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Research progress of alginolytic bacteria
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(1 Laboratory of Bioconvertion, Faculty of Life Science and Technology, Kunming University of Science and Technology,
Kunming 650500, China; 2 Guangxi Academy of Sciences, Nanning 530007, China)

Abstract: Alginolytic bacterium is a kind of microorganism, which can synthesize alginate lyase as well as degrade
and assimilate alginate. Alginolytic bacterium is one of the important sources of alginate lyase, the alginate lyases
that produced by alginolytic bacteria have many advantages, such as they have many varieties, mild reaction
conditions, high activity and are easy for large-scale production. In addition, it has important application value in
biological, pharmaceutical, chemical fields and other fields. In the past few decades, alginolytic bacteria, considered
as the producer of alginate lyase, have been always studied and applied. However, with the aggravation of energy
crisis in recent years, the biofuel converted from seaweed biomass has become a potential way to solve the energy
crisis. Therefore, the research on alginolytic bacteria has been further developed. In this review, we introduced the
research status of the types and characteristics of alginolytic bacteria and alginate lyase as well as the metabolism
and gene engineering of alginolytic bacteria. Furthermore, we also prospected the future development trends of the
research on alginolytic bacteria.
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2. Ial. 1976 4F, Stevens Al Levin™ K IR Alginovibrio
aquatilis [¥) )0 4 5 1 224 A N (1) S0 i FEE o0 25 °C e
1M 2000 4£, Yoon 25 M K3k I-4lifl, T Sphingomonas
sp. A1 IR IR AL G AL-IT, JLEOERE A 70 C.
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chroococcum 4ATM V] i 5 18 24 it 19 1) B 3@ pH A
6.0 ; 1] 2009 4F, Kobayashi 2& “7 & ILf¥) Agarivorans
sp. JAM-AT [ 3R AR s f5 i pH 4 10.0. 35k,
VS 53 fOAE VT 7 P R e P At At LA Wl 3% v 1)
R, 2011 4, Li 25 ™ 4lifk 36195 T Pseudoalteromonas
sp. SMO0524 )95 B IR A Aly-SJ02, JLREE =ik
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AN R 2 241k 4-deoxy-n-erythro-hexoseulose
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RSB N . Sphingomonas A1 £ 41 i &
HJERCLAT “superchannel” U REEA RS, fE
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BOR PRI B P A0 40 0 e e i — 0 A . &l 1y
IR T SRR g T R ORI R I B R N i
P3S4 A e A1-T. AL-IDRT AL-TIL R 28 g Bl —
HIDYBE, 3% L6 TR F 4 40 5t i) oA D) i v 1 2R
e AT-IV ZE— 2D B PR, 2R RG 0L S b e A8
4 4-deoxy-L- erythro 5-hexoseulose uronic acid (DEH),
DEH # DEH it J5ifilf A1-R i&J5 ok 2- i -3- B4 -D-
1 BE 1% (2-keto-3-deoxy-D-gluconic acid, KDG).,
4b, Takase %5 °" HEW v] GE A7 71 2- Fi -3- Jid S0 BE
TR A1-K ¥ KDG W1k, 4 1% 2- i -3- Jli4 -6-
T - PR (2-keto-3-deoxy-6-phosphogluconic acid,
KDPG), #X)i7 KDPG # /¥ 4iilily A1-A {465} il A D-
I -3- 5 % (D- glyceraldehdye-3-phosphate) £l 74
lifR (pyruvate).
24 HRBRIBEEETIERR
T BRI At v T RS R AR A - A v Tl

