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Purification and Characterization of Alginate—Degrading
Enzyme Produced by Vibrio sp. PKA 1003

Hyun Jee Kim

Department of Food Science and Technology, Graduate School,
Pukyong National University

Abstract

Alginates are a quite abundant in nature. In brown algae, they
are produced as a structural component, comprising up to 40% of
dry weight.  Alginate i1s a linear polysaccharide in which g
-D-mannuronate (M) and a L-guluronate (G) are covalently
(1-4)-linked in different sequences. a-L-Guluronate is’'C5 epimer of
B-D-mannuronate. Theralginate has unique physical properties such
as high viscosity and. gelling property.  So, alginates are widely
used as stabilizer, viscosifier, and gelling agent in the food and
beverage, paper and printing, biomaterials, and pharmaceutical
industries. Also, alginates have various functions such as
anticancer, antibacterial, anti—cholesterol and immuno stimulating
activity. So, numerous studies are going on to improve its uses,
and one of them 1s lowering molecular weight through
alginate-degrading. Alginate oligosaccharides have been shown

some Interesting biological activities. Thus, alginate lyases have
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attracted much attention as biocatalysts for preparation of functional
oligosaccharides. Now, alginate lyases have been found and isolated
from various sources, such as marine algae, marine invertebrates,
marine and some soil microorganisms, but there is still no report
on high efficiancy alginate-degrading enzyme. Thus, this study was
conducted to screen and 1isolate  the high  efficiancy
alginate—-degrading enzyme from marine microorganism. The marine
bacterium producing alginate-degrading enzyme was i1solated from
brown seaweed (Sargassum - thunbergii). The results of 16S
ribosomal RNA seqguence analysis was the strain the genus Vibrio
and the strain was subsequently named Vibrio sp. PKA 1003. The
optimum culture conditions for the growth of Vibrio sp. PKA 1003
were at pH 7, 3% NaCl, 25C, and 6% alginic acid with 48 hour
incubation time. A crude enzyme preparation from Vibrio sp. PKA
1003 showed its highest levels of alginate-degradation activity when
cultured at pH 9, 30C, and 6% alginic acid with 63 hour incubation
time. Thin layer-chromatography analyses confirmed that the crude
enzyme released monomers or oligomers from sodium alginate, and
results from trypsin treatment showed that the alginate degrading
activity depends on this enzyme production by Vibrio sp. PKA
1003. To verify effects of pH, temperature, NaCl, metal ion on
alginate—-degrading activity, Alginate-degrading enzyme produced by
Vibrio sp. PKA 1003 which was purified by ammonium sulfate with
salting—out, dialysis, DEAE-sephadex, Sephadex G-100 and
Sephacryl S200-HR column chromatography (Specific activity

12.27 U/mg). The purified enzyme showed its highest levels of



alginate-degradation activity when cultured at pH 7, 25°C and 0.02
M NaCl. Ca?, Fe*, Co?, Mg® and K' suppressed the activity of
purified alginate-degrading enzyme. Compared with the control,
Hg?" was no significantly changes on activity. The K, and Vi
values of purified alginate-degrading enzyme appeared as 1.175
mg/mL and 3598 U/mL. These results suggest that Vibrio sp.
PKA 1003 and its alginate-degrading enzyme 1is useful for the

production of alginate oligosaccharides.
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A =

Axps SPTRE 2D TFANA cHARE A8 9 o 5
o wol o]gdtele 319 249024 (Kim and Bae, 2002), 4742 %
ZITH(FAO) oJet¥, sizxFo AlA A=k 2001 9729k &, 2010
w1901 o8 AlEH o R Frbstal e FAlol tHFAO, 2010). &
A SEF AEEe] 80% ol 4ol ofaloke] B Aol A Ak v,
LA AT AAkskel 2 gka ek (Kim

H B3 o
o] T HAIFHES =

H

et al, 2011). AEF= Aol Wi FUAT Ao S5t}

=
A 917} W&ol (Park and Jeong, 2013) Aol EX&lo] A4

al
Aoz TFetA ol &HdXa At EgstE X[ T8 EelA
=2 HE&S A= AowM, Zdxfiel 45, TS Al7ld met

grstEo]  30~67% BhfrEel dew, F=  alginate, laminaran,
fucoidan Z2]al mannitol & 84 HEF= T Av (Park
and Jeong, 2013;. Korenaga and Fujii, 2000; Lee et al., 1998). 71 <
o &= 474k (alginic-acid)S ZEHFO A Ee == NI B85
TS FARALCE X[ A TFY oF 0% I3t 3= e
™ (Lee et al.,, 2009), B-D-mannuronic acid (M)¢} a-L-guluronic acid
(@9 a-14 == 14 Aoz o]FZ heterod 2HAd thdFolt}
(Joo et al.,, 1996; Joo et al., 1993). ¢4t GdFFES 2 W
w2k M-M, G-M, M-G, G-G% #o] 47} ez vtsod & A=
dl (Shin et al, 2012), Y959 F5F, Nz H49, AHA £
A 5 TreE gl o] ¢xlAke] A FEUE e ddle] "o



(Joo et al, 1993). @Al ZAzxFollA FE3 L71iko] AE, o okE A
o SoA FHEYstA AFEEHAAA L 9o (Jin and Lee, 2010), 2%

2ol A% ko] AAE BEA, A, 44, SIS 5o

) )

553 584 EAS o]83te] (Hattori et al, 1996, Haug and
Larsen. 1959; Haug and Larsen, 1963; Haug and Smidsrod, 1962;
Jung et al, 1999; Kohn and Larsen, 1972; Smidsrod, 1970; Smidsrod
and Haug, 1965; Lee and Lee, 2003) &34, 23}A], F3kA, oF4 A
2 A 5 g 852 o] 83t A}t (Jin and Lee, 2010). o] <]
gl

-

(Choi and Kim, 1997), AW T34 &2 2 A=, (Jung et al,
2009), FU|AHE 5% A (Lange Mand Spilburg, 1989) 5 Ut}
st Qg S A ER 7eA AFaARY ol& % JMsetth (Lee

rlo
o
1o,

(6]

52 %2

o il

= % RMAS, BNk oAl g

et al., 2009).
. 00C OH 00C, OH
HO. -
oM 00 OH ©00C
M ﬁ1-4= M pi4 > M |31-4: M ﬁ1-4:G u1-4) G u1-4} G a1-4>G
M : p-D-Mannuronate G : a-L-Guluronate

