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ABSTRACT

Marine macroalgae are potential resources for the sustainable production of biofuels and bio-based chem-
icals. Alginate, a major component of brown macroalgae, consists of two uronate monomers, which
are further non-enzymatically converted to 4-deoxy-L-erythro-5-hexoseulose uronate (DEH). In several
marine bacteria, DEH is known to be metabolized via three enzymatic steps, consisting of DEH reduc-
tase, 2-keto-3-deoxy-D-gluconate (KDG) kinase, and 2-keto-3-deoxy-phosphogluconate (KDPG) aldolase,
which yields two glycolytic intermediates: D-glyceraldehyde-3-phosphate and pyruvate. However, such
functions of these enzymes for the DEH pathway have rarely been experimentally validated. In the
present study, the DEH metabolic pathway was investigated in Saccharophagus degradans 2-407, a marine
bacterium that utilizes alginate. Through in vitro tests assisted by gas chromatography/mass spectrom-
etry and gas chromatography/time-of-flight mass spectrometry, the purified enzymes were functionally
confirmed and annotated as dehR, kdgK, and kdpgA, respectively. In conclusion, we report the in vitro
validation of the metabolic pathway of DEH monomerized from alginate.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Marine macroalgae have been proposed as promising alter-
natives to terrestrial biomass for the production of biofuels and
bio-based chemicals using macroalgal carbohydrates [17,26]. The
use of corn and sugar cane for biofuel production has been crit-
icized due to competition with the food supply and changes in
land use [20]. Brown macroalgae contain large amounts of algi-
nate, laminaran, fucoidan, and cellulose [9,10,15]. Alginate is the
most abundant component of brown macroalgae, comprising up
to 40% of dry matter [15]. Alginate is a straight chain polysac-
charide that contains a-L-guluronate (G) and 3-p-mannuronate
(M) as monomeric units arranged in three different configura-
tions: poly-B-b-mannuronate (poly M), poly-a-L-guluronate (poly
G), and heteropolymeric random poly M and G [3,5].

Although several marine bacteria are known to metabolize algi-
nate [4,8,13,14,24,25], Gram-negative Sphingomonas sp. strain Al
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is currently the only organism from which the complete algi-
nate metabolic pathway has been detailed [20]. Sphingomonas
sp. strain Al takes up alginate via an alginate transport system
and depolymerizes alginate into its unique monomers, form-
ing 4-deoxy-L-erythro-5-hexoseulose uronate (DEH) with various
endo- and exo-type alginate lyases [6]. DEH is then metabolized
by three metabolic enzymes, DEH reductase, 2-keto-3-deoxy-D-
gluconate (KDG) kinase, and 2-keto-3-deoxy-phosphogluconate
(KDPG) aldolase, yielding p-glyceraldehyde-3-phosphate (G3P)
and pyruvate [19,20].

Saccharophagus degradans 2-40T, another marine bacterium
whose genome has been fully sequenced [23], can efficiently
metabolize alginate [2]. Moreover, recent studies identified the
endo-type and exo-type alginate lyases of S. degradans 2-40T
(encoded by Alg7D and Alg17C, respectively), which are able to
depolymerize alginate into DEH [11,12]. However, the potential
metabolic pathway of DEH in S. degradans 2-40T has not been com-
pletely explored. In order to potentially exploit the DEH metabolic
pathways of S. degradans 2-40" in industrial organisms through
metabolic engineering, the verification and validation of putative
DEH metabolic enzymes are essential.
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In the present study, we validated the functions of the S.
degradans 2-40T enzymes, DEH reductase, KDG kinase, and KDPG
aldolase. Based on the in vitro activities of the enzymes, we have
proposed the complete alginate metabolic pathway in S. degradans
2-40T,

2. Materials and methods
2.1. Cloning

For cloning of genes encoding putative DEH reductase, KDG
kinase, and KDPG aldolase enzymes, the genomic DNA of S.
degradans 2-40T was prepared as follows: S. degradans 2-407 was
cultivated for 18 h at 30°C and 200 rpm in minimal medium con-
sisting of 23 g/L Instant Ocean Sea Salt (Aquarium Systems, Mentor,
OH, USA),50 mM Tris—HCl (pH 7.4), 2 g/Lglucose, 1 g/Lyeast extract,
and 0.5 g/L ammonium chloride. Genomic DNA was extracted from
the culture using DNeasy Blood & Tissue Kit (Qiagen, Valencia, CA,
USA) following the manufacturer’s protocol.