TRAZUF I IE R W e e MRk . HT, o =2 F
VTR TR PR VT P T 95 R 2R Ml DRI g e e, i HL G
HORHER 73 B R D s AT T YR OA (3R 2).
S TR 2 Tl 1 A B 1 v T B AR TR AR . 1993 4,
Maki 25 B4 75 K i FF 13 v %3k T Pseudomonas sp.
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IR 53 fiFo HhAh, WA%E B DU SR  E (P
aeruginosa) [N 41 DNA i, 7o/ H %) 1.0 kb
(01 BEPR R E N algL, IR IHAH A BB EE R
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IR ISR RIRR R RILTIIR T RS SR
aly Klebsiella pneumoniae pHG327 E. coli IM107 3.82 U/mg [52]
algL Pseudomonas aeruginosa FRD1 pKK223-3 E. coli IM109 145.83 U/mg [53]
aly Pseudomonas sp. OS-ALG-9 pUC18 E. coli IM109 117 U/ml [54]
alyA Klebsiella aerogenes pBluescript SK” E. coli — [56]
algL Azotobacter vinelandii pTrc99A E. coli IM109 1.25 U/mg [14]
algL Azotobacter chroococcum pET3a E. coli BL-21(DE3) 9.25 U/mg [57]
alyPG Corynebacterium sp. ALY- 1 pBluescript 1 SK™  E. coli XL-I blue MRF” — [58]
alyVGl Vibrio halioticoli IAM 14596" pUCI18 E. coli DH5a. — [59]
ab VG2 Vibrio halioticoli IAM 14596" pUC18 E. coli DH5a — [59]
alyVG3 Vibrio halioticoli TAM 14596" pUCI18 E. coli DH5a. — [59]
Al-l Sphingomonas sp. Al pET3a E. coli BL21(DE3)pLysE 6.55 U/mg [40]
Al-Il Sphingomonas sp. Al pET17b E. coli BL21(DE3)pLysE 4.27 U/mg [40]
Al-IIT Sphingomonas sp. Al pET3a E. coli HMS174(DE3) 9.20 U/mg [40]
alyPEEC Pseudoalteromonas elyakoii pUCI18 E. coli IM109 7.37X10°U/OD280  [60]

TAM14594(Alteromonas sp. H4)
AALyase Pseudoalteromonas sp. 272

(Alteromonas sp. 272) pCR™ 2.1 E. coli INVaF9’ — [61]
Al-lV Sphingomonas sp. Al pET3a E. coliHMS174(DE3) 8.6 UL [62]
AL-IV’ Sphingomonas sp. Al pET21b E. coli BL21(DE3)pLysE 89.0 UL [63]
Atu3025 Agrobacterium tumefaciens C58 pET21b E. coli HMS174(DE3) 5.9 U/mg [28]
alyVOA Vibrio sp. O2 pT7Blue E. coli DH5a — [64]
alyVOB Vibrio sp. 02 pBluescript I SK+  E. coli DH5a. — [64]
Alg-5 Streptomyces sp. ALG-5 pColdl E. coli BL21(DE3) — [65]
alyA Pseudoalteromonas atlantica ARO6  pNIT6012 E. coli DH50. — [66]

BRI RFTARE GS115 heik . HI I 5 1 7R Ak itk
TR IE, RIBAFR) T AR 71 i A 40 000 (1)
AR BRI, BB ) TTIA 540 U/mL.
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M PN S BESE N adhB, AFHEA S 1) Al Rete 4
CWE, RN E AR T FLIR N B 58 X Idh, - B T
B2 AR AR, e T EA R AL I SR .
Sk AU AR O, FA AR Al DA BERR AT b M
RRIE SR BT AR OREIL 13.0 g/Lo BRI O
TR O3 oAt VR R T B R A 7 ) LT IR ST
3 RE

IR, 7 SR 40 A1 T T 90 2 A v TG R
O3 RV R I A%E 5 0 AN T R AL g 1) e e B 3K
X0 T IR 0 it VAT PRI TR T A 9 S A X T
59, ANBEAIEIGEIR 7> R N IS . PR, R
SR R 7 A BT I AIT TURE A 20 B L 85 97 B R 114 [+

