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Characterization of (-1,4-D-arabinogalactanase from
Alkalophilic Bacillus sp. HJ-12

‘Hae-Hun Shin and Yu-Ryang Pyun*

Department of Food and Biotechnology and Bioproducts Research Center,
Yonser University, Seoul 120-748, Korea

Abstract — B-1,4-D-arabinogalactanase isolated from alkalophilic Bacidlius sp. H]-12, approximate Mw
42 kDa, was generally stable in the range of pH 6~10 and below 50C and its highest activity
was observed at 60C with pH 7~9. The isolated B-1,4-D-arabinogalactanase specifically hydrolyzed
B-14-galactosyl linkage that is the major structure of soybean arabinogalactan (SAG) but not B-
1,3-galactosyl linkage of the other polysaccharides. K, was estimated as 0.67 mg/m/ by the method
of Hanes-Woolf plot. No metals and chemical reagents inhibited the enzyme activity but urea
did. The active site of this enzyme assumed to be tryptophan residue. The hydrolysis products
from SAG, assayed by gel chromatography, TLC and HPLC, were predomihantly galactotetraose
(Gal,) and triose (Galy) with a small portion. B-1,4-D-arabinogalactanase hydrolyzed ONPG as well
as SAG, and the degree of hydrolysis of SAG was 15% which is lower than that by the other
B-14-galactanases from different sources. SAG treated with this enzyme resulted in the reduction

of specific viscosity up to 70%.

B-1,4-D-arabinogalactanase(EC 3.2.1.89 : -1,4-ga-
lactanase)E )59} 2 At AE Al v
¢l arabinogalactan®} galactan®| B-14-galactosyl Z
e spREde)sls 424 fungi, bacteria 5ol 4]
A AE I doH1-3).

B-14-galactanased| Wh¥F A+ FE AEY T
283,47 A2 FAEE AW QYA
9] ol FoljA{= arabinogalactanol| 4] €| galacto
gelade] ikl AL PRI gleKe). &Rlad
& Aeldog A A7t A3 4L AWs
Bl ohel Beld]l Ao] St AlEol #6
A AHEE 2 Q7). A AAatslE galacto 28]
252 Kluyveromyces fragilis, K. lactis, Bacillus cir-
culans 2 Aspergillus oryzae 5o~ A=+ B-gala-
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lation ¥Fgell 93 B-14 =& B-16 A= Ak
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tanol| 4] %-¥] B-14-galactanase S ol4-3}e] 7}5--3)
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#a B3 B-14-D-arabinogalactanase+ t}o}gh
27]18) Lejagrd AiExet FE dFEE AL
832 9}th3). Soybean arabinogalactan(SAG)E &+
o) e 2 7R3 sle] B-1,4-galactanaseE A3
Al &3t wFFRA Zodae]d Bacillus sp.
HJ-12& XFelstn a4 4 2 FAGHES B
g v) Qlh®). B Ao = AAg B-14-D-arabi-
nogalactanase®) &4 %2 54 9 1 ubg A Bl
tste] ®ghch
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B-1,4-galactanase AAH-S $1& wiA| 2= 2% SAG,
0.5% yeast extract, 0.5% polypeptone, 0.5% NaCl,
0.1% K,HPO, 0.02% MgS0,-7H;0, 0.1% Na,COs
(pH 82)% AH&3tdch 0.1% glucosert Ege 7]
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w2l el 4 1841 7F Awl kgt d A& 1%(v/v) 53t
37Col A 247F 3 A ziEr wjekdt F 8,000 rpm, 4C
ol 4] 30%7F AR ¢ F defxl ATl =
A4S Felslgdct o] & <3 A, DEAE-Sephadex
A-50 o]-&3.% chromatography, Sephadex G-75 gel
chromatography®] #4& Ad FAg 548 4
o A}-g-sheict.

