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Abstract — Bactllus stearothermophilus, a strong xylan degrader, was confirmed to express multiple
esterase activities in addition to the major xylanolytic enzymes. One of the genes encoding the
esterases was isolated from the genomic library of B. stearothermophilus constructed with EcoRI
restriction endonuclease and pBR322 plasmid. Three recombinant plasmids showing the tributyrin
degrading activity were selected from approximately 7,000 E. colf HB101 transformants, and were
found to have the same insert of a 3.2 kb DNA fragment. Restriction mapping and hybridization
studies revealed that the gene(esfll) on the hybrid plasmid (pKMG7) had originated from the
B. stearothermophilus chromosome, and was distinct from the estl, another esterase gene of B.
stearothermophilus isolated in the previous work. The E. coli cells harboring pKMG7 produced
an acetylxylan esterase that exibited similar substrate specificity to the esterase encoded by the

estl gene.
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Acetylesterase Al A2} Fo] 55 B 3-8
w4l Bacillus stearothermophilus(16)°] ]2 A=}
FE2Y o] &8 sFAHE E coli HBI0W(F, hsdS
20, recAl3, arald, proA2, lacY1, galK2, rpsL20, xy15,
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est] FFHAE £33 Q= pKMG6 2|23 Ze)lx
| =7} AASl= acetyl xylan esterase(19)2 o]-&3}

Rt

AREAIZE ! B
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tetraacetate, B-D-glucose pentaacetate, triacetin(10
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sl vbg-& AHAAFH vhEARA] 7 oukgaE
Al F-e|ste] B84 Fhe]=& A Al Ao 4G 9
dAeks FHEled &4 Hbgof o) AWAF acetic
acid$ HPLCE o] &3led AuFslsdern] 14 &gkl
1 umole?] acetic acid3 Y4+ - Q= a40%S 1
unit= %4]3k9ic}. HPLC 42, HPX-87H column
(7.8 X300 mm, Bio-Rad)}®} mobile phase=. 0.01 N H,
SO, &H-& AEsle] 0.5 mi/ming Fx& £35FA]4
A3
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(DNS) 8 (31)& <] & »|9 AHak3tsdc).
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B. stearothermophilus2| acetylesterase multip-
licity &¢I

AR (1A oln] odF3H 5}9} 2+o] acetyl xylan
esterase % 2Hest]) 303 21 B. stearothermophi-
lust estl FAA7F 2245l Al x23 EZglrw)z=oal
PKMG6E 7}X| 32 Qi+ E. coli F5¢l] Bls} oF 5.2v)
7}Fe] =L acetyl xylan esterase® B)&A]-S ie}
Wiaic). o)e} & B stearothermophilus 7} =& acet-
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Fig. 1. Expression of tributyrin degradation activity of
the Bacillus stearothermophilus gene in E. coli HB
101.

incubation of E. coli strains was done at 37C for 18
hours followed by that of B. steqrothermophilus at 45C
for 18 hours.

1: Bacillus stearothermophilus, 2: E. coli HB101/pKMG7,
3: E. coli HB101/pBR322, 4. E. coli HB101/pKMG6

ylesterase &4-& vehfl= Y9l 2] 3} E acetyl
xylan esterase®] multiplicity 2 Azt = <glalc)
up}a] B oejqtofj A= o8] A3l o @ 4-methylumbel-
lylferyl acetateS 7] A& o] 83§} zymogram #*14]-&
g-8-3lo] B. stearothermophilus®) acetylesterase mu-
Itiplicity & Ak}, 22 23} B stearothermophi-
lus+ estl esterase 2lol|% = 43F 37 o]Ae] A&

2 acetyl-esterase s AAFslaL Qrhi= 718 ok &=
ol el Fig. 5 #31). Enzyme multlphcny substrate
cross-specificity, glycosylatione|+} proteolysis®} %
2 post-translational modificationg] =}o} == 7|
Ab 3R] EX] o= A9 ook e}
1= Aol A= native xylan 7hpdtaell glolA zhE
esterase?| T8 %8 7l estl 9ol wm v}
esterase EAME FHIIL A EF- esterase - 2|2
v, FEYS Axsedc)

b

estll +A4#ke] 2 249

B. sfeamthemephzlus chromosomal DNAG& FceRl
o2 K& Aokste] &2 33k 3~9kb2] DNA
thHS, EcoRle 2 £+ dobat CIP 228k pBR
322 Zef~el= DNA ligation Al A E. coli HB101
e R A7k o 7.0000%2 BAASAE
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Fig. 2. Agarose gel electrophoretic patterns of HindIll
and EcoRl digests of pKMG6 and pKMG7.

