∼35 kDa.

The 35 kDa protein band was excised, digested in situ with
rypsin and analyzed by LC–MS/MS. The protein, identified by
earching the E. coli sequence database (Materials and Methods),
esulted to be glyceraldehyde 3-phosphate dehydrogenase, as iden-
ified by 17 peptides matches for a sequence coverage of 71%.

Purified rRHA-P amino acidic sequence was verified up to a
4% coverage, by MS  Mapping analysis carried out by MALDI-TOF
nd LC–MS/MS. However, it is worth noting that the protein N-
erminus, detected by MS  analysis, lacks the first 23 amino acids
rom the expected cloned sequence (Fig. 2 and Fig. S3).

To confirm the lack of the putative N-terminal peptide, purified
RHA-P was subjected to both a MALDI-TOF and LC–MS/MS analysis
fter an in situ digestion with either trypsin or chymotrypsin, and

o the N-terminus sequencing. Mass spectrometry analysis allowed
he identification of peptides 23ESRDDAAEVAPSTRPEPSLEQAF45

MH+ 2502.17 ppm) and 23ESRDDAAEVAPSTR36 (MH+ 1503.70)
hen rRHA-P was digested with chymotrypsin or trypsin, respec-
Ara, arabinose; Fuc, fucose; Gal, galactose; Glc, glucose; Man, mannose; NAGlc,
N-acetylglucosamine; NAGal: N-acetylgalactosamine, GlcA: glucuronic acid, Rha,
Rhamnose; Xyl, xylose.

tively. This evidence was  also confirmed by N-terminus sequencing
results, which showed that the first 5 amino acids of the recom-
binant protein are ESRDD. Interestingly, also in native RHA-P the
same N-terminal peptide, obtained by fragmentation spectrum of
the triple charged ion at 834.73 m/z from the in situ digestion of the
protein with chymotrypsin (Fig. S4), had been detected in the first
place. The scarce amount of native protein, however, did not allow
us to confirm the effective lack of the N-terminus peptide by direct
amino acidic sequencing.

3.3. Biochemical characterization of rRHA-P

3.3.1. Analytical gel filtration
The oligomeric state of rRHA-P was  verified by analytical gel

filtration using a Superdex 200 analytical column; the protein
eluted as a single peak with an apparent molecular weight of
101,500 ± 5,000 Da, which indicates that rRHA-P is a monomer.

3.3.2. Substrate specificity
To investigate rRHA-P substrate specificity in hydrolysis and

self-condensation processes, several pNP-�- and pNP-�- deriva-
tives were used as substrates in enzymatic assays performed as
described in Materials and Methods. Reactions were followed over
time by TLC analysis and data are reported in Table 3. As evident
from Table 3, the purified enzyme showed activity only on pNPR,
confirming that rRHA-P is indeed a �-l-rhamnosidase. Moreover,
no activity on pNP-�-d-Glc was detected, excluding that rRHA-P
might act as a naringinase, a class of glycosyl hydrolase having both
�-l-rhamnosidase and �-d-glucosidase activities [40]. Further-
more, oligo- and polysaccharides such as rutinose, maltose, sucrose,
lactose, pullulan, starch, amylopectin, raffinose, xylan from birch-
wood, xylan from oat spelt, hyaluronic acid, �-cellulose, cellobiose,
chitosan, �-Glucan from barley, laminarin, curdlan, fucoidan from
Fucus versiculosus, were also tested as substrates for rRHA-P. TLC
analysis of all these reactions, performed as described in Materials
and Methods, showed the lack of activity of this enzyme on any of
these compounds.

3.3.3. Mechanism of action

To understand whether rRHA-P behaves as an inverting or a

retaining glycosidase [1], 1H NMR  spectroscopy was used to mon-
itor the stereochemical course of pNPR cleavage. As shown in
Fig. 3, after the addition of the enzyme, a mixture of � and �
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Fig. 2. rRHA-P sequence coverage by MS  analysis. Highlighted in grey are the peptides, identified by MS  analysis (MALDI-TOF and/or LC–MSMS), of the enzymatic digestions
of  rRHA-P carried out either in situ or in solution with proteases of different specificity: trypsin, chymotrypsin and endoproteinase GluC (V8-DE). A global sequence coverage
of  94% was  obtained. Crossed is the N-terminus sequence expected for rRHA-P (reference sequence WP 013837086.1) and not retrieved, either by N-terminus or by MS
analysis.

