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Abstract — Exo-xylanase encoded by the xylA gene of Bacillus stearothermophillus was produced
from Escherichia coli ]IM109 carrying a recombinant plasmid pMG1. Synthesis of the enzyme was
observed to be cell-associated, and about 94% of the enzyme synthesized was located in the cytop-
lasmic region. The maximum production was attained when the E. colf strain was grown at 37C
for 8 hours on the medium containing 0.5% fructose, 1.0% tryptone, 1.0% sodium chloride, and
0.5% yeast extract. The exo-xylanase was purified to homogeneity using a combination of salting
out with ammonium sulfate, DEAE-Sepharose CL-6B ion exchange chromatography, Sephadex
G-100 gel filtration, and Sephadex G-150 gel filtration. The "purified enzyme was most active at
pH 6.0 and 45C. Ca’* and Co®' activated the exo-xylanase activity by about 20% while Ag®’,
Fe’~, Mg?* and Zn*  inhibited the enzyme activity by up to 60%. The K,, value on p-nitrophenyl-
B-D-xylanopyranoside was 2.75 mM. The enzyme had a pl value of 4.7. The estimated molecular
weight of the native protein was 200,000 dal. SDS-polyacrylamide gel electrophoresis analysis sug-
gested that the native enzyme was a trimer composed of three identical 66,000 dal. polypeptides.
The purified enzyme efficiently converted all the xylo-oligosaccharides tested to xylose. It was
also confirmed that the enzyme split xylans in an exo-manner even though the degree of hydrolysis
was fairly low. The xylanolytic enzyme was, therefore, classified to be one of the few bacterial
exo-xylanases lacking transferase activity.
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Fig. 1. Restriction enzyme map of pMGI1.
The thick line represents 2.2 kb insert DNA and the
thin line indicates pUCI18.
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tracellular, periplasmic % intracellular fraction-&
osmotic shock2 ¢]4% Honda(10) %2 uhHo
e} R BAEkg]o)

ChHAl Mt

Column 8-F 52 u‘rH_H?ﬂEJ:—Q- 2}9]34 Rl Rt
(O.D. 280 nm), 7|e} 2|82 7% bovine serum
albuming FFhwl A 2§} Lowry‘ﬁ(ll)-g* o8, &
A slod ol

T 49| |

A Qi HAH e 8A17F Fob wikdl E
coli pMG1] vl oFo-& {44 F-2](Beckman, 7,000 rpm,
20 min) &t FAF F-23leic Fe] FA= d4l
2k 2R (0.05M, pH6.5)0] chr] AEA)]A 4T ol A
10274 2239 #2](Sunill, 20 kHz, 10 min) & ©}-&
A4 ®21(10,000g, 10 min)3dled P& 4ol F A
AAE A cH o A8t



576

4 A

Ammonium sulfate &% | 35~65% ammonium
sulfate ¥3 Frod A Feigl S 0.1M
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W28 25% glycerol 2283} ampholyte(Biolyte pH
3~10, Bio-Rad co.)& &3% 5% polyacrylamide
gelol 4] 100V 15%-, 200V 15%- 450V 60%-7F A7)
AlZich pl TFEM 2= Bio-Rad9) IEF standardsZ
Abgsle] v Bel shlAdlE 10% TCA(trichloloace-
tic acid) 2-HolA 308, 1% TCA £l A] 2447t
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Table 1. Composition of the optimal medium for exo-
xylanase production

Ingredients Contents (g/!)

NaCl 10
Yeast extract S
Tryptone 10
Fructose o
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3 (35~65%), DEAE-Sepharose CL-6B column(2.
8X13.5 cm) chromatography, Sephadex G-100(1.6X
90 cm) 2 Sephadex G-150(1X75c¢m) gel filtration
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Fig. 2. Profile of exo-xylanase production during culti-
vation of E. coli JMI109 pMGI1 |.

