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Cloning of alginate lyase gene from Pseudoalteromonas sp. and
overexpression of recombinant protein in F. coli

Jong-Oh Kim

Department of Microbiology, Graduate School,

Pukyong National University, Pusan, Korea

ABSTRAT

Alginate lyase producing bacterium was isolated f{rom decayed
seaweed at southeast coast in Korea. Purified bacterium was identified as
Pseudoalteromonas sp. with 16s rDNA sequences analysis. Alginate lyase
gene from this bacterium was cloned and sequenced. The sequence
comparison of the cloned gene with other genes in the BLAST showed a
99% homology with alginate lyase gene from Pseudoalteromonas
elyvakovil. There are 9 nucleotide substitution in 1197 nucleotide compare

with corresponding gene of Pseudoalteromonas elvakovii and shows a



new restriction site (XhoI) in the sequences. A recombinant alginate
lvase was expressed as insoluble inclusion body in F£.coli when induced
with 1 mM IPTG, and the protein was about 48 kDa. When the cell
harboring alginate lyase expressing vector was cultured at 37 C with or
without induction, enzyme activity was not detected. However, alginate
lvase activity was shown in the cell harboring alginate lyase-histag

construct when the cell was cultured at 25T without induction.
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INTRODUCTION

As our dietary life 1s westernized, diseases of adult people such as
hypertension, heart attack, and diabetes are increasing. Since Bang and Dyerberg
reported that some people who used to eat a marine algae food live longer than
other people (1972), nutritious and pharmaceutical interests on marine algae
have been increased and many researches have been conducted to find new
substance with physiological activity from marine algae (Ito and Tsuchiya, 1972;
Suzuki ef al, 1993; Kidamikado et al., 1993),

Alginate 1is linear polysaccharides composed of (1,4)-linked B-D-
mannurenic acid and its C-5 epimer, a-L-guluronic acid. Because of its unique
physical properties, it has been used in a broad range of applications such as
stabilizer in food industries, pharmaceutical, and biotechnological field, and
many facets of the properties of this polysaccharide have been studied (Kong et
al., 1995).

Most of commercial alginate is obtained from three seaweed genera,
Macrocysis, Laminaria, and Ascophyllum. Alginate is also produced by two
families of bacteria, the Pseudomonadaceae and the Azotobacteriaceae (Skjak-

Brek er al., 1985). An annual production of crude alginate from all over the



world is about a hundred thousand ton and 41 % of total product is produced in
North Amenica and USA.

Although large molecular weight alginate has many biological functions,
oligo-alginate has better effect in cholesterol decrease (Suzuki er al, 1993).
Especially, about 6-7 dalton alginate has anti-microbial effect and inhibitory
effect on angiotension converting enzyme (Kidamikado ef a/., 1993). In addition,
oligo alginate has been reported to have good effect in cystic fibrosis(CF)
treatment (Muraka ef al., 1993).

Up to now, hydrolytic method has been used to produce oligo alginate.
However, this method costs a lot because long time incubation at high
temperature is required in this process. Environmental pollution is another
concern of this method. Several researches have been performed with bacteria
that have an alginate lyase to solve this problem(Thiang ez a/., 2000).

Alginate lyases are classified poly(M) lyase(EC: 4.2.2.3) and poly(G)

lyase(EC: 4.2.2.11), and catalyze the depolymerization of alginate by a {3-

elimination of the 4-O-linked glycosidic bond and formation of a double bond
between C-4 and C-5, resulting an unsaturated sugar residue at nonreducing end
of the oligomer (Gacesa, 1987) Alginate-degrading enzymes with various

substrate specificities have been isolated from many sources, including marine



algae (Madgwick et al, 1973), marine mollusks (Seiderer e al. 1982), and wide
range of microorganisms. Recent progress in cloning and sequencing of these
enzymes has led to structure-function analysis of alginate lyase (Wong et al.,
2000). Ju and Lee isolated marine bacteria having alginate lyase activity, and
characterized alginate lyase produced by Vibrio sp. AL-145 (Ju and Lee, 1993).
Algiante lyase gene has been cloned from Pseuwdoalteromonas elyakovii 1AM
14594 (Sawabe er al., 1993), Sphingomonas sp. Al (Hashimoto et al., 2000;
Miyake et al., 2003) and recombinant enzyme have been produced from the
cloned genes (Sawabe ef al., 1993; Miyake ef al., 2003).

In this study, 2 marine bacterium Psewdoalteromonas sp. that produces
alginate lyase was isolated from decayed seaweed The alginate lyase gene from
the bacterium with the highest enzyme activity was cloned and sequenced, and
recombinant enzyme was produced in £ coli from the cloned gene using the pET

vector system.