I, AR RR AR Il ™ B e o) IR e )
(IBRIPE, X LT ERAN R G, 1) B g e IR S i
T TR A 240 P N AR A, RIS AT S A
IR =4 o

TIAN, HEBETR O3 AR R R DR TR AR WA A e
PRI TR R o 1 500 e e VB T 28 Wl B DRI 1 e U IS
7 10 I v P U B PR AR AR B TR R IR, K 3 N B
KIGHBEEE TR, w3 R IR AR, X7
MEETa ERrid s T —2epl. HZ, L
T SETR A AT R IR T R /0 WL, D DAL P
BEC RMWAT 1855 FH 0 5 1 A1 R AN e TR P Vg
PR MG - DRI o DRI, o] W I PR AV TR TR
i TR0 M A PRI AR A, IR IR IR AR IR A2 1 5K
BEBGELD — R N TR, AR R H i s i e
PR A I AR o R U R AR R A 11
B, K MR DR 3 N TRESE IR 20 AR BT, oA R B
Y& 1§ pde R O Wi A8 adhB FEIR 5 50CE 1 H 5 1
AWy T BO SR IS AR AT o, AL AR A
g A AR 7 AR e A B AT N AN ) o
H Ay, 3X 5 10 1 5038 AN A3 Takeda %5 X Sphingo-



480 1 fy

=

24

monas A1 [FiE 7,

2 AR TE REBEER o0 i e AN R FRAE B4 T, R
DA R PR A B TR 0 ik B ) T o DR AU 8 1R 4 fi
WEAT RN, SUFERAHEL, TE75 R A i
FAGRI RIS B 5 A A s DT A5 I e, i HLadad
KA ™ A2 ST S AT OB A ™ ) - 1 A 41
WIS g, DR ARG R 1R o il 11 B35 FH TR i
BELEW R PR AR RETR . AT ST OO B AR IR
AR R B, IR IEAEN JL SR R e . AR
PR AR S T AT R, AT R R FH DR AR
Vg T AR VAT A T T8 A ) T 2 A SR AR B R SRR
RIS A o

B U 5 T 0 e RIS AN TR N, TS8R 1R 7 it
PE G BT A BN IR AS B 2 I, S
REdR . BR2h. b CARA0™ Ak R

(& % x W]

[1]  Gacesa P. Alginates. Carbohydrate Polymers, 1988, 8:161-
82

[2] Tako M, Yoza E, Tohma S. Chemical characterization of
acetyl fucoidan and alginate from commercially cultured
Cladosiphon okamuranus. Bot Mar, 2000, 43: 393-8

[3] Tako M, Kiyuna S, Uechi S, et al. Isolation and characteriza-
tion of alginic acid from commercially cultured Nema-
cystus decipiens (Itomozuku). Biosci Biotechnol Biochem,
2001, 65: 654-7

[4] Skjak-Brazk G, Grasdalen H, Larsen B. Monomer sequ-
ence and acetylation pattern in some bacterial alginates.
Carbohydrate Res, 1986, 154: 239-50

[5] Linker A, Jones RS. A new polysaccharide resembling
alginic acid isolated from Pseudomonads. ] Biol Chem,
1966, 241: 3845-51

[6] Sabra W, Zeng AP, Deckwer WD. Bacterial alginate:
physiology, product quality and process aspects. Appl
Microbiol Biotechnol, 2001, 56: 315-25

[7]  Nichols WW, Evans MJ, Slack MPE, et al. The penetration
of antibiotics into aggregates of mucoid and non-mucoid
Pseudomonas aeruginosa. J Gen Microbiol, 1989, 135:
1291-303

[8] Boyd A, Chakrabarty AM. Role of alginate lyase in cell
detachment of Pseudomonas aeruginosa. Appl Environ
Microbiol, 1994, 60: 2355-9

[9] Hernandez-Carmona G, McHugh DJ, Lopez-Gutierrez F.
Pilot plant scale extraction of alginates from Macrocystis
pyrifera.2. Studies on extraction conditions and methods
of separating the alkaline-insoluble residues. J Appl
Phycol, 2000, 11: 493-502

[10] Gacesa P. Alginate-modifying enzymes: a proposed

unified mechanism of action for the lyases and epimerases.

