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Purification of Bacillus sp. B—Mannanase and Separation of Xanthan
Gum Hydrolysate by Chromatography Methods

Gwi-Gun Park

Dept. of Food and Bioengineering, Kyungwon University, Seoungnam 461-701, Korea

Abstract

A B-mannanase of Bacillus sp. was purified by DEAE Sephacel ion exchange column chromatography. The
specific activity of the purified enzyme was 17.41 units/mg protein, representing an 84.74-folds purification
of the original crude extract. For the separation of two types of hydrolysates by the action of purified B-
mannanase, carbon column chromatography, sephadex G-25 column chromatography and thin layer chromatography
were accomplished. Main hydrolysates were D.P value 5 and 7 containing of low D.P values. By the method
of FACE (Fluorophore Assisted Carbohydrate Electrophoresis), two types of hydrolysates were identified to

homo type.
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B-Mannanase[(1-—~4)-B-D-Mannan mannanchydrolase,
endo-B-D-Mannanase, EC 3.2.1 78]1(1-3)+ copra®] W+,
Abopobzte] A} guar gum, locust bean gum, coffee, kon-
jake] 2] F3 2 A E A £4)5 % f-mannan®] -
T stE Aol tH4-7). o]
Fr3tAl, FAZA A, 2 o)

1,4-mannosidic linkage & 7]'

2% B-mannan®| of £2&

=, °]’°]"‘i 4, 57 34, &, FAE AL NE S
o] A F Ak el o] 45 3 912 =H8,9), f-mannanase S 4F3]
Mo g o] &3t Ao Bl = A2 uralAl ulrt et #
24l mannooligosaccharide} &1 | 2] A AFA Q1 Z) 2 el] 2
H218ted F93 A 8= Bifidobacterium®) L o)
yxd e g F-8-3lche= Ao) W A ol(10). Bifidobacter-

iume A AW flora] #H$H FH2A UM Fg 7

A& AV 3 A 2 A (1) o] A= (12)9)
—7}"1] apeba] Zha- 2AEIThE Alo] BaselA glon,
I el L5dels ol E F5 AU FE Bole d
T7F okt oS v E3le] el da] YAz %
©}(13,14). Kobayashi 5(10)-2 Al o] v 434 wa-& o4t
2. Bifidobacterium® FA&3A @A) Z{ALE 8 s}o]
A1 =13} konjac mannooligosaccharide®} soybean oligosac-
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charide® A4 flora A2 LA RA] 0] &3 BH o8 F
2 Ao FAAYE 3 F A florast tid 2 w9
ol g}l AAF-E ZAKRE v} 9lr). o] Azte] 239 konjac
mannooligosaccharide ¥ soybean oligosaccharide% F o
FoJ3& 7% bifidus factorzbZ 4# A ¢l lactuloseE
Folgk A5l vlsted Bifidobacterium® ZA1&AE 37}
A3 F71EE o = A H5-17).

o]g} 7+ Al 2 HE] mannooligosaccharide2] - of
218} Bifidobacterium®) Z7ve Aol 4] whebaad E o
AR ol Bodste AT A3E 2o FA o] AEY
AAQA, 3 FA 5 A S B ARG As S
23] 223 4 9loh18,19). L 9] oligo®d
saccharides, galactooligosaccharides® Bifidobacterium®]
FA) Q22 2Fg-3te] Ao B EA I FE-E YA
A7l A& A8k, wele] i, AR RSt 5
o mzr) 9l7] Wil A EAHME 2 AR ERA HE
A=