MATERIALS AND METHODS

Isolation of microorganisms

For screening of alginate lyase producing marine bacteria, decayed brown
seaweed having pathogenic damage was collected at the southeastern coast
(Kijang, Daebyun) in Korea (July-August, 2002) and blended with 5 volume of
autoclaved seawater. The homogenate was diluted to 100, 1,000, and 10,000
times with sterilized seawater and spread onto ME plate (beef extract, 10 g;
peptone, 10 g; sea water, 750 ml; tap water, 250 ml; agar, 20 g; alginate 15g).
Bacterial colonies showing a hole on the palate after 4 days incubation at 25°C
were picked up and isolated by the same plating method. Isolated strain was
stored as a glycerol stock at -80°C for further experiments. For liquid culture,

the strain was cultured in ME without agar.

Alginate lyase activity test

Alginate lyase activity was confirmed by Somogyi-Nelson method

(Nelson, 1944). Nine hundred microliter of substrate (0.5% sodium alginate in 10



mM Tris-Cl buffer) was incubated with 100 z{ of crude enzyme at 37°C for 30
min. After addition of 1 ml Somogyi solution (Table 1), the mixture was boiled
for 10 min and was cooled at room temperature for 5 min and 1 ml of Nelson
solution was added (Table 1). The mixture was transferred to microcentrifuge
tube and was centrifuged at 12,000 rpm for Imin. Supernatant was measured

spectrophotometrically at 510 nm.
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Table 1. Somogyi and Nelson solution

- Somogyi solution
10 % CuS0,4-5H,0 (10 g/ 100 ml); 80 md
Potassium sodium tartrate (C,H,0sKNa*4H,0); 40 g
Na,HPO,-12H;0; 71 g
IN NaOH; 100 mf
Na:HO,; 180 g

And adjust to 1 L with distilled water

- Nelson solution
Ammonium Molybdate (NH4)2Mo070,,-7H;0; 50 g
Sodium Aresentate dibasic (Na;HaS0,4H,0); 6 g
H,S0,, 42 ¢

After adjust to 1 L with distilled water, stand overnight at 37°C

and filtrate. Store in the dark condition




Bacterial genomic DNA extraction

Bacterial genomic DNA was extracted with G-spin Genomic DNA
Extraction Kit (iINtRON Biotechnology, Korea). Bacterial cell (1-2 mé, ODswo:
0.8 - 1.0) was harvested by centrifugation at 13,000 rpm for lmin. After
centrifugation, the supernatant was removed and the pellet was completely
resuspended in resuspension buffer by vortex. G-buffer solution (300 u«£) was
added and invert-mixed well. After incubation at 65C for 15 min, 250 z¢ of
binding buffer was added and completely mixed by pipetting. Cell lysates was
loaded on column containing silica-membrane and centrifuged at 13,000 rpm for
1 min. For washing, 500 u{¢ of washing buffer A was added to column and
centrifuged for 1 min at 13,000 rpm. Washing buffer B(500 x{) was added to
column and centrifuged for 1 min at 13,000 rpm. Genomic DNA was eluted with

100 1€ of elution buffer by centrifugation at 13,000 rpm for 1 min.
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Amplification of 16s rDNA sequence

The PCR primers were degenerate primer from E.coli 16s IDNA located
at 49-68, 1510-1492 and primers were contained restriction enzyme site
FeoR Tin the forward primer, BamH I in the reverse primer (Table 2).
Amplification of 16s rDNA sequences was performed with a GeneAmp PCR
system 2700 thermocylcer (Perkin-Elmer, MA, USA). 16s rDNA sequences were
amplified in 30 x¢ of PCR mixture containing 3 ¢ of 10x buffer (100 mM
Trs-Cl, pH 8.3, 500 mM KCI, 15 mM MgCl;), 0.2 mM dNTP, 0.5 £ of Taq
DNA polymerase (5 U/ ul), and 30 pmol of forward primer and reverse primer
(Table 2). PCR reaction condition was predenaturation at 94C for 5 min, 35
cycles of 1 min denaturation at 94°C, 1 min annealing at 61°C, and 1 min
extension at 72 °C, followed by a 7 min postextension at 72 C. The PCR products
were analyzed by electrophoresis in 1% agarose gels and visualized by UV

irradiation. 16s IDNA PCR primers were designed by Moyer (1594).

10



Table 2. Primers for 165 rDNA amplification

Forward primer, 5° - AGAATTCTNANACATGCAAGTCGANCG -37;

Reverse primer, 5° — GTGGATCCGGYTACCTTGTTACGACTT - 3°,

N, degenerate including 4 nucleotides

Y, degenerate including primidines

11



Cloning with pGEM T-easy vector

PCR products were purified with GeneClean Kit (Q-BIOgene, Canada)
from 1% agarose gel and cloned into the pGEM T-easy vector (Promega, WI,
USA). Purified PCR products were ligated with pGEM T-easy vector. Ligation
mixture (purified PCR product, 75 ng; pGEM T-easy vector, 50 ng; 2X ligation
buffer, 5 u0; T4 DNA ligase, 1 #f; upto 10 uf of dH,O) was incubated at

room temperature for 6 hr. Ligate was used for £.coli XL1-Blue transformation.

