
Biotechnology and Bioprocess Engineering 16: 843-851 (2011)

DOI 10.1007/s12257-011-0352-8

Alginate Lyase: Structure, Property, and Application

Hee Sook Kim, Choul-Gyun Lee, and Eun Yeol Lee

Received: 2 August 2011 / Accepted: 22 August 2011

© The Korean Society for Biotechnology and Bioengineering and Springer 2011

Abstract Alginate is a linear polysaccharide in which β-

D-mannuronate (M) and its epimer, α-L-guluronate (G),

are covalently (1-4)-linked in different sequences. Alginate

is mainly used as a food additive to modify food texture

due to its high viscosity and gelling property. Alginate

lyase can degrade alginate by cleaving the glycosidic bond

through a β-elimination reaction, generating oligomer with

4-deoxy-L-erythro-hex-4-enepyranosyluronate at the non-

reducing end. Alginate oligosaccharides have been shown

to stimulate the growth of human endothelial cells and the

secretion of cytotoxic cytokines from human macrophage.

Alginate can be converted into unsaturated monosac-

charide by saccharification process using endolytic and

exolytic alginate lyases, thus alginate lyases have potential

as key biocatalyst for application of alginate as a renewable

source for biochemicals and biofuels in near future. In this

paper, structures and functions of various alginate lyases

are reviewed. Prospects on future applications of alginate

lyases are also discussed.

Keywords: alginate, alginate lyase, alginate oligosac-

charides, unsaturated monosaccharide

1. Introduction

Alginate is a linear polysaccharide in which β-D-man-

nuronate (M) and α-L-guluronate (G) are covalently (1-4)-

linked in different sequences [1]. α-L-Guluronate is C5

epimer of β-D-mannuronate [2]. The uronic acid monomers

are linked to form polymannuronate block (polyM-block),

polyguluronate block (polyG-block) and random copoly-

mer (polyMG-block) (Fig. 1). Alginates are a quite abundant

in nature. In brown algae, they are produced as a structural

component, comprising up to 40% of dry weight [3]. Some

bacteria can also synthesize alginates [4,5]. Currently,

alginates are mainly used as food additives to modify food

texture [6]. They are also used as the media for cell and

tissue immobilizations [7,8]. Commercial alginates are

produced by extraction from biomass of marine macroalgae

such as Laminaria hyperborea, Macrocystis pyrifera,

Laminaria digitata, Ascophyllum nodosum, Laminaria

japonica, Eclonia maxima, Lessonia nigrescens, Durvillea

antarctica, Sargassum sp. and etc.

Alginate lyases can degrade alginate through β-elimina-

tion of the glycosidic bond [9-11]. They yield various

oligosaccharides with unsaturated uronic acid at the non-

reducing terminus and unsaturated uronic acid monomers.

Various alginate lyases have been found and isolated from

algae, marine invertebrates, marine and some soil micro-

organisms. Alginate lyases can be characterized as polyM-,

polyG-, and polyMG-specific lyases based on the substrate

specificity. Alginate lyases have either endo- or exo-de-

gradation activity with the corresponding substrate specifi-

city.

Alginate oligosaccharides have been shown to have

some interesting biological activities [12]. They can stimu-

late the growth of human endothelial cells and the secretion

of cytotoxic cytokines from human macrophage [13,14].

Thus, alginate lyases have attracted much attention as

biocatalysts for preparation of functional oligosaccharides.

Alginate lyases in themselves can be used as pharma-

ceuticals for enhancing antibiotic killing of mucoid Pseudo-

monas aeruginosa in cystic fibrosis [15]. Unsaturated alginate
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oligosaccharides and unsaturated uronic acid monomers

can be obtained from alginate by alginate lyase-catalyzed

saccharification. In this paper, alginates, alginate lyases and

their applications are reviewed. Especially, structure and

functions of various alginate lyases are analyzed and

compared. Prospects on future applications of alginate and

alginate lyases are also discussed.

2. Alginate 

Alginic acid is an anionic polysaccharide consisting of

polyM-block, polyG-block or polyMG-block with pKa

value of 1.5 ~ 3.5 [11,16,17]. The biological function of

alginate is structure supporting materials in brown algae.

The mechanical rigidity and flexibility of alginate is

controlled by the content of guluronic acid monomer. As

the content of guluronic acid of alginate increases, gel

strength increases. A low content of guluronic acid gives a

more flexible texture of alginate.

Commercially available alginates are extracted from

seaweeds and are widely used in food industry and for

biotechnological applications. Alginate is used as a gelling

agent in the production of gel-like foods because it can

absorb water and form gel quickly in the presence of

calcium ion. It is used to increase viscosity of ice cream

and cosmetics as a thickener. It can be used as a weight-

loss functional food ingredient because alginate is not

digested in human gastric-intestinal tract and cannot be

used as an energy source.

Alginate can bind divalent cations such as Ca2+ and

Mg2+, resulting in formation of gel. Due to the temper-

ature-independent gel-forming ability and biocompatibility

of alginate, it is used for the immobilization of cells for

many biotechnological applications. Generally, a high con-

tent of guluronic acid gives strong gel strength. The pH of

the solvent significantly affects the gel formation because

variation in pH changes the ionic form of the uronic acid

residues.