# Aol A= Bacillus sp. ## B-mannanase®] A Al &
38} 32, carbon column chromatography, sephadex G-25

0 2 fructooligo—

column chromatography, thin layer chromatography, FACE
(Fluorophore Assisted Carbohydrate Electrophoresis)® o]
&l AA &4 2]l 23 xanthan gum 7FE3] &2 74
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Bacillus sp.&= 4 Tsukuba 3 &8sst A7H=
HE 2ol Aol AME-3tedth FACE #7459 ol A=
acrylartide(Sigma Chemical Co., USA), SDS(sodium dodecyl
sulfate, Bio Rad Laboraties, USA), Tris(Hydroxymethyla—
minormrethane, Bio Rad Laboraties, USA), Glycine(Bio Rad
Laborzties, USA), ANTS(8~aminonaphthalene-1,3,6-trisul-
fonic acid, disodium salt, Molecular Probes, USA)E A}-4-3}
AL, 3E2A A 4% 2= DEAE Sephacel®(Pharmacia Bio-
tech, USA)E AH&8l 3, 7135 8 #2] o= Carbon Acti-
vated, Powder(¥38{ L& T 2#:30Eit, Yakuri Pure Chemicals
Co., LD, Japan), T.L.C(Merck TLC plate silicagel 60, Ger-
many) Sephadex G-25(Pharmacia Biotech., USA)S A}-&
sl

ciitE = 4y

UV -Vis spectrophotometer(Model 1201, Shimadzu, Ja-
pan)ell A 280 nm<| &FF XA 1 mg/mLY FxE 1.00]e
a1 74238kl a1, LowrydHd (20008 284 = bovine serum
album n< standard® 3t @A =& gyt

22 gMEH

B-Nannanase®] AJAFek-S DNS 0w A ekl (21)4] 2
&te] 4=305lgit}h 2 05 mLe) 1% gum, 0.4 mL2] Mcllvaine
buffer pH 6.0)2} 0.1 mL2] FA 7} A A" siokad-& 4o 50
°Coll 4 308-7F ¥h-g-A17) & AA 5 mannoses 3] 4 slod 570
nmell-] FFEE FA3c) Z5EF41S D-mannosed
0.1~10 mg/mLE A}8-3}+$3 52, 4 1 unit®] B-mannanase
= Fd2ZdA 139 A4 == D-mannosedl| 8| %3kE
1 mg/nLe| FHdF& WEdl= 549 422 Hosgd).

DEAE Sepahcel ion exchange chromatographyoll
o5t HA|

DEAE Sepahcel2 0.2 M Macllvaine buffer solution(pH
6.0)2 2 A& thS column(2.5X42 cm)ell 32 AA 02 M
Macll vaine buffer solutlon(pH 6.0)°22 FY& FA A Hh
o 7)ol £33 284 30 mLE 0~1 M NaCl=Z linear gra-
dientited £ A A} £55 5= 30ml/hrZ 85, 45
A2 FomlA fraction collectorel ®gkar, 7 £& L2 ol
A e S S AAEE FAG F Z4aH0
A I =

Thin layer chromatography (TLC)

TLZ%= McCleary¥ (22)l whe} o231 & 27 5ol A
A7 ¥ UVEA  spray reagent® #5330 140°Col| 4]
B2t 7rdsled 9g 2 st ek

el €3 563

(D TLC plate; 25 TLC plates 20X20 cm silica gel 60
Foss(Merck, Germany)

@ Developing solvent; n—propanol : methanol : water

=5:2:3(v/v/v)

® Spray Reagent; 30% sulfuric acid-ethanol

Column chromatographyoll 2|3t &2

A2 300 mLel Wl 05% gumS 24X 7k 7heE 8l 5
TLCZE pattern % 3%+ F carbon column chromatogra-
phy2 o143} 250 mL/hr -§-% 2. & ethanol 0~30%<] gra-
dient method2 @& £]3}o], Sephadex G-25 column
chromatography & o143 0.05 M-NaCl2 &&A71 3§
o} 0.2 mL9} 5% phenol 0.2 mLE 7}38le] E33% conc.-
HsS0; 1 mLE 7}ste] £33 3 2082k vhx] 314 490 nmell
A FAEE A3

FACE (Fluorophore Assisted Carbohydrate Electro-
phoresis)