Preparation of competent cell

F.coli strain XL-1 blue {F':: Tnl0proA+B+ laclq A(lacZ)M15/recAl
endAl gryA96(Nal") thi hsdR17(rk'mk") supE44 relAl lac] was inoculated into
a flask containing LB medium. The cell was incubated at 37°C with moderate
agitation until the cell density was ODgoo = 0.5. The cultured cell was collected
into 50 ml centrifuge tubes such as Falcon 2070 tubes and was chilled on ice for
10 min. The cell was pelleted by centrifugation at 1,000x g for 15 min at 4TC.

The pelleted cells were drained thoroughly by inverting the tubes on paper

12



towels and rapping to remove any liquid. The cell pellet was resuspended by
moderate vortexing with 1/3 volume of RF1 buffer (Table. 3). The cells were
incubated on ice for 15 min and were pellet again with same method described
above. The cells were resuspended with 1/12.5 volume of RF2 buffer and were
incubated on ice for 15 min. The cells were aliquoted into chilled 1.5 ml
microcentrifuge tubes and flash freezed in liquid nitrogen, then were placed at —

70°C.



Table 3. RF1/ RF2 solution

RF1 solution

ﬁ/;xrlrlrlount/ litér

Compound Final concentration

RbCl 12¢ 1060mM
MnCl,4H,0 99¢g 50mM

, 30 md of a 1 M stock
Potassium acetate 30mM

(pH 7.5)
CaCl,-2H;0 15¢ 10mM
Gl}f;erol 150 g 15% (w/v)

RF?2 solution

Adjusted pH 5.8 with (.2 M acetic acid,
filtrated with 0.22 pm membrane filter

Compound ] Amount/liter I Final concentration
| 20 ml of a 0.5 M stock
MOPS 10 mM
(pH 6.8)
RbCl 12¢g 10 mM
CaCl2H,0 g 75 mM
Gl)'cepql 150 g [ 15% (w/v)

Adjusted pH 6.8 with NaOH,

filtrated with 0.22 /m membrane filter




Transformation

The tubes containing competent cell were removed from the freezer and
were thawed at room temperature until the cell suspension was just liquefied and
were placed on ice. The DNA solution was added to the tubes and the tube was
swirled to mix the DNA evenly with the cells. After the tubes were incubated on
ice for 10 min, the cells were heat shocked by placing the tubes in a 42°C water
bath for 90 sec and then were chilled by returning tubes immediately to ice. LB
medium 800 /4 was added and was incubated at 37°C for 60 min. The cells
were plated on McConkey agar plate (Difco, MD, USA) or LB agar plate

containing ampicillin (50 ©g/ml) and the plate was incubated at 37°C for 16 hr.

Plasmid DNA extraction

Cloned plasmid DNA was purified with Plasmid Extraction Kit
(AtmanBio, Korea). Cultured cell 1.5 mf in LB broth containing ampicillin (50
ng/md} was centrifuged at 14,000 rpm for 1 min. Pellet was resuspended with 250

#{ of resuspension buffer by vortex. The cell was denaturated with 250 zx¢ of



denaturation buffer through inverting. After neutralized with 350 s of
neutralization buffer through inverting, centrifuged at 14,000 rpm for 8 min.
Cleared lysate was transfered to the prepared Spin Column. The supernatant was
centrifuged at maximum speed in a microcentrigue for 1 min at room
temperature. The flowthrough from the collection tube was removed and the
column was washed with 700 x{ of wash solution by centrifugation for 1 min.
the column was washed again with 300 #€ of wash solution by centrifugation
for 2 min. Spin column was transfered to sterile 1.5 m¢ microcentrifuge tube.
The plasmid DNA was eluted by adding 50 #f of Nuclease-free water to the
spin column and centrifuged at maximum speed for 1 min at room temperature in
a microcentrifuge. The eluted plasmid DNA was digested with restriction
enzyme (100 ng of plasmid DNA, 1 28 of 10X buffer, 0.5 ul of EcoR [ |, dH,0O

upto 10 wf), and analyzed on 1 % agarose gel.

Sequence analysis

The clone was amplified with T7 promoter primer and SP6 promoter
primer located at pGEM T-easy vector. The PCR product was gel purified and

used as template for the sequencing ABI 377 XL upgrade DNA sequencer
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(Perkin-Elmer, MA, USA). The resulting sequences were aligned with GenBank

databases through the BLAST search (http://www.ncbi.nlm.nih.gov/BLAST/).