Alginate has some medical applications. Alginate is used

in pharmaceutical formulations such as indigestion tablets.

It is used in wound and burn dressings because it can be

removed with less pain. It is also used as an impression-

making material in dentistry [18]. Alginate has some other

applications. It can be used for removing heavy metals and

radioactive toxins in human body as a good chelator.

Alginate can be used in reactive dye printing as thickening

agent because it does not react with dyes.

3. Alginate Lyase

3.1. Biological function of alginate lyase in biosynthesis

and biodegradation of alginate

Various alginate lyases have been discovered, cloned and

characterized from marine gastropods, brown algae, Chlorella

virus, marine and soil microorganisms [19-25]. Alginate

lyases have found both in non-alginate-synthesizing and

alginate-synthesizing organisms. In the non-alginate-syn-

thesizing organisms, alginate lyases play important roles in

assimilation of alginate as a carbon source. Marine and soil

microorganisms possess more than one alginate lyase for

degradation of complex structured alginate. Some marine

animals have alginate lyase in their digestive tracts to

degrade and use alginate as a carbon source [26]. Alginate

lyases play certain roles in both biosynthesis and bio-

degradation of alginate in alginate-synthesizing micro-

organisms [27]. Genetic studies on alginate lyase-produc-

ing microorganisms have revealed that the alginate lyase

genes are clustered with other alginate biosynthetic gene

locus [28]. In the biosynthesis of alginate, alginate lyase

appears to play a certain role in control of alginate polymer

length and optimization of polymerization reaction [29]. In

the mucosal alginate-synthesizing Pseudomonas aeruginosa,

alginate lyase facilitates dissemination of the bacteria by

degrading the alginate in biofilm, thus allowing the bacteria

to spread out [30]. The alginate lyase of Azotobacter

vinelandii is involved in cyst germination [31]. Gel-form-

ing alginate is a part of the protective cyst coat in a resting

cell stage, and destabilization of the cyst coat by alginate

Fig. 1. Chemical structure of alginates. Alginate is a linear polysaccharide in which β-D-mannuronate (M) and its C5 epimer, α-L-
guluronate (G), are covalently (1-4)-linked in different sequences.
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lyase is required at the germination stage.

Some microorganisms can use alginate as a carbon

source. In this case, microorganisms are dependent on the

depolymerization activity of alginate lyase that degrades 1-

4 glycosidic linkage using a β-elimination reaction, leaving

oligomer with 4-deoxy-L-erythro-hex-4-enepyranosyluron-

ate (denoted as ∆) at the nonreducing end [32]. Alginate

polymer is degraded into oligomer with an unsaturated

uronic acid on the non-reducing end by the action of endo-

type alginate lyase (Fig. 2). Endo-type alginate lyases can

exhibit polyM-, polyG-, or polyMG-specific activity. The

alginate oligomers are further depolymerized into unsatu-

rated monosaccharide by exo-type alginate lyase. The

constituent monosaccharide is nonenzymatically converted

to 4-deoxy-L-erythro-hexoseulose uronic acid (DEH), and

then the α-keto acid is converted to 2-keto-3-deoxy-D-

gluconic acid (KDG) by NADPH-dependent DEH reduc-

tase [33]. The KDG is proposed to be converted to 2-keto-

3-deoxy-6-phosphogluconic acid (KDPG). Then, the KDPG

is split into pyruvate and glyceraldehydes-3-phosphate, the

key intermediates of glycolysis pathway, by KDPG aldolase.

In general, microorganisms that grow on alginate use

extracellular alginate lyases to degrade alginate and then

transport the degraded product into cytoplasm to assimilate

them via cellular metabolism. Some bacteria such as

Sphingomonas sp. strain A1 can uptake alginate polymer

directly using a periplasmic alginate binding protein-depen-

dent ATP binding cassette (ABC) transporter. The outer-

membrane proteins responsible for import of alginate were

identified to have a pit on the cell surface [34,35]. The

transport channel consists of three components, a pit with

a diameter of 0.02 ~ 0.1 µm on the cell surface, alginate

binding proteins in periplasmic space and ABC transporter

on the cytoplasmic membrane. After the alginate is trans-

ported into cytoplasm, it is degraded by endo- and exo-type

alginate lyases in cytoplasm. In Sphingomonas sp. A1,

various alginate lyases are located in the cytoplasm, while

other alginate lyases from A. vinelandii are located in the

periplasmic space.

3.2. Structure of alginate lyase

Alginate lyase is a member of the polysaccharide lyases

(PLs, EC 4.2.2.-). PLs can be classified into 22 families

based on the analysis of hydrophobic cluster of primary

structures. Alginate lyases belong to seven families, PL-5,

-6, -7, -14, -15, -17, and -18 in the Carbohydrate Active

enZYme database (http://www.cazy.org/) [36-39]. Most of

endolytic bacterial alginate lyases are assigned to PL-5 and

Fig. 2. Alginate degradation by endolytic (A) and exolytic (B) alginate lyases-catalyzed β-elimination reactions. Unsaturated mono-
saccharides are released from alginate or oligosaccharides by exolytic alginate lyase, and the monosaccharide is nonenzymatically
converted into 4-deoxy-L-erythro-5-hexoseulose uronic acid (C). Thin arrows indicate the cleavage sites for the corresponding alginate
lyases.
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PL-7 [40-42]. Two exolytic alginate lyases, A1-IV from

Sphingomonas sp. strain A1 and Atu3025 from Agrobac-

terium tumefaciens strain C58, are grouped to PL-15 [43-

45]. Based on the cloning and sequencing of various

alginate lyases, multiple sequence alignments of PL-5

alginate lyases and PL-7 alginate lyases are done and their

sequence similarities are analyzed (Figs. 3A and 3B).