Fig. 1. Chemical structure of alginates.

ek olUs AT 4y fd elndel 7, FF AE



(Davidson et al., 1976), W9 <57 (Guven et al., 1991), Mt -
A 7 23 (Joo et al, 1995) % dF#H~HE &3 (Lee and Lee
1993) & v4d BAxd 7lseo] dseA =4 dHehd A4 A=
o] Wilgol wel XIS o] &3 Zard Alxol ik #Ao] Eot

g

i
-

A Adot A A AFE HIMEER ol Al &AE FETF =)
Aol whep Aol AslAa AE e 5A4S A 3 To=
olsf] Apgo A W 9= Aoty (Kaneko et al, 1990,

Takeuchi et al., 1994). welAr] A4S A ZAFsFetAo] &d714ko] ZE
T 548 FASHA B S Beste] 1 o] &H e mEgh gdiE 4
A Ae= A EEH (Joo et al, 1995).

A4S AEAS 7] L3 wAHeRs 12 3% (Kim et al,
2010) ¥ wWARA (Wasikiewicz et al, 2005) 59 =27 w9y, A3
Uty A2 (Lee et al, 1998)& ©|&gk sket# wy = sz A2 A
= 2 A= Aist=ig4E o&s e ¥/ (Shin, 2012)
ol B Qv kA v

3 o REA Abelu dZbgo] Bl A ke 5oz et &

5ke] A Arst 2 AA ] ofHFE AL o (Lee et al, 2009),

(Joo et al., 1996, Uo et al., 2006). &4 £ &
(EC 4.2.2.3)= B-elimination #&& &3] &¢74ks B3jA] 7], o] Hb
So7 23] A Alol9 glycosidic bond7} ol A WA C-49F C-5

Atolel o] T Aol FAEM, L EefiE L BigdAd wHdow



4-deoxy-L-erythro-hex-4-enepyranosyluronates zt+= 4714F 22 11
W7 WA AT (Gacesa, 1987, Michaud et al., 2003, Wong et al,
2000). &b EElELAE A2 HFHd o FHE AE2EE
< S AEE exo-type &2 UE F 9rl o] Fo A

T endo-type?] LA Bajgis 7]dEo|A wEt poly-G EolA

Hm

endo-type, 7
(Hu et al., 2006, Kim et al., 2009), poly-M &°]4 (Iwamoto et al.,
2001) ¥ poly MG EolA <714 Ealgs2 Yes 4 Ittt (Shin,
2012; Fig 2).

&2 HE (Nakada -and Sweeny, 1967, Nisizawa et al., 1968), A 7|
(Eppley and Lasker, 1959), &7}Al2] (Elyakova and-Favorov 1974),
22} (Muramatsu et al., 1977) 2 35 (Joo et al, 1993)3 #& &=
A2l AEY  Azotobacter vinelandii (Ertesvag et | al, 1998),
Alginomonas alginica (Eller and Payne, 1960), Vibrio sp. (Joo and
Lee, 1993), Pseudomonas sp. (Davidson et al., 1976), 'Alteromonas
sp. (Iwamoto et al.,2001) % Bacillus sp. (Nakagawa et al., 1998)
Y MAEESH A A aas BHstal SAS Bt B
A o (Lee et al, 2009). ol¢fol® &<, B, &9 & v
A EFEH G Zfse]l o wFEs Fohla v (Uo et
al., 2006). kAR o s LA BEiAE 1EEE Yist= WA
= o tig Baus A9 gle Aoy, A= #
g4 Ao Ao or vol ofHds] A& A Hetal A= AR

ot} (Lee et al., 2009, Kim and Bae, 2002).



A Endotype lyase

Poly-M specific lyase Poly-G specific lyase

B Exotype lyase C Conversion

1 CH(OH) CHO
"ERENSE\L (BT o ovc

Unsaturated Q"?" o mmp - OHCH

= I
monomer CH J CH
]|

oH 0OC & é &
g i i
g . COOH COOH
oM oH

4-Deoxy-L-erythro-5-hexoseulose
uronic acid

Fig. 2. Alginate degradation by endolytic (A) and exolytic (B)
alginate lyases-catalyzed - B-elimination reactions.
Unsaturated monosaccharides are released from alginate or
oligosaccharides by exolytic alginate lyase, and the
monosaccharide 1s  nonenzymatically  converted into
4-deoxy-L-erythro-5-hexoseulose uronic acid (C). Thin
arrows 1indicate the cleavage sites for the corresponding

alginate lyases.
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Az R TH

phosphate buffer (pH 7.4)E o]&3sle sl -2 xFE 348
3] NS marine -agar (MA) v]A|o] 52 3. 30TCoA 484 3¢
wj st o, e colonys Fskal FE A= HE colonyE A

gttt deld s LA 2ol 24 SA4S A FA g

o] +F% @Y colony= €@VIMES ARG f8) (F)vt2EA
(Seoul, Korea)oll ] #3Fo]-16S rRNA sequencé analysisZ 4]}
o] ¥ 3telxl 16S rDNA g74 L] thdtel NCBI blastE 53l

1-2. A ¢F
B Ao A ALg3F marine broth (MB) % marine agar (MA):=
Difcorl AlZolw, A3 o] AlE3 alginic acid sodium salt from

brown algae, Trizma, DEAE sephadex % Sephacryl S200-HR-



SigmaAle] A Eolt}. Sephadex™ G-100 2 Vivaspin 6= GE
Healthcare A} AFolt}h. T3 FAlo] AFE3E ammonium sulfate
((NH4)2SOy) =  Junseirle] AFolw, F249 (MW, 12-14,000)

Spectrum LaboratoriesA}t2] Z S AL-&3}3i ).