FEBS Lett, 1987, 212: 199-202

[11] Haugen F, Kortner F, Larsen B. Kinetics and specificity of
alginate lyases: Part I, a case study. Carbohydrate Res,

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

(23]

[26]

(27]

1990, 198: 101-9

Singh RP, Gupta V, Kumari P, et al. Purification and partial
characterization of an extracellular alginate lyase from
Aspergillus oryzae isolated from brown seaweed. J Appl
Phycol, 23(4): 755-62

Sawabe T, Sugimura I, Ohtsuka M, et al. Vibrio halioticoli
sp. nov., a non-motile alginolytic marine bacterium
isolated from the gut of the abalone Haliotis discus
hannai. Int J Syst Bacteriol, 1998, 48: 573-80

Ertesvdag H, Erlien F, Skjak-Brek G, et al. Biochemical
properties and substrate specificities of a recombinantly
produced Azotobacter vinelandii alginate lyase. J Bacterol,
1998, 180(15): 3779-84

Schaumann K, Weide G. Efficiency of uronic acid uptake
in marine alginate-degrading fungi. Helgoldnder
meeresunters, 1995, 49: 159-67

RATAE. =TGR BERGZH 3 (1) LURCATT 9. b K B
2%, 1983, 5:513-8

Boyen C, Kloareg B, Polne-Fuller M, et al. Preparation of
alginate lyases from marine molluscs for protoplast
isolation in brown algae. Phycologia, 1990, 29(2): 173-81
Lin TY, Hass WZ. Pathway of alginic acid synthesis in the
marine brown alga, Fucus gardneri Silva. J Biol Chem,
1966, 241: 5284-97

Boyen C, Bertheau Y, Barbeyron T, et al. Preparation of
guluronate lyase from Pseudomonas alginovora for
protoplast isolation in Laminaria. Enzyme Microb
Technol, 1990, 12: 885-90

Alkawash MA, Soothill JS, Schiller NL. Alginate lyase
enhances antibiotic killing of mucoid Pseudomonas
aeruginosa in biofilms. APMIS, 2006, 114: 131-8

Otterlei M, Sandan A, Skjdk-Braek G, et al. Induction of
cytokine production from human monocytes stimulated
with alginate. J Immunother, 1991, 10: 286-91

Otterlei M, Sundan A, Skjak-Braek G, et al. Similar
mechanisms of action of defined polysaccharides and lipo
polysaccharides:characterization of binding and tumor
necrosis factor o induction. Infect Immun, 1993, 61: 1917-
25

Stevan FR, Oliveira MBM, Noseda MD, et al. Cytotoxic
effects against HelLa cells of polysaccharides from
seaweeds. J Submicrosc Cytol Pathol, 2001, 33: 477-84
Kawada A, Hiura N, Tajima S, et al. Alginate oligosac-
charides stimulate VEGF-mediated growth and migration
of human endothelial cells. Arch Dermatol Res, 1999,
291: 542-7

Iwamoto M, Kurachi M, Nakashima T, et al. Structure—
activity relationship of alginate oligosaccharides in the
induction of cytokine production from RAW264.7 cells.
FEBS Lett, 2005, 579: 4423-9

Yonemoto Y, Tanaka H, Yamashita T, et al. Promotion of
germination and shoot elongation of some plants by
alginate oligomers prepared with bacterial alginate lyase. J
Ferment Bioeng, 1993, 75: 68-70

Kobayashi T, Uchimura K, Miyazaki M, et al. A new high-
alkaline alginate lyase from a deep-sea bacterium
Agarivorans sp. Extremophiles, 2009, 13: 121-9



S5 gk, A HEEEIR TR AT L 481
[28] Ochiai A, Hashimoto W, Murata K. A biosystem for 4572-7

[34]

[35]

[40]

alginate metabolism in Agrobacterium tumefaciens strain
C58: Molecular identification of Atu3025 as an exotype
family PL-15 alginate lyase. Res Microb, 2006, 157: 642-
9

Stevens RA, Levin RE. Purification and characteristics of
an alginase from Alginovibrio aquatilis. Appl Environ
Microbiol, 1977, 3: 1156-61

Iwamoto Y, Araki R, Iriyama K, et al. Purification and
characterization of bifunction alginate lyase from
Alteromonas sp. strain No. 272 and its action on saturated
oligomeric substrates. Biosci Biotechnol Biochem, 2001,
65(1): 133-42

Kennedy L, Mcdowell K, Sutherland IW. Alginases from
Azotobacter species. ] Gen Microb, 1992, 138: 2465-71
Haraguchi K, Kodama T. Purification and properties of
poly (B-D-mannuronate) lyase from Azotobacter
chroococcum. Appl Microbiol Biotechnol, 1996, 44: 576~
81