Cloning of alginate lyase gene

For the cloning of alginate lyase gene, the known sequences of alginate
lyase gene were collected from GenBank database (Table. 4). Ten primer sets
were designed from the known sequences of alginate lyase gene (Table. 5).
Amplification of alginate lyase gene was performed with a GeneAmp PCR
system 2700 thermocylcer (Perkin-Elmer, MA, USA) using 35 cycles of 94C
for 30 sec, each annealing temperature of primers for 30 sec and 72°C for 1 min.
The PCR products were cloned into pGEM T-easy vector and the sequences
were analyzed.

In order to clone the full ORF of the alginate lyase gene, the primers were
re-designed from the GenBank databases (Table. 6). For the ligation into
expression vector, primers include a specific restriction enzyme (underlined,
Nde | in forward primer; £coR | in reverse primer). PCR products purification

and cloning procedures were same as described above.

17



Table 4. Alginate lyase gene enrolled at GenBank

I N

N=RE- RN e Y [}

10
11
12
13
14
15
16
17
18

19.
20.
21.
22,

23.
24

. Staphylococcus aureus subsp. aureus N315

. Staphylococcus aureus strain Mu50

. Paramecium bursaria Chlorella virus 1.

. Chlorella virus orfl gene and orf? gene for alginate lyase

. Pseudomonas syringae alginate lyase (algl) gene, complete cds.

. Pseudoalteromonas sp. 1AM 14594 extracellular alginate lyase(aly)gene.
. Pseudomonas sp. W7 alginate lvase gene

. Pseudomonas sp. gene for alginate lyase

. Pseudomonas sp. genomic DNA for alginate lyvase

. P. alginovora gene for alginate lyase

. Azotobacter chroococcum algL. gene encoding alginate lyase.
. Azotobacter vinelandii alginate lyase (algl) gene

. Vibrio halioticoli lvase AlyVGIII gene

. Vibrio halioticoli lyase AlyVG | gene

. Vibrio halioticoli lyase AlyVM | gene

. Vibrio halioticoli lyase AlyVG I gene

. Agarobacterium tumefaciens str, C58 chromosome linear
. Yersinia pestis strain €092

Bacillus halodurans

Salmonella enterica subsp. enterica serovar Typhi

Alteromonas sp.
Mesorhizobium loti DNA, complete genome, section 19/21
Halomonas marina gene for alginate lyase

Photobacterium sp. alginate polv(ManA) lvase gene




Table 5. PCR primers designed from GenBank databases

. Pmmer _Sequence
| No.l 77f 5'-CAACGCCAGAAAACGATGATAT-3'
No.1 677r 5-CCCATCTTTTCACACCACTCTG-3'
Nod 31f 5-CCGATTGAACATAAGGAAAG-3' |
Nod 592r | S-CTGCTCCTAACTTTCGTACC-3' |

No.5_118f 5-GACCGTGCGTATATTTCTCA-3'
| No.5_632r _ S“TTGCTATTGACGGAAACATT-3!
| No6_If 5-ATGAATGGAAACGACAACTG-3'
| No.6_952r 5'“GTTGCCACATGATCCTATTC-3'

No.10_240f

_ ICAAAGTCGTGATGCAGTACA-S' |

No.19 944r

No.19_450f

No.10_734r 5“GGCAGTGCATAGTTGTGATA-3' |
No.14 206f 5-CGGCAGATAATGAATTTGTC-3'
No.14_650r . 3-CTAGGTCCGTTGCTGTATTG3' |

_S-CTACCTGCGCCTGAAGTTCT-3' |
3-TCGGTCTCCAGATCCTCCAT-3

No.21_28f
No.21_481r

No.24 649r

5-TTGGCACCGACACTACTGAG-3'

5'-TCAGGCGAATGTACGAAGAC-3'

No24 71t

S-GCACTGCTGAAAAACCAATT-S |

No.26_690r

No.26 38f

 5-GCCTACGGTAATGGTGAAAT-3'

S-CGTGCCTAAAAGTAACCGTC-3”

5-GCAGGTGTCGAATTTTCTAA-3'




Table 6. Re-designed PCR primers for the cloning of full ORF of alginate
lyase gene

Pimer Scquence

Alg pseudo 446f | 5'“CGAGTTCATATGTACAGGTTTGGAG -3' |Nde 1

Alg_pseudo 1658r | 5-TGAATTCTTAATTCGTCCTACGCG -3' |EcoR |

S U SR

Alg_pseudo_1658r |
i 5“TGGATCCTAAATTCGTCCTACGC -3 |BamH |
_bam

* Alg pseudo_446f/ Alg pseudo 1658r primer combination was used for cloning of
pALPET44a clone.

* Alg pseudo 446t/ Alg pseudo 1658r BamH! primer combination was use for
cloning of pALPET25b-His clone.