Aldsel A5dd 42 4 2404 dFE IR 5, 600 n

3

ol ] &% % (Thermo spectrosonic UV, Thermo Co., NY, USA)E =

2-2. pH
01 N 2 1 No“HCI&} NaOHEZ o] &3}
A2 4,5 6,7 8 9 2100w wE T

IEA™EG,
=
&
v
N
lo,
(o}
T
il
(\)

= Ol
a
o

mLol] 10° CFU/mL %9 7 100 uLE AZE3}e] 30TCAA 2447+ 4l

oF &
F

ol

Y2 =4k

2-3. NaCl &

A pH= zA3d A9 NaCl 555 2, 3,4, 5 % 6%= 9

MB
F gt on, dE A 5 mlel 10° CFU/mL %%¢ ¥ 100 u



LE HE3lo] 30CoNA 2417 vl & FH =S A3

2-4. €&
H4 pH % NaCl §=2 Z=d3g MBWlAE Ev 5 Edd vjA 5
mLel 10° CFU/mL sX¢] ¥ 100 uLE FHF3le, 10, 20, 25, 30, 35

W 40T EANA AN MFHEN FRES SPhsch

2-5. Wl A3

HA pH % NaCl-¥5x=2 2483 MBHWlAS "W 5 ddd vix 5
mLel 10° CFU/mL %9 & 100 uLE HF=Zsle], 4 <& x40

2 96A A M FeE A 3ATE fHAoR FaEE 23

ol
L
38
o

Vibrio sp. PKA-1003& #H4 A5 o=z = sdF 5 A4
7] (Supra 30K, Hanil Science Co.; Korea)= ©|83}o] 4TCoA 12,0

x g, 303t dAlste] Aedes 2242 S



(LVTDV-1, Brookfield Co., Middleboro, MA, USA)E o]&3}o] 15

rpm, 52 cP 2 25CoA 7 2AEZ 4319

3-2-2. A3 AF

o] AFES Nelson (Nelson, 1944)°] Somogyi-Nelson® & il
AT, A5 05 mLe TElAeF (100 ml & KNa tartarate, 2.5 g;
NaxCOs, 2.5 g; NaSO, 20 g; NaHCOs;, 2.0 g) 0.5 mL= test tubedl
7Yz} Hslal, water bathol A 20:%E 7 sle] Cu0& AAAAI7]aL, 4t

. 52

(-

o

AzAsA E8Bd4 &A1 mLE Thstol- A7l o
nmell 4 &3 % (Optizen 2120 UV, Mecasys, Daejeon; Korea)S =74
st glucoses ZTEZ= ot @& A ZF=d(Fig. 3)S ©| &35t

ddgs A st
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1.2

1.0

0.8

08

0.4

Absorbance at 520 nm

02

Fig. 3. Standard curve for determination of reducing sugar.

R==0,999784

Fils 100 125

Reducing sugar (pafml)
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3-3. pH

2.5% NaCl phosphate buffer (pH 7.0)& o] &3] LdAS =3} 3}
@om 01N 2 1Ne HCI# 01 N 2 1 No| NaOHEZ o] §5te] %
oW aqiabe] pHE 24,5 6,7, 8 9 W 1007 2Ad9T. 25

S S — ul

<3
2 g A4 1R &R F, 25ColA 48417 wi kel ar, A
gt

Ol
PN
ol
E>

01 N % 1 N¢ HCI2 0.1 N % 1 N¢ NaOHE ©] &3}

9 9Ae A7 pHE 2ES 9B ERa 10% FE9 41
A

2
o

A2 1z & 5, HAH 2k 23l 48413 wiF sklar, Hi<

O
[t}

AR AE D AT dRe SHAAT

A pH 2 HA 7|2 v52 243 7029 2q5ihds 2 &
3 % HA 2 oA 2AEA vk, slgE Alsel

_12_



A A B3 AE ¢ Thin-layer chromatography(TLC)

w

6, 12, 15, 18, 21, 24, 31, 42 2 634

L

3
oo
>
~y
o
—t
o

7F 78 2 10,000 x g, 4T, 10 ¥ &< dAFEYsle] M dSs AA
5l g AEdS 4w 3 A 8ke] TLC Silica gel 60 Fos, 25 glass
plates 20x20 cm (Merck, Darmstadt, Germany)® 45 3319

(Li et al, 2011).-TLC #41& TLC plateol] 275 mg/mL %2 A

Al

3 ulLE | spottingdt 4T}, 1-butanol/acetic acid/H-O (2:1:1, by
volume)& ©]&3te] AR o™, 10%(v/v) HSO, in ethanol & 4=

pra , 10CN FuoRg 18al e TR,

ek @A Theie] a4 e dotry] fste] a A
trypsing Attty &9k 7]do] 1:3009] W& WEEE EY
Al (Trypsin, Sigma Chemical Co.,)S #7}stal water bathol A 37C,
147 BESAIZAY. Trypsin 89 a3 4H3 402 111 " &=

S B 24ANZE i 5 ddTE AAEH
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6. &4 AA

Vibrio sp. PKA 1003S HZA AS 7oA wigs & AR
(12,000 x g, 30 min, 4C)ste] FAE EHsla, FSHS a4 =2
St 284+ ammonium  sulfate 94, 54, ion-exchange

chromatography % gel chromatography #4<S 7 Xw A3 o,

7honey B4 4L 98 06% LA 2 RS Ll FF I

— = = O e =1 = T,

30CAN 542 Wgstel Y FFL 374

%2
oy

ol

ZEAE 40% 9L 80% *E3F ammonium sulfate §HO T F£xAH o7
A8 PO 12000 x g2 3087 HA By sie] A=
E2 B3ttt 80% EZ3F ammonium sulfate &

oA HHAES g5359, o]lF 4% 30 mM Tris-HCl buffer (pH

o
2%
=

=)
il
=

12
o
frid
o2
i
e
i
‘] |

2. 4TCo| A 48A1%F &<t &< buffer

6-2. Ion-exchange chromatography

DEAE-sephadex (Sigma aldrich Co., USA)+= 0.3 M NaCl & o2
YA A ALE5 o W3lEl DEAE-sephadex (1.7 cmx20.0 cm)
30 mM Tris—HCI buffer (pH 7.0)02.2 HYP3}A AT FA3 a4

[

il
ol

X
>,

7 F 0-10 M NaCle] S22 gAden §Zs9r
wE Gaahge 4T A A ST,
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Cell culture (25°C, 48 h)

T < 12000xg, 4% 30 min

Residue J | Supernatant ‘

Ammonium sulfate salting out
(40 and 80%)

12000xg 4% 30min > |  ———

{ Precipitation J | Supernatant

2 . |~ MW. 12,000-14,000
7 Ela|y5|s | 30 mM Tris-HCl buffer (pH 7.0), 48 h
12,000 x g, 4°C, 30 min - [
, «@1.7 x 200 cm
| _EDFAE sewex J 0-1 M Nadl gradient