Fig. 3. 1H NMR  analysis of pNPR after rRHA-P catalyzed hydrolysis. A. Spectrum of the ligand alone in solution (3 mM). B. Spectrum following the addition of the enzyme to
the  NMR  tube (∼60 �g), which showed the appearance of CH3 signals relative to �- and �-anomers. C. Spectrum obtained after a 30 min  reaction; a mixture of �- and �-
anomers with a different relative ratio was observed due to emiacetal equilibrium.
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ig. 4. rRHA-P kinetic behavior. Reaction rate expressed in �M/min  is plotted as a
unction of pNPR concentration.

hamnose anomers was observed in solution, as evident from the
resence of two different methyl group resonances. TOCSY spec-
rum allowed the assignment of both � and � spin systems up to
he methyl group resonances located at position 6 of each rhamnose
esidue. Therefore, the less shielded methyl signal was assigned to
-rhamnose. The analysis of the intensity of the different methyl
roton signals showed that the thermodynamically unfavorable �-
hamnose prevailed soon after the addition of rRHA-P (Fig. 3B).
fterwards, as a consequence of the equilibrium established by a

educing monosaccharide in water, the relative ratio of the two
eaks changed up to the point in which the � anomeric product was
redominant (Fig. 3C). Hence, the data suggested that rRHA-P acts
s an inverting enzyme as it cleaves the �-glycoside ligand yielding

 �-anomer, which in water solution equilibrates according to the
nomeric effect.

.3.4. Enzymatic characterization
All enzymatic assays described in this subsection are detailed

n Materials and Methods section and were performed using pNPR
s substrate. Kinetic constants on pNPR were determined using a
ubstrate concentration ranging from 0.025 to 1 mM.  The reaction
ate (�M/min), plotted as a function of the substrate concentration
�M),  showed a typical Michaelis-Menten trend and is reported in
ig. 4. KM constant was of 160.2 (±17.3) �M,  a value significantly
ower than most other �-RHAs described in literature [32,57],

ndicating a higher affinity of rRHA-P for pNPR. A Vmax of 21.1
±8.0) �M/min, a kcat of 734.4 (±212.9) sec−1and a Ks of 4.6 (±1.7)
ec−1 �M−1were obtained.

ig. 5. rRHA-P activity assays. pH (A) and temperature (B) optimum curves. In both graph
he  maximum value of S.A. obtained is reported in both graphs and indicated by a black a
Fig. 6. rRHA-P tolerance to organic solvents. Data are reported as percentage of
residual specific activity (S.A.) compared to the control (25 mM MOPS, pH 6.9). MOPS
buffer is used at a final concentration of 25 mM and at pH 6.9.

rRHA-P revealed an optimal activity in the range 6.0-7.5 with an
optimum at pH 6.9 (Fig. 5A), retaining 47% and 36% of activity at pH
7.9 and 8.8, respectively. In addition, rRHA-P activity was assayed
in the temperature range 25 ◦C–55 ◦C. Data are presented in Fig. 5B
and show an optimal activity temperature at ca. 40.9 ◦C, with a 44%
retaining of its initial value up to 50 ◦C. To evaluate the thermal
stability of rRHA-P in the same range used to determine the optimal
temperature, an incubation of the purified protein for either one
or 3 h was performed at different temperatures; afterwards, the
residual rhamnosidase activity of the enzyme was  calculated (Fig.
S5). The enzymatic activity appeared to be stable between 25 and
40 ◦C, independently from the duration of the incubation. At 40 ◦C,
corresponding to the temperature optimum, the activity is stable
up to 24 h (data not shown).

In order to establish the tolerance of the enzymatic activity
of rRHA-P to the presence of organic solvents, pNPR assay in
50 mM MOPS pH 6.9 containing 10% or 50% of either DMSO, ace-
tone or ethanol was  performed (Fig. 6). While activity dramatically
decreased in all concentration of acetone and in 50% of ethanol and
DMSO, a 66% of activity was  still recovered in the presence of 10%
of either DMSO or ethanol.
3.3.5. Activity on flavonoids
The ability of rRHA-P to hydrolyze natural flavonoids was  eval-

uated. Enzymatic assays using naringin, rutin and neohesperidin

s specific activity (S.A.) is plotted as a function of pH and temperature, respectively.
rrow.
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ihydrochalcone were performed and followed by TLC analysis,
s described in Materials and Methods. To this purpose, a 6 mM
olution of each compound was incubated with purified rRHA-P
n 50 mM Na-phosphate buffer pH 7.0 at 40 ◦C, and the reaction

as monitored by TLC analyses over time. After 3 h of incubation,
LC analysis of the reaction mixtures showed a 40–60% hydrolysis
f neohesperidin dihydrochalcone and rutin in the corresponding
erhamnosylated neohesperidin dihydrochalcone and quercetin-
-�-glucopyranoside (isoquercitrin). Besides, a total conversion of
aringin was observed as the corresponding products, rhamnose
nd prunin, were the only compounds observed on the TLC plate.
eaction on naringin was also carried out in the presence of 10%
MSO. In this case, in our experimental conditions, the complete
onversion of naringin in prunin and rhamnose occurred after just
h.