20



Subcloning of alginate lyase gene with pET expression vector system

Alginate lyase gene was subcloned into pET expression vector system for
overexpression. For the cloning of alginate lyase gene expressed with native
form, pALT4 (pGEM T-easy vector including alginate lyase gene) and pET44a
clones were double digested with Nde | /EcoR | and DNA band on the agraose
gel was purified with GeneClean Kit (Q-BlOgene, Canada). The purified insert
and vector was ligated at room temperature for 6 hrs and transformed into BL21
(DE3) E.coli strains. The resulting pALPET44a clone (Fig. 1) was used for
overexpression of the alginate lyase. For purification of recombinant enzyme,
pALT4 was subcloned into pET25b expression vector with double digestion of
Nde [ /BamH | . Cloning procedures were same as described above. The

resulting pALPET25b-His clone was used for purification of alginate lyase (Fig.

).

21
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PALPET25b-His
(6661 bp)

Fig. 1. plasmid map of pALPET44a and pALPET25b-His



Overexpression and purification of alginate lyase

E. coli transformed with the pALPET44a clone and the pALPET25b-His
clone were cultured in LB broth containing ampicillin (50 xg/mé). When ODygqq
reach to 0.5, the cell was induced with IPTG at the final concentration of 1 mM.
After induction, 3 ml of cell was harvested at 2, 4, 6 hours. The cell was
centrifuged and the pellet was heated at 100C for 5 min with sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) sample loading buffer.
SDS-PAGE analysis of the expressed protein was performed using 12.5 %
polyacrylamide gel according to the method of Laemmli (1970). Overexpressed
alginate lyase from pALPET25b-His was purified with His-Bind Purification Kit

(Invitrogen, CA, USA) according to protocols.



RESULTS

Isolation of Microorganisms

Eighteen bacteria strains showing alginate lyase activity were isolated
from decayed brown seaweed, sea water, soil and sea tangle (Table. 7). Four
strains showing high activity were selected and alginate lyase activity was tested
by Somogyi-Nelson method. Alg-250 strain that showed the highest activity of

alginate lyase was used to clone the alginate lyase gene.

24



Table 7. Samples used for the isolation of alginate degrading bacteria

and the number of bacterial strains isolated from the samples,

Strain number

Sourcc i
Soil 4 strains
Sca water | strains
Brown seaweed 6 strains
7 strains

Sca tangie




Table 8. The alginate lyase activity of isolated strains.

Cell growth (ODgg)

Reducing sugar (mg/ml)*

Strain

Alg-250 1.201 0632

Alg-12 0.963 0.421

Alg-11 1.102 0.365
0812

26

0.142




Table. 9. Biochemical characterizalion of Pseudoalteromonas sp.

Biochemical tests were conducted using VITEK GNI Card (Biomerieux, Marcy-1’Eto,

Fmace)

Test Resuit Test Result
* Acid production from * Specific inhibitor
Glucose - 24,4 richloro-2°- -
Lactose - Hydroxydiphenyl ether
Maltose + p-Coumaric -
Xylose - Polymyxinl3 -
L.-Arabinose + * Growth at 35 C -
* O-Nitrophenyl * Utilization as sole carbon source
B-D-galactopyraneside - Acetamide -
Fermentation Esculin +
* Decarboxylase Negative control - Citrate -
* Enzyine acitivity Malonate -
Catalase + Glucose -
Urease - Arginine +
‘Iryptophan dcaminase - Lysine -
B-galactosidase - Ornithine -
Arginine digydrotase + Raffinose -
Lysine decarboxylase - Sorbitol -
Omiithine decarboxylase - Sucrose +
Oxidase + Inositol +

Adomtol




16s rDNA sequencing analysis

The result of 16s IDNA sequence analysis of marine bacterium showing
alginate lyase activity was aligned with 16s rDNA sequences in GenBank
databases through the BLAST search. The BLAST search result was showed that

the sequences had a 99% homology with Pseudoaiteromonas elykovii.



Kb
1.65—p
1L.O—»