Genes encoding putative DEH reductase (short-chain dehy-
drogenase/reductase SDR, NCBI gene ID: 3965773), KDG kinase
(2-keto-3-deoxygluconate kinase, NCBI gene ID: 3965772), and
KDPG aldolase (2-keto-3-deoxy-phosphogluconate aldolase, NCBI
gene ID: 3968651) of S. degradans 2-40T were amplified by poly-
merase chain reaction (PCR) using primers listed in Table S1. Each
PCR product was treated with BamHI and Notl restriction enzymes
and then ligated with a pET-21a plasmid treated with the same
enzymes. Escherichia coli BL21 (DE3) was transformed with each
of the resulting plasmids, and transformants were selected on
Luria-Bertani agar (LBA; BD, Sparks, MD, USA) containing 50 pg/mL
ampicillin.

2.2. Enzyme production and purification

For the production of target enzymes, E. coli transformants were
cultivated in LBA at 37 °C and 180 rpm. When the absorbance of the
culture at 600 nm (Aggg) reached 0.5, 0.1 mM IPTG was added, and
the culture was further incubated for 16 h at 16 °C. Cells were col-
lected and disrupted by sonication (Branson, Danbury, CT, USA).
After centrifugation of the lysate at 16,000 x g for 60 min, soluble
supernatant was applied to a His-Trap column (GE Healthcare, Pis-
cataway, NJ, USA), and proteins were eluted in Tris-HCl (pH 7).
The enzyme eluent was concentrated using an Amicon tube (Milli-
pore, Billerica, MA, USA). The concentrated enzyme solutions were
analyzed with a bicinchoninic acid (BCA) protein assay (Pierce,
Rockford, IL, USA) and 12% (w/v) SDS-PAGE gel electrophoresis to
determine the concentration, size, and purity of the target proteins.

2.3. Substrate preparation

As a substrate for the in vitro assay of DEH reductase activity,
DEH was prepared as previously described [11,12]. Briefly, sodium
alginate solution (2% w/v, Sigma-Aldrich, St. Louis, MO, USA) was
treated sequentially with recombinant endo-type alginate lyase
(Alg7D originating from S. degradans 2-40") and exo-type alginate
lyase (Alg17C originating from S. degradans 2-407) to produce algi-
nate oligosaccharides and DEH, respectively [11,12]. The reaction
solution then underwent Bio-Gel P-2 size exclusion column chro-
matography to obtain purified DEH.

2.4. Enzyme assay of putative metabolic enzymes

For the in vitro analysis of DEH reductase activity, 1 mL reaction
mixture was prepared with 20 mM Tris-HCI (pH 7), 800 p.g/mL of
purified enzyme, and either 1 mM NADH or 1 mM NADPH. Reduc-
tions in the absorbance at 340 nm was monitored for 40 min at 30 °C

using a microplate spectrophotometer (Bio-Rad Laboratories, Rich-
mond, CA, USA). The production of KDG was confirmed by thin layer
chromatography (TLC) and gas chromatography/mass spectrome-
try (GC/MS).

To test enzyme activities of KDG kinase and KDPG aldolase in
vitro, 800 p.g/mL of each purified enzyme were sequentially added
to post-reaction mixtures that contained the corresponding sub-
strates for the target enzymes. For the reaction by KDG kinase,
2.5mM of ATP was added in the reaction mixture as a phospho-
ryl donor. After incubating at 30 °C for 1 h, each enzymatic reaction
mixture was quenched in boiling water for 5 min. The production
of KDPG by putative KDG kinase was confirmed by TLC and GC/MS,
and the production of pyruvate by putative KDPG aldolase was con-
firmed by gas chromatography/time-of-flight mass spectrometry
(GC|TOF MS).