The recombinant strain was grown at 37C in the opti-
mal medium vsupplemented with 50 pg/m/ ampicilline.
® - ©®: cell growth, ¥ —¥: enzyme activity

Table 2. Subcellular distribution of the exo-xylanase activity in E. coli JM109 cells

Enzyme activity (%)

Cell fraction
Exo-xylanase

B-Lactamase

B-Galactosidase Lactate dehydrogenase

Cytoplasm 94.42 15.19
Periplasm 4.06 - 73.86
[ xtracellular 1.52 10.95

96.30 3.10
3.70 74.30
0 17.60

Activities of exo-xylanase and marker enzvmes were determined as described in

‘Materials and Methods'.
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Table 3. Summary of the purification of the exo-xylanase from E coli JM109[pMGl]

Kor. J. Appl. Microbiol. Biotechnol.

o

Steps Volume Total Total activity Specxflc activity (%) Recovery Punification
(m{) protein activity (unit) (unit/mg) (fold)
Crude extract 2,144 23,467 8,240 0.35 100
Ammonium sulfate 325 4,462 2,499 0.56 30.33 1.6
fractionation
DEAE-Sepharose CL-6B G 23.04 654 28.40 7.94 81.14
chromatography
Sephadex G-100 1.70 2.40 87.75 36.56 1.06 104.45
filtration
Sephadex G-150 12 0.336 20.87 62.14 0.25 177.54
filtration
Enzyme activity was expressed as umole p-nitrophenol released min~.
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Fig. 3. Electrophoretic monitoring of the major steps pH

of purification of the exo-xylanase.

Electrophoresis was performed in a 7.5% polyacryla-
mide gel. Lane 1, ammonium sulfate precipitate; lane
2. ion exchange colume effluent; lane 3, Sephadex G-
100 gel filtrate; lane 4, Sephadex G-150 gel filtrate.

Aol FAIZY 9= Aexm F5Xoh

B N 25 W 9otEy [ 2 ane Fig 59
7o) 45C ol A 7}AF 2 A4S Holal glam vk5
oo ulz} a4 2 xlelE vl E3E
oG4ty 50C olAte ExdMe 5% AES
Kol golo] dube] vbE Bacillus spp. xylanases|
gl 8] (3) vlaA WA e § 4o &3 AR
BriEici(Fig. 6 #=).

=Z0|22 510t ax g
1mM =X 2 #H7} exo-xvlanase 4ol v+ &
dol.eo] A= AHE AR Co 9 Cal' o]0

H]-&QH o]] ?3*..%”-_. Jﬁwrgl%wqw

Fig. 4. Effect of pH on activity of the exo-xylanase.
The enzyme reaction was carried out at 45C for 20
min in 0.1 M citrate-phosphate buffer (pH 4~6), 0.1M
phosphate buffer (pH 6~8), 0.1 M Tris buffer (pH 8~
9), or 0.1 M glycine-NaOH buffer.

® — @ citrate-phosphate buffer (pH 4~6)

v — ¥ phosphate buffer (pH 6~8)

B W: Tris buffer (pH 8~9)

A — a: glycine-NaOH bufier (pH 9—10)

25% HFe] FAst a9 Holoh why Aght, Fel,
Hg“ Y Zn*t 59 ;1"”5?“‘3]%“{: A g A A3
E31E vpehhglon] B4 Ag' s Het o] A% A
gdAMel Aol iAz HEE B]lo R sulthydryl
enzyme?| ¥ 545 el gich

Isoelectric point | £%E2l 2 Biorad®] IEF stan-
dardsS ©]£-3} horizontal slab gelel] 213} A A exo-
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Fig. 5. Effect of temperature on activity of the exo-xy-
lanase.

The enzyme reaction was carried out at each tempera-
ture shown in the figure for 20 min in 0.05 M sodium
phosphate buffer.
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Fig. 6. Thermal stability of the exo-xylanase.
Exo-xylanase activity was measured under the stan-
dard conditions described in the 'Materials and Me-
thods’, after allowing the reaction mixture to stand in
0.05 M sodium phosphate buffer (pH 6.5} at the various
temperatures indicated mn the figure. Aliquots were ta-
ken at various time intervals and the residual activiti-
es were assayde and expressed as the percentage of
the untreated control.

®@—@: 40T, v—v: 50C, m—1: 60C

A3 Fig 7ol EA| =<
= o 479 plils 7HAAL

xylanase®] plats AW
Sl wie}l Fol E dga
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-l ©¢X0-Xylanase

1 2

Fig. 7. Isoelectric focusing (pH 3~10) of the exo-xyla-
nase.

Focusing was carried out in 5%(w/v) polyacrylamide
horizontal slab gel containing Biolyte 3/10(pH 3~10)
and runned under constant voltage conditions in a ste-
pped fashion at 100V for 15 mun, 200V for 15 mun, fi-
naily 450V for 60 mn.

