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Molecular Cloning and Expression of the a-L-Arabinofuranosidase
Gene of Bacillus stearothermophilus in Escherichia coli
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Abstract — The Bacillus stearothermophilus arfl gene encoding a-arabinofuranosidase was isolated
from the genomic library, cloned into pBR322, and subsequently transferred into the Escherichia
coli HB101. The recombinant E. coli was selected from approximately 10,000 transformants screened
by making use of its ability to produce a yellow pigment around the colony on the selective
medium supplemented with p-nitrophenyl-a-L-arabinofuranoside (pNPAf), a chromogenic substrate.
The functional clone was found to harbor a recombinant plasmid, pKMG11 with an insertion of
about 5 kb derived from the B. stearothermophilus chromosomal DNA. ldentity of the arfl gene
on the insert DNA was confirmed by a zymogram with 4-methylumbelliferyl-a-L-arabinofuranoside
as the enzyme substrate. The a-arabinofuranosidase from the recombinant E. ¢oli strain showed
very high substrate specificity; the enzyme displayed high activity only with pNPAf among many
other p- or o-nitrophenyl derivatives of several sugars, and acted only on arabinoxylan among
various natural arabinose containing polysaccharides tested.
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Fig. 1. Expression of a-L-arabinofuranosidase activity
of the Bacillus stearothermophilus gene in E. coli HB10L,
Incubation of E. coli was done at 37C for 18 hours
followed by that of B. stearothermophilus at 45C for
18 hours.

1: Bacillus stearothermophilus, 2: E. coli HB101/pKMG
11, 3: E. coli HB101/pBR322
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Fig. 2. Agarose gel electrophoretic patterns of pKMG
11.

Lane 1: Hindlll digest of A DNA, Lane 2: Aval digest
of pKMG11, Lane 3: Clal digest of pKMG11, Lane 4:
Hindlll digest of pKMG11, Lane 5: Kpnl digest of
pKMG11, Lane 6: EcoRl digest of pKMG1], Lane 7:
EcoRI digest of pBR322
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Fig. 3. Restriction map of pKMG1l.

A, C, E, H and K represent Aval, Clal, EcoRl, HindlIlI
and Kpnl, respectively. The thick line represents clo-
ned 5 kb DNA mnsert of pKMG11. The thin line repre-

sents pBR322.
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Fig. 4. Southern hybridization of B. stearothermophilus
genomic DNA with random-primed DNAs synthesized
from the DNA insert of pKMG11.

A: DNA electrophoretic patterns, B: Southern blot pat-
terns

L.ane 1: A DNA digested with BstEIl, Lane 2: Chromo-
somal DNA digested with Hindlll, Lane 3: Chromoso-
mal DNA digested with EcoRI, Lane 4: pKMG11 diges-
ted with FEcoRI, Lane 5: pBR322 digested with
EcoRI

The arrows indicate the bands which are specifically
hybridized with the DNA insert of pKMGI11.
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Fig. 5. Zymogram of a-L-arabinofuranosidase from B. stearothermophilus and E. coli HB101/pKMGI11.
A: protein bands (Coomassie blue R-250 staining), B: activity bands (contact with agarose gel containing 5 mM

4-methylumbelliferyl-a-L-arabinofuranoside)

Lane 1: Intracellular protein of B. stearothermophilus, Lane 2: Extracellular protein of B. stearothermophilus, Lane
3: E. coli HB101/pKMG11, Lane 4: E. coli HB101/pBR322

Table 1. Substrate specificity of arfl gene product agai-

nst different nitrophenyl-glycosides

Specific Activity

Substrates (U/mg)
p-nitrophenyl-g-L-arabinofuranoside 24.09
p-nmitrophenyl-a-L-arabinopyranoside ND*
p-nitrophenyl-B-D-xylopyranoside 0.03
o-nitrophenyl-B-D-xylopyranoside 0.18
p-nitrophenyl-a-D-galactopyranoside ND
o-nitrophenyl-a-D-galactopyranoside ND
o-nitrophenyl-B-D-galactopyranoside ND
p-nitrophenyl-a-L-rhamnopyranoside ND
p-nitrophenyl-a-L-fucopyranoside ND
p-nitrophenyl-B-L-fucopyranoside ND
p-nitrophenyl-B-D-fucopyranoside ND
o-nitrophenyl-B-D-fucopyranosie ND
p-nitrophenyl-a-D-glucopyranosie ND
p-nitrophenyl-f-D-glucopyranoside ND
o-nitrophenyl--D-glucopyranoside ND
p-nitrophenyl-a-D-mannopyranoside ND
p-nitrophenyl-B-D-mannopyranoside ND
*ND: Not Detected

arfl F8XI A4l A0 713504
HB101/pKMG11 2§33 57} A Ask= arfl A AL

a-arabinofuranosidase 2] &4 24 EAlS qloly 7|
Hal oAef7bx] 7] He| HI RAEHE SN By
t}. Table 1o A= Q1= ul2l 7o) ayfl a-arabi-
nofuranosidase+ p-nitrophenyl-a-L-arabinofurano-

Table 2. Specific activity of arfl gene product against
natural substrate

Specific Activity

Substrates (mU/mg)
arabinogalactan ND*
gum arabic ND
arabinan ND
arabinoxylan 12.71
*ND: Not Detected
sideol| &A= %‘i— T8 LS ey

oxt ol S 4 UGG GAAE Ao @

& e ‘”?M wgh g 7hx| Aped ) el o
Z%%E zAts) 2 73} arabinoxylan(Table 2 #2)
ule Basl= 7 _#.E g3z B a-arabmofuranom-
dase= o] & o 7)HEo|AHL 7} A4QAL o &

Uttt

Xylanase §40j 0|Xl= a-arabinofuranosidase®)
an

Xylanase®l| ¢]%} arabinoxylan 7Fpi-do] v])x|=
HB101/pKMG11 24} q-arabinofuranosidase®} ©3 &
2 aoto}l B7] §sl 1% arabinoxylan 7| A -8-<id] (.3
unit®] xylanase®} 74 unit®} a-arabinofuranosidase
5 A 7}slar 45C oA 24417 HE-S- & BRI ES
HPLCE #A&f BrHFig 6 #Fx). dix2AHMHB
101/pBR322 ¢ A4t 4ol +xlanase)ol] v}l xy-
lobiosed] AAbeke <F 3444, xylose A4 2.14)
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Fig. 6. HPLC chromatograms of the hydrolysis produ-
cts of arabinoxylan.

A: Hydrolysate from the reaction with cell-free extract
of E. coli HB101/pKMG11, B: Hydrolysate from the
reaction with cell-free extract of E. coli HB101/pBR322
and xylanase, C: Hydrolysate from the reaction with
cell-free extract of E. coli HB101/pKMGI11 and xyla-

nase
a: arabinose, x: xylose, b: xylobiose

Z7Fs1d L, ©-& k9] arabinoseE AJAbslgict w3k
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arabinose AJAFEF2 ofF 6v] AT ZF7lx|dc) o]elp
2 A3 xylan EHA FAELAE U3 234
Bl AeiEIE 4l o Aoz A B g-arabi-
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