2.5. TLC

For quick assessment of intermediates produced in the enzy-
matic reaction mixtures above, TLC was performed as previously
described [11]. Three microliters of each reaction product was
applied to a silica gel plate 60 (Merck, Darmstadt, Germany).
Metabolites were developed using an n-butanol-acetic acid-water
(3:2:2 by volume) solution and visualized by heating the TLC plate
at130°Cfor 5 minusinga 10% (v/v) sulfuric acid solution in ethanol.

2.6. GC/MS and GC/TOF MS

For identification of DEH, KDG, and KDPG, each post-enzymatic
reaction mixture was dried and derivatized as previously described
[21]. Briefly, the aldehyde group of each reaction product
was derivatized by methoxyamination using 50 p.L of 20 mg/mL
methoxyamine hydrochloride in pyridine (Sigma-Aldrich, St. Louis,
MO, USA) at 75 °C 30 min. The volatility of the sample was increased
by adding 80 L of N-methyl-N-(trimethylsilyl)tri-fluoroacetamide
(Sigma-Aldrich, St. Louis, MO, USA). The derivatized samples (1 L)
were analyzed with an Agilent 7890A GC/5975C MSD system (Agi-
lent Technologies, Wilmington, DE, USA) equipped with a DB5-MS
column (0.25mm x 30m, 0.25 wm film thickness; Agilent Tech-
nologies). The temperature of the GC oven was programmed as
follows: 100°C for 3.5 min, increased to 160°C by 15°C/min and
held for 20 min, increased to 200°C by 20°C/min and held for
20 min, and increased to 280°C by 20°C/min and held for 5 min.
Ionization was achieved by electron impact at 70 eV, and the tem-
perature of the ion source was 230°C. The mass spectra were
recorded in the range of 50-500m/z [21].

For analysis of pyruvate, an Agilent 7890A GC (Hewlett-Packard,
Atlanta, GA, USA) coupled to a Pegasus HT TOF MS (Leco, St. Joseph,
MI, USA) was used. This GC/TOF MS was equipped with an RTX-5Sil
MS capillary column (Restek, Bellefonte, PA, USA) and an additional
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Fig. 1. Mass spectrum of the substrate, 4-deoxy-L-erythro-5-hexoseulose urinate
(DEH) prepared in this study.
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Fig. 2. Cofactor specificity of DEH reductase toward NADH and NADPH was moni-
tored by changes in absorbance at 340 nm (As40). The negative controls contained
only the cofactor (NADH or NADPH) and DEH without the enzyme. All experiments
were performed in triplicate.

10-m integrated guard column. The temperature of the GC oven
was programmed as follows: 50°C for 1 min, increased to 330°C
by 20°C/min and held for 5 min. The transfer line temperature was
set at 280°C. The ionization mode was subjected to an electron
impact at 70 eV with an ion source temperature of 250 °C. GC/TOF
MS data were preprocessed for automated peak detection by Leco
ChromaTOF software (version 3.34; Leco).
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Fig. 3. TLC analysis of in vitro enzymatic reaction products of DEH with DEH reduc-
tase and KDG kinase. Lanes: 1, DEH standard produced from alginate by alginate
lyases; 2, an authentic standard of KDG; 3, an authentic standard of KDPG; 4, the
reaction product of DEH with DEH reductase; 5, the reaction product of DEH with
DEH reductase and KDG kinase, introduced sequentially.

3. Results and discussion
3.1. Mass fragments pattern of the substrate (DEH)

The substrate for DEH reductase activity test was in-house pro-
duced and purified following the previous report [11], in which the
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Fig.4. GC/MS and GC/TOF MS analyses of the enzymatic reaction products. (A) Total ion chromatograms of enzymatic reaction product produced from DEH by DEH reductase,
reaction product produced from DEH by DEH reductase and KDG kinase, and reaction product produced from DEH by DEH reductase, KDG kinase, and KDPG aldolase, which
were analyzed by GC/MS optimized for the analysis of DEH, KDG, and KDPG. (B) Total ion chromatograms of enzymatic reaction product produced from DEH by DEH reductase,
reaction product produced from DEH by DEH reductase and KDG kinase, and reaction product produced from DEH with DEH reductase, KDG kinase, and KDPG aldolase,

which were analyzed by GC/TOF MS optimized for the analysis of pyruvate.
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Fig. 5. Mass spectra of (A) reaction product produced from DEH by DEH reductase (upper) and an authentic standard of KDG (lower), both of which were analyzed by GC/MS;
(B) reaction product produced from DEH by DEH reductase and KDG kinase (upper) and an authentic standard of KDPG (lower), both of which were analyzed by GC/MS;
and (C) reaction product produced from DEH by DEH reductase, KDG kinase and KDPG aldolase (upper) and an authentic standard of pyruvate (lower), both of which were

analyzed by GC/TOF MS.