. Discussion

�-RHAs are a group of glycosyl hydrolases (GHs) that have
ttracted a great deal of attention due to their potential appli-
ation as biocatalysts in a variety of industrial processes. These
nzymes are of particular interest for the biotransformation of
everal natural compounds used in pharmaceutical and food indus-
ry. Enzymatic derhamnosylation catalyzed by �-RHAs can be
sed, for example, in functional foods and beverages contain-

ng molecules with enhanced health-related properties. Some
xamples encompass the biotransformation of natural steroids,
ntibiotics, flavonoids, and terpenyl glycosides responsible for wine
romas [2,40].

Bacterial �-RHAs are still poorly characterized, but their
iochemical properties might be of key importance for bio-
ransformation processes involving reactions conditions that are
nfavorable for fungal rhamnosidases. In this work, we  have
uccessfully expressed and partially characterized a novel recom-
inant �-RHA from Novosphingobium sp. PP1Y, named RHA-P. The
-RHA activity has been isolated from the native source and the
orresponding protein sequence was verified by MS  analysis. The
equence was used for a BLAST search against all protein databases,
nd resulted to be homologous to GHs present in the genomes
f several Sphingomonads; among these, a 48% sequence identity
f RHA-P with the �-RHA (rhaM) from Sphingomonas paucimobilis
P2001, was retrieved [58]. Noteworthy, an analysis of the amino
cidic sequence of RHA-P highlighted the presence of a 23 amino
cids long signal peptide [59] located at the N-terminus of the pro-
ein.

The new �-RHA identified is encoded by orfPP1Y RS05470, a
,441 bp gene located in Megaplasmid Mpl  of N. sp. PP1Y [44],
hich was amplified and cloned into pET22b (+) plasmid to

llow for the recombinant expression in E. coli BL21(DE3) strain.
irst attempts of expression of the recombinant protein, rRHA-P,
esulted in the foremost presence of the protein in the insoluble
ortion of the induced cultures. A lower induction temperature,
hifted from 37 ◦C to 23 ◦C, along with the use of a high-salt LB for-
ulation containing both betaine and sorbitol, which presumably

ct as “chemical chaperones”, efficiently concurred in improving
he yield of soluble, active rRHA-P [54–56].

rRHA-P was purified following a three-step purification proto-
ol. The relatively poor yield obtained at the end of the purification
as not unexpected at this stage, as we chose after each step to

void collecting rRHA-P active fractions that showed the presence
f too many protein contaminants.
Purified rRHA-P sequence was verified by MS  mapping. It is
nteresting to underline that the protein N-terminus expected from
he cloned sequence was never detected, either by MS  analysis
both native and recombinant RHA-P) or by N-terminus sequenc-
sis B: Enzymatic 134 (2016) 136–147 145

ing (only recombinant RHA-P). The lack of this peptide, which
had been expected by a preliminary analysis of the amino acidic
sequence, confirmed the presence of a signal peptide presumably
cleaved through a post-translational proteolytic processing. A sim-
ilar evidence has been described for the �-RHA isolated from S.
paucimobilis FP2001 and recombinantly expressed in E. coli [58].
Takeshi M.  and coworkers reported in this case the presence of a
putative signal peptide cleaved between positions A24 and N25
[58]. Similarly, in rRHA-P the cleavage site is located between A23
and E24. The amino acidic sequence of the N-terminus of both
�-RHA from strain FP2001 and strain PP1Y revealed several pecu-
liarities owned by bacterial signal peptides, such as the presence of
a charged region (2–5 residues) followed by a hydrophobic stretch
of ∼ 12 aa, along with the presence of small and apolar residues
located 1 and 3 aa upstream of the cleavage site [60]. The func-
tional role of this cleavage, as well as the possible sorting of these
processed proteins in the periplasmic space of the native bacteria,
needs to be further investigated.

A preliminary structural characterization showed that rRHA-P
is a monomeric protein with an approximate molecular weight of
101,500 ± 5,000 Da. Mechanism of action, kinetic parameters and
optimum reaction conditions were determined using a synthetic
substrate, pNPR.