L+@d S3Y

B-14-D-galactanase®] &4 Somogyi-Nelson
(9, 10)-2 ©|-&3}lo] soybean arabinogalactan(SAG)
0.5% 2-28(0.1M glycine-NaOH %3}, pH 10.0) 0.4
mlol] & 0.1 miS Yr}ste] 40T 4] 1087} vt
2171 F w4 2REe]| 2fsle] AAE= Fhdge]
oko g AAzldct A4EA 1unitye §] E7ZE
Al 187F 1 pumol®] D-galactose S AAA] 7]+ &L
o] e B Aot ®£F FH
H(11)& Al8-3le] EFA3Hsirt

£ phenol-sulfuric

7|18 =

Soybean arabinogalactan(SAG)-> Morita H{12)-3
ol g3l A ‘?—}OE He] A 353t A
stelom 88 9k 49 A9t}

sl atEe #el

Bl AHE-S #<ldl7] 98l A] thin-layer chromato-
graphy(TLC)?t HPLCZE Ap&-3tedch. TLCE Slica
gel(Kieselgel 60 Fuy, Merck)S Al8-3fo] Ao CE
Zx18}ed 31, A7) 2ol = n-butanol :
tic acid . water(10:6:3:. 3, v/V)& :
15% sulfuric acidE H#53F F 105Cel| x| 10F7+
7t st 71 Esteict. HPLCH| 23 B4 2. Waters
HPLCE A}-£3}5d 2™, columng- carbohydrate anal-
ysis column 10 p(3.9X300 mm, WATO 84038, Wa-
ters Co)E AF8-3)9lar, ©]EFAHS acetonitrile | wa-
ter=75 .25 2X+ 40C, detector#‘- 4o A
(Waters 41005 AF&-3}edc) §4L 2mi/min, A&+
20 WE injection F}3A3L, standardi—c arabinose,
galactose, maltose, raffinose® AR2-3}3icd.

n-propanol . ace-
g3k

o-Nitrophenol2| & 2f

o-Nitrophenol(ONP)¥= 50 mM phosphate 2+
(pH 8.0)ll <) ONPell 02M Na,CO.2 S T3
F 410 nmol| 4] FHEE A5k

HE9o £F
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Ostwald viscometer(# 100)& o]8-a}e] =20

& sample?] H|HEE ZA315c)
dxnt % oFE

B-1,4-galactanase?| 22|38ty £4

pH, 25 &2 9 2Xl2F B-14-galactanase®] #H
A8 ol A6 vzl pH &AxE 50 mM 9—}-5*
ol -g ap-g-sto] F-A3icHFig 1). &4 A2
794 Ad £ velgten|, z pH %.“‘S‘G'E':’ﬁ
H4og 24CelA] 15417 W23 F AFE A4S
=43t A3} pH 6~107}7] 9] & W9l LS
2| shdct $o} e A= JAFE-9 Bacllus &
galactanase®| #A pH7} 45~6.0(4), 6~7(13, 14)
Az yep}i ¢l e, alkalophilic Bactllus B-14-
galactanase S-22] 71-$(6) pH 10+ 2 &A1&
e ZAde BE zle]E Mol glrh

rEEl B-14-galactanase®] 24 £X oA A4 &
g Z2Ag A3 60C FtollA HAH €448 e}
Welom(Fig. 2) 25 HYAS dofur] 9fsted 7
E5oll A 20mM Tris-HCl S5l 4] 10-F7F A3
g & 2E "AS 538 43 50C71R] kA Ao
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Ao HH T = 50~60C, ¢ A2 45~55C (2,
6, 13, 14) = e} Ao FAHgr a5 Heol gich
FH] 4o &5+ Arrhenius plot2 g+ 23 576
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Fig. 1. Effect of pH on the enzyme activity and stability
of the (3-1.4-galactanse.

