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Abstract — Acetyl xylan esterase was produced by E. coli HB101 harboring a recombinant plasmid
pKMG6 which contained the est] gene of Bacillus stearothermophilus. The maximum production
was observed when the E. coli strain was grown at 37C for 12 hours in the medium containing
0.5% acetyl xylan, 1.0% tryptons, 1.0% sodium chloride, and 0.5% yeast extract. The esterase
produced was purified to homogeneity using a combination of ammonium sulfate fractionation,
DEAE Sepharose CL-6B ion exchange chromatography and Sephacryl S-200 gel filtration. The
native enzyme had an apparent molecular mass of 60 kd and was composed of two identical
subunits of 29 kd. The N-terminal amino acid sequence of the polypeptide was Ala-X-Leu-Gln-
lle-Gln-Phe-X-X-GIn. The acetyl esterase displayed a pH optimum of 6.5 and a temperature opti-
mum of 45C . The heavy metal ions such as Ag"*, Hg'* and Cu’"* inhibited nearly completely
the activity of the esterase, and no specific metal ion was found to be required for the enzyme
activity. The enzyme readily cleaved MAS, B-D-glucose pentaacetate, a-naphthyl acetate, p-nitrophe-
nyl acetate as well as acetyl xylan, but had no activity on p-nitrophenyl propionate, B-nitrophenyl
butyrate or B-nitrophenyl valerate. The Km and Vmax values for MAS were 2.87 mM and 11.55
umole/min, respectively. Synergistic behavior was demonstrated with a combination of xylanase
and esterase from B. stearothermophilus in hydrolyzing acetyl xylan.
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Table 1. Effect of carbon sources on the esterase level
in E. coli HB101/pKMG6

Carbon source Cell growth  Esterase activity
(0.5%, w/v) (O.D. at 550 nm) (% activity)
glucose 2.45 21.7
maltose 2.60 63.3
fructose 2.50 68.4
SUCTOSE 2.59 57.9
xylose 242 64.5
glycerol 2.59 32.9
starch 2.68 63.2
xylan(birchwood) 2.21 61.4
acetylated xylan 2.70 100
(birchwood)
xylan(oat spelt) 1.91 68.3
acetylated xylan 2.67 72.7
(oat spelt)
none 2.57 b&.3

*The rate of enzyme production with acetylated birch-
wood xvlan as a carbon source was taken as 100%.
**The cells were cultivated in the LB medium supple-
mented with 0.5% each of the carbon sources shown

in the table.
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Qerz]l A3S AH esterased A F am-

Table 2. Effect of nitrogen sources on the esterase pro-
duction by E. coli HB101/pKMG6

Nitrogen source Cell growth  Lsterase activity

(1%, w/v) (O.D. at 550 nm} (% actiity)
ammoniurm nitrate 0.08 249
ammonium sulfate 0.12 28.3
casamino acid 0.24 47.7
peptone 1.77 76.7
tryptone 2.00 744
yeast extract 2.73 100

*The cells were cultivated in the medium supplemen-
ted with 0.5% fructose, 1.0% Nall and 1.0% each of
the nitrogen sources listed n the table.
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Table 3. Summary of the purification of the esterase from E. coli HB101/pKMG6
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Total Total Specific Recovery  Purification
Purification steps protein activity activity fold
(mg) (unit) (unit/mg) (%)

Culture broth 3785 214830 56.8 100 1
Ammonium suifate fractionation 866 142360 1644 66.3 2.9
DEAE-Sepharose CL-6B chromatography 2.5 75220 30112.9 35 530.5
Sephacryl 5-200 gel filtration 0.8 29515 36894.0 13.7 650
*Activity was expressed as umole methylsalicylate released min~L.

