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Abstract

The extracellular enzyme alginase produced by Bacillus licheniformis AL-577 was purified by ion chro-
matography on CM~Cellulose column, DEAE-Sepharose column, and followed by gel filtration on Sephadx
G-100 column. The optimum pH and temperature for the activity of the purified enzyme were 6.0 and 35°C,
respectively. The enzyme was stable at the pH range of 6.0~9.0 and at 20°C. The molecular weight of the
enzyme was estimated to be about 25,500 daltons by SDS-polyacrylamide gel electrophoresis. NaCl was
required for high activity of the enzyme. The enzyme was inhibited by Ba®", Co®’, Cu®', Fe*', Mg®', Zn*, NH.’,
EDTA, L-cysteine, and 2-mercaptoethanol, while stimulated by DTT, O-phenanthroline, K~ and Li". This
enzyme was proposed to be an alginase specifically degrading alginic acid.

Key words: alginase, extracellular enzyme, alginic acid, Bacillus licheniformis

Al B

D-Mannuronic acid®} L-guluronic acid”} 2 &% hetero
3 3] % t}ekel &7l 4K alginic acid)2 oheksl 71531 B4
o2 s AlE ¥ FEoR de o] 8 k-7

. N

2R Qre B
+ o]

—
|
~J

82 FolalE A s} dek0). =

& LA o] B E ol7) 8l ThrT ATV A
o =g AgAstE 2 F shibelt

7 wepe] 2 o8l 7hA] 7%l vl

ARA el mee) Azt o] $(16-18), A5k FA vl
3) L (alginase) ol UlE Aot ° 2
(19)= &3] sz glet 53, =
o] &Sty Bk Alelt

BEGA

3ol

o Ju 2

r
£ e

fCorrf:‘sponding author. E-mail: csykang@kangnung.ac.kr

Phone: 82-33-640-2335. Fax: 82-33-643-3832

Lorr 2 ooeoml

FolA . 9lth(20-22).
ool Az o]v] vl AE-E o] &g U4 FaF o2 A
+ Alginomonas alginica, Vibrio sp., Pseudomonas sp.,
Klebsiella aerogenses, Flavobacterium, Alcaligenes %
Bacillus sp. 5& +3 AN A2r, o]dl = a9}
A 4 Eof ToRNE A4 o] ¢
g FFE-S Aoh o gltt R R Al BB ole) s 2 E
1A 8= AA, A5, Brkate] 9 stz Ry 4214k 23
ALE FY3 A B4 vl R ax glrH(23-26). Il ol A
© U AEE o 87 A2 4 EalSe AT wusy
£u(27,28) szl A d74HE 7} A EHlsle #FE B



232 olm 3 - Fxa] .

e g5t Adbshe FA 9 Bael o A "W 54
__%

AlEaE

A YA 5o 2 3] A2} S(in press)e] EA & W &
212 Fa5o] 4819 % Bacillus licheniformis AL-577
T5E Aol ARE3h vt

A 5l o mEAS HE

AA ]z o] A & 2.0% sodium alginate, 0.1% nu-

trient broth, 2% NaCl2 3} 3, pHE 7.5% . o] #fx] 4
& AEsta 30L2°CellA] 150X A = A Aufjeko g A
o] &1 woFN-g ¥4 E21(10,000X g, 20 min, 4°C)3}e] F Al
Z Felalgich A e ¥ dofdl 45 AN -20°C
2 2489 oA EL 70% =7t HA st aubsted
EAE AR} Y 253405 9AE10,000% g,
20 min, 4°C)3}ed 5.2 31 50 mM Tris-HCI buffer(pH 7.0)°]|
LA ATt w23 Y dEH o oM sy AT
(Sigma Co., USA, M.W. cut off 100,000)2. 2 F4]-& 34 3}4]
I, 0] ZE AN A1 H21(10,000 X g, 20 min, 4°C)3}e] &2
o}zl AbSd-g B Age] a4z AME3gich