Buffer (50 mM) used: pH 4~6, acetate buffer; pH 6~
8, phosphate buffer; pH 8-11, glycine-NaOH buffer
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Fig. 2. Effect of temperature on the enzyme activity
and stability of the (3-1,4-galactanse.
Buffer: 20 mM Tris-HCl buffer, pH 8.0

7HA = 7o 2 gelx]gdvHdata not shown) ¥ 1%l
B-1,4-galactanase 2] £-z}eFo] 2F 36,000~40,0002! 7
(33 vlashH FARE EAEEE PS¢

7|18 50| Bacillus sp. H}-122] B-1,4-galacta-
nase?} 3842 E3G dolr 7| 9sle] B-14-galac-
tosyl A3HE st o)+ SAGS} B-1,3-galactosyl 2§
£ 33 3+ larch wood arabinogalactan(Sigmanit)
2 B-L4-xylose ZA3¥E- st $l+= B-1,4-xylan(Birch-
wood), B-galactosidase”} vFE-3}+= lactose, 3eb=al
raffinose 12]17 B-14-glucopyranosidic A3¥H-g 31
o= CMC(Carboxymethyl cellulose)s 71A R A4
&lod A4S ABA|A AAHAL SAFAL O
A3} SAGE A|2Jg 7| Ho M a4 o] A A
Z 5 A st} &, Bacillus sp. H}-122] B-1,4-galac-
tanase+= $-1,4-galactosyl ZA3tS R8sl B-
1,3-galactosyl A%t 52 7FridsA] xst= 71A
Fol4d& Hehl glvkar sgdEiek3).

Kinetic % S48 =4 B-14-galactanase®] ki-
netic A& deolBrl 3l 0.1M glycine-NaOH
(pH 10.0) 2FFNeo] 0~10mg/miEZ SAGE FEE
Mt 7l EAN05 unit) S HrEske] A4 84
< A

BAEEE SEAM ZIAFEe] odEks FAIR
Michaelis-Menten 4]-8- ¥ 3] & Hanes-Woolf plot(16)
A} 2 Se} Ve] #A)ql direct linear plot(16)2. % K,
42 7% A3} Hanes-Woolf plotel 2jal A+ 0.628
mg/mi, direct linear plotell &A= 0.5 mg/miE
79 FARE gHE Bo plot W] W& Ao)E K
o} x] ¢t QJtHFig. 3). ¢l+= Bl K, gtel B. subti-
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Fig. 3. Km estimation of §-14-galactanase by (a) Ha-
nes-Woolf plot, (b) Direct-linear plot.

l1s K-50-2 1.13(3), B. subtilis var amylosacchariticus
[ IL III= 7}7} 043, 1.07, 0.86(13) 2] t}kgl 3k
Holn 9l # wluwste] HorS of £ Bacillus
sp. HJ-12 #2} pB-14-galactanase?] 7] =l3lxr}
Basl A vs] 2 e s )

B-1,4-galactanasec]] th&t &) 3 7+E chemi-
cals®] dFE doli7] fisted Bade| 2H74-g F
7hgE F 24CollA 3057 wWAgE F A g4 E &
AstedcKTable 1). 2 A3 urea®l AL 9 40%2)
g4 A7} epd o, o} E chemicalsel] tfalA+
dak-5 Ao Whx] ¢ o Jjehydch o} e
A= dubA o g Hg'?, Ag*? Fef?*3 Cu*? EDTA
<ol o8] A wrom (Ca'? Tel os] & sty
AR HFEE v.elch Alkalophilic Bacillus S-22)
A56)d = FHo]2 U chemicalsel] i3l o dFo)
fv Rz HuE g

w3k 348y FTA fAAde opn| A2 o}
H7] $|8te] olwxAbg HRolHo® A st 3}
TAAE AHEEE] 1mM2] 5 3ol A 24CollAf 30
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b Wk & kE #8348 &3 5ok Trypto-
phang E¢|HoF A #sl= N-bromosuccimideZ
Al A5 B o] ks AHaEe] A4 &
de] FAdl= tryptophane] FEAghz ez gzt
=i}, Bacillus sp. HJ-127} A 4sh= B-1.4,-galacta-
nase2] HA¥A EAEE o} E Bacllus® 3 &