As for the reaction mechanism, GHs are generally grouped in two
main classes, inverting and retaining. A typical inverting glycosi-
dase requires the presence of a catalytic acid residue and a catalytic
basic residue, whereas a typical retaining glycosidase contains a
general acid/base residue and a nucleophile. These different hydrol-
ysis mechanisms lead, respectively, to an inversion or to a retention
of the anomeric oxygen configuration in the product compared to
the substrate [61]. NMR  experiments showed that rRHA-P acts as
an inverting GH; further investigation will give additional insights
in identifying residues in the active site of this enzyme, which are
directly involved in catalysis.

rRHA-P catalytic efficiency, defined by a Ks value of
4.6 s−1 �M−1, underlined that the activity of this enzyme resulted
to be comparable or even higher than that of other bacterial
�-RHAs described in literature. When clearly reported, such as
in lactic acid bacteria Lactobacillus plantarum, and Pediococcus
acidilactici, Ks values on pNPR range in fact from 0.01 s−1 �M−1

to 0.019 s−1 �M−1 [38,39]. In addition, Ks of rRHA-P resulted to
be approximately 3 times higher than the Ks of 1.74 s−1 �M−1

reported for the �-RHA isolated from S. paucimobilis FP2001
[57]. The comparison among the KM values present in literature,
ranging from 1.18 mM for S. paucimobilis FP 2001 to 16.2 mM for
the �-RHA isolated from P. acidilactici,  showed a higher apparent
affinity of rRHA-P for pNPR (KM of 160 �M),  which might be in part
responsible for the great differences found in KS values.

To investigate the effective potential of using rRHA-P in biotech-
nological processes involving the biotransformation of flavonoids,
optimal reaction conditions in terms of pH, temperature and pres-
ence of organic solvents were evaluated. In particular, rRHA-P, in
line with other bacterial �-RHAs [34–38,55], has an optimal activity
at pH 6.9, a value that highlights a marked difference with fun-
gal �-RHAs acting at pH values ranging from 4 to 5 [17,31,32].
rRHA-P shows an optimal activity at 40.9 ◦C and a significant overall
thermal stability, retaining ∼66% of the activity up to 45 ◦C, a tem-
perature range mainly used in most industrial processes. In this
respect, also a great majority of other fungal and bacterial enzymes
exhibit similar values of temperature stability and optimal activity
[17,32,34,37,38,55], whereas only a limited number of �-RHAs is
more thermophilic and has an optimum of temperature at ca. 60 ◦C

[31,36,37,39]. rRHA-P has a moderate tolerance to organic solvents,
usually employed for the biotransformation of flavonoids that are
poorly soluble in water, retaining the 66% of activity on pNPR in
solutions containing 10% of either DMSO or ethanol. Naringin con-
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ersion is even faster in 10% DMSO than in the absence of this
olvent, probably owing to the fact that this flavonoid is more sol-
ble in the presence of DMSO. Noteworthy, flavonoids conversion
atalyzed by other �-RHA has been described in the presence of
–5% DMSO [37–39]; higher concentration of DMSO, as the one
sed for our bioconversion, might further increase the solubility
f many flavonoids of commercial interest. These data altogether
uggest a higher tolerance of rRHA-P to the presence of solvents
ompared to �-RHAs described in literature for which a residual 20

 30% activity in 12% ethanol and a 24% activity in 25% DMSO has
een reported [17,39]. It is worth mentioning that rRHA-P residual
ctivity in ethanol-containing buffers might be of additional impor-
ance as many biologically relevant rhamnosylated flavonoids are
ound in wine and possibly citrus derived alcoholic beverages.

As previously underlined, the kinetic data obtained so far for
his enzyme undoubtedly encourage its use for the bioconversion
f glycosylated natural flavonoids that are more soluble at high
emperature (ca. 50 ◦C) [62], basic pH values, and in the pres-
nce of organic solvents. In this context, experiments to verify the
ydrolytic properties of rRHA-P on few natural flavonoids contain-

ng either �-1,2 or �-1,6 glycosidic linkages between �-l-rhamnose
nd �-d-glucose were performed. TLC analysis on naringin (�-1,2),
utin (�-1,6) and neohesperidin (�-1,6) showed a total conversion
f naringin in the corresponding prunin and rhamnose, while a
artial hydrolysis of rutin and neohesperidin was observed, thus
onfirming the ability of this enzyme to hydrolyze both �-1,2 and
-1,6 linkages. Likewise, the majority of other bacterial and fun-
al �-RHAs exhibit similar substrate specificity, even though these
nzymes often show a slight preference for the hydrolysis of �-1,6
inkages [31,32,37–39].