Multiple sequence alignments reveal that there is relatively

low similarity between PL-5 and PL-7 families. However,

the catalytically important amino acids of Arg, Asn (for

PL-5, Gln for PL-7), His and Tyr are significantly con-

served in the active sites.

Three dimensional structures of A1-III (PL-5) and A1-

II’ (PL-7) from Sphingomonas sp. A1, ALY-1 (PL-7) from

Corynebacterium sp. and Atu3025 (PL-15) alginate lyase

from A. tumefaciens strain C58 have been solved by X-ray

crystallographic analysis. The alginate lyase A1-III from

Sphingomonas sp. A1 consisting of 351 amino acid residues

Fig. 3. Multiple sequence alignments of PL-5 alginate lyases (A) and PL-7 alginate lyases (B). The red box indicates key amino acids of
Arg, Asn/Gln, His and Tyr in the active sites.
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is known to possess polyM-specific activity. When the

three-dimensional structure of A1-III alginate lyase was

revealed, it consists almost entirely of α-helical structure

and a deep tunnel-like cleft in a (α/α)6-barrel structure

(Figs. 4A and 4B) [46]. The characteristic (α/α)6-barrel

was similar to those found in glucoamylase and cellulase.

Compared to A1-III alginate lyase, the structure of PL-7

alginate lyases (ALY-1 from Corynebacterium sp. and A1-

II’ from Sphingomonas sp. A1) is abundant in β-strands

and has a deep cleft in a β-sandwich fold (Figs. 4C and 4D)

[47]. The fold is similar to the β-jellyroll fold in β-glucan-

ase. The alginate lyase of A1-II’ from Sphingomonas sp.

A1 was further characterized by mutational analysis [42].

The structure of A1-II’ was abundant in β-sandwich fold

like ALY-1. The hydrogen bond networks and stacking-like

associations of three adjacent β-strands at the center of the

active cleft were proved to be important to maintain its

activity by site-directed mutagenesis. In the catalytic active

sites of the alginate lyases in ALYIII, ALY-1 and A1-II’,

Tyr, His, Asn (or Gln) and Arg were highly conserved and

expected to form the catalytic active center.

Recently, the structure of the exolytic alginate lyase

Atu3025 in PL-15 family from Agrobacterium tumefaciens

was determined (Fig. 5) [48,49]. Atu3025 exolytically de-

grades alginate and oligosaccharides and releases unsatu-

rated monosaccharides. Atu3025 consisted of a central (α/

α)6-barrel and anti-parallel β-sheet as a basic scaffold. A

short α-helix in the α/α-barrel and a conformational

change at the interface between the central domain and C-

terminal domain were proved to be essential for the

exolytic degradation.

3.3. Property of alginate lyase

Alginate lyases possess different substrate specificities.

The substrate specificities of alginate lyases are dependent

on the differences in their amino acid sequences and distri-

buting of monosaccharide residues in substrate. Alginates

are composed of four different types of linkage such as M-

M, M-G, G-M, and G-G with various extent of each link-

age. Alginate lyases can be classified according to their

preferred substrate specificities. PolyG-specific lyases pre-

ferentially degrade polyG-block [50,51], while polyM-

specific lyases have a preference for polyM-block [52].

Some alginate lyases have been identified as polyMG-

Fig. 4. Overall 3-D structures (A, C) and active site with trisaccharide (DMG or MMG) substrate (B, D) of A1-III (1HV6.pdb; a member
of PL-5 class) and A1-II’ (2Z42.pdb; a member of PL-7 class) alginate lyases from Sphingomonas sp. A1. A1-III has almost entirely of
α-helical structure and a deep tunnel-like cleft in a (α/α)6-barrel structure, whereas A1-II’ is abundant in β-strands and a deep cleft in a β-
sandwich fold. Both of them have Tyr, His, Asn (Asn for PL-5 or Gln for PL-7) and Arg in the active centers. Protein structures were
visualized with Phyton Molecular Viewer (PMV-1.5.4).



848 Biotechnology and Bioprocess Engineering 16: 843-851 (2011)

specific lyases [53]. To date, majority of alginate lyases are

characterized to have polyM-specific lyase activity. Although

alginate lyases can be classified as polyM-, polyG- and

polyMG-specific lyases, they usually exhibit low activity

for another block. Some alginate lyases show a bifunc-

tional activity for both of polyM-block and polyG-block

[54]. Alginate lyases can also be classified as endo- and

exo-type lyases on the basis of mode of cleaving site.

Many of alginate lyases possess endo-type lyase activity.

Recently, a few examples of exo-type lyases have been

reported and characterized [55,56].