Fig 2. PCR products of 16s rDNA gene on 1% agarose. PCR band sizes are
about 1.4 kb (M, | kb plus DNA ladder; S, PCR product)
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GTGGATCCGGCTACCT TGT TACGACTTCACGCCAGT CATGAAT CACTCCGT GGRTARACGT CCTCC
CGAGGGT TAGACTATCTACTTCTGGAGCAACCCACTCCCATGGT GT GACGGGCGGTGTGT ACAAG
GCCCGGGAACGTATTCACCGCGTCATTCTGATACGCGATTACTAGCGATTCCGACTT CAT GRAGT
CGAGTTGCAGACT CCAATCCGGACTACGACGCACTT TAAGTGATTCGC TTACTCTCGCGAGTTLG
CAGCACTCTGTAT GCGCCATTGTAGGACGTGTGTAGCCCTACACGT AAGGGCCATGATGACTTGA
CGTCGTCCCCACGTTCCTCCGGTTTATCACCGGCAGT CTCCTTAGAGT TCT GAGGAT TAGCTGCT
AGCAACTAAGGAT AGGGGT TGCGCT CGT TGCGGGACT TAACCCAACAT CTCACAACACGAGCT GA
CGACAGGCAT GCAGCACCT GTATCAGAGCTCCCGAAGGCACCAAACCATCT CTGGTAAGT TCTCT
GTATGTCAAGTGT AGGTRAGGT TCT TCGCGT TGCATCGAATTAAACGCACAT GCT CCACCGCTTGT
GCGGGCCCCCGTCAAT TCATTTGAGTTT TAACCT TGCGGCCGT ACT CCCCAGGCGGT CTACTTAA
TGCGTTAGCT TTGAAAAACAGAACCGAGGCT CCGAGCTTCTAGTAGACATCGTT TACGGCGTGGA
CTACCGGGGT ATCTAATCCOGT TTGCTCCCCACGOT T TCGTACATGAGCGT CAGTGT TGACCCAG
GTGGCTGCCT TCGCCATCGGTATTCCTT CAGATCTCTACGCAT TTCACCGCTACACCTGAAATTC
TACCACCCTCTAT CACACT CTAGTT TGCCAGTTCGAAAT GCAGTTCCCAGG T TGAGCCCGGGGCT
TTCACAT CTCGCT TAACAAACCGCCTGCGTACGC TTTAGGCCCAGT AATTCCGATTAACGCTCGC
ACCCTCCGTATTACCGCGGCT GCTGGCACGGAGT TAGCCGGTGOTTCTTCT GTCAGA GGG TCACA
GCTAGCAGGT ATTAACTACTAACCT TTCCTCCTGACT GARAGT GCT TTACAACCCGAAGGCCT TG
TTCACACACGCGGCAT GGCTGCATCAGGGTT GCGCCCATT GTGCAATATTCCCCACT GCTGECTC
COGTAGGAGT CTGGGCCGT GTCTCAGTCCCAGTGTGGCTGATCATCCT CTCAAACCAGCTAGGGA
TCGTCGCCTT GGT GAGCCATTACCT CACGAACTAGUT AAT CCCACT TGGGCGAATCT AAA GRCGA
GAGCCGAAGCCCGOTT TGGTCCGTAGACATTATGCGGTAT TAGCAGT CGTT TCCAACTGT TGTCC
CCCACCT CAAGGCATGTTCCCAAGCATTACT CACCOGTCCGLCGOT CGTCAGCAAAGTAGCAAGE
TCCTTTCTGT TACCGCTOGACT TGCATGTCTAAGRATTCT -

Fig. 3. Nucleotide sequences of 16s rDNA
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Cloning of alginate lyase gene

A PCR product of 1197 bp was obtained from the PCR with
Alg pseudo 446f and Alg pseudo 1658r primer(Fig. 2). Purified PCR product
was cloned into pGEM T-easy vector and analyzed with ABI 377 XL upgrade
DNA sequencer. The analyzed sequences show in Fig. 3 and these sequences
were aligned with other gene sequences in GenBank database through the
BLAST search. It had a 99% homology with alginate lyase gene from
Pseudoalteromonas elyakovii. There are 9 nucleotide nucleotide substitution in
1197 compare with Pseuwdoalteromonas elyakovii from GenBank databases and