Sephadg-lm J « @17 x 20.0 cm

« ©1.7 x 20.0 cm

DEAE sephadex: 0-1 M Nacl gradient

NS |
Sephacryl___S_—Z%ﬁaR [H « @17 x 200 cm
I T

Sephadex G-100 « @17 x 200 cm

|

Purified enzyme J

Fig. 4. Procedure for purifying the alginate-degrading
enzyme produced by Vibrio sp. PKA 1003.
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6-3. Gel chromatography
Sephadex G-100 (GE Healthcare Co., USA)2 30 mM Tris-HCI
buffer(pH 7.00% 3 A|A A&t o, DEAE 3 £ &4o] 73l

23S 533 5 93ty Sephadex G-100 (#1.6 cmx30 cm)® &%
2 FEstdtt BE AL A4TAA A3

6-4. 98d T &H
Robert (Robert, 1996)2]
albumin (BSA, Sigma aldrich Co., USA)E E+ =22 3¢ 280 nm

oL
tlo
it
4
ol
S4%
(o
£
ws)
o)
=.
5
o
wn
o)
=
=)

X ¥ HFIA (Fig. 5= ©l &3t @l s S48 AUt
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Absorbance at 280 nm

1.4

12

1.0

0.8 |

06 |

04

0.0

R2=0.99994

0.0

0.5

Fig. 5. Standard curve for protein.

1.0

Protein concentration (mg/mL)
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7. AA A&

J[m

3

7-1. pH 9%

AA R A A= pHY dFe FQdsrl skl 01 M
acetate buffer (pH 4.0-6.0), 0.1 M phosphate buffer (pH 7.0-9.0), 0.1
M Tris-HCIl buffer (pH 10.0-11.0)% o] &3l L72e 4313
AA 24 (05 mL), ¢4 (05 m) 2 2 pHE ¢4 (1 mL)S &

3, 30CoIA 2447 Wdad T BAT FEe SAeA 4 4
A zhoA Al BHE B AL 100%F Fan g o

e AT

7-2. 2% 9%

AAEE A Ae L2 JFS FAsy] Hste] A Ex
(05 mL), &4 (05 m) 2 &FA (1 mL)& £F 5 g 225
10ColA 40C7H=] Eajete] 24413 v Fsttal, sk stdFs 573
sttt 2t A 2o HY 24 S BHRlAS 100%= 1ok

e 2o eyl

t

7-3. NaCl 9%

A a2 A vAI= NaCl 5% dFs a7 98] 7148
R NaCl =5 0-2.0 M= 2¢fste] H7hstal, A4 24 (0.5 mL),
A5 (05 m) 2 gFd (1 mL)S = 5, 30TolA 2443 vl <k

s, Y e SASAY. 4 A 234 Hd S4S B



B8] =& ool tF Sold= &yl A8l Joo T (1993)
He Fastglow, AA a4 (0.25 mL)el 550]2 =& 0.01

M=Z %43t 0.1 M phosphate buffer (pH 7.002 &3 & 4ToA 14

A= stdFe =48k Lineweaver-Burk plot (Lineweaver et

al, 1934) 0258 WEEE AL (K oF A& E (Vi) E T3

TAAE

A AT 3 EA A= SAS software (Statistical analytical
system V8.2, SAS Institute Inc., Cary, NC, USA)S o] &3&to] AR
pe

qe stgon, A GBS e feld AHL p<005 FEAN

Duncan’s multiple range test ol wa} #4319t}
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Bab 54 Aoto| A e FalFl A Fo] (Sargassum thunbergii)
o o FW SR dHAes UE colonyE wEE o, &1
A B o] 43 @ colonyi= (F)upAZ A A 16S rRNA se-

quence analysis = 16S rDNA 7|4 €S &2lst & (Fig. 6), NCBI
blastE % sAsITY. 21 -AI Vibrio sp. V140 (GenBank: DQ
146978.1), Vibrio .~ crassostreae — strain . CAIM-. 1405 (GenBank:
EF094887.1) 2. Vibrio pomeroyi strain- DHQ25 (GenBank:
GU198497.1) ¢k B+ 99%°] =< Hede UHEUglen, o=RH
Vibirio sp. | A& ok =< SHBAE EBolv As & + AU