Lane 1. Bio-rad IEF standards (from top to bottom)
pl 9.6 Cytochrome C

pl 7.8, 8.0, 82 Lentil lectin(3 bhands)

pl 7.5 Human hemoglobin C

pl 7.1 Human hemoglobin A

pl 7.0 Equine myoglobin

pl 6.5 Human carbonic anhydrase

pl 6.0 Bovine carbonic anhydrase

pl 5.1 B-Lactoglobulin B
pl 4.65 Phycocyanin
Lane 2. Exo-xylanase

ol
AL

Aoz FMEch
BXEE A 4] BAjeke Sepharose CL-4B
columng ¢]43l gel filtration B O E+ 200,000
dal.(Fig. 8), SDS-polyacrylamid gel *7]cd o2
= °f 66,000dal.2&2 ZAHFHUcHFig 9). webA] &
B. stearothermophilus exo-xylanase= A|7H8} &
subunit® A% 4F2] trimer el E 7HA S 9l
Ao A=)

Wang(3) S-oll ¢]&b Bacillus, Clostridium, Strep-
tomyces, Aspergtlius 2 Trichoderma spp. 528 #5-&

ML rir

-
2y
(=2
L
o

conserved function$ 7}*|2Z ¢l+ multiple xvlana-
sess AARIY qle ZloeR RyEy 9lew(l,?2,
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Fig. 8. Molecular weight estimation of the purified exo-
xylanase by gel-filtration.

Sepharose CL-4B was used for gel matrix. The stan-
dard proteins used were the following:

1. Alcohol dehydrogenase 150,000 dal.

2. B-Amylase 200,000 dal.
3. Apoferritin 443,000 dal.
4. Thyroglobulin 669,000 dal.

17) olE xylanases+= ®-A}2F% plzi 2] FA o oz}
basic/low molecular weight(pl . 8.3~10.0 ; £ x}2
: 43,000~53,000) EA42} acidic/high molecular
weight(pl . 8.3~10.0 ; ¥AF3F | 43,000~53,000) =
A opEdcty el geid B AAe A7 B R
7150l w2 acidic/high MUW.o %38k Exo-xyla-
nase?l Zow o=l

7|E E£0|4 . p-Nitrophenyl7] & 7Mx|a1 9l B
7}A] A 71 A 2HE Al 7]Alel gk A exo-
xylanase2] 7|d Ho|Al-E& ARE Z3(Table 4)
2 A4e ¥l FE VA BolAde kA2 9o
‘33’"‘1 pNPX"ﬂ q}-gﬂ,(_]u]_ l:,;:;__ A %.H,Q,_ _g}__::::lou%
pNPX<] &k K, valuew 2.75 mMo|ich =gk 2
B. stearothermophillus xylan F-3A SA4+ xylo-
biose, xylotriose 52 Z}F oligomer— &-&°13L(Fig.
10) xylanoll = 2H8- xyloseS tief A4lske vf$-
E-0lg} exo-type®] xylanasedl= 713 &A@ + 3
dck 3 T2k SHE ATHE xylan A1) ¥ A

BaE A, Y& A|Ztel web sheeEes] AREE
TLC= ¥Asf ¥ A3KFig 11 3=x) xylose %7}2]
Pl B A4 PrE wlad HA sbw g
larchwood xylan®} birchwood xylan-& ®k-& 3A|7F

Kor. . Appl. Microbiol. Brotechnol.
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Fig. 9. Molecular weight estimation of the exo-xylanase
by SDS-polyacrylamide gel electrophoresis.
A. Gel electrophoresis was carried out in 7.5%(w/v)
polvacrylamide gel containing 0.4% SDS using the
5DS-discontinuous buffer system.
Lane 1. exo-xylanase, Lane 2. reference proteins: The
reference proteins used were as follows:
1. B-Galactosidase 116,000 dal.
2. Phosphorylase b 97,400 dal.
3. Albumin from bovine 66,000 dal.
4. Albumin from egg 45,000 dal.
B. Calibration curves of logl0 molecular weight vs. dis-
tance of migration during SDS-PAGE in slab gels.