shows a new restriction site (Xho [ , underlined, bold in Fig. 5) in the sequences.
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ATGTACAGGT TTGGAGAAATAAAGATAATGATTAACCARAAAT CCCTATTTATGCT T GCA
MY RFGE I K I M1t NQ@KSIL F ML A
GCCATGACTGCTAGCT CAAGT T TTGTACAAGCGGCGACGATCAATAAT GCT GGGTTTGAA
A MT AGSSSF VY QAAT I NNAGEFE
GATGGTT GGAGTAACT GGAATGAAACAGARACCTGCAGCTATCT CAGGTAGT GCT TATAAG
D GWSNWNETEPAAISGSAY K
GGCT CTAAAT CATTARARAT TCAAGGTAGCCCAGGGCGTGTTTACCAGAAT GTAGATGTA
G S KSLKI @GSPGRWVYY Q@QNVDYV
GATCGAAATACTCAGTACACGT TAAGTGCGTATGTACTTGGTAAGGGT CAAATCGGCATT
DRNTOQYTLSAYVLGEKSG GO Q@I G I
AACGATCTTAATGGCT TGT TTAARAATGAGAAAT TTAACGTTTCTT CATGGACAAAAGTA
NDLNGLZFZKNEZ KTFNVWVYSSWTIKYVY
TCTAGAACTT TCACCACAGCAAATACAGGTA CGC TACAAGTAT TTGCCAAGCACGATAAG
S RT FTTANTGT LAY FAKHTDK
AGCTCGAGCGAT GTTCGT TTT GATAACTTT TCATTAACTAAGGGCGCTTCAGGTGGCGGT
5 S SDVRFDHNFSLTKGASTSSGSG GG
GATACTGGCGGCGGCGACACTGGTAGTGGCT CTGGTATAGCAAGCAACATCACCAACGGT
DT G G6GDTG&SGES G I ASNIT TNRG
AGTATTT TTGACCTTGRAGGTAACAATCCTCATCCAT TAGTARATAGCAATACT TTAGAG
s I FDLEGNNPHPLVYHNSNTLE
TTTGTTCCTCTANAAGCGCGTCATATCACT CCAAACGGTAATGGCT GRCGT CAT GRATAT
FvPLXARHI TPMNGNSGW®WERHEY
APAGTAAAAGAAAGTGCTCGT GCTGCAAT GACCGAAA CCTATGAGGTT TTT GAGGCAACT
K v KES ARAAMTETYEYVY FEAT
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GTAAAAGTGGAAATGT CTGATGGTGGTAAAACGATTATTTCTCAACACCAT GCTAGCGAT
v KV EMSDG@G KT I I S a&HHAZSD
ACAGGTACGATTTCAARAGTATATGTTT CAGATACTGATGAAT CAGGT TTT GAT GATAGC
T 6T I §$KVYY VY SDTDETSGFDTDS
GTAGOGGGTAATGGRATTTTTGATGTATATGTTCGCCTGCGTAACACCAGT GGT AAAGAA
vV AGNGI FDY YV RLRNTSGKE
GAAARACATGCACTAGGTACTATCAGAAGTGGTGGT TCAT TTAATCTAAAAGTAGTAAAT
EKHALGT 't RSGGESFNLKWY VN
AATTACGGTGATGTAGATGTAACTGCACTAGGTACTACTTTTGGTATT CCGGTAGRAGAT
N Y GDV DY TALGTTFGI P VY ED
GATT CAGAGT CTTACT TCAAGT TTGGTAATTATCTCCAAT CACAAGACCCATAT ACACTA
DS ESY FKFGNY L @S a@aDPYTL
GATGAGT ATGGCGAGT CAGGTAACT CAGATT CAT TTAAAGAGT GCT TTAAAGAT TTAGGT
bEY GESGNSDSFKEZGCFKTDLG
ATTACTAAGGCTAAAGTAACAATGACTGACGTTAGTTACAGCGC GTAGGACGAAT TAA

I T KAKY T MTDOV SY T RRTN-

Fig. 5. Alginate lyase sequence of Pseudoalferomonas sp.
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Fig. 6. PCR product of alginate lyase gene on 1% agarose gels. PCR band
sizes are about 1.2 kb (M, 1kb plus DNA ladder; S, PCR product)
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uaery: aaa caatgaco a 720
SRR R
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Fig. 7. Alignment of alginate lyase gene with Pseudoaltero-monas

elyakovii algiante lyase gene Query, sequences of pALT4 clone; Sbjct, alginate

Ivase gene of Pseudoalteromonas elvakovii



Expression, purification and activity test of recombinant enzyme

The overexpressed alginate lyase having the pALPET44a construct was
found to form an insoluble inclusion body because the protein band was detected
in the pellet of E.coli lysate(Fig. 8). The protein was purified with His-Bind
Purification Kit (Invitrogen, CA, USA). The molecular weight of purified protein
was estimated to be 52 kDa (Fig. 8). When the cell harboring pALPET44a or
pALPET25b-His was cultured at 37°C with or without induction, enzyme
activity was not detected. However, alginate lyase activity was detected in the

cell harboring pALPET25b-His cultured at 25°C  without induction (Fig. 9).
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Fig. 8. SDS-PAGE of overexpressed and purified alginate lyase. Lane M,
protein marker; lane !, BL21(DE3); lane 2, induced native alginate lyase (pALET44a),
lane 3, pALPET25b-His without inductoin; lane 4, total cell of pALPET25b-His with
induction; lane 5, soluble fraction of induced pALPET25b-His; lane 6, insoluble fraction
of pALPET25b-His with induction; lane 7, purified alginate lyase with His-Bind

Purification Kit.
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Fig. 9. Activity of alginate lyase No.I- 4; cell grown at 37C (1; pALPET44a with
induction, 2; pALPET44a without induction, 3, pALPET25b-His with induction, 4;
pALPET25b-His without induction). No.5- 8; cell grown at 25T (5; pALPET44a with
induction, 6; pALPET44a without induction, 7, pALPET25b-His with induction, 8;
PALPET25b-His without induction). No. 9; alginate lyase activity of wild type strain



DISCUSSION

As new source of substances with physiological activity on diseases of
adult people such as hypertension, heart attack, and diabetes, nutritious and
pharmaceutical interests to marine algae have been increased. The effect of
oligosaccharide from marine polysaccharide such as carrageenan, alginate, agar
on these diseases have been reported (Bang and Dyerberg, 1972; Ito and
Tsuchiya, 1972; Suzuki ef al., 1993; Ju and Lee, 1993). Up to now, hydrolytic
method has been used to produce oligo alginate. But this method costs a lot
because of long incubation at high temperature. This method also causes problem
of environmental pollution. Several researches have been performed with
bacteria that have alginate lyase to solve this problem (Suzuki ef al., 1993; Ju
and Lee, 1993).