same enzymes were used as in this study and the DEH was iden-
tified by liquid chromatography/mass spectrometry. In this study,
the in-house prepared DEH was analyzed by GC/MS, and was found
to have the same mass spectrum as that from the previous report
(Fig. 1)[21]. The major fragment ions of DEH were detected at 73.1,
147.1,and 290.1 m/z. The ions detected at 73.1 and 147.1 m/z were
identified to be trimethylsilyl fragments which were derived from
the derivatization process of DEH. Therefore, the ion detected at
290.1 m/z was attributed to the quasi-molecular ion of derivatized
DEH.

3.2. Production of putative enzymes metabolizing DEH

In this study, we confirmed the in vitro enzyme activities of
a putative DEH metabolic pathway of the marine bacterium S.
degradans 2-407, which catabolizes alginate. Genes coding for puta-
tive DEH reductase (Sde_3281), KDG kinase (Sde_3280), and KDPG

aldolase (Sde_1382) of S. degradans 2-40T were individually over-
expressed in E. coli, and the heterologous proteins were purified for
in vitro tests. The molecular masses of the putative DEH reductase,
KDG kinase, and KDPG aldolase corresponded to their theoretical
mass values, 26.6 kDa, 34.8 kDa, and 21.5 kDa, respectively (Fig. S1).

3.3. Verification of DEH reductase activity and cofactor specificity

While KDG kinase and KDPG aldolase are a part of the
Entner-Doudoroff (ED) pathway that many bacteria utilize
[1,16,20,22], DEH reductase has been identified in only a few organ-
isms: the al-R gene of Sphingomonas sp. Al [19], the dehR gene of
Vibrio splendidus 12B01 [22], and the flred gene of Flavobacterium
sp.UMI-01 [7]. Based on a proteomic analysis performed by a recent
study, Sde_3281 of S. degradans 2-40" in the alginate-specific gene
cluster arose as a most promising DEH reductase [18].
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To test DEH reductase activity, putative DEH reductase of S.
degradans 2-40T was incubated with DEH in the presence of either
NADH or NADPH. During the in vitro enzymatic reaction, significant
oxidation of NADH proceeded more rapidly than that of NADPH
(Fig. 2). However, in the control experiments using reaction mix-
tures containing no DEH, oxidation of either NADH or NADPH was
not observed. These results suggest that the putative enzyme pos-
sesses the activity of reducing DEH requiring NADH as a cofactor in
preference to NADPH.

3.4. Verification of KDG kinase activity by TLC

The proposed DEH metabolic pathway of S. degradans 2-40T was
further verified by continuous in vitro enzymatic reaction of the
putative DEH reductase and KDG kinase with purified DEH as a sin-
gle substrate. We assumed that if the two enzymes were functional,
DEH would be sequentially converted to KDG and then to KDPG. The
production of KDG and KDPG were confirmed by TLC using authen-
tic standards (Fig. 3). Inlane 4 of Fig. 3, introduction of putative DEH
reductase yielded a lighter band corresponding to DEH as well as a
new, strong band corresponding to the KDG standard. Similarly, in
lane 5 of Fig. 3, introduction of putative KDG kinase yielded a new
band corresponding to the KDPG standard.

3.5. Product verification of the putative DEH metabolic pathway

To verify the in vitro enzymatic activities of the DEH metabolic
enzymes tested above, each post-enzymatic reaction mixture was
analyzed by GC/MS. Consistent with the spectrophotometric and
TLC assay results described above, the first reaction mixture (puta-
tive DEH reductase) and the second post-reaction mixture (putative
DEH reductase and KDG kinase) displayed new peaks that corre-
sponded to the exact mass and mass spectra of the KDG and KDPG
standards, respectively (Figs. 4a, 5a and b).