A2l v|w3le] Table 20 vjehigich

Table 1. Effects of various metals and chemical reage-
nts on the activity of [(3-1,4-galactanase

Final Residual

Chemicals concentration activity
(%)
EDTA:® 1 mM 90
SDS? 0.1% 97
Urea 6 M 64
HgCl, 1 mM 91
FeCly 1 mM 04
MI’IClz 1 mM 88
AlCI, 1 mM 93
CoClL 1 mM 90
MgCl, 1 mM 90
CaCl, 1 mM 84
NiCl, 1 mM 89
ZnCl, 1 mM 89
None — 100

B-1,4-galactanase was incubated with varicus metals
and chemical reagents at 24C for 30 min and then
the residual activity was assayed under the standard
conditions.

a: EDTA: ethylene diamine tetra acetatic acid

b: SDS: sodium dodecyl sulfate

7153

B-1,4-galactanase®] =2
e g ke AHES 257 9 stk
|

o AH5-8-& 9 ©]F vaccum evaporator® %
t} Sephadex G-50 gel chromatography& 8 8}edc}
(Fig. 4). o] pHel| oh& 7}pis] H3}E AN
#18t] SAGE pH 8.0(50 mM phosphate £F=<i)3}
pH 10.0(50 mM glycine-NaOH 2}5=of)oj| 4] ztzd A
Astadet. 2L A3 pHell A gle] DP.7} 10 o]4kal
Fe|ardo| &FF9 e, dopi vehtA] gt

3 [D—] :pH 8.0
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E
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Fig. 4. Fractionization profiles of SAG treatment with
B-1,4-galactanase in different pH conditions.

About 200 mg of enzymatic hydrolysate was loaded
on Sephadex G-50 column (14X75 c¢cm) and eluted
with water.

Flow rate: 18 mi/hr, each fraction: 3 m/; fraction 13:
DP 16, fraction 18: DP 12

Table 2. Comparison of enzymatic properties of 3-1,4-D-arabinogalactanase from Bacillus sp. HJ-12 with different

Bacillus sp. sources

(C) (C)
B. subtilis No.17(4) 4.5~6.0 6~8 37 <37
B. subbilis K-50(2) 6.0 5~9.5 55 <50 Fe, Ag, Hg(—) 3.7
f;n ;;:Jig;;a‘:tzms(ﬂ) 6~7 20105 20 <50 ECDa’ffE(wL)) 2~38
B. subtilits(15) 6.5~7 6~10 60 <55 Hg, Cu(—) 3.6
B. sp. S-2(6) 10.0 7~12 50 <45 ne 4.0
B. sp. HJ-12 7~9 6~10 60 <50 urea(—) 4.2

*: (+) indicates the enzyme activation wherease (—) mdicates the mnhibition. ne indicates no effect.
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Fig. 5. TLC chromatogram of the oligosaccharide frac-
tionated on Sephadex G-50 in a hydrolysate of SAG
by p-1,4-galactanase.

A~B: standard, A-galactose B-maltose

C~F: fractionized hydrolysate (refer to Fig. 4)

C: fraction 13 at pH 100, D: fraction 18 at pH 10.0,
E: fraction 13 at pH 8.0, F: fraction 16 at pH 8.0, G:
HCIl hydrolysate

22y pH 102 A7 772l peak e = pH 83f=
Zlo} 5 Mo o] F #alstr] #ste] TLCE Yshsict
(Fig. 5). pH 82 fraction 133} 16-8, pH 10-2- fraction
133 182 %<2k A3} spotol] ¢lol 4= pHell W&
zlel & A2 o]z ¢ glth g o]F HCI £
N OB 4A7} 7td @] slpa) sle] widH b & F
TLC= &3 Z3% galactosento] & 5o 7}p4-3
AHeo) galactose7} 23y el e s AdE o)