In conclusion, the results described in this work boost the
nterest toward a further biochemical characterization of RHA-P
ctivity using for example a wide array of glycosylated flavonoids,
o investigate the effective potential of this novel enzyme for vari-
us biomass and food-processing applications aimed at recovering
igh-value added compounds from complex vegetable matrixes.
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17] M.V. Gallego, F. Piñaga, D. Ramón, S. Vallés, Purification and characterization
of an �-l-rhamnosidase from Aspergillus terreus of interest in winemaking, J.
Food Sci. 66 (2) (2001) 204–209.

18] Z. Gunata, S. Bitteur, J.M. Brillouet, C. Bayonove, R. Cordonnier, Sequential
enzymatic hydrolysis of potentially aromatic glycosides from grape,
Carbohydr. Res. 184 (1988) 139–149.

19] P. Manzanares, M.  Orejas, J.V. Gil, L.H. de Graaff, J. Visser, D. Ramón,
Construction of a genetically modified wine yeast strain expressing the
Aspergillus aculeatus rhaA gene, encoding an �-l-rhamnosidase of enological
interest, Appl. Environ. Microbiol. 69 (12) (2003) 7558–7562.

20] M.E. Melo Branco de Araújo, Y.E. Moreira Franco, T. Grando Alberto, M. Alves
Sobreiro, M.A. Conrado, D. Gonç alves Priolli, A.C.H. Frankland Sawaya, A.L.T.G.
Ruiz, J.E. de Carvalho, P. de Oliveira Carvalho, Enzymatic de-glycosylation of
rutin improves its antioxidant and antiproliferative activities, Food Chem. 141
(2013) 266–273.

21] V.D. Bokkenheuser, C.H. Shackleton, J. Winter, Hydrolysis of dietary flavonoid
glycosides by strains of intestinal Bacteroides from humans, Biochem. J. 248
(3) (1987) 953–956.

22] A.J. Day, J.M. Gee, M.S. DuPont, I.T. Johnson, G. Williamson, Absorption of
quercetin-3-glucoside and quercetin-4′-glucoside in the rat small intestine:
the role of lactase phlorizin hydrolase and the sodium-dependent glucose
transporter, Biochem. Pharmacol. 65 (7) (2003) 1199–1206.

23] S. Wolffram, M. Block, P. Ader, Quercetin-3-glucoside is transported by the
glucose carrier SGLT1 across the brush border membrane of rat small
intestine, J. Nutr. 132 (4) (2002) 630–635.

24] A. Scalbert, G. Williamson, Dietary intake and bioavailability of polyphenols, J.
Nutr 130 (2000) 2073S–2085S.

25] P.C. Hollman, J.M. van Trijp, M.N. Buysman, M.S. van der Gaag, M.J. Mengelers,
J.H.  de Vries, M.B. Katan, Relative bioavailability of the antioxidant flavonoid
quercetin from various foods in man, FEBS Lett. 418 (1997) 152–156.

26] K. Németh, G.W. Plumb, J.G. Berrin, N. Juge, R.J. Hassan, H.Y. Naim, G.
Williamson, D.M. Swallow, P.A. Kroon, Deglycosylation by small intestinal
epithelial cell �-glucosidases is a critical step in the absorption and
metabolism of dietary flavonoid glycosides in humans, Eur. J. Nutr. 42 (2003)
29–42.

27] P.C. Hollman, M.N. Bijsman, Y. van Gameren, E.P. Cnossen, J.H. de Vries, M.B.
Katan, The sugar moiety is a major determinant of the absorption of dietary
flavonoid glycosides in man, Free Radic. Res. 31 (6) (1999) 569–573.

28] P. Garnier, X.T. Wang, M.A. Robinson, S. van Kasteren, A.C. Perkins, M.  Frier,
A.J. Fairbanks, B.G. Davis, Lectin-directed enzyme activated prodrug therapy
(LEAPT): synthesis and evaluation of rhamnose-capped prodrugs, J. Drug
Target. 18 (10) (2010) 794–802.

29] M.A. Robinson, S.T. Charlton, P. Garnier, X.T. Wang, S.S. Davis, A.C. Perkins, M.
Frier, R. Duncan, T.J. Savage, D.A. Wyatt, S.A. Watson, B.G. Davis, LEAPT:

lectin-directed enzyme-activated prodrug therapy, Proc. Natl. Acad. Sci. 101
(40) (2004) 14527–14532.

