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Molecular Cloning and Expression of Bacillus stearothermophilus
B-D-Xylosidase Gene in E. coli
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Department of Genetic Engineering, College of Natural Resources,
Korea University, Seoul 136-701. Korea

Abstract — Bacillus stearothermophilus isolated from soil was identified to express multiple ext-
racellular xylanases. Two HindlIll restriction fragments of 5.4 and 6.4 kb from B. stearothermo-
philus genomic DNA were cioned into pBR322 to obtain recombinant plasmids pMGO1 and
pMGO2, respectively, which enabled E. colt HB101 cells to produce B-D-xylosidase activity.
By subcloning into pUC18 and Southern blotting, the loci of the B-D-xylosidase genes were
elucidated to be on non-homologous DNA fragments of 2.2 kb from pMGO01(pMG1) and 1.0 kb
from pMGO2(pMG2), respectively. The two enzymes produced in £ coli cleaved xylobiose,
xylotriose, xylotetrose and xylotetrose to produce xylose as a major end product. The gene
on pMG], distinct from that on pMG2 was observed to encode a bifunctional protein that
displayed both p-D-xylosidase (EC.3.2.1.37) and a-L-arabinofuranosidase activities (EC.3.2.1.55).
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Fig. 1. Expression of B-D-xylosidase activity of B. stea-
rothermophilus gene in E. coli HB101.

(1) B. stearothermophilus, (2) E. col HB101/pMGO1, (3)
E. coli HB101/pMG02, (4) E. coli HB101.pBR322(cont-
rol)

The cells were grown on LB agar supplemented with
1mM pNPX at 37C for 20 hours.
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= QAst 2712 colonyE AEshedvH(Fig 1 33).
= colony® AT FFEIEH Fehav|mE A4

Hal BAs B Z3l Fig 2o FEAIE e vbet

Fig. 2. Agarose gel electrophoretic analysis of the reco-
mbinant plasmids.

Lane 1: Hindlll digest of pMGO02, lane 2; Hindlll di-
gest of pMGO1, lane 3; HindIII digest of pBR322(cont-
rol), lane 4; HindlIl digest of A-DNA(size markers)
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Fig. 3. Restriction enzyme maps of the recombinant
plasmids.

H, E, P, and B represent Hindlll, EcoR], Pstl, and
BamHI respectively. Boxed region represents cloned
DNA inserts of 5.4 kb for pMGO1 and 6.4 kb for pMG
02. B indicates the approximate location of the xylosi-
dase gene and — represents pBR32Z.
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Fig. 4. Restriction enzyme digestion pattern of the B.
stearothermophilus DNA ligated into pUCIS.

Lane 1; Sau3Al digest of the pMG2 insert, lane Z;
Sau3Al digest of the pMG1 insert, lane 3; pMG2 in-
sert, lane 4; pMGL insert, lane 5; DNA size mar-
kers
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Fig. 5. SDS-PAGE with the cell extracts from E. coli
HB101 containing plasmid pMGO1 or pMGO2.

Lane 1: protein size markers {(from the top): myosin,
B-galactosidase, phosphorylase b, albumin bovine, albu-
min egg and carbonic anhydradase, lane 2; E. coli HB
101/pBR322(control), lane 3; E. cofi HB101/pMGO1.
lane 4; E. coli HB101/pBR322(control), lane 5; E. coli
HB101/pMGO2. The arrows indicate the points of the
B-D-xylosidase band.
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Fig. 6. Southern hybridization of B. stearothermohilus
genomic DNA with random-primed DNAs synthesized
from the inserts of pMGO! and pMGO2. a) DNA elect-
rophoretic patterns, b) southern blot patterns

1. A-DNA digested with Hindlll, 2. chromosomal DNA
digested with HindlIll, 3. chromosomal DNA digested
with EcoRl, 4. chromosomal DNA digested with Ba-
mHI, 5. pMGO1 digested with Hindlll, 6. A-DNA diges-
ted with Hindlll, 7. chromosomal DNA digested with
HindIll, 8. chromosomal DNA digested with EcoRI, 9.
chromosomal DNA digested with BamHI, 10. pMG2
digested with HindIIl, 11. pBR322 digested Hindlll.
The arrows indicate the bands which are specifically
hvbridized with each probe, respectively. Lane 2-5: hy-
bridized with pMGO1 probe, lane 7-11: hybridized with
pMG02 probe
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Table 1. Expression of 3-D-xylosidase and a-L-arabino-
furanosidase activities in various strains

Specific activity (U/mg protein)