4 4000) 1.0 0.300 1 200
E 3} 300 g | o g | 1150
2 S| 2 go200f * S
= ElosE T E
O — S 1
St Q ' St ; ! L
= E < - :'. : E
£ o 2, g 0.100+ D 9
3 1t 11000 & & W Rk 150 =
Ry Ay } \

oo 1
¢ t PR
— a\f -
0 0 0.0 0.000 f 1 b 0

0 50 100 150 200

Fraction number

Fig. 1. Ion exchange chromatography of the esterase
on DEAE Sepharose CL-6B.

The ammonium sulfate fraction was charged on the
DEAE Sepharose CL-6B column (2.8X30 cm). After
washing with 0.05 M sodium phosphate buffer (pH 6.5),
the column was efuted with a linear gradient of sodium
chloride (0.5 M) at a flow rate of 20 mi/hr (3 mi/tube).
Aliquots of each fraction were assayed to determine
the distribution of the esterase and protein.

— @ —: enzyme activity (U/m{), - -O--: absorbance
at 280 nm

monium sulfate +¥(25~40%), DEAE-Sepharose
CL-6B column(2.8 X 30 cm) chromatography(Fig. 1
32), Sephacryl S-200 gel filtration(1.6 X 70 em) 3}
Ae AX HEHoZ 6500 AA =S specific acti-
vity7} 36,894 unit/mg-2- vteldl= F 29515 units 2]
A AAaE Aok B AR E4= Fig 29} 7bo)
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M whd ol zgls akqlal 4 glgluNFig. 3 %
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Fig. 2. Gel filtration of the esterase on Sephacryl S-
200.

The active enzyme fraction obtained from DEAE Se-
pharose CL-6B chromatography was applied to the gel
(1.6 X70 cm). Elution was performed with 0.05 M so-
dium phosphate buffer (pH 6.5) at a flow rate of 20
mi/hr (2 mi/tube).

—¥—: enzyme activity (U/mf), - -O--: absorbance
at 280 nm
& pH:pH4~8 =9 el4 pHE 05~1.0unit
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Fig. 3. Electrophoretic monitoring of the major steps
of purification of the esterase,

Electrophoresis was performed in a 12% SDS-polyacr-
ylamide gel.

Lane 1 and 6, protein size markers; lane 2, crude ext-
ract; lane 3, ammonium sulfate precipitate; lane 4, ion
exchange column effluent; lane 5, Sephacryl $-200 gel
filtrate.
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Fig. 4. Effect of pH on the activity of esterase.
The enzyme reaction was carried out at 45C for 20
min in 0.1 M citrate-phosphate buffer (pH 4~7), or
0.1 M phosphate buffer (pH 6~8).

— @ —: citrate-phosphate buffer (4~7), - - A - : phos-
phate buffer (6~8)

Fig. 59} 7re] &4 #HA &%7} 456C 3l 7% e}
ot uke X shg mIZHERe] A x4
oFzbut wlollx FAE FA A3 s Rurh
gkl F. succinogenes S85 #.4: 4] 45C 28] HH
ex2 wyala glori2l) HA 2xErh uh3 2
e v & AL Hels FHeol ¥ Ax
oh= o)z e]glc,

wgl B a4 £(pH 65, 0.05 M Ql4k S Bo¥)
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Fig. 5. Effect of temperature on activity of the esterase.
The enzyme reaction was carried out for 30 min at
various temperature indicated in the figure,
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Fig. 6. Thermal stability of the esterase.