In order to screen marine bacteria producing alginate lyase, decayed
brown showing pathogenic damage was collected at the southeastern coast of
Korea. An alginate lyase producing bacterium was identified as
Pseudoalteromonas sp. by sequence anlysis of its 16s DNA (Fig. 3). The new
genus Pseudoalteromonas was proposed on the basis of the phylogenetic study

by Gauthier ef a/.(1995). Small subunit (16S) ribosomal RNA sequence analysis
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was performed on Alteromonas, Shewanella, Vibrio, and Pseudomonas species
using three different phylogenetic algorithms. Pseudoalteromonas strains are
arerobic, Gram-negative, nonsporeforming, straight or slightly curved, rod-
shaped bacteria of 0.2-1.5 /m x 1.8-4.0 /m. Strains of most species are motile
by means of single unsheathed polar flagellum. The majority of
Pseudoalteromonas species is characterized by high hydrolytic activities, and
also produce gelatinase, lipase, caseinase, lecithinase and DNAses. They utilize
D-glucose as a sole carbon source, but are negative for utilization of D-ribose, L-
rhamnose, turanose, salicin, glucuronate, DL-glycerate, erythritol, sorbitol,
meso-inositol, adonitol, L-valine, L-ornithine and m-hydroxybenzoate. Some
species display amylase, alginase and chitinase activities(Novic and Tyler, 1985,
Enger et al., 1987).

For the cloning of alginate lyase gene from the isolated bacterium, the
known sequences of alginate lyase gene from 24 species were collected from
GenBank database (Table. 4). In order to design a degenerative PCR primer from
these sequences, multiple alignment with whole sequences was conducted.
However, there was wide range of variation such as its sources, sequence lengths,
and homologies. Therefore, the sequences were grouped by its sources and

homologies, and PCR primers were designed from each group using multiple



alignment (Table. 5). The PCR reactions were conducted with conditions proper
each primer and a PCR product of about 600 bp was obtained with the No. 6
primer in Table. 5. The PCR product was cloned and showed 99% homology
with alginate lyase gene from Pseudoalteromonas elyakovii. In order to clone the
full ORF of the alginate lyase gene, primers were re-designed from a previous
research (Sawabe er al., 2001). The full length PCR product was cloned into the
pGEM T-easy vector, resulting the pALT4 (pGEM T-easy vector + alginate
lyase gene, including a Ndel and EcoR [ restriction enzyme site for
subcloning). There are 9 nucleotide substitution in 1197 compare with
Pseudoalteromonas elyakovii from GenBank databases and shows a new
restriction site (Xho 1 , underlined, bold in Fig, 5) in the sequences. Another T-
vector clone named pALT4” has Nde [ and BamH [ restriction enzyme sites
for subcloning into pET vector system. The inserts from pALT4 and pALT4’
were subcloned to construct pALPET44a and pALPET25b-His, respectively.

The overexpressed alginate lyase from the pALPET44a clone formed an
insoluble inclusion body and the molecular weight was about 47 kDa (Fig. 8). It
is bigger than the alginate lyase from Alteromonas sp. strain H-4 (32 kDa,
Sawabe ef al., 1992), Halomonas marina(39kDa, Kraiwattanapong ef al., 1999),

Pseudoalteromonas alginovara (28kDa, Byen ef al., 1990), Vibrio sp.(40 kDa,
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Takeshita ef al., 1999). The overexpressed alginate lyase from pALPET25b-His
also fromed an insoluble inclusion body and its molecular weight was about 52
kDa (Fig. 8). However, the protein was easily purified with His-Bind Purification
Kit (Invitrogen, CA, USA) after denaturation using the histidine tag at the end.
When the cell harboring the pALPET44a or pALPET25b-His was cultured at
37C with or without induction, enzyme activity was not detected. Alginate
lyase activity was detected in the cell harboring the pALLPET25b-His construct
when the cell was cultured at 25C without induction (Fig. 9). However, the
activity was only one third of alginate lyase activity from wild type crude
enzyme. Because the enzyme activity test was not conducted with same amount
of protein, it looks like the expression level of the enzyme in un-induced E.coli is
very low. So the recombinant enzyme doesn’t have an activity than wild type.
Therefore, more researches such as protein refolding, chaperone co-expression

will be acquired to improve alginate lyase activity.
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