To test the third step of the DEH metabolic pathway of S.
degradans 2-407, which is enabled by putative KDPG aldolase, a pre-
enzymatic reaction mixture was prepared from the first and second
metabolic reactions by DEH reductase and KDG kinase, respec-
tively. Because KDPG aldolase was expected to produce pyruvate
and G3P with low molecular masses, TLC would not be able to
detect them. Moreover, GC/MS was not capable of identifying the
product metabolites possibly due to their low amounts in the
post-reaction enzymatic mixtures. To analyze pyruvate at a higher
detection sensitivity, we used GC/TOF MS. As a result, pyruvate
was identified from the post-reaction mixture containing DEH with
putative DEH reductase, KDG kinase, and KDPG aldolase. The reten-
tion time and fragmentation pattern of the product produced by
these three enzymes corresponded to those of an authentic stan-
dard of pyruvate (Figs. 4b and 5c¢). Taken together, our extensive
analyses, including TLC, GC/MS, and GC/TOF MS analysis, verified
the proposed DEH metabolic pathway of S. degradans 2-40T. We also
showed that the three metabolic enzymes are functional in vitro. All
putative enzymes have now been functionally annotated: Sde_3281
for DEH reductase (DehR), Sde_3280 for KDG kinase (KdgK), and
Sde_1382 for KDPG aldolase (KdpgA).

In conclusion, we report the in vitro validation of the metabolic
pathway of DEH from alginate in a marine bacterium. Moreover, the
genes encoding KDG kinase and KDGP aldolase were also verified
in S. degradans 2-407, confirming the first complete DEH metabolic
pathway to be revealed since that of Sphingomonas sp. was reported
[19]. The heterologous expression of the identified DEH pathway in
a robust host like E. coli or Saccharomyces cerevisiae represents the
next step toward industrial algal bioprocessing. DEH metabolism
in an engineered host might present several challenges, such as an
inefficient expression of marine bacterial genes, cellular toxicity of
DEH, and inefficient uptake of DEH. When accompanied with effi-

cient hydrolysis of brown algae, an engineered host metabolizing
DEH may be able to compete with existing crop-based bioprocesses.

Acknowledgments

This work was supported by a grant from the National Research
Foundation of Korea (2013M1A2A2072597), funded by the Korean
Government (MSIP). The study was performed at the Korea Uni-
versity Food Safety Hall for the Institute of Biomedical Science and
Food Safety.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.procbio.2016.07.
020.

References

[1] J. Allard, P. Grochulski, J. Sygusch, Covalent intermediate trapped in
2-keto-3-deoxy-6- phosphogluconate (KDPG) aldolase structure at 1.95-A
resolution, Proc. Natl. Acad. Sci. U. S. A. 98 (2001) 3679-3684.

[2] N.A. Ekborg, ].M. Gonzalez, M.B. Howard, L.E. Taylor, S.W. Hutcheson, R.M.
Weiner, Saccharophagus degradans gen nov., sp. nov., a versatile marine
degrader of complex polysaccharide, Int. ]. Syst. Evol. Microbiol. 55 (2005)
1545-1549.

[3] P. Gacesa, Alginate, Carbohydr. Polym. 8 (1988) 161-182.

[4] P. Gacesa, Enzymic degradation of alginates, Int. ]. Biochem. 24 (1992)
545-552.

[5] M. Garron, M. Cygler, Structural and mechanistic classification of uronic
acid-containing polysaccharide lyases, Glycobiology 20 (2010) 1547-1573.

[6] W. Hashimoto, S. Kawai, K. Murata, Bacterial supersystem for alginate
import/metabolism and its environmental and bioenergy applications,
Bioeng. Bugs 1 (2010) 97-109.

[7] A. Inoue, R. Nishiyama, S. Mochizuki, T. Ojima, Identification of a
4-deoxy-L-erythro-5-hexoseulose uronic acid reductase, FIRed, in an
alginolytic bacterium Flavobacterium sp. strain UMI-01, Mar. Drugs 13 (2015)
493-508.