X

o ==
izl 55, EABM £F o XY 53
EaAA A Fe] dud HEe] A2 ERREA

(UV/VIS spectrophotometer, Shimadzu UV-1601) 24 280
nmell A FR 58 245ty 7, A T = Lowry $(31)
2] u] A o] 9 &) bovine serum albumin(Sigma Co., USA)
FEgulial 2 3le] ek Ak e v By el &
A9 1A RE 04% Ex 0.8% Na- algmate(DO mM
Tris—-HCI buffer, pH 7.5, 0.3 M NaCl)-2 A}£-3}91
2 37°CellA] 6027} k&4 71 & Somogyi-Nelson® (32)¢])
F3EE 2438 B F 3 (mannuronic acid) 2.2 24
RE AR FdGE Ak 41 unit(FH9)
3+ wH(mannuronic acidZ #F4hH-&

oliy) N&o
m\‘i

_g_/\ ol

o fr M o e
F{)’ i‘-.>14 — FH 2w

e

=

—

=

3

o]

o

Lo

5

i
o T
3,
e
2o,
)
M
3:
O

42 Davis?] W (33)e] w2} Disc-
PAGE(7.5% polyacrylamide gel electrophoresis)®ll 23] 37,
49 FAEF 2AL Laemmli®) W (34 what 10%
acrylamide gel& A}4-3}o] SDS-PAGEE- 33 3 SDS-+

A= meAde] ArdE ol ERE HEE 3y 34«1

FAsubunite] EAFEES =339},

A7y oe AFEI 2F AN oo &
33137, 50 mM Tris-HCl buffer(pH 7.0)2 4 3 3} 5 ofo]
! ]2l CM-Cellulose( ¢ 2.5% 25 cm)ell &
F 1 t}e T deotgdlon Falyx] ¢4 o
%%12]— ou o7 o= o‘ggou,o_ M]/H lr.E:]L
NaCDe2 &2 A 7tk 7| 2ell dlsl Aol 7
B8 v} 53t o FULFA 0T B

£ w3 2]l DEAE-Sepharose( ¢ 2.5X25 cm)ol] &
A7), BAF 0B HE J o) e Aol Fru)
H(O0~10 N NaChe-2 &2 % F3sqie). 71 dial
HAdo] 7 HE-E 5 AVl seE SR L W
g+ % Sephadex G-1002.2 A ¥-3-& Pstv A FHES

T F AT g Axsted o) &

.k
2
gy
N
m

= o
=X 855
o]

s

&+
i

=
=

N
do o E e n:1°1' r}o tlo

q oY

1_

D

Br

zAEM Az
A& 72 0.1 mLel 5] 0.8% Na-alginate 1.0 mL2}

z+ pHE 238N (pH 4.0~6.0: 0.1 M sodium acetate-
acetate buffer, pH 7.0~9.0: 0.1 M Tris-HCI buffer, pH 10.0
~11.0: 0.1 M sodium carbonate-sodium hydroxide car—
bonate) 1.0 mLE E&3}ed wk-8-(37°C 60 min)A1 ) ¥ 34
g-& 223t &4 HA pH 24-L Fsigct. &84 FHA
e = AA 01 mLe0.4% Na-alginate 2.0 mL& &3
5ho] vE-8-2 %5 0°CollA] 50°C7Fx] =4 shd A 2h2) 6083t

< g SA 5] HA P EE Faolvh
w3 AAEA 0.1 mLe} 0.4% 7144403 M NaCl &)

mLE 37°Cell A uhg A7 432 &4 5o AAnkg
A7k x71& A3t

B2 obaA
H QAo oA pHE) @ e WA 2 E pH 409

A pH 11.0742] &] 7t k3ol A 6082t FA A 7] F H A
0.1 mL2} 04% 712894 2.0 mLE &E3§3le] 37°Cell 4] 60
7t irgA7 = AR e v RE ST A Al
2o gt kA2 0~80°Ce] ZF &= dellA 3087t I
wrsl A 7b2g F E49 0.1 mLe} 04% 713 L9 20
mLE E§sle] 37°CellA] 6087k whe-A2 F R4S
ZA 3kt

FoEMO] njxl= Mot H&

0.4% 7)1 A& Mol NaCl ¥EE5 0~3.0 M2 2e)ste] Fr}
ato] E4GA ) v A& NaCl 59 J3S ZA3)gdch
wgh FEro] 2] g2 ASE-CNE Y 1, 27} o] & 7]
At Este] A4 wRSAIFHE o 246 vl Q%S
2438 gt = AA A4 0.1 mL, 50 mM Tris-HC! buffer
(pH 7.5) 0.99 mL.2} 2 mM < & 001 mLE &3}



TN e

37°CeN A 3027F AN HEEA 21 5 o] 3k of 0.8% 713
£8(0.3 M NaCl &) 1 mLZ- 7}3}o] 37°CellA] 6087k vh-%-
*1?4 #dges 24 F4s9.2n, 03 M NaClwt A7t

e NEAYSZ stol Fool 2] G mabalelvh

714

AL
T24-9

CIE Chehfoll chst

Na-alginate®} 54 3}4] soluble starch, dextrin, carra-

ZoiEd

geenan, carboxylmethyl cellulose, pectic acid & agars 2}
Zr 04%= A Az, FAdxA0A AAEA4 01 mLe}
Zk 713 2.0 mLE vHEAIA A EE #dT
HH-S4$ Na-alginate® 71d 2 & wo} »astoich