Nakagawa A, Ozaki T, Chubachi K, et al. An effective
method for isolating alginate lyase-producing Bacillus sp.
ATB-1015 strain and purification and characterization of
the lyase. J Appl Microbiol, 1998, 84: 328-35

Matsubara Y, Kawada R, Iwasaki KI, et al. Extracellular
poly(a-L-guluronate)lyase from Corynebacterium sp.:
purification, characteristics, and conformational proper-
ties. Protein Chem, 1998, 17(1): 31-6

Nibu Y, Satoh T, Nishi Y, et al. Purification and
characterization of extracellular alginate lyase from
Enterobacter cloacae M-1. Biosci Biotechnol Biochem,
1995, 59(4): 632-7

Takeuchi T, Nibu Y, Murata K, et al. Characterization of a
novel alginate lyase from Flavobacterium multivolum
K-11. Food Sci Technol, 1997, 3(4): 388-92

Dyrset N, Lystad KQ, Levine DW. Development of a
fermentation process for production of an alginate G-lyase
from Klebsiella pneumonia. Appl Microbiol Biotechnol,
1994, 41: 523-30

LiJW, Dong S, Song J, et al. Purification and characteriza-
tion of a bifunctional alginate lyase from Pseudoal-
teromonas sp. SM0524. Mar Drugs, 2011, 9(1): 109-23
Eftekhar F, Schille NL. Partial purification and characteriza-
tion of a mannuronan-specific alginate lyase from
Pseudomonas aeruginosa. Curr Microbiol, 1994, (29): 37-
42

Yoon HJ, Hashimoto W, Miyake O, et al. Overexpression
in Escherichia coli, purification, and characterization of
Sphingomonas sp. Al alginate lyases. Protein Expr Purif,
2000, 19: 84-90

Hashimoto W, Okamoto M, Hisano T, et al. Sphingomonas
sp. Al lyase active on both poly-B-d-mannuronate and
heteropolymeric regions in alginate. Ferment Bioengin,
1998, 86(2): 236-8

Hashimoto W, Miyake O, Momma K, et al. Molecular
identification of oligoalginate lyase of Sphingomonas sp.
strain Al as one of the enzymes required for complete
depolymerization of alginate. J Bacteriol, 2000, 182(16):

[43]

[44]

[45]

[46]

[47]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

Cao LX, Xie LJ, Xue XL, et al. Purification and charac-
terization of alginate lyase from Streptomyces species
strain A5 isolated from banana rhizosphere. J Agri Food
Chem, 2007, 55: 5113-7

Tseng CH, Kuniko Y, Kitamikado M. Two types of
alginate lyase from a marine bacterium Vibrio sp. AL-9.
Nippon Suisan Gakkaishi, 1992, 58(4): 743-9

Tseng CH, Kuniko Y, Kitamikado M. Isolation and some
properties of alginate lyase from a marine bacterium
Vibrio sp. AL-128. Nippon Suisan Gakkaishi, 1992, 58(3):
533-8

Kitamikado M, Tseng CH, Kuniko Y, et al. Two types of
bacterial alginate lyases. Appl Environ Microbiol,1992(8):
2474-8

Fu XT, Lin H, Kim SM. Purification and characterization
of a Na'/K" dependent alginate lyase from turban shell gut
Vibrio sp. YKW-34. Enzyme Microb Technol, 2007, 41:
828-34

PHUE, T30, i, & R 2 BT Y Q102
e T R 2R PR i P AL AN M BRI BB 24, 2003,
43(6): 753-7

Zhou MH, Han FF, Li J, et al. Isolation and identification
of a novel alginate-degrading bacterium, Ochrobactrum
sp. Songklanakarin J Sci Technol, 2008, 30 (2): 135-40
Preiss J, Ashwell G. Alginic acid metabolism in bacteria: 1.
enzymatic formation of unsaturated oligosaccharides and
4-deoxy-L-erythro-5-hexoseulose uronic acid. J Biol
Chem, 1962, 237: 309-16