The catalytic active sites of various alginate lyases have

been analyzed (Fig. 6). A possible catalytic mechanism of

alginate lyase has also been proposed [9,57,58]. In the first

step, the carboxyl negative charge is neutralized by Arg

and Asn. The following step, the proton on C5 is abstracted

by a catalytic residue such as Tyr via general base catalysis.

The resulting carboxylate dianion is stabilized by His. In

the final step, a donation of a proton from Tyr to form a

double bond between C4 and C5 and cleavage of the

glycosidic bond result in the formation of unsaturated

monomer in the non-reducing end of oligomer. A detailed

mechanism of action needs to be elucidated to understand

and manipulate the catalytic characteristics of alginate

lyase for preparation of tailored alginate oligosaccharides.

4. Ongoing and Promising Application of Alginate
Lyase

4.1. Preparation of bio-functional alginate oligosaccharides

Alginate-degraded products containing 3 ~ 7 monomers

and up to 20 ~ 25 monomers are generally considered as

alginate oligosaccharides. Alginate oligosaccharides pre-

pared from alginates by alginate lyases have been reported

to possess various biological activities. Alginate oligosac-

charides have been shown to exhibit probiotic properties in

vivo. The proportions of bifidobacteria such as Bifodo-

bacterium and Lactobacillus in rats were increased from

2.5 to 5-fold when the rat was fed with unsaturated alginate

Fig. 5. Overall 3-D structures (A) and active site with trisaccharide
(∆GG) substrate (B) of alginate lyase H531A mutant (3AFL.pdb,
a mutant of Atu3025) in PL-15 family from Agrobacterium
tumefaciens. Atu3025 has a central α/α-barrel and anti-parallel β-
sheet as a basic scaffold.

Fig. 6. Proposed active sites of endolytic and exolytic alginate
lyases. (A) The key amino acids on the catalytic active sites of A1-
III (1HV6.pdb, PL-5 family) and ALY-1 (1UAI.pdb, PL-7 family).
The Arg239, Asn191, His192, and Tyr246 of A1-III (shown in
red) are superimposed well on the corresponding Arg72, Gln117,
His119, and Tyr195 of ALY-I (shown in cyan) with trisaccharide
∆MM (∆ and M represent unsaturated mannuronate and saturated
mannuronate, respectively) by using RasMol software. (B) The
catalytic site of Atu3025. The catalytically important amino acids
surrounding trisaccharide (∆GG) with unsaturated nonreducing
end are shown. Substrate molecules were expressed by CPK color-
ing (carbon and oxygen are shown as gray and red, respectively).
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oligosaccharides [59]. Alginate oligosaccharides produced

by polyG-preferred lyase of Streptomyces sp. strain A5

promoted the growth of banana plantlets, red amaranth and

other plants [60-64]. 

Oligosaccharides have many biological activities that

can be applied in therapeutics and biotechnology [65].

Alginate oligosaccharides have been shown to stimulate

the secretion of cytotoxic cytokines from human macroph-

age [13]. Alginate oligosaccharides stimulate VEGF-mediat-

ed growth and migration of human endothelial cells [14].

When oligosaccharides were injected in mouse, they induced

an increase of the granulocyte colony-stimulating factor

[66]. Oligosaccharides with 3 ~ 9 DP (degree of polymeri-

zation) increased tumor necrosis factor-a (TNF-a) secretion

from the macrophage cell line RAW264.7 by 10-fold than

the alginate polymer [67]. The mixture of oligomannuro-

nates with DP 7 and DP 8 inhibited the ROS production

from immune cells [12]. In the study on the biological

activity of alginate oligosaccharides, it has been suggested

that the activities are strongly dependent on the composition,

size and conformation of alginate oligosaccharides. The

mechanisms of action of alginate oligosaccharides need to

be elucidated in more mechanistic basis.

4.2. Medical applications of alginate lyase enzyme

Exopolysaccharide biofilm is one of the important virul-

ence factors for lung infections by pathogenic bacteria. In

the bacterial alginate synthesized by P. aeruginosa, the C2

and/or C3 positions on the some of the M residues are O-

acetylated. This acetylation makes the alginate more re-

sistant to degradation, causing P. aeruginosa cells to be

more resistant to phagocytic cells and/or antibiotics [68].

Co-administration of alginate lyase can increase the

efficacy of antibiotic in the respiratory tract because alginate

lyase eliminates the extracellular alginate produced by P.

aeruginosa. Recently, the putative effects of co-administra-

tion of alginate lyase with antibiotics on cystic fibrosis

patients have been investigated [15,69]. When alginate

lyase was co-administered with antibiotics such as genta-

micin, the killing efficiency of mucoid P. aeruginosa in the

respiratory tract increased. Therefore, alginate lyases are

expected to become useful protein biopharmaceuticals for

the treatment of bacterial mucoid biofilm-dependent di-

seases, providing that antigenicity of the enzymes should

be lowered.