[8] Y. Iwamoto, R. Araki, K. Iriyama, T. Oda, H. Fukuda, S. Hayashida, T.
Muramatsu, Purification and characterization of bifunctional alginate lyase
from Alteromonas sp. strain no. 272 and its action on saturated oligomeric
substrates, Biosci. Biotechnol. Biochem. 65 (2001) 133-142.

[9] A.Jensen, Present and future needs for algae and agal product, Hydrobiologia
260 (1993) 15-23.

[10] G.Jiao, G. Yu, ]. Zhang, H.S. Ewart, Chemical structures and bioactivities of
sulfated polysaccharides from marine algae, Mar. Drugs 9 (2011) 196-223.

[11] H.T. Kim, J.H. Chung, D. Wang, J. Lee, H.C. Woo, I.G. Choi, K.H. Kim,
Depolymerization of alginate into a monomeric sugar acid using Alg17C, an
exo-oligoalginate lyase cloned from Saccharophagus degradans 2-40, Appl.
Microbiol. Biotechnol. 93 (2012) 2233-2239.

[12] H.T. Kim, H.J. Ko, N. Kim, D. Kim, D. Lee, I.G. Choi, H.C. Woo, M.D. Kim, K.H.
Kim, Characterization of a recombinant endo-type alginate lyase (Alg7D) from
Saccharophagus degradans, Biotechnol. Lett. 34 (2012) 1087-1092.

[13] J. Li, W. Yu, F. Han, W. Han, K. Song, Purification and characterization of a
novel alginate lyase from marine Vibrio sp. QY102, Wei Sheng Wu Xue Bao 43
(2003) 753-757.

[14] A. Linker, L.R. Evans, Isolation and characterization of an alginase from
mucoid strains of Pseudomonas aeruginosa, ]. Bacteriol. 159 (1984) 958-964.

[15] S. Mabeau, B. Kloareg, Isolation and analysis of the cell walls of brown algae:
Fucus spiralis, F. ceranoides, F. vesiculosus, F. serratus, Bifurcaria bifurcata and
Laminaria digitata, ]. Exp. Bot. 38 (1987) 1573-1580.

[16] H.P. Meloche, ].P. Glusker, Aldolase catalysis: single base-mediated proton
activation, Science 181 (1973) 350-352.

[17] A.Singh, P.S. Nigam, J.D. Murphy, Mechanism and challenges in
commercialisation of algal biofuels, Bioresour. Technol. 102 (2011) 26-34.

[18] T. Takagi, H. Morisaka, S. Aburaya, Y. Tatsukami, K. Kuroda, M. Ueda, Putative
alginate assimilation process of the marine bacterium Saccharophagus
degradans 2-40 based on quantitative proteomic analysis, Mar. Biotechnol. 18
(2015) 15-23.

[19] R. Takase, A. Ochiai, B. Mikami, W. Hashimoto, K. Murata, Molecular
identification of unsaturated uronate reductase prerequisite for alginate
metabolism in Sphingomonas sp. A1, Biochim. Biophys. Acta 1804 (2010)
1925-1936.

[20] H.Takeda, F. Yoneyama, S. Kawai, W. Hashimoto, K. Murata, Bioethanol
production from marine biomass alginate by metabolically engineered
bacteria, Energy Environ. Sci. 4 (2011) 2575-2581.

[21] D.M. Wang, H.T. Kim, E.J. Yun, D.H. Kim, Y.C. Park, H.C. Woo, K.H. Kim, Optimal
production of 4-deoxy-L-erythro-5-hexoseulose uronic acid from alginate for
brown macro algae saccharification by combining endo- and exo-type
alginate lyases, Bioprocess Biosyst. Eng. 37 (2014) 2105-2111.