30] N.M. Young, R.A.Z. Johnston, J.C. Richards, Purification of the
�-l-rhamnosidase of Penicillium decumbens and characteristics of two
glycopeptide components, Carbohydr. Res. 191 (1989) 53–62.

http://dx.doi.org/10.1016/j.molcatb.2016.10.002
http://dx.doi.org/10.1016/j.molcatb.2016.10.002
http://dx.doi.org/10.1016/j.molcatb.2016.10.002
http://dx.doi.org/10.1016/j.molcatb.2016.10.002
http://dx.doi.org/10.1016/j.molcatb.2016.10.002
http://dx.doi.org/10.1016/j.molcatb.2016.10.002
http://dx.doi.org/10.1016/j.molcatb.2016.10.002
http://dx.doi.org/10.1016/j.molcatb.2016.10.002
http://dx.doi.org/10.1016/j.molcatb.2016.10.002
http://dx.doi.org/10.1016/j.molcatb.2016.10.002
http://dx.doi.org/10.1016/j.molcatb.2016.10.002
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0005
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0005
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0005
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0005
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0005
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0005
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0005
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0005
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0005
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0005
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0005
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0005
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0005
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0005
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0005
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0005
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0005
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0005
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0005
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0010
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0015
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0020
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0020
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0020
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0020
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0020
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0020
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0020
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0020
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0020
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0020
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0020
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0020
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0020
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0020
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0020
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0020
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0020
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0020
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0020
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0020
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0020
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0020
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0025
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0030
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0035
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0040
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0045
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0050
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0055
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0060
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0060
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0060
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0060
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0060
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0060
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0060
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0060
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0060
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0060
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0060
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0060
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0060
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0060
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0060
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0060
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0060
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0065
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0070
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0075
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0080
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0085
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0090
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0095
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0100
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0105
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0110
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0115
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0120
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0120
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0120
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0120
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0120
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0120
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0120
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0120
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0120
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0120
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0120
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0120
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0120
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0120
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0120
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0120
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0120
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0125
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0130
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0135
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0140
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0145
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0150


Cataly

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[
[

F. De Lise et al. / Journal of Molecular 

31] T. Koseki, Y. Mese, N. Nishibori, K. Masaki, T. Fujii, T. Handa, Y. Yamane, Y.
Shiono, T. Murayama, H. Iefuji, Characterization of an alpha-l-rhamnosidase
from Aspergillus kawachii and its gene, Appl. Microbiol. Biotechnol. 80 (6)
(2008) 1007–1013.

32] P. Manzanares, H.C. van den Broeck, L.H. de Graaff, J. Visser, Purification and
characterization of two different alpha-l-rhamnosidases, RhaA and RhaB,
from Aspergillus aculeatus, Appl. Environ. Microbiol. 67 (5) (2001) 2230–2234.

33] J.E. Chua, P.A. Manning, R. Morona, The Shigella flexneri bacteriophage Sf6
tailspike protein (TSP)/endo rhamnosidase is related to the bacteriophage P22
TSP and has a motif common to exo- and endoglucanases and C-5 epimerases,
Microbiology 145 (7) (1999) 1649–1659.

34] W.  Hashimoto, H. Nankai, N. Sato, S. Kawai, K. Murata, Characterization of
�-l-rhamnosidase of Bacillus sp. GL1 responsible for the complete
depolymerization of gellan, Arch. Biochem. Biophys. 415 (2) (1999) 56–60.

35] A.G. Orrillo, P. Ledesma, O.D. Delgado, G. Spagna, J.D. Breccia, Cold-active
�-l-rhamnosidase from psychrotolerant bacteria isolated from a
sub-Antarctic ecosystem, Enz. Microbiol. Technol. 40 (2) (2007) 236–241.

36] V.V. Zverev, C. Hertel, K. Bronnenmeier, A. Hroch, J. Kellermann, W.H.
Schwarz, The thermostable �-l-rhamnosidase RamA of Clostridium
stercorarium: biochemical characterization and primary structure of a
bacterial �-L-rhamnoside hydrolase a new type of inverting glycoside
hydrolase, Mol. Microbiol. 35 (2000) 173–179.

37] M.  Avila, M.  Jaquet, D. Moine, T. Requena, C. Peláez, F. Arigoni, I. Jankovic,
Physiological and biochemical characterization of the two
alpha-l-rhamnosidases of Lactobacillus plantarum NCC245, Microbiology 155
(2009) 2739–2749.

38] J. Beekwilder, D. Marcozzi, S. Vecchi, R. de Vos, P. Janssen, C. Francke, J. van
Hylckama Vlieg, R.D. Hall, Characterization of rhamnosidases from
Lactobacillus plantarum and Lactobacillus acidophilus, Appl. Environ. Microbiol
75  (2009) 3447–3454.