4.3. Potential of alginate lyase-derived monosaccharides

for the production of biofuels and biochemicals

Recently, algal biomass has attracted much attention as the

raw materials for biohydrogen, bioethanol and biodiesel

[70-72]. The lipids and storage carbohydrate of algae can

be used for the production of biodiesel and bioethanol,

respectively. Alginate has a potential as renewable materials

for the production of biofuels and biochemicals. Alginate

makes up to 40% of dry weight in brown algae, indicating

that the method to use alginate for production of biofuels

and biochemicals needs to be developed. In order to use

alginate as a renewable source, development of efficient

alginate saccharification technologies is prerequisite [73].

As described in this article, alginate can be converted into

unsaturated monosaccharides by using endo- and exo-type

alginate lyases. The unsaturated monosaccharides can be

splitted to pyruvate and glyceraldehydes-3-phosphate, and

then the pyruvate can be converted into various biofuels

and biochemicals by introduction of relevant genes and

metabolic engineering. To evaluate the feasibility, the meta-

bolic pathways and relevant enzymes of alginate catabolism

need to be elucidated.

5. Conclusion

Food industry demand on alginate is considered saturated.

To expand alginate’s applications to specialty chemicals

market, tailored alginates and alginate oligosaccharides

with different degrees of polymerization and monomer

composition need to be produced in large quantity. For the

application of alginates as renewable sugar for the pro-

duction of biofuels and biochemicals, the developments of

efficient saccharification technology and metabolic-engi-

neered cell factory that can use non-fermentable alginate

are required. The key step to meet these ends is to under-

stand the relationship between structure and function of

alginate lyases including exact molecular catalytic mech-

anism and structural determinants for recognizing substrate

specificity. Continuing developments and characterizations

of alginate lyases will drive alginate to enter into the

specialty chemicals market in the near future.

Acknowledgement

This work was supported by a grant from Development

of Marine-Bioenergy program funded by Ministry of Land,

Transport and Maritime Affairs of Korean Government.

References

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

2. Campa, C., S. Holtan, N. Nilsen, T. M. Bjerkan, B. T. Stokke, and
G. Skjåk-Bræk (2004) Biochemical analysis of the processive



850 Biotechnology and Bioprocess Engineering 16: 843-851 (2011)

mechanism for epimerization of alginate by mannuronan C-5
epimerase AlgE4. Biochem. J. 381: 155-164.

3. Matsubara, Y., R. Kawada, K. Iwasaki, Y. Kimura, T. Oda, and T.
Muramatsu (2000) Cloning and sequence analysis of a gene (aly
PG) encoding poly-(α-L-guluronate) lyase from Corynebacte-
rium sp. strain ALY-1. J. Biosci. Bioeng. 89: 199-202. 

4. Albrecht, M. T. and N. L. Schiller (2005) Alginate Lyase (AlgL)
Activity is required for alginate biosynthesis in Pseudomonas
aeruginosa. J. Bacteriol. 187: 3869-3872.

5. Clementi, F. (1997) Alginate production by Azotobacter vinelan-
dii. Crit. Rev. Biotechnol. 17: 327-361.

6. Draget, K. I., O. Smidsrod, and G. Skjåk-Bræk (2005) Alginate
from algae. pp. 1-30. In: A. Steinbuchel and S. K. Rhee (eds.).
Polysaccharides and polyamides in the food industry. Properties,
production, and patents. Wiley-VCH, Weinheim, Germany.

7. Wang, L., R. M. Shelton, P. R. Cooper, M. Lawson, J. T. Triffitt,
and J. E. Barralet (2003) Evaluation of sodium alginate for bone
marrow cell tissue engineering. Biomaterials 24: 3475-3481.

8. Serp, D., E. Cantana, C. Heinzen, U. Von Stockar, and I. W.
Marison (2000) Characterization of an encapsulation device for
the production of monodisperse alginate beads for cell immobi-
lization. Biotechnol. Bioeng. 70: 41-53.

9. Gacesa, P. (1987) Alginate-modifying enzymes: A proposed uni-
fied mechanism of action for the lyases and epimerases. FEBS
Lett. 212: 199-202.

10. Michaud, P., A. Da Costa, B. Courtois, and J. Courtois (2003)
Polysaccharide lyases: Recent developments as biotechnological
tools. Crit. Rev. Biotechnol. 23: 233-266.

11. Sutherland, I. W. (1995) Polysaccharide lyases. FEMS Microbiol.
Rev. 16: 323-347.

12. Courtois, J. (2009) Oligosaccharides from land plants and algae:
production and applications in therapeutics and biotechnology.
Curr. Opin. Microbiol. 12: 261-273.

13. Iwamoto, M., M. Kurachi, T. Nakashima, D. Kim, K. Yamaguch,
T. Oda, Y. Iwamoto, and T. Muramatsu (2005) Structure-activity
relationship of alginate oligosaccharides in the induction of
cytokine production from RAW264.7 cells. FEBS Lett. 579:
4423-4429.

14. Kawada, A., N. Hiura, S. Tajima, and H. Takahara (1999) Algi-
nate oligosaccharides stimulate VEGF-mediated growth and
migration of human endothelial cells. Arch. Dermatol. Res. 291:
542-547. 

15. Alkawash, M. A., J. S. Soothill, and N. L. Schiller (2006) Algi-
nate lyase enhances antibiotic killing of mucoid Pseudomonas
aeruginosa in biofilms. APMIS 114: 131-138.