& =730

F29| M|
Fdelzo o7 58 3A 71 CM-Cellulose( ¢ 2.5 cm X 25
cm)oll AEE FFHAZ vhg Y o2 IHE F 89

e ~1.0 M NaCl gradient) 2.5 A7)
sled(Fig. 1) 717l &l & 32 15 1t &4

HEE 5455382 DEAE-Sepharose ZL 2 rHE 1)

E 3 (Fig. 2), 7] Ao A3 EA-L Hol= JEES B

o}l £4 &% F vx 7A-L J3 Ho 2~ 37H-4 [

band7} &= st} o] 53 Y& o} A Sephadex G100 2

Az 2otz E PlgdchFig. 3). A I EE vo} &

sty = AA L 3 A FdA e Y] £49-E #alskel
8

T %7 T

g 44 & r10

a—‘é 24 E 05§
04 0.0

T T T T
4 20 40 60 80 100 120

Fraction number
Fig. 1. CM~Cellulose chromatogram (4 2.5 cm X 25 cim) of
the crude alginase from acetone precipitation.
The enzyme was eluted with a gradient of 0~1.0 M NaCl in 50
mM Tris-HCI buffer (pH 7.0). The flow rate and fraction volume
were 30 mL/hr and 6 mL/tube, respectively.
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Fig. 2. DEAE-Sepharose chromatogram ( 4 2.5 cmX25 cm)
of alginase after CM~-Cellulose chromatography.

The enzyme was eluted with a gradient of 0~1.0 M NaCl in 50
mM Tris-HCI buffer (pH 8.0) The flow rate and fraction volume
were 30 mL/hr and 6 mL/tube, respectively.
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Fig. 3. Sephadex G-100 chromatogram (¢ 2.4 cm X 120 cm)
of alginase from DEAE-Sephrose chromatography.

The enzyme was eluted with 50 mM Tris-HCI buffer (pH 7.5)
The flow rate and fraction volume were 12 mL/hr and 4 mL/tube,
respectively.
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Table 1. Purification of the alginase produced by Bacillus licheniformis AL-577

Fraction Vol (ml) Total protein (mg)  Total activity (U)  Specific activity’  Yield (%) Purification (fold)
Crude enzyme 20,000 7,000 709 0.10 100 1.0
Acetone fraction 1,200 374.4 613 1.64 86.5 16.3
CM-Cellulose 150 395 309 7.85 43 784
DEAE-Sepharose 128 32 270 843 42 84.3
Sephadex G-100 97 139 1375 9.89 19 98.8

YTotal unit/mg-protein.
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Fig. 4. Determination of molecular weight of alginase by SDS-PAGE.
Mc: bovine carbonic anhydrase, 31,000 Da, Mo: ovalbumin, 45,000 Da, Mb: bovine serum albumin, 66,200 Da, Mp: rabbit muscle

phosphorylase b, 97,400 Da.
Regression equation: MW=896—1.18X (r=-0.981).
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Fig. 5. Effects of pH on the activity (A) and stability (B) of alginase {rom Bacillus licheniformis AL-577.
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Fig. 6. Effects of temperature on the activity (A) and stability (B) of alginase from Bacillus licheniformis AL-5717.
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Fig. 7. Changes of stability on reaction time of alginase from
Bacillus licheniformis AL-577.
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Fig. 8. Effect of NaCl concentration on the activity of
alginase from Bacillus licheniformis AL-577.
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Table 3. Effect of chemical reagents on on the activity of

Table 2. Effect of metal ions on the activity of alginase alginase from Bacillus licheniformis AL-577 (%)
from Bacillus licheniformis AL-577 (96) D Relative
Reagents ..
Metal ion" Relative activity activity
Control 100 Control 100.0
K 131.3 EDTA 4.0
LT 124.5 L-Cysteine 9.1
Ba® 72.40 Dithiothreitol 1114
Ca” 114.11 TLCK 08
COZ* 52.15 (N-Tosyl-L-phenylalanine chloromethyl ketone)
cu” 58.90 2-mercaptoethanol 97.1
Fe” 31.29 TPCK 106
Mg 7475 (N @ -p-Tosy-L-Lysine chloromethy! ketone)
Zn% 20.86 O-Phenanthroline 113.1
NH, 83.44 N-Ethy! maleimide (NEM) 85

YChloride form (2 mM).

YConcentration: 1 mM.
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Table 4. Substrate specificity of the alginase from Bacillus
licheniformis AL-577
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