Table 4. Substrate specificity of the exo-xylanase

Substrate Specific activity {U/mg}
p-Nitrophenyl xylopyranoside' 0.21
p-Nitrophenyl arabinofuranoside’ 0.006
p-Nitrophenyl arabinopyranoside' (0.003
p-Nitrophenyl glucopyranoside! 0.001
p-Nitrophenyl galactopyranoside’ 0
Xylan (birch wood)’ 0.0002
Xylan (larch wood)’ 0.0002
Xylan (oat spelts)’ 0.0001
CM(C? 0
Arabinogalactan’ 0
Gum arabic’ 0

'Specific activity was expressed as ymole p-nitrophenol
released min ! per mg protein. ?Specific activity was
expressed as umole o-nitrophenol released min ' per
mg protein. *Specific activity was expressed as umole
reducing sugar released min~', and the sugar was as-

sayed by DNS method(40).
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Fig. 10. HPLC chromatogram of the hydrolysate of xylooligosaccharides by the purified exo-xylanase.
Oligosaccharides were incubated at 45C for 8 hr in the presence of 0.7 unit exo-xylanase and 10 pM of each

xylooligosaccharide.

1. Xylose, 2. Xylobiose, 3. Hydrolysate of xylobiose, 4. Xylotriose, 5. Hydrolysate of xylotricse, 6. Xylotetraose,

7.Hydrolysate of xylotetraose

1 2 3 4 5 6 7 8 9 10

Fig. 11. TLC chromatographic analysis of the xylan
hydrolysates by the purified exo-xylanase.

Enzyme reaction was carried out at 45C in the pres-
sence of 10 units exo-xylanase and 1 mg of each subst-
rate.

1. Xylose, 2. Larchwood xylan, 3. Hydrolysates of lar-
chwood xylan obtained after 3hr incubation, 4. Hydrol-
ysates of larchwood xylan obtained after 15hr incuba-
tion, 5. Birchwood xylan, 6. Hydrolysates of birchwood
xylan obtained after 3 hr incubation, 7. Hydrolysates
of birchwood xylan obtained after 15 hr incubation, &.
Qat spelts xylan, 9. Hydrolysates of oat spelts xylan
obtained after 3 hr incubation, 10. Hydrolysates of oat
spelts xylan obtained after 15 hr incubation.

Foll= AdEFe] oligomerrt A& F o ¥k-3- 15
Al 7ol = oligomere] #A 7 FhA2} FA|ol] o}
xyloseZT =3 o UMt old Hisl| @ S+
25 7kA2 gy ez odelzl oat spelts xylan

A gk Tl B8 RolwA] kg 15
AZE Fol|l % of#Fe) oligomer?t ZEEH ok Zejvt
- gl$-of| A & transferase activityol] 21§k 753l
AHE-2) configuration inversion 3 A2 HaAg 4
$4dc}t. Exo-xylanasee| &l 2 A=l xARgE
2= Y A5 B, stearothermophilus?} exotype
xylanase-g& Aitdrle 7Hg d 3 Es Hw(18)
9]l Al exo-xylanaseol] thgk ¥ o= A3 AG 4
Al webd B oxylan B3l E4E 1 H7F 3
5 transferase activitysS 7}*| 2 UA| ¢S 2§

bacterial exo-xylanase2}il o)
2 ¢

Bacillus steavothermophilus exo-xylanase -f7% A}
DNAZ} AFd = A 338} plasmid pMG1& 7FA 3L ¢+
E. coli JM109 exo-xylanase AAF 2|A wljef =4,
A mae] AHA % AA A FA & 2A
oA -tich A7 A FR2JE. coli 75+ 0.5% fructose,
0.5% vyeast extract, 1.0% tryptone % 1.0% sodium
chloride7} 3H+5l v x]ol] A 2F 10417} sl 2tgiS o)
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Hojeke] BLE ARSIl o AALEA] HU%e
A2l EAst= Ao FAFH A4 B4
ammonium sulfate %2, ion exchange chromatogra-
phy % gel filtration 52| 3L Ax dd A2
AAsteien] AA a4+ pHE6.03 45C oA 714
=2 854 A4 vehgde)l =3 1 mM Cat 3 Co?
Toolge] Hrle 47 oF 25% Hxe EAE ANE
viel = vk B 8 49 pNPXel| st K, b2 2.75
mM, plzk& 4.7, 282 Hx}8k2 gel-filtration ¥
© Z3= 9F 200,000 dal., SDS-polyacrylamide gel % 7]
AdEH o 2= 2oF 66,000 dal. o5 SA ] Mg &
A3} subunit® TFAE &4 Al Flog FA
e}, B A4 a4 xylobiose, xylotriose % xylo-
tetraose =2 xylo-oligosaccharided &34 o8 X
3 g2 EEolx, 82 o} birchwood xylan,
larchwood xylan % oatspelt xylan 52 xyland=
28 xylose QAHE #galglo g B A4 1 o7}
=% Z=-F bacterial exo-xylanaseql 7ieo =z FE.x5
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