16. Haug, A., B. Larsen, and O. Smidsrot (1966) A study of the con-
stitution of alginic acid by partial acid hydrolysis. Acta Chem.
Scand. 20: 183-190.

17. Haug, A., S. Myklestad, B. Larsen, and O. Smidsrot (1967) Cor-
relation between chemical structure and physical properties of
alginates. Acta Chem. Scand. 21: 768-778.

18. Nandini, V. V., K. V. Venkatesh, and K. C. Nair (2008) Alginate
impressions: A practical perspective. J. Conserv. Dent. 11: 37-41.

19. Chavagnat, F., C. Duez, M. Guinand, P. Potin, T. Barbeyron, B.
Henrissat, J. Wallach, and J. M. Ghuysen (1996) Cloning,
sequencing and overexpression in Escherichia coli of the alginate
lyase-encoding aly gene of Pseudomonas alginovora: Identifica-
tion of three classes of alginate lyases. Biochem. J. 319: 575-583.

20. Ertesvåg, H., F. Erlien, G. Skjåk-Bræk, B. H. A. Rehm, and S.
Valla (1998) Biochemical properties and substrate specificities of
a recombinantly produced Azotobacter vinelandii alginate lyase.
J. Bacteriol. 180: 3779-3784.

21. Han, F., Q. -H. Gong, K. Song, J. -B. Li, and W. -G. Yu (2004)
Cloning, sequence analysis and expression of gene alyVI encod-
ing alginate lyase from marine bacterium Vibrio sp. QY101.
DNA Seq. 15: 344-350.

22. Kawamoto, H., A. Horibe, Y. Miki, T. Kimura, K. Tanaka, T.
Nakagawa, M. Kawamukai, and H. Matsuda (2006) Cloning and
sequencing analysis of alginate lyase genes from the marine bac-
terium Vibrio sp. O2. Mar. Biotechnol. 8: 481-490.

23. Kobayashi, T., K. Uchimura, M. Miyazaki, Y. Nogi, and K. Hori-
koshi (2009) A new high-alkaline alginate lyase from a deep-sea
bacterium Agarivorans sp. Extremophiles 13: 121-129.

24. Suzuki, H., K. Suzuki, A. Inoue, and T. Ojima (2006) A novel
oligoalginate lyase from abalone, Haliotis discus hannai, that
releases disaccharide from alginate polymer in an exolytic man-
ner. Carbohydr. Res. 341: 1809-1819. 

25. Yoon, H. -J., W. Hashimoto, O. Miyake, M. Okamoto, B.
Mikami, and K. Murata (2000) Overexpression in Escherichia
coli, purification, and characterization of Sphingomonas sp. A1
alginate lyase. Protein Expres. Purif. 19: 84-90.

26. Seiderer, L. J., R. C. Newell, and P. A. Cook (1982) Quantitative
significance of style enzymes from two marine mussels (Choro-
mytilus meridionalis Krauss and Perna perna Linnaeus) in rela-
tion to diet. Mar. Biol. Lett. 3: 257-271. 

27. Gimmestad, M., H. Sletta, H. Ertesvåg, K. Bakkevig, S. Jain, S.
-J. Suh, G. Skjåk-Bræk, T. E. Ellingsen, D. E. Ohman, and S.
Valla (2003) The Pseudomonas fluorescens AlgG protein, but not
its mannuronan C-5-epimerase activity, is needed for alginate
polymer formation. J. Bacteriol. 185: 3515-3523.

28. Lloret, L., R. Barreto, R. León, S. Moreno, J. Martínez-Salazar,
G. Espín, and G. Soberón-Chávez (2006) Genetic analysis of the
transcriptional arrangement of Azotobacter vinelandii alginate
biosynthetic genes: Identification of two independent promoters.
Mol. Microbiol. 21: 449-457.

29. Russell, N. J. and P. Gacesa (1988) Chemistry and biology of the
alginate of mucoid strains of Pseudomonas aeruginosa in cystic
fibrosis. Mol. Asp. Med. 10: 1-91.

30. Boyd, A. and A. M. Chakrabarty (1994) Role of alginate lyase in
cell detachment of Pseudomonas aeruginosa. Appl. Environ.
Microbiol. 60: 2355-2359.

31. Gimmestad, M., H. Ertesvåg, T. M. B. Heggeset, O. Aarstad, B.
I. G. Svanem, and S. Valla (2009) Characterization of three new
Azotobacter vinelandii alginate lyases, one of which is involved
in cyst germination. J. Bacteriol. 191: 4845-4853.

32. Zhang, Z., G. Yu, H. Guan, X. Zhao, Y. Du, and X. Jiang (2004)
Preparation and structure elucidation of alginate oligosaccharides
degraded by alginate lyase from Vibrio sp. 510. Carbohydr. Res.
399: 1475-1481.

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

34. Hashimoto, W., J. He, Y. Wada, H. Nankai, B. Mikami, and K.
Murata (2005) Proteomics-based identification of outer-mem-
brane proteins responsible for import of macromolecules in Sph-
ingomonas sp. A1: Alginate-binding flagellin on the cell surface.
Biochem. 44: 13783-13794.