39] H. Michlmayr, W.  Brandes, R. Eder, C. Schümann, A.M. del Hierro, K.D. Kulbe,
Characterization of two distinct glycosyl hydrolase family 78
�-l-rhamnosidases from Pediococcus acidilactici, Appl. Environ. Microbiol. 77
(18)  (2011) 6524–6530.

40] M.  Puri, Updates on naringinase: structural and biotechnological aspects,
Appl. Microbiol. Biotechnol. 93 (1) (2012) 49–60.

41] Z. Cui, Y. Maruyama, B. Mikami, W.  Hashimoto, K. Murata, Crystal structure of
glycoside hydrolase family 78 �-l-rhamnosidase from Bacillus sp. GL1, J. Mol.
Biol. 374 (2) (2007) 384–398.

42] Z. Fujimoto, A. Jackson, M.  Michikawa, T. Maehara, M.  Momma,  B. Henrissat,
H.J.  Gilbert, S. Kaneko, The structure of a Streptomyces avermitilis
�-l-rhamnosidase reveals a novel carbohydrate-binding module CBM67
within the six-domain arrangement, J. Biol. Chem. 288 (17) (2013)
12376–12385.

43] E. Notomista, F. Pennacchio, V. Cafaro, G. Smaldone, V. Izzo, L. Troncone, M.
Varcamonti, A. Di Donato, The marine isolate Novosphingobium sp. PP1Y
shows specific adaptation to use the aromatic fraction of fuels as the sole

carbon and energy source, Microb. Ecol. 61 (3) (2011) 582–594.

44] V. D’Argenio, M.  Petrillo, P. Cantiello, B. Naso, L. Cozzuto, E. Notomista, G.
Paolella, A. Di Donato, F. Salvatore, De novo sequencing and assembly of the
whole genome of Novosphingobium sp. strain PP1Y, J. Bacteriol. 193 (16)
(2011) 4296.

[

sis B: Enzymatic 134 (2016) 136–147 147

45] W.  Hashimoto, K. Murata, Alpha-l-rhamnosidase of Sphingomonas sp. R1
producing an unusual exopolysaccharide of sphingan, Biosci. Biotechnol.
Biochem. 62 (6) (1998) 1068–1074.

46] V. D’Argenio, E. Notomista, M.  Petrillo, P. Cantiello, V. Cafaro, V. Izzo, B. Naso,
L.  Cozzuto, L. Durante, L. Troncone, G. Paolella, F. Salvatore, A. Di Donato,
Complete sequencing of Novosphingobium sp. PP1Y reveals a
biotechnologically meaningful metabolic pattern, BMC  Genomics 15 (2014)
384.

47] V. Izzo, P. Tedesco, E. Notomista, E. Pagnotta, A. Di Donato, A. Trincone, A.
Tramice, Rhamnosidase activity in the marine isolate Novosphingobium sp.
PP1Y and its use in the bioconversion of flavonoids, J. Mol. Catal. B: Enzym.
105  (2014) 95–103.

48] B.L. Cantarel, P.M. Coutinho, C. Rancurel, T. Bernard, V. Lombard, B. Henrissat,
The carbohydrate-Active EnZymes database (CAZy). an expert resource for
glycogenomics, Nucl. Acids Res. 37 (2009) D233–D238.

49] J. Sambrook, E.F. Fritsch, T. Maniatis, Molecular Cloning. A Laboratory Manual,
2nd ed., Cold Spring Harbor Lab. Press, 1982, pp. 545.

50] P. Gerhardt, R.G.E. Murray, W.A. Wood, N.R. Krieg, Methods for General and
Molecular Bacteriology, ASM Press, Washington D.C, 1994.

51] D.J. States, R.A. Haberkorn, D.J. Ruben, A two-dimensional nuclear overhauser
experiment with pure absorption phase in four quadrants, J. Magn. Reson. 48
(1982) 286–292.

52] M.M.  Bradford, A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye binding,
Anal. Biochem. 72 (1976) 248–254.

53] F. He, Laemmli-SDS-PAGE, Bio-protocol. 2011. Bio101:e80. http://www.bio-
protocol.org/e80.

54] J.R. Blackwell, R. Horgan, A novel strategy for production of a highly expressed
recombinant protein in an active form, FEBS Lett. 295 (1–3) (1991) 10–12.

55] N. Oganesyan, I. Ankudinova, S.H. Kim, R. Kimb, Effect of osmotic stress and
heat shock in recombinant protein overexpression and crystallization, Prot.
Expr. Purif. 52 (2) (2007) 280–285.