o dubd o 16S rDNASl fARAel 97% o|ield Fd3 =

(species) .2\ B fotr s & A= HATH o= Vibrio sp. PKA
S Tk

1003°. 7 W af

Sargassum thunbergii Single colony

_20_



1 GCTCAGATTG AACGCTGGCG GCAGGCCTAA CACATGCAAG TCGAGCGGAA
51 ACGACACTAA CAATCCTTCG GGTGCGTTAA TGGGCGTCGA GCGGCGGACG
101 GGTGAGTAAT GCCTAGGAAA TTGCCTTGAT GTGGGGGATA ACCATTGGAA
151 ACGATGGCTA ATACCGCATA ATGCCTACGG GCCAAAGAGG GGGACCTTCG
201 GGCCTCTCGC GTCAAGATAT GCCTAGGTGG GATTAGCTAG TTGGTGAGGT
251 AATGGCTCAC CAAGGCGACG ATCCCTAGCT GGTCTGAGAG GATGATCAGC
301 CACACTGGAA CTGAGACACG GTCCAGACTC CTACGGGAGG CAGCAGTGGG
351 GAATATTGCA CAATGGGCGA AAGCCTGATG CAGCCATGCC GCGTGTATGA
401 AGAAGGCCTT CGGGTTGTAA AGTACTTTCA GTTGTGAGGA AGGGGGTGTA
451 GTTAATAGCG GCATCTCTTG ACGTTAGCAA CAGAAGAAGC ACCGGCTAAC
501 TCCGTGCCAG CAGCCGCGGT AATACGGAGG GTGCGAGCGT TAATCGGAAT
551 TACTGGGCGT AAAGCGCATG CAGGTGGTTC- ATTAAGTCAG ATGTGAAAGC
601 CCGGGGCTCA-ACCTCGGAAC TGCATTTGAA ACTGGTGAAC TAGAGTACTG
651 TAGAGGGGGG TAGAATTTCA GGTGTAGCGG TGAAATGCGT AGAGATCTGA
701 AGGAATACCA GTGGCGAAGG CGGCCCCCTG GACAGATACT GACACTCAGA
751 TGCGAAAGCG TGGGGAGCAA ACAGGATTAG ATACCCTGGT AGTCCACGCC
801 GTAAACGATG TCTACTTGGA GGTTGTGGCC TTGAGCCGTG 'GCTTTCGGAG
851 CTAACGCGTT AAGTAGACCG CCTGGGGAGT ACGGTCGCAA GATTAAAACT
901 CAAATGAATT GACGGGGGCC CGCACAAGCG GTGGAGCATG TGGTTTAATT
951 CGATGCAACG CGAAGAACCT TACCTACTCT TGACATCCAG AGAAGCCAGC
1001 GGAGACGCAG GTGTGCCTTC GGGAGCTCTG AGACAGGTGC TGCATGGCTG
1051 TCGTCAGCTC:GTGTTGTGAA ATGTTGGGTT AAGTCCCGCA ACGAGCGCAA
1101 CCCTTATCCT TGTTTGCCAG CGAGTAATGT CGGGAACTCC AGGGAGACTG
1151 CCGGTGATAA ACCGGAGGAA GGTGGGGACG ACGTCAAGTC ATCATGGCCC
1201 TTACGAGTAG GGCTACACAC GTGCTACAAT GGCGCATACA GAGGGCAGCA
1251 AGCTAGCGAT GGTGAGCGAA TCCCAAAAAG TGCGTCGTAG TCCGGATTGG
1301 AGTCTGCAAC TCGACTCCAT GAAGTCGGAA TCGCTAGTAA TCGTAGATCA
1351 GAATGCTACG GTGAATACGT TCCCGGGCCT TGTACACACC GCCCGTCACA
1401 CCATGGGAGT GGGCTGCAAA AGAAGTGGGT AGTTTAACCT TTCGGGGAGG
1451 ACGCTCACCA CTTTGTGGTT CATGACTGGG

Fig. 6. 16S rDNA nucleotide sequence of Vibrio sp. PKA 1003.
The isolated bacteria was identified Vibrio sp. V 140
and 99% matched to NCBI accession#;DQ146978.1.
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2. Vibrio sp. PKA 1003 &% =3 <l

MAES 840 Tadoz ARgstH, Adi7zte] #7] witel A
el vrgFel 24s Atske Aol Jhesty, dFel weld 549
deHoz HE o] 7Hs 3l
A AxbdE]7h fan, Aadatel 191HR] HlolE deAM e =
d g Av= o o A FAHel A (No et al, 2003). °] A
27F AAARD SHoly Fd Al FRe FESHA

th (Jin et al, 2013). W] AEo] Aitsle=

L
T MGS A AR S T WAl web o gakde] &

HESE AL A4 g e] aady E£xF ofdel @49 &9
A LS fAsteEd 7R WA agEok st T4
et al,, 2003). WetA E&H E4 S LS £ Tl g vy
¢ HAH 2= AAs] A AFAT7E AP
o] pH, NaCl &%, -5 2 uj Az, 714
S A3

ofgt Aoz FHot
e

off' ™, 2.

2-1. pH

mAES] S GhgAdd 9IS u e pHA o8 TA dFS
waoglow, mAES Fiel we A7 HAHO pHrE Advk (Kim,
2004). Vibrio sp. PKA 1003¢] #?# pH == &<lstr] 98k 0.1
N 2 1 N HCI# 01 N 2 1 N NaOH=Z %] %7] pHZ 2914 10

ﬂl
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A ZAska zF wjR el 10° CFU/mLe] #9S HF 5, 30TolA 24
Ak v gAY FAEE AT A (Fig. 7), pH 2, 4, 6,
7, 8 9 % 109 Fd% 2 7Z+7F 0.013, 0.015, 0.426, 0.460, 0.363,
0.343 % 0310224 pH 6 ©|e dHelA Vibrio sp. PKA 1003
Fo Aol &g As gdeion, 1 FolAx= pH 744 0.460
o® 7H &Aool Hojd Aew yetwth W pH 4 o]dke] 9
Ae Aol AAHE S AT 4 AT o) ARERH
Vibrio sp. PKA 1003 #5¢ 4%, T4 T+ gz d g AollA
ol T2 @A dojues As AT 4 e, & AF
o] HA WK pHE 7= AAsAt olglst 2%+ Hu 5 (Hu et al,

2006)°] &71AL F3f &48 AAdst= w<l Vibrio sp. 510°] pH 6.5

2-2. NaCl &=

Baumann & (1971)2 3% WA= 45, 44 3 &4 A4k A
4 wxEe 17F Ee 27F o]o] Fastthal Hadnl v o]
Vibrio sp. PKA 1003 #F7F sjl&do=iy 2= Ad7]d dAF
E9] NaCle] 8749 o= HAts o] (Baxter, 1959), 4 pH= =4
3 wjAlo] NaCl =& 2-6%2 4393, 7F wixlo] 10° CFU/mL
of #ANE HZF F, 30T 2423 wigetdrt. 1 A3 (Fig. 8),
Vibrio sp. PKA 1003 ¢ 4%, 2 2 3% NaCl FXol|A 0464 %
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04812 =& A5 F4E& wlen, I FolAE 3% NaCl &k=clA
BRI TE HESE 4% o] s R
Me Aol 548 AstEe e & F Adden, Bk 3% NaCl
S HA zHdo=r gt o)y g AFREHE Vibrio sp. PKA 1003°]

Y Felel mAEoR® NaClel tiste] oA = Wdde] A=

4
N
1o
ox,
o
o)
N
)
o
i

i
2
poy
o
fr
i

p

TFoe AS & 7 Adddd dEEY Wdd mAEES 1Y9s e
st ol Ak A el prolineltt glycine, betaine & #&A A4
3l3tE 52 trehalose, floridoside % digeneaside & 53 %9
Feol Alxuvel F2¥H Ao oo AT FdS wFo
womA AXY HEES ol 1f9sE A ASdun HuHu

A tH(Jo, 1988). Vibrio spi PKA 10032 H A A S NaCl 55+ 3% =

stRom, ol¥gt Vibrio sp. PKA 1003¢] Widde] & w59 A4
$8 MsAS FUANAZ Qoz AREe n

2-3. MF2x

erE Fa B Lro) QS p e QT FAE HAAE)
of Aot} (Alcamo, 2004). Vibrio sp. PKA 10039 = wj ok
= #lsty] fske], wiAe] pH B NaCl sx5 A o=