35. Momma, K., M. Okamoto, Y. Mishima, S. Mori, W. Hashimoto,
and K. Murata (2000) A novel bacterial ATP-binding cassette
transporter system that allows uptake of macromolecules. J. Bac-
teriol. 182: 3998-4004. 

36. Cantarel, B. L., P. M. Coutinho, C. Rancurel, T. Bernard, V. Lom-
bard, and B. Henrissat (2008) The carbohydrate-active enzymes
database (CAZy): An expert resource for glycogenomics. Nucl.
acids Res. 37: 233-238.

37. Garron, M. -L. and M. Cygler (2010) Structural and mechanistic
classification of uronic acid-containing polysaccharide lyases.
Glycobiol. 20: 1547-1573.

38. Jedrzejas, M. J. (2000) Structural and functional comparison of
polysaccharide-degrading enzymes. Crit. Rev. Biochem. Mol.
Biol. 35: 221-251.



Alginate Lyase: Structure, Property, and Application 851

39. Yamamoto, S., T. Sahara, D. Sato, K. Kawasaki, S. Ohgiya, A.
Inoue, and T. Ojima (2008) Catalytically important amino-acid
residues of abalone alginate lyase HdAly assessed by site-
directed mutagenesis. Enzym. Microb. Technol. 43: 396-402.

40. Hashimoto, W., O. Miyake, A. Ochia, and K. Murata (2005)
Molecular identification of Sphingomonas sp. A1 alginate Lyase
(A1-IV) as a member of novel polysaccharide lyase family 15
and implications in alginate lyase evolution. J. Biosci. Bioeng.
99: 48-54.

41. Ogura, K., M. Yamasaki, B. Mikami, W. Hashimoto, and K.
Murata (2008) Substrate recognition by family 7 alginate lyase
from Sphingomonas sp. A1. J. Mol. Biol. 380: 373-385.

42. Yamasaki, M., K. Ogura, W. Hashimoto, B. Mikami, and K.
Murata (2005) A structural basis for depolymerization of alginate
by polysaccharide lyase family-7. J. Mol. Biol. 352: 11-21.

43. Hashimoto, W., O. Miyake, K. Momma, S. Kawai, and K.
Murata (2000) Molecular identification of oligoalginate lyase of
Sphingomonas sp. strain A1 as one of the enzymes required for
complete depolymerization of alginate. J. Bacteriol. 182: 4572-
4577.

44. Miyake, O., W. Hashimoto, and K. Murata (2003) An exotype
alginate lyase in Sphingomonas sp. A1: Overexpression in
Escherichia coli, purification, and characterization of alginate
lyase IV (A1-IV). Protein Expres. Purif. 29: 33-41.

45. Ochiai, A., W. Hashimoto, and K. Murata (2006) A biosystem for
alginate metabolism in Agrobacterium tumefaciens strain C58:
Molecular identification of Atu 3025 as an exotype family PL-15
alginate lyase. Res. Microbiol. 157: 642-649.

46. Yoon, H. J., B. Mikami, W. Hashimoto, and K. Murata (1999)
Crystal structure of alginate lyase A1-III from Sphingomonas
species A1 at 1.78 A resolution. J. Mol. Biol. 290: 505-514.

47. Osawa, T., Y. Matsubara, T. Muramatsu, M. Kimura, and Y.
Kakuta (2005) Crystal structure of the alginate (poly-α-L-gulur-
onate) lyase from Corynebacterium sp. at 1.2 Å resolution. J.
Mol. Biol. 345: 1111-1118.

48. Ochiai, A., M. Yamasaki, B. Mikami, W. Hashimoto, and K.
Murata (2006) Crystallization and preliminary X-ray analysis of
an exotype alginate lyase Atu3025 from Agrobacterium tumefa-
ciens strain C58, a member of polysaccharide lyase family 15.
Acta Cryst. 62: 486-488.

49. Ochiai, A., T. Itoh, B. Mikami, W. Hashimoto, and K. Murata
(2010) Structural determinants responsible for substrate recogni-
tion and mode of action in family 11 polysaccharide lyases. J.
Biol. Chem. 284: 10181-10189.

50. Hu, X., X. Jiang, and H. -M. Hwang (2006) Purification and
characterization of an alginate lyase from marine bacterium
Vibrio sp. mutant strain 510-64. Curr. Microbiol. 53: 135-140.

51. Kim, D. E., E. Y. Lee, and H. S. Kim (2009) Cloning and char-
acterization of alginate lyase from a marine bacterium Strepto-
myces sp. ALG-5. Mar. Biotechnol. 11: 10-16.

52. Sawabe, T., M. Ohtsuka, and Y. Ezura (1997) Novel alginate
lyases from marine bacterium Alteromonas sp. strain H-4. Car-
bohydr. Res. 304: 69-76.

53. Yamasaki, M., S. Moriwaki, O. Miyake, W. Hashomoto, K.
Murata, and B. Mikami (2004) Structure and function of a hypo-
thetical Pseudomonas aeruginosa protein PA1167 classified into
family PL-7. J. Biol. Chem. 279: 31863-31872.