Takase R, Ochiai A, Mikami B, et al. Molecular identifica-
tion of unsaturated uronate reductase prerequisite for
alginate metabolism in Sphingomonas sp. Al. Biochim
Biophys Acta, 2010, 1804: 1925-36

Gacesa P, Caswell RC. Control and heterologous expres-
sion in Escherichia coli of the Klebsiella pneumoniae
gene encoding alginate lyase. Hydrobiologia, 1990,
204/205(1): 661-5

Schiller N, Monday S, Boyd C, et al. Characterization
of the Pseudomonas aeruginosa alginate lyase gene
(algL): cloning, sequencing, and expression in Escheri-
chia coli. J Bacteriol, 1993, 175(15): 4780-9

Maki H, Mori A, Fujiyama K, et al. Cloning, sequence
analysis and expression in Escherichia coli of a gene
encoding an alginate lyase from Pseudomonas sp. OS-
ALG-9. Microbiology, 1993, 139: 987-93

W], TRERR, TeF. B e B I e alg LIk RIAE HE JiR 19
BEAP ) 28 B LM BT 7T, [ AR R, 2008,
41(4): 1192-8

Baron AJ, Wong TY, Hicks SJ, et al. Alginate lyase from
Klebsiella pneumonia subsp. aerogenes: gene cloning,
sequence analysis and high-level production in
Escherichia coli. Gene, 1994, 143: 61-6

Pecina A, Pascual A, Paneque A. Cloning and expression
of the algL gene, encoding the Azotobacter chroococcum
alginate lyase: purification and characterization of the
enzyme. J Bacteriol, 1999, 181(5): 1409-14

Matsubara Y, Kawada R, Iwasaki K, et al. Cloning and



482

4%

[59]

[60]

[62]

sequence analysis of a gene(alyPG)encoding poly(a-L-
guluronate) lyase from Corynebacterium sp. strain ALY-1.
J Biosci Bioeng, 2000, 89(2): 199-202

Sugimura I, Sawabe T, Ezura Y. Cloning and sequence
analysis of Vibrio halioticoli genes encoding three types
of polyguluronate lyase. Mar Biotechnol, 2000, 2: 65-73
Sawabe T, Takahashi H, Ezura Y, et al. Cloning, sequence
analysis and expression of Pseudoalteromonas elyakoii
IAM 14594 gene (alyPEEC) encoding the extracellular
alginate lyase. Carbohydrate Res, 2001, 335: 11-21
Iwamoto Y, Iriyama K, Osatomi K, et al. Primary structure
and chemical modification of some amino acid residues of
bifunctional alginate lyase from a marine bacterium
Pseudoalteromonas Sp. strain No. 272. Protein Chem,
2002, 21(7): 455-63

Miyake O, Hashimoto W, Murata K. An exotype alginate
lyase in Sphingomonas sp. Al: overexpression in
Escherichia coli, purification, and characterization of
alginate lyase IV (A1-1V). Protein Expr Purif, 2003, 29:
33-41

[63]

[64]

[65]

[66]

[67]

Hashimoto W, Miyake O, Ochiai A, et al. Molecular
identification of Sphingomonas sp. Al alginate lyase (Al-
IV’) as a member of novel polysaccharide lyase family 15
and implications in alginate lyase evolution. Biosci
Bioeng, 2005, 99(1): 48-54

Kawamoto H, Horibe A, Miki Y, et al. Cloning and
sequencing analysis of alginate lyase genes from the
marine bacterium Vibrio sp. O2. Mar Biotechnol, 2006,
8(5): 481-90

Kim DE, Lee EY, Kim HS. Cloning and characterization
of alginate lyase from a marine bacterium Streptomyces
sp. ALG-5. Mar Biotechnol, 2009, 11: 10-6

Matsushima R, Danno H, Uchida M, et al. Analysis of
extracellular alginate lyase and its gene from a marine
bacterial strain, Pseudoalteromonas atlantica AR06. Appl
Microb Biotechnol, 2010, 86: 567-76

Takeda H, Yoneyama F, Kawai S, et al. Bioethanol
production from marine biomass alginate by metabolically
engineered bacteria. Energy Environ Sci, 2011, 4: 2575-81