ANTS §-= 4313 o] dAr|ed %L 30%9] polyacryl-
amide geld o] €-#tl £, acrylamide A, acrylamide B,
buffer AS £33, 5827+ 27)8 & 10% APS9 TEMEDE-
A 7}sl separating gel, acrylamide a, Buffer B2} &7+
2 &3 587 €713 3 10% APS® TEMEDE &7}
stacking gelS #| &3 buffer CE 354 58 Ho@ 3}
o] stacking gel 100 V, separating gel- 300 V& 7] 3
& 5

Ao U DA

DEAE Sepahcel ion exchange chromatographyol|
o3t A

Fig. 1= DEAE Sepahcel ion exchange chromatography
(2542 cm) ol 2] 8} Bacillus sp.-§-# B-mannanase®] & A
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Fig. 1. Chromatogram of the B-mannanase from Bacillus sp.
by DEAE Sephacel column chromatography.
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Table 1. Summary of purification of B-mannanase from Bacillus sp.

Total activity

Total protein

Specific activity Purification

M 0,

Step (units) (mg) (units/mg) fold Yield (56)
Crude enzyme 1038 5052 0.21 1.0 100
30% (NH4)2SO4 954 4224 0.23 11 91.91
DEAE Sephacel ion exchange 585 336 1741 8474 56.36

column chromatography

£ 93 7o 2 339 columnel £4Y 30mLE F
3l 30 mL/hr&-4 2 2 tube™ 5 mL* 45399 od 0~1 M
NaCl linear gradient® =7l ol 93] €538 A7 frac-
tion No. 18-202} 70~8614] 5 702} peak7} vfebtomd o]
Z g4 o] 91A 5]+ main peak+ NaCl gradient 5 =74l -&
fraction No. 60%-€] #3t o] Fof v}e}}= fraction No.
70~86°] AA =T

30% ammonium sulfateZ * 2] %+ ¥ DEAE Sepahcel ion
exchange chromatography & 3% 39 JA| &4 v &
412 1741 units/mg 24 A A vl &2 84.74w] & Vehiolc}
(Table 1).

Column chromatographyoll 2|8t xanthan gum 75
2ollE 2ol pattern

Carbon column chromatography-% ]88 xanthan gum
< 0~50%<] ethanol gradient method® %2l &F A5} frac-
tion number 40~45 & 50~604}e] ol 4 broadt 271 peak]
7h2-3 & patterne vpelWl AL )29 (Fig. 2), 7}E3l &
o) el #qlstr] 9sle] Fig. 35 o] TLCE 438
A3} fraction No. 40~449 A& 3= 59 &3l 7l
& Eo] F52 o] F gl+& M fraction No. 50 ~5500 4=
FHE 78] 7R Bl FE5E oIFT 9SS HAg 5+
At 22 fraction No. 40~45A 0] o A= B 4ake]
=3t 29} 39 7heR ) Eo] £3E ] 3129 fraction No.
50~60Ato) o A& ZEFE 7o)4HY R E ¥t X
FEle] ol Fo vt R gL FAL )l Fa e THE
59} 79 Eel& 98] oh& DANA fraction No. 40~55%
R} 553}e] gel filtration methodel] &3 8] & Al 23t}
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Fig. 2. Separation of xanthan gum hydrolysates by carbon
column chromatography.
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Fig. 3. Thin-layer chromatogram of xanthan gum hydroly-
sates by carbon column chromatography.

A Standard mannose, mannobiose, mannotriose, mannotetraose
and mannopentaose from top to bottom. B: Hydrolysate of xanthan
gum by the enzyme ireatment.

Numbers represent fraction numbers.