ZHds9a, 10° CFU/mLe w94S HE 5, 72t7 10, 20, 25, 30, 35
(Fig. 9), 4+ === F3=gke] 0.139, 0.457, 0.626, 0.450, 0.025 %
3

Aol A Aol &gk Ao yeyow, 1 F

ANME 25CE Vibrio sp. PKA 1003 9] HH A§ 2=z AA3}
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Atk olelgt Ay sgAlde AS 20C FodlA Aol sl
Aoz delA ded o9 dAst= Aol (Uo et al, 2006), Hu
S (Hu et al, 2006)°] Vibrio sp. 510 #57} 26 ColA L4114 H&

2% A1 ol AARTL Hud ARE dAsE Aol

pol

2-4. 9| g A3+
Vibrio sp. PKA 1003¢] 7 Wi A|7ES &1st7] flste], wj=]<

pH ¥ NaCl ¥5&2 HA 7oz A9, 10° CFU/mLe o

ol
of
=
il
5|\
o
ol
ol
2
ne
[
i
B
/_"H.
IS

—
9
=
oS,
—_
(\©)
29
3
)
)
rir
4
10
ox
o

o]
al, 2006)¥} Kim % (Kim et al, 2010)¢] SAFZA3}o) w=wd #+F9]
A HA 2703 A S HAd) 240 sLE A - vEE
a1, o] AL HA 7] o] AlFe=E Hagk v Q) weEkA B A

TolME A Fe] Hulz Wolx= ARl 48A17S HA w g AR

o2 39
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Fig. 7. Effect of pH on growth of Vibrio sp. PKA 1003.
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Fig. 8. Effect of NaCl concentration on growth of Vibrio sp.
PKA 1003.
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Fig. 9. Effect of temperature on growth of Vibrio sp. PKA
1003.
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Fig. 10. Effect of incubation time on growth of Vibrio sp.
PKA-1003.
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o
Ho
il
SE,
2
W
Y
W
ot
rlo
N
lo
o,
ro
o
ox
=
2,
=

]
of 44 B LAY o= Ax SOl dFe vHoEHA 249

A GEEs we=nk (Jin et al, 2013). mhepA 2 &of tiste] 7] A
ol 54 vetstm fa FH HAS 218 AR A3l pH,

=2, 71 s B RS AI el giete] dd S a8t

3-1. pH
Vibrio sp. PKA 1003¢] A st= Zzgrole] o7la B H=d pH

£ Fastr] ek, 2 @ 4%k pHE 7+ 2,4, 5, 6, 7, 8,

9 2 100% zdstgdal, =AEA 9 IS AU HER EFE 2
5ColA 4847 Skl g, A48 Bag Agsdt. 1 2%
=

(Table 1), pH 9l A &3 B Fo] 73387 ug/mL=E 7Hg =& A
= Flstdon, A% 54 Aol M Z pHE = X7t Z47; 8486,
1059, 193.50, 36.85, 27.64 % 27.64 cPE4 pH 90|72 Ao A
A5 Uetdl= As gelstdth wekA pH 95 HA 0o = s1%le
] o]2]3 A} Takeshita % (Takeshita et al, 1993)°] =w]¢] %
o7 HE B3 Vibrio sp. o F&E A7 4y A 9 9<l pH 8590 A

-
Ay 2o AL YEATE AT AR es Aol



3-2. +%

5C ool exelAE A B Bl FAS RolAe AL o

detgith. olgld A3k Joo % (Joo et al, 1993)0] & FA B = 5H

ol 59 LAk B Aol 25~30CE - EYo 2Ry 3t

3-3. 714 %

1-9%2 F=g 2k 4 9 ZEEE HAHo pHE 24T &

L

offf A
o}

1

=

oS

H

1112 E39ske] 30Tl 484
At L A (Table 3), v = H=Z S gFafo) 712F 19544, 625.86
634.10, 808.06, 622.42-3 839.87 ug/mL= 6% L4314t FEolA 714
=2 Wi 24S Ueds AS #lslen, 6% ol sEolA
= G Edlsol w438 Aty = A Fdsdh o7 A=
AL F=TF okl whEh wjA o] Aol AelA dA TR ol
M= 71l 3ld 849 A& Adete 84w ALV Wi
I Aoz ARFHAAY, oA Vo] dA sk oldem Hrs
EAskH Qsle ZAael wbgo] AsEH= AF7F A=

A2k 3tk (Reed et al., 2010).

o1 74
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Table 1. Effect of pH on alginate degrading activity of crude

enzyme measured by viscometry and reducing sugar

assay

Viscometry (cP)

Reducing sugar (pg/mL)

Untreated” Treated Untreated Treated
pH 2  12,156+29.69"?  8486+12.73%  13.42+1.85%  24.76+1.27M
pH 4  12362+27.27*"  1059+12.02" 5.35+1.94%  113.46+1.22%¢
pH 6 124752356 19350£10.62%  6.20£1.59%  371.80+1.37*
pH 8  12457429.25% 368515045  620£1.74% . 546.41+1.36"
pH 9 11,821%12.73%¢ 427.64+13.02B% % 587+1.54% " 733.87+6.574°
pH 10 5749+1850%¢  27.64+13.02°¢  501+0.83% = 693.25+1.574"

UMixture of alginate and MB.

YMeans in the same row (A-B) and the same column’ (a—f) bearing

different superscripts are significantly different (p<0.05).

The untreated and-treated samples were incubated at 25C for 48

hour and the viscosity was measured-at 25C, 52 cP and 0.5 rpm.
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Table 2. Effect of temperature on alginate degrading activity
of crude enzyme measured by viscometry and

reducing sugar assay

Viscometry (cP) Reducing sugar (pg/mL)

Untreated” Treated? Untreated Treated

10T 12,448+34.42%%  672.60+£13.01%  14.93+230%  259.72+2.824¢
20C 7,472+23.63" 73.71+18.43™ 14.07+0.61%  408.07+2.84"¢
25T 6,634+29.25"¢ 36.85+18.43"¢ 8.91+0.97" 599.86+1.08""
30C  6,063+18.504 9.22+13.03¢ 7.74+0.44P>  727.10+6.78%*
35T 4,616£12.73" 17760+12.735° 9.70+1.42" 14.54+3.23%

40°C 5,998+12.73%¢ 1,834+13.44"2 9.66+2.05"" 5.63+0.63"

UMixture of alginate and MB.