Esterase activity was measured under standard condi-
tions at 45C for 30 min after allowing the enzyme
solution stand in 0.05 M sodium phosphate buffer (pH
6.5) at various temperatures indicated in the figure.
Aliquots were taken at various times and the residual
activities were assayed and represented as the precen-
tage of untreated control.
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Table 4. Substrate specificity of the esterase

Substrate Specific activity (U/mg)
oat spelt acetyl xylan' 23.2
hirchwood acetyl xylan' 12.8
B-D-xylose tetraacetate! 2124
B-D-glucose pentaacetate’ 435.6

triacetin 78.8

a-naphthyl acetate® 869.2
p-nitrophenyl acetate’ 960.0
p-nitropheny! propionate’ 14.8
o-nitrophenyl butyrate® 17.2
p-nitrophenyl valerate® 8.0
MASH 15640.0

'Specific activity was expressed as mole acetic acid
released per min, *The activity was expressed as
umole a-naphthol released per min, °The value repre-
sented pmole p-nitrophenol released per min during
the enzyme reaction, * Specific activity was expressed
as pmole methylsalicylate released per min.
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Fig. 7. Molecular weight estimation of the exterase by
SDS-polyacrylamide gel electrophoresis.

A ! Gel electrophoresis was carnied out in 12% (w/v)
polyacrylamide gel containing 0.4% SDS using the
SDS-discontinuous buffer system.

Lane 1: esterase, lane 2: protein size markers

The protein size markers used were as follows: 1. pho-
sphorylase B 92.5 kdal, 2. bovine serum albumin 67.0
kdal, 3. egg albumin 45.0 kdal, 4. carbonic anhydrase
29.0 kdal, 5. soybean trypsin inhibitor 21.0 kdal

B : Calibration curves of log 10 molecular weight vs.
distance of migration during SDS-PAGE inj slab gels.
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Fig. 8. Molecular weight estimation of the purified es-
terase by gel filtration.
Suprose 6 HR column was used.
The standard proteins used were the following: 1. bo-

vine pancrease chymotrypsin 25 kdal, 2. egg albumin
45 kdal, 3. bovine serum albumin 67 kdal, 4. rabbit

muscle aldolase 160 kdal

esterasev 719 Y subunit. & 2 o]

geje) chalalel AL o 4 9igch

Fo14] dimer
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Table 5. Synergism of esterase and xylanase in hydroly-
sis of xylan

enzymes acetyl xylan

used Xylanase esterase
+ xylanase
substrates :
Reducing sugar produced (umole)
oat spelt 278 2.66
xylan
birchwood 5 76 7 88
xylan
acetylated
oat spelt 1.83 2.51
xylan
acetylated
birchwood 0.58 1.98
xylan

*The enzymes used were 31 mU xylanase {(on birch-
wood xvlan) and 141 mU acetyl xylan esterase {(on bir-
chwood acetyl xylan) of B. stearothermophilus.

N-2ict ofo|icdt ME dH

10 pg X AHA A2 S AF8-3te] £ ace-
tyl esterase®] N-#xt ofuliAl AHd-5 HA3) B
A3} Ala-X-Leu-Gln-lle-GIn-Phe-X-X-Gln®E H A =g
chX | E Ade M gadEA] 3 oprjxh. B
T2} =AM vlE = dA7EA] o}E acetyl xylan
esterase2] N-Zed ojn|Al Modo] ZAA Wy
2] ¢dol & Ao} ¥l B4 EUbsshy &
Alg Ay oko g pKMG62] 4H¢] DNA 7] +o
A Aol F-A3}A olLE 4 )& Folelx Ay7Fel
cl.

Esterase?} xylanase 40| 0|xl= |2

31 miliunits®] acetyl xylan esterase® 30% % %]
2%t 0.5% 7Z<& xylan 7] &<} 141 miliunits®] xyla-
nases 7} 3057 wWRSAlA 7|AHe] sbEs] A
EF v BAges woldsr} xylanase ¥
Aoll v A= o &2 =AFSle] Table 5ol 28 A&
dAglel Acetyl xylan 7]|Z ¢ 7§ esterasex A
2] 3l-S djel HAeldhx] k> o fel sdodeke]
chwood acetyl xylan& 1.4 pmoleZ, $3¥F A 3je
ANE #Hl3ly} T Ald xylang olAMEHZ= 1 A
Lo vl a4 xylanaseol] i3l *&A-S ZHA Pohe
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