Organism
B-D- a-L-
Xylosidase  Arabinofuranosidase
B. stearothermophilus (.38 0.12
E. coli HB101(pMG1) 1.23 0.08
E. coli HB101(pMG2) 0.06 —

—; not detected. The cells of £. coli HB101 carrying
the recombinant plasmid were grown in LB broth sup-
plemented with 50 ug/m/ ampicillin at 37C for 15
hours. B. stearothermophils was grown in the optimal
medium for B-D-xylosidase production at 45C for 15
hours.

hybridization Z3E 2¢itl Probe 12 Hindlll=
Aotgt pBR322 wtH 3= hybridizationd}#] ¢4+ ul
H pMGO13 chromosomal DNA whHo| ofs] A+
probe DNA2} 2+2 =272 DNA A #H(54 kb) &} hyb-
ridizationd}¢i 2.7, w}z7} 2] & probe 2 <3 4] 6.4 kbe}
2o A7)e] pMGO2 % chromosomal DNA A3z}
hybridization&ksich. welA pMGO13 pMGO020l] 4}
HE B-D-xylosidase &A=} fadx F 4 dHE
tlitol B, stearothermophilus genomic DNAO) A &
#HE DNA Adolzbes AS AT 4+ ok
®3F EcoRI A.4-2] 7% probe 12 6.8kbe| Z7| &
] %‘}Lf};l chromosomal DNA A, probe 2+
121 o2 4% 6709 band”} L]rEPL’rO}F sh=jqk
Al ,;3*91] = 7.0kb, 1.7kb ¥ 0.8kbe] =71E 7}4
A DNA AH#H3 hybridizationsh= 7122 3glx g
t} ole} e Ak olml% EcoRId 2)8F chromo-
somal DNA9] 2¢bAl &), v]<3F =27]2] DNA ©}
He| £H, 52 ¥4 DNA ©iHe] =27]71 0.8 kbE}
2tol gel Aol ZFR|7F =z ZPn o] d]le]
oty F&=rl 3 H BamHIC] A% probe 12
7.8 kb2} 6.6kbe] S+ AHHA, probe 2+ 10kb, 6.7kb
gl 2.7kbe] Al chromosomal DNA A H#} hybridiza-
tionsh= 5 F probe2} chromosomal DNA A}e]ef 4]
A3 t}& hybridization patternS H.¢]3 9lof pMG
0133 pMGO029 4rlxl F+ B-D-xylosidase &A=
B. stearothermophilus genomic DNA Aol M E &
HAol sl WSl fAME AL AT + 9
At

B-D-Xylosidase2] 4% SXM
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Fig. 7. Thin-layer chromatogram of the hydrolysates
of xylooligosaccharides by the [3-D-xylosidase expressed
by E. coli cells harboring pMGI1 or pMG2.

0.08 units of the enzyme were incubated at 50C for
5 hours 1n 110 W reaction mixture containing 0.1 umole
xylooligosaccharide and 0.5 yumole phosphate buffer
(pH 7.0).

1. Standard(xylose, X), Standard{xylobiose, X.), 3.
Hydrolysate of xylobiose with MGO1 origin, 4. Hydrol-
ysate of xylobiose with pMG02 origin, 5. Standard(xy-
lotriose, X4), 6. Hydrolysate of xylotriose with pMGO1
origin, 7. Hydrolysate of xylotriose with pMGO02 origin,
8. Standard(xylotetrose, X,), 9. Hydrolysate of xylotet-
trose with pMGO1 origin, 10. Hydrolysate of xylotet-
rose with pMGO02 origin, 11. Standard(xylopentose, Xs),
12. Hydrolysate of xylopentose with pMGO1 origin, 13.
Hydrolysate of xylopentose with pMG02 origin.

pMG13} pMG2 Atell gle IHA FAA] vt e g
A ibsE] B-D-xylosidase®] 54 ofA FAlH o
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o] 8 Hojom(ztg A Al Wt), Table
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Ak Bae pMG2 &A= W] B-D-xylosidase
g Ful oz} vl
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B-D-xylosidase(20) 2} #o] xylan 7}pi-sljel] ol -5-
%-EJ@' e g AZsEl+= bifunctional enzymedl 7

= 755 gch

12»}_31 pMG12} pMG2 A4+ thie| xylobiose+w
% xvlopentose® &3z o & Fajg ¥k ohz}
(Fig. 7 #3%), 22 o}& B-D-xylosidase(21) = &

A =& g-D-arabinofuranosi-
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dase &A% &4 7}X] 72 9l bifunctional protein
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