YMixture of alginate and crude enzyme was adjusted to pH 9.
YMeans in the ‘same'tow (A-B) and the samevcolumn (a—f) bearing
different superscripts are significantly different (p<0.05).

The untreated and treated-samples were incubated for 48 hour and

the viscosity was measured at 25C, 52 cP and 0.5 rpm.
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Table 3. Effect of alginate concentration on alginate degrading
activity of crude enzyme measured by reducing sugar

assay
(Unit : pg/mL)
Untreated” Treated?
1% 0.50+0.3354 195.44+1.36%¢
3% 2.48+2.00% 625.86+2.20°
5% 26.23+1.09" 634.10+2.624°
6% 32.56+1.955° 808.06+2.6248
7% 31.00+1.14% 622.42+3.174¢
9% 41.94+2 535 539.87+5.98A

UMixture of ‘alginate and MB.

YMixture of alginate and crude enzyme was adjusted to pH 9.
YMeans in the same row (A-B) and the samecolumn (a—e) bearing
different superscripts are Ssignificantly different (p<0.05).

The untreated and treated samples were incubated at 30C for 48

hour and the viscosity was measured at 25C, 52 cP and 0.5 rpm.
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2 A7)
Wkl BaE A eroreh weha

olAtel A¥E Fg8] & uwl, Vibrio sp. PKA 1003°] AAlsl= =&
e HA AR 212 pH 9, 30T, 6% -4 2 v A gE
6341721 Ao & YELYT Joo & (Joo et al, 1993)°] Bacillus
licheniformis/ AL-577 % .Uo & (Uo et al., 2006)¢] Vibrio sp. AL145
7F HA zAelA Y AAZol A4 0899 mg/mL % 0355
mg/mLE L&Y FFSEA A &E 7ol ATl Joo 5
(Joo et al., 1993)3} Uo & (Uo et al, 2006)¢] HastHow B

o A%, FAF ARl 1035 mgmLE FE AN o g 7
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Table 4. Effect of incubation time on alginate degrading
activity of crude enzyme measured by viscometry

and reducing sugar assay

Incubation time Viscometry Reducing sugar
(hour) (cP) (ng/mL)

0 16,427.90+55.84* 21.42+1.36'

3 10,070.50+13.44P 28.76+1.38

6 5,740.00£12.73° 49.67+1.91"
12 740.78+15.39¢ 335.92+0.55¢
24 52.21£13.87¢ 671.36+1.77"
36 46.07+23.79° 724.21+0.88°
48 40.54+15.42° 821.30+0.66¢
55 32.76+22.15° 853.87+5.05°
63 23.03£17.64° 1,034.71+5.75°
72 18.43+18.43¢ 1,019.08+4.86"

"Means in the same column (a-i) bearing different superscripts are
significantly different (p<0.05).
The samples were incubated at 30C for 72 hour and the viscosity

was measured at 25C, 52 c¢P and 0.5 rpm.
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o 3 trypsin® 4 IF
3

b

~
&
iz

ol
-

Trypsin = g7y ZZEHokA

o

4=
=

(alkaine protease group)el

O

FARA,
ard, 1984).

endopeptidase®] t} (Simpson and Ha
olsk AJNAE g2lst7]

o o] Fao

42 trypsin

A B ZE
e
dste] BAY

R4

A eSS 3keldt . Vibrio sp. PKA 1003 1
a4 trypsing A& g A3} (Table 5), trypsin
Aol d ko] bz
o trypsing AT A 1 G o] AASA HAaEE
trypsinel 2] g}
&dst7] W<
+3ll= Vibrio sp. PKA 1003

0] o

PA }A]jl'

Col#a A gug
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Table 5. Effects of trypsin treatment on alginate-degrading
activity of crude enzyme by reducing sugar assay

Reducing sugar (pg/mL)

Untreated 13.29+0.8%°
Crude enzyme + Trypsin 70.91+2.10°
Crude enzyme 538.62£0.66"
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6. &4 AA
Vibrio sp. PKA 1003 w7} AAdst= a4E AASH7] fste] 40

qg AAstge WA,

¥}

k=3
2 80% X3} ammonium sulfate §HoF ¢

at

40% ¥3} ammonium sulfate 402 A3 & AAET (12,000 x
g, 30 min, 4C)3tF o, AZHL 80% *E3} ammonium sulfate £ 4
A YAEE (12,000 x g, 30 min, 4C)3F &, A

Sy AZ=de Byttt 80% *3F ammonium sulfate &40 2 o
mM Tris-HCl buffer (pH 7.0)% £3jA 7

TAlA 48713 &< &Y bufferz2 T4 (M.W. 12,000-14,000)=

323} ammonium sulfate G4 HAHE9) L7 Fal Aol =4 SA
He As g5, B 2ds HHEACE Furols: A4FE X
Patadck 0-07 M NaCl s== BAH 8=%<S o|l&ste] DEAE
sephadex& Ak A3} (Fig. 13), & 24071 9] fractione & 531
04 M X9 130-137" fractiono] ¢314F Faflgdde] HoAE AES
golstgt. Wb - fractionS &=k sephadex G-100S 2 A3k
A3 (Fig. 14), 25-279H fraction®}-24do] Hold AE glstslom
FAd3 W o® DEAE-sephadex, sephacryl S200-HR % sephadex
G-100& AAJg A3} (Fig. 15, 16, 17), Z+2F 129, 28 2 24W fraction
oA L4k Fagdde]l THE Hold Ae Flelen, sephadex
G-1007FA] A A3 Al 5.9 specific activity7} 12.27 U/mg¢l AL 3ol

&ttt (Table 6).
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Fig. 12. Enzyme activity of ammonium sulfate salting out

fractions measured by reducing sugar assay.
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Fig.
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—&— Enzyme activity
NaCl concentration
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- 0.4
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Absorbance at 280 nm
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- 0.2

- 0.0

Fraction No.