56] M.  Kilstrup, S. Jacobsen, K. Hammer, F.K. Vogensen, Induction of heat shock
proteins DnaK, GroEL, and GroES by salt stress in Lactococcus lactis, Appl.
Environ. Microbiol. 63 (5) (1997) 1826–1837.

57] F. Miake, T. Satho, H. Takesue, F. Yanagida, N. Kashige, K. Watanabe,
Purification and characterization of intracellular alpha-l-rhamnosidase from
Pseudomonas paucimobilis FP2001, Arch. Microbiol. 173 (1) (2000) 65–70.

58] M.  Takeshi, K. Nobuhiro, S. Tomomitsu, Y. Tadatoshi, A. Yoichi, M.  Fumio,
Cloning, Sequence analysis, and expression of the gene encoding
Sphingomonas paucimobilis FP2001 a-l-rhamnosidase, Curr. Microbiol. 51
(2005) 105–109.

59] T.N. Petersen, S. Brunak, G. von Heijne, H. Nielsen, SignalP 4.0: discriminating
signal peptides from transmembrane regions, Nat. Methods 8 (2011) 785–786.

60] L.M. Gierasch, Signal sequences, Biochemistry 28 (1989) 923–930.
61] B. Cobucci-Ponzano, M.  Moracci, Glycosidases and glycosynthases, in:

Biocatalysis in Organic Synthesis of Faber K, Fessner W-D  Turner NJ, 2016, pp.

483–506.

62] T. Sathishkumar, R. Baskar R, S. Shanmugam, P. Rajasekaran, S. Sadasivam, V.
Manikandan, Optimization of flavonoids extraction from the leaves of
Tabernaemontana heyneana Wall using L16 Orthogonal design, Naturesci 6 (3)
(2008), 1545–0740.

http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0155
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0160
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0165
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0170
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0175
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0180
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0185
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0190
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0195
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0200
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0200
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0200
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0200
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0200
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0200
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0200
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0200
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0200
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0200
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0200
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0200
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0200
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0200
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0200
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0200
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0200
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0200
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0205
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0210
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0215
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0220
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0225
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0230
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0235
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0240
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0245
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0245
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0245
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0245
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0245
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0245
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0245
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0245
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0245
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0245
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0245
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0245
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0245
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0245
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0245
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0245
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0245
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0245
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0245
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0245
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0245
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0250
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0250
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0250
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0250
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0250
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0250
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0250
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0250
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0250
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0250
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0250
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0250
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0250
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0250
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0250
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0250
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0250
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0250
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0250
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0255
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0260
http://www.bio-protocol.org/e80
http://www.bio-protocol.org/e80
http://www.bio-protocol.org/e80
http://www.bio-protocol.org/e80
http://www.bio-protocol.org/e80
http://www.bio-protocol.org/e80
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0270
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0275
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0280
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0285
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0290
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0295
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0300
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0300
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0300
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0300
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0300
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0300
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0300
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0300
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0300
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0300
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0305
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310
http://refhub.elsevier.com/S1381-1177(16)30194-1/sbref0310

	RHA-P: Isolation, expression and characterization of a bacterial α-l-rhamnosidase from Novosphingobium sp. PP1Y
	1 Introduction
	2 Materials and methods
	2.1 Generals
	2.2 Growth of Novosphingobium sp. PP1Y cells
	2.3 Cloning of orfPP1Y_RS05470 and construction of the pET22b(+)/rha-p expression vector
	2.4 α-l-Rhamnosidase recombinant expression
	2.4.1 Analytical expression
	2.4.2 Large scale expression

	2.5 Native and recombinant α-l-rhamnosidase purification
	2.6 Analytical gel filtration
	2.7 Enzyme activity assays
	2.7.1 Kinetic parameters determination
	2.7.2 pH optimum
	2.7.3 Temperature optimum and stability
	2.7.4 Organic solvents tolerance

	2.8 Substrate specificity
	2.9 Mass spectrometry analysis
	2.10 NMR Analysis
	2.10 Analytical methods

	3 Results
	3.1 Isolation and identification of a α-RHA from Novosphingobium sp. PP1Y
	3.2 Cloning, recombinant expression and purification of recombinant RHA-P
	3.3 Biochemical characterization of rRHA-P
	3.3.1 Analytical gel filtration
	3.3.2 Substrate specificity
	3.3.3 Mechanism of action
	3.3.4 Enzymatic characterization
	3.3.5 Activity on flavonoids


	4 Discussion
	Acknowledgment
	Appendix A Supplementary data
	References