7hpeb-sl ARES £ o] ZAEHA FEET] 218k
2unit®] F4E pH 8w pH 109) 0.5% SAG 60 miol
A7beled, 7+ A7l 3miA sampling sk AA
SAE el 7] f8] 24-7F boiling %l t. ©]F 8,000
rpmel| A 102-7F "4l she] vEE-31%] ¢ SAG
o} A a4 F Azl
HPLC=® A3}l ck(Fig. 6). 2 éﬂr tetraose(Galy) &=
A 2r5] = peakel 1L B} BxlEFo] F peakr} pHell
dgle] FHRSAERE ety o triose(Galg) 7t 4
% AAtElgich pHell ul& vhgAAH &L Abol7} ¢
o} pH 82 739+ triose(Galy)7} 0X] 7}l v}k
Vepg A R Bhg- Felle 2 -] Fohrl AA v
eh}x) ghola] o] SAGS] pHell W& 4% &wja
anaabeia

Z Bacillus sp. HJ-12 = B-14-galactanase<
7R AFEEA Gal & FAHEE st s Gals
E Akt ¥ iiEl B-14-galactanase ] &3 4=

AR e g

Kor. | Appl. Microbiol. Biotechnol,

| A
:
:
g ]
B
G3
|
3
£
| | G4
) G2 W
N

Time{min)

Fig. 6. Comparison of SAG hydrolysate by HPLC at
different pH (50 mM).

A: pH 8.0, phosphate buffer

B: pH 10.0, glycine-NaOH buffer

Keaction time: +---- , —— (O min, 60 min

+ T2 Galyol| A GalzbA] Ex=e] el 295
(galactobiose : Galy)& T MAISlY &= FHo =g
vreldth4). Aol e Galy(4-6), Galy6)7} reh}
7|1k spo] B BAe] g oFike] Alelz) glom
I gF B-galactosidasedl| 23l A AlE]E galacto 22
B d5-E 397 FE elda gioKT).

ONPG2}e| 28 AMME  B-14-galactanaset= pB-1,
4-D-arabinogalactan ¢]2]o| % B-1,4-galactosyl 2§}
= 3t & ONPG(o-nitrophenyl--D-galactopyra-
noside), PNPG(p-nitrophenyl-f-D-galactopyranoside)
oA HAWHS-S 3= EALS Bo)lx Qrl =) B-
1,4-galactanase”} 7|53l 2}%«%_% olt]2}, lysoz-
yme, a-amylase, xylanase %-2| o#] endo-glycana-
sesell vtepube A3 fARSHA|, ONPGoll 2H8-a)o]
=elw-s A4 ehe transgalactosylation 82
= ZlE H3(18,19)% 1 glch «lE S Penicil-
lium citrinum 2] endo-galactanase & ONPGel| #Hg-
A171 ONP7]7} 8] 5je] ONP®} galactosewt A7)

R
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Fig. 7. Hydrolysis profiles of ONPG by f3-1,4-galacta-
nase.

A raction mixture {5 m/) containing 5¢ mM ONPG and
the enzyme (10 unit/m/} in 50 mM phosphate buffer,
pH 8.0 was incubated 40C.

Photo shown the TLC chromatogram of 50 min reac-
tion hydrolysate.

Standard: G-Gal A-Ara M-Maltose, S: 50 min reaction
hydrolysate

+ Ze] okdzgl, ONP7|E ZtHv 7137 o= &
el | 5“4 o|uf F-al e} §432] v|E, AA
o] FxE= vk FH, A4 sourced| gl ¢}lE
A viepe AL ‘Qﬁ?ﬁ 21tH14). Transfer 7]%
& exo-enzymeol A 5= vielLA] B subtilis®] exo-1,
4-B-D-galactanaser= 7148l SAGE dodeA FH
galactobiose ¢ 2 Adsl=d] % 4HE4] galacto-
biose ¢]%]o]] o]7le] transfer %o} AJ7! galactotet-
raose®. 48 FAEE 7o BEAl 914, 18).