54. Iwamoto, M., R. Araki, K. Iriyama, T. Oda, H. Fukuda, S.
Hayashida, and T. Muramatsu (2001) Purification and character-
ization of bifunctional alginate lyase from Alteromonas sp. strain
No. 272 and its action on saturated oligomeric substrates. Biosci.
Biotechnol. Biochem. 65: 133-142.

55. Ochiai, A., M. Yamasaki, B. Mikami, W. Hashimoto, and K.
Murata (2010) Crystal structure of exotype alginate lyase
Atu3025 from Agrobacterium tumefaciens. J. Biol. Chem. 285:

24519-24528.
56. Park, H. H., N. Kam, E. Y. Lee, and H. S. Kim (2011) Cloning

and characterization of a novel oligoalginate lyase from a newly
isolated bacterium Sphingomonas sp. MJ-3. Mar. Biotechnol.
DOI: 10.1007/s10126-011-9402-7

57. Gacesa, P. (1992) Enzymatic degradation of alginates. Int. J. Bio-
chem. 24: 545-552.

58. Yoon, H. -J., W. Hashimoto, O. Miyake, M. Okamoto, K.
Murata, and B. Mikami (2001) Crystal structure of alginate lyase
A1-III complexed with trisaccharide product at 2.0 Å resolution.
J. Mol. Biol. 307: 9-16.

59. Wang, Y., F. Han, B. Hu, J. Li, and W. Yu (2006) In vivo prebiotic
properties of alginate oligosaccharides prepared through enzy-
matic hydrolysis of alginate. Nutr. Res. 26: 597-603.

60. Cao, L., L. Xie, X. Xue, H. Tan, Y. Liu, and S. Zhou (2007) Puri-
fication and characterization of alginate lyase from Streptomyces
species strain A5 isolated from Banana rhizosphere. J. Agric.
Food Chem. 55: 5113-5117. 

61. Hien, N. Q., N. Nagasawa, L. X. Tham, F. Yoshii, V. H. Dang, H.
Mitomo, K. Makuuchi, and T. Kume (2000) Growth-promotion
of plants with depolymerized alginates by irradiation. Radiat.
Phys. Chem. 59: 97-101. 

62. Iwasaki, K. and Y. Matsubara (2000) Purification of alginate oli-
gosaccharides with root growth-promoting activity toward let-
tuce. Biosci. Biotechnol. Biochem. 64: 1067-1070.

63. Mollah, M. Z. I., A. Mubarak, M. A. Khan, A. Ruhul, and R. A.
Khan (2009) Effect of gamma irradiated sodium alginate on red
amaranth (Amaranthus cruentus L.) as growth promoter. Radiat.
Phys. Chem. 78: 61-64. 

64. Yonemoto, Y., H. Tanaka, T. Yamashita, N. Kitabatake, Y. Ishida,
A. Kimura, and K. Murata (1993) Promotion of germination and
shoot elongation of some plants by alginate oligomers prepared
with bacterial alginate lyase. J. Ferment. Bioeng. 75: 68-70.

65. Shin, J. W., S. H. Choi, D. E. Kim, H. S. Kim, J. W. Lee, I. S.
Lee, and E. Y. Lee (2011) Preparation of alginate oligosaccha-
rides by using magnetic nanoparticle-immobilized alginate lyase
from a marine bacterium, Streptomyces sp. ALG-5. Biopro. Bio-
sys. Eng. 34: 113-119.

66. Yamamoto, Y., M. Kurachi, K. Yamaguchi, and T. Oda (2007)
Stimulation of multiple cytokine production in mice by alginate
oligosaccharides following intraperitoneal administration. Car-
bohydr. Res. 342: 1133-1137. 

67. Kurachi, M., T. Nakashima, C. Miyajima, Y. Iwamoto, T. Mura-
matsu, K. Yamaguchi, and T. Oda (2005) Comparison of the
activities of various alginates to induce TNF-alpha secretion in
RAW264.7 cells. J. Infect. Chemother. 11: 199-203. 

68. Cotton, L. A., R. J. Graham, and R. J. Lee (2009) The role of alg-
inate in P. aeruginosa PAO1 biofilm structural resistance to gen-
tamicin and ciorofloxacin. J. Exp. Microbiol. Immunol. 13: 58-
62.

69. Ramsey, D. M. and D. J. Wozniak (2005) Understanding the con-
trol of Pseudomonas aeruginosa alginate synthesis and the pros-
pects for management of chronic infections in cystic fibrosis.
Mol. Microbiol. 56: 309-322. 

70. Beer, L. L., E. S. Boyd, J. W. Peters, and M. C. Posewitz (2009)
Engineering algae for biohydrogen and biofuel production. Curr.
Opin. Biotechnol. 20: 264-271. 

71. Chisti, Y. (2008) Biodiesel from microalgae beats bioethanol.
Trends Biotechnol. 26: 126-131. 

72. Vasudevan, P. T. and M. Briggs (2008) Biodiesel production-cur-
rent state of the art and challenges. J. Ind. Microbiol. Biotechnol.
35: 421-430. 

73. Ryu, M. and E. Y. Lee (2011) Saccharification of alginate by
using exolytic oligoalginate lyase from marine bacterium Sphin-
gomonas sp. MJ-3. J. Ind. Eng. Chem. accepted.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