Sephadex G-25 column chromatographyol &|st
xanthan gum 7}=&a8 22

173 TLCA A 9 Aoz AFH RS 7teidfsx
Py z3tEo] glo], T JhE A EY FEE Fol
7198} 232 Sephadex G-25 column chromatography=
o] 43 A3} fraction No. 12-15914 F3x 79] &= u3F 3}
fraction No. 77~80ell 4 3% 59] 7R e &L Eejds
A 2L(Fig. 4), 7teEa 29 Fe|=8 sty 98 23
TLCE 483 A3E Fig. 5014 el sle}. Fraction
No. 12~15eA & S & 70] F5& ol F2 ot &% &=
%o PFPE e Eo] FEE Ade AR RS
= fraction No. 77~80¢l A4 & E&l5o] =4 $¢= 59 7}
R E] R Aeg Apgdr)

FACE (Fluorophore Assisted Carbohydrate Electro-
phoresis)#oll 2|3t xanthan gum 72 22| %
=3

Buffer A, B, C, 20% glycerol, acrylamide, ANTS3} A<,
APS, TEMEDE- ©]4£-8}9] separation gel} stacking gel<
gtE-¢] Sephadex G-25 colomn chromatographyell4] 22|
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Fig. 4. Separation of D.P (Degree of Polymerization) value
5 and 7 by Sephadex G-25 column chromatography.
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Fig. 5. Thin-layer chromatogram of Separation of D.P value
5 and 7 by Sephadex G-25 column chromatography.

A: Staidard mannose, mannobiose, mannotriose, mannotetraose
and minnopentaose from top to bottom.

Numbers represent fraction numbers.

A 14 15 78 79

Fig. 6 Identification of xanthan gum Hydrolysate by FACE
methcd.

A: Standard mannose, mannobiose, mannotriose, mannotetraose
and mannopentaose from bottom to top.

Numbers represent fraction numbers.
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2 fraction No. 12~15, 77~80% 52 A ZA17] ¥ ANTS-
Labeled&t] Fig. 63 zte] #r|ed-$3 A} ZA] fraction
No. 12~159} 4] &= =% X 7°] main band £, fraction No. 77~
80014 = 23 = 59 main bandE &A¥ 5= et ol 3
o] 2% 2709] fraction& homo typed] 7}+E & EZ ALE
A} o] - typed] AA L AF M EIANE TR
oS G2l Aug &89 Aot dA £ dA7dedMe

9 F¢E 57479 £ 2 £5E ¥ TR A
gt A7E FF sich A
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DEAE Sepahcel ion exchange chromatography(2.5X 42
em)oll 23l Bacillus sp. §2 B-Mannanase?® &5 583}
ook AAEAY 8| FA L 1741 units/mgEA] A A vl &2
84,7412 Jeh gl Carbon column chromatography ¥
o] &3l 0~50%2 ethanol gradient® & & xanthan gum
ol ylpia B2 a3t 47 fraction number 40~45 E
50~60AFe] ol A broaddt 27) peak®] 71<=¥ @& pattern$
vellgich 7R 29 HEeE F3r] 93k TLC
£ 2313 A7} fraction No. 40~44°) 4 & Rf valued &
T 5o siRste R Bl F5E o]Fa gl vk
fraction No. 50~550l 4 & £33 &= 79| 7l R8 o] F5&
o] 1 9leg FUT ¢ Utk FE=H st EY
Ra| T2 o]7) 8l 23 Sephadex G-25 column chroma-
tography & 48 23 fraction No. 12~15914 Fg= 7
9] &&] w33} fraction No. 77~80° 4 3= 59 7}
HES 2eE £ oy, 7t g B s gy
28] 23 TLCE 433 A3} fraction No. 12~ 154 = 5
Fr 70] F5& o] Fx ot dF 23 1FYE b
23 Bo] T2l gl= A2 A8 E A fraction No. 77~
800l A &= £ 5o) A 3= 52 s Eo] 2 HA
t}. o9} o] #2|H 2709 fractionse FACEH el 2|4
Homo typeZbrEdlE£2 A=Ak

aAtel 2

2 A7 20024 A QR S u] A YL ol
o= glo)el olo] AHALER e
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