http://dx.doi.org/10.1016/j.procbio.2016.07.020
http://dx.doi.org/10.1016/j.procbio.2016.07.020
http://dx.doi.org/10.1016/j.procbio.2016.07.020
http://dx.doi.org/10.1016/j.procbio.2016.07.020
http://dx.doi.org/10.1016/j.procbio.2016.07.020
http://dx.doi.org/10.1016/j.procbio.2016.07.020
http://dx.doi.org/10.1016/j.procbio.2016.07.020
http://dx.doi.org/10.1016/j.procbio.2016.07.020
http://dx.doi.org/10.1016/j.procbio.2016.07.020
http://dx.doi.org/10.1016/j.procbio.2016.07.020
http://dx.doi.org/10.1016/j.procbio.2016.07.020
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0005
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0010
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0015
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0015
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0015
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0015
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0015
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0015
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0015
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0015
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0015
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0015
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0020
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0020
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0020
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0020
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0020
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0020
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0020
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0020
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0020
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0020
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0020
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0020
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0020
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0020
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0025
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0025
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0025
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0025
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0025
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0025
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0025
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0025
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0025
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0025
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0025
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0025
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0025
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0025
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0025
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0025
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0025
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0025
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0025
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0030
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0035
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0040
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0045
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0045
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0045
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0045
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0045
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0045
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0045
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0045
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0045
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0045
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0045
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0045
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0045
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0045
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0045
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0045
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0045
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0050
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0055
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0060
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0065
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0070
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0075
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0080
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0080
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0080
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0080
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0080
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0080
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0080
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0080
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0080
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0080
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0080
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0080
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0080
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0080
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0080
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0080
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0085
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0085
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0085
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0085
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0085
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0085
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0085
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0085
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0085
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0085
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0085
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0085
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0085
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0085
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0085
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0085
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0085
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0085
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0085
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0085
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0085
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0090
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0095
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0100
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0105

(22]

(23]

D.H. Kim et al. / Process Biochemistry 51 (2016) 1374-1379 1379

AJ. Wargacki, E. Leonard, M.N. Win, D.D. Regitsky, C.N. Santos, P.B. Kim, S.R.
Cooper, R.M. Raisner, A. Herman, A.B. Sivitz, A. Lakshmanaswamy, Y.
Kashiyama, D. Baker, Y. Yoshikuni, An engineered microbial platform for
direct biofuel production from brown macroalgae, Science 335 (2012)
308-313.

R.M. Weiner, L.E. Taylor, B. Henrissat, L. Hauser, M. Land, P.M. Coutinho, C.
Rancurel, E.H. Saunders, A.G. Longmire, H. Zhang, E.A. Bayer, HJ. Gilbert, F.
Larimer, .B. Zhulin, N.A. Ekborg, R. Lamed, P.M. Richardson, I. Borovok, S.
Hutcheson, Complete genome sequence of the complex
carbohydrate-degrading marine bacterium, Saccharophagus degradans strain
2-40", PLOS Genet. 4 (2008) e1000087.

[24] AK. William, R.G. Eagon, Studies on the alginase of Agarbacterium alginicums,
Can. ]. Microbiol. 8 (1962) 649-654.

[25] T.Y. Wong, L.A. Preston, N.L. Schiller, Alginate lyase: review of major sources
and enzyme characteristics, structure-function analysis, biological roles, and
applications, Annu. Rev. Microbiol. 54 (2000) 289-340.

[26] E.J. Yun, H.T. Kim, K.M. Cho, S. Yu, L.G. Choi, K.H. Kim, Pretreatment and
saccharification of red macroalgae to produce fermentable sugar, Bioresour.
Technol. 199 (2016) 311-318.


http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0110
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0115
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0120
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0120
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0120
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0120
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0120
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0120
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0120
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0120
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0120
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0120
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0120
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0120
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0120
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0120
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0120
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0120
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0120
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0120
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0120
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0120
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0125
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130
http://refhub.elsevier.com/S1359-5113(16)30268-9/sbref0130

	Validation of the metabolic pathway of the alginate-derived monomer in Saccharophagus degradans 2-40T by gas chromatograph...
	1 Introduction
	2 Materials and methods
	2.1 Cloning
	2.2 Enzyme production and purification
	2.3 Substrate preparation
	2.4 Enzyme assay of putative metabolic enzymes
	2.5 TLC
	2.6 GC/MS and GC/TOF MS

	3 Results and discussion
	3.1 Mass fragments pattern of the substrate (DEH)
	3.2 Production of putative enzymes metabolizing DEH
	3.3 Verification of DEH reductase activity and cofactor specificity
	3.4 Verification of KDG kinase activity by TLC
	3.5 Product verification of the putative DEH metabolic pathway

	Acknowledgments
	Appendix A Supplementary data
	References