E. Bacillus sp. H]J-122] B-1,4-galactanaseE 30
mM phosphate £H&<4(pH 8.0)¢l =<1 50 mM ONPG
o =t8-1]71 HAZKFig. 7) lag phase $le] ¢f 80%%
FhRa)slgin}. o] transgalactosylation 2-84]e]]
£3) Holm ER o Z7|d sigmoid HE]E lag
phase& }ehlj&=d] o] A]7]<) transgalctosylation3}
Zghbgo] ool Ao E A3 ole] ¥ AHF
Aateles Aol E Helxm gfth ONPGﬂrﬁ‘J B2 0 &
AAAE EAS gelstr] 9)ste] TLCR H43% 24
2% galactose 2. ERLEA] B B-14-galactanase+=
transgalactosylation ¥H&& ¢lo] 7R 2Hgnt
sl Zle 7 dglE gt

JeEAE o Hruisl f54 gl oF ke
i =5 AsHr] 9sle] a4 1unitE 0.5% SAG
(50 mM phosphate buffer, pH 8.0) 6 m/l] H7}§F ¥
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Fig. 8. Progressive curve of hydrolysis of SAG with
3-1,4-galactanase,

6 m/ of 0.5% SAG was reacted with 1 m/ of B-1,4-galac-
tanase (1 unit/mf) in a 50 mM phosphate buffer, with
pH 8.0.

Hydrolysis degree indicates the level of releasing re-
ducing sugar over SAG’s B-1,4-galactosyl linkage sugar.

A1 7bel w2 FPFE FA3GcHFig 8). = A
SAG9] B-14-galactosyl A&2] ¢F 15% AE=E 7}
gk 7l o2 et} o)+ B osubtilis K-502] 33%
(13)7} Bacillus®] 28~34%(3)8] 5ol wvlsl] &
7Rl e veble dl ol #e Afed TR
3] 2182 4] galactobiose(Galy} 2} galactose(Gal)2 v}
gl oz B mie vl AdiHow rlrislert
2 ez zxtso),

B-14-galactanase®l| 29J%+ SAGS EA #H3lE: #
2317] Y&k 1% SAG(0.IM glycine-NaQH 259,
pH 10.0) 20 m/ol] 2 unite] &g A7bste] 40CHA
12A17F x]2]&F ¥ Ostwald viscometer(# 100)E B
HeE =Asigdnl. 1 Ay §458 2E|4] SAGS
1A w7} 1169014 0352 fF 70%8] Hdx 7t o)
ATt

a#r g SAGE BAR | 9sle galacto -SE]
e g AHIEHA SAGE HE A4S o F
Tt

8 o

B-1,4-D-arabinogalactanasex= pH 7~9, 60Cel|4]
73 FA-2 ¥elem, pH6~107 50CeA] &Ado]
fr2 = 2it}h SDS-PAGEE o] &-3le] SA3 AL
42,000 daltono] gl 2.2, B-1,4-D-arabinogalactanase 2
2182 B-14-galactosyl A& 32l U SAGe A
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vehdw, 8-1,3-galactosyl A3 52 713 2 ¢} o &
713l disiil= o] ¢l 713 SolA-E vieh
qict. Hanes-Woolf plotell 2J&t K,-& 0.67 mg/m/]
gk =3 A48 H o= Trpel #x3 Flo=
RiReat] o7 L= 8

SAGS] A7 AHES gel chromatography, TLC
2 HPLC= #A% ZAF tetraose(Gal)el Awe)
triose(Gal;)el 2al7c}8 AAbslel e pHell ufE
el 7 ¢lsic}. B-14-D-arabino galactanase+ SAG
ot olvlgl ONPGO®E 2g3te] Falshs 282
b, 3 SAGE] 71A Bl 15% AHATE e}
Jddcl SAGE a4 Aelst A3 widxr) oF 0%
24® A3E JehAh
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