13. DEAE sephadex-chromatography of purified fraction
by saturated. ammonium sulfate solution in the range
of 80% for purifying the extracellular enzyme. The

enzyme was eluted with a gradient of 0.0-1.0 M NaCl in
0.03 M Tris—-HCI1 buffer, pH 7.0.
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Fig. 14. Sephadex G=-100 chromatography of purified fraction
by 'DEAE sephadex chromatography for purifying the
extracellular enzyme. The enzyme was eluted with 0.03
M Tris-HCI buffer, pH 7.0.
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Fig.
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15. DEAE sephadex chromatography of purified fraction
by sephadex G-100 chromatography for purifying the
extracellular enzyme. The enzyme was eluted with a
gradient of 0.0-1.0 M NaCl in 0.03 M Tris-HCI buffer, pH
7.0.
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Fig.
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Sephacryl 'S-200 HR chromatography of purified
fraction by DEAE sephadex chromatography for
purifying the extracellular enzyme. The enzyme was
eluted with 0.03. M Tris-HCl buffer, pH 7.0.
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17. 2nd Sephadex ~G-100 chromatography  of purified
fraction “by..sephacryl S-200 HR chromatography for
purifying-the extracellular enzyme. The enzyme was
eluted with 0.03 M Tris-HCI buffer, pH 7.0.
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Table 6. Summary of the purification of alginate—degrading
enzyme from Vibrio sp. PKA 1003

Total Specific Purificat

Purification tivit Protein Hivit . Yield
activity activity -ion
ste (mg) (%)
P (U) & (U/mg)  (fold) °
Crude
56.41 36900.24 0.0015 1 100
enzyme
Ammonium
sulfate
o 39.00 1558.21 0.0250 16.37 69.13
precipitation
(40-80%)
DEAE
8.56 17.22 0.4969 325.27 15.17
sephadex
Sephadex
5.44 9.93 0.5477 368.27 9.64
G-100
DEAE
3.21 1.25 2.5700 1681.29 5.70
sephadex
Sephacryl
3.07 0.96 3.2061 2097.40 5.44
S200-HR
Sephad
ephadex 2.19 018 122691  8026.38 388
G-100

YOne unit of the enzyme activity is defined as that amount required to

yield 1 umol of reducing sugar per min under defined conditions of assay.
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Table 7. Comparison of specific activity, optimal temperature
and pH of alginate lyases from  different

microorganisms

Optimal conditions Specific

Microorganism Temp  activity Reference
pH (ty  (U/mg)
Vibrio sp. PKA 1003 7.0 25 12.27 -
A marine bacterium 7.8 - 45.00 fomeo and

Preston, 1986
Iwamoto et al.,,

Alt . 272 75-8.0 30 16.84
eromonas sp 9001
) by Ertesvag H et
Azotobacter vinelandii 8.1-84 30 3
al., 1994
G baciond 70 55 0.86 Matsubara et
orynebacterium sp. 3 ; al. 1998
Enteroad® 75 35 022 | 7o frckawa et
nterobacter sp. . . al. 1997
Alekseeva et al.,
Pseudoalteromonas: sp. 7.0-8.0 35-45 0.40
2004
Pseudoalt "
ST IS 85 50 - Joo et al, 1993
SM0524
Davidson et al.,,
Pseudomonad sp. 7.5 30 68.44
1976
Pseud. . 6. 30 Linker and
seudomonas aeruginosa . Evans, 1984
Pseud 75 394 Miyazaki et al.,
seudomonas sp. . . 2001
Streptomyces sp. ALG-5 7.0 30 - Kim et al., 2009
Vibri 32 181 Kitamikado et
ibrio sp. . . al. 1992
Vibrio sp. 510-64 75 35 25 Hu et al., 2006
Vibrio sp. YKW-34 7.0 40 55.93 Fu et al., 2007
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AAE Zae Ao v A& NaClel 932 43 A3 (Fig. 20),
0.2 M NaCl7h#] &4 o] 80% oldox FA%em, 002 M NaClel
A HY 2EE UElE s 89 7 AT T ol FEolA
= Aol A3 ZolE2t}h Baxter (Baxter, 1959)7} &9 &4 9
B, 17F folZo] Tae E4d IS vHva slen, o= 1

b gFoleol Ea A el AAVA whREe FaAE 4TS 8

71 wEQ Aow Hug v vk wed B AT A

o 944 F%9 NaCle] 275 += ASE Al HH,

AAE Zxol te 54 ol & sl A (Fig. 21), Hg™
o] A-¢, Control ¢} vl LAl &40 FAgo & JF= HAA &= A
o7 vebgth b, Fet' B Ca®t o A, 47 43% 2 53%9 Ei
248 Assd e, Co, Mg> 2 K+ 20% ©l3te a4 4 A
e Holx ZAo® YEYT. Joo 5 (Joo et al., 1993)0] UxkzA o
= thiol-E A9 serine~ T4 79 27F F&0]2d 93] E4S
%7 Hed ole EAgd-Reld- = SHY| % OHY| ¢ o] H50]
ol =2 IS 7HA AT whES oAlety] Wik Aom 3

Gty Hugkhl v wepA B g4 A9 thiol- H& serine-

|

= Lineweaver-Burk plot & =73t

({14
™
2
Lo
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=
=2
=)
il
FE
oo
b
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A7} (Fig. 22), 9+ $E24S vy = 0.3266x + 0.27790] %3, olwje] ul
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3598 U/mL °] %t}
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Fig. 22. Lineweaver-Burk plots for the degradation of alginate
by the alginate lyase produced by Vibrio sp. PKA
1003 enzyme activity was determined at different
alginate concentration of 0.0625-10 mg/mL according

to SOMOGYI-NELSON method described in the text.
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1 &2 E8fso] +

3l &+ colony® 16S rRNA sequence 4]

3

% NCBI blast search® £ S48 A3} Vibrio sp. V14022 34
¥ A3 Vibrio sp. PKA 100302 ™31t}

2. Vibrio sp. PKA 1003 2] HA AS 2312 pH 7, 3% NaCl, 2
5C 2 v ALt 4841 o] SlE}

3. Vibrio sp. PKA 1003 w57} Adst= 2834 5A4S &R0 4%

pH 9, 30T, (6% &1t Bl ujFAIZ 63A ol A H 7o)\ dxiqt 23

4. wj FAIZbel whe} TLCE A8 Ad, a4 N0 s d314ke] of

5. Vibrio sp. PKA 1003°] A3 845 ammonium sulfate 94,
T4 % chromatography(DEAE-sephadex, sephacryl S-200 HR %
sephadex G-100)& T8 o=z Faste] A A 3FA tH(Specific activity
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