Lane 1: Hindlll digest of ADNA, Lane 2: EcoRI digest
of pBR322, Lane 3: Hindlll digest of pKMGS6, Lane
4: FEcoRl digest of pKMG7, Lane 5: FcoRI+ Hindlll
digest of pKMG7, Lane 8: EcoRI+Hindlll digest of
pKMG6

do] ampicillin®} tributyrin-g A 7}g+ LB 33 )]0
A E3)o] 18417} 7}k vkt o5& = 3709 co-
lony F%lell tributyrin #-3llol 7]al=l= g ¥

PHE L 5 Atk WA A7) A PAuw

AZE Helstal 259 tributyrin ¥ A7)
A AR B A, A dAAsh AL 2% oF 32

kbe] &gk ¢jz} DNA7} 4kl Axg Z2fan
& 7HA AL 9)5= &alsldch gk Al tributyrin
Bal) A 3} D=+ 3.2kb 4Fs] DNA whxio] & ¥
Bk estl FA7ke} gk #edrE galslr] ¢
sted A1 UxE EcoRIFA HindlllE ©)8, 2431
F DNA ©h#H 9] restriction pattern2 9] ws] ¥ Az}
Fig. 20| 3EAlxle] gl wbpe} 7re] A7) 32kb Abg!

it

Al o 7 Uk geb] 4] 32kbE 2
3t Q= ANF g Hepar|e e} AFg] DNA AF¢] este-
rase #4435 FARE 2 pKMG7 estll= o
3 3l9dcl.

pKMG7 x{Z=¢ EZglAo|Ee M3 FAKST

pKMG7e] 4Hal® 32kb 4tg] DNA2] FA|Hal
AR - A E 2Asl7] isle] ZHE F4F o)L,
471 DNA ©i& FAste] Fig 39 22 A& 5
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Fig. 3. Restriction map of pKMG7.

E, P and H represent EcoRl, PyuIl and Hincll, respec-
tively. The thick line represents cloned 3.2 kb DNA
insert of pKMG7. The thin line represents pBR322.

A& 2 slslch = 32kb AH] DNA Aol Hinell
Poull, Hindlll site®] 242 Zold 4 9jglo)
Hindlll sites= U5 o] &Aste] Aag 9% 4
o] Brlsstady, T el Hincll site?} 3 7)€
Poull siteE 74 A&}

estll esterase FE X2 2l

pKMG70l| 2%l esterase AN F-HAH2] -
gtel Ag o2 32kb 4% DNAE dig-labeling 3}
1.2 probe DNA$®} EcoRl, Hincll, Pvull, Hindlll
2 92 A3 B, stearothermophilus chromosomal
DNA tt#12 hybridization A Zc}. Fig 42 2 3}ef] A]
E 5 9l vig} 3], 47| probew= pKMG7 DNAE
EcoR1o 2 Huhsr] dojz]= 32kb A}l DNA @
He B2o|y e 91X EcoRl A=} chromoso-
mal DNA t}# 3} hybridization 3ted §F 752 band &
Ay Etd et =3 oAkl vk} o] chromosomal
DNA & Hincll &)™ lane 394+ A1 2R A
7§ €] band, 72213 Prull =215 A 5-(lane 4)+= 27§ 2]
band-& #2F 4 At Hindlll= M=l chro-
mosomal DNA 7 -$-(lane 2)¢ll+= 27| 2] hybridization
band wte] A=) o2} 2 A+ 3.2kb AHdl
DNA #}el tiseel Hindlll site EAHE =277 o)
zk2 DNA wt#iEo] A, & Agel A8 gel A
o A= 27t Erhsdtelr] dEer 5K =
HindlI1£ Al pKMG62] DNA <} 3= hybridi-
zation band3 #AM3A] 922 AR Jelygr) o)At
o] 21§ A= pKMG7< 4<% 32 kb ¢]z DNA+
B. stearothermophilusol| A =gl o FAlq] Aty
DNA AFe] tributyrin &3 24 IH FAHA= estl
= A o {ARYE =Sy gl =13
4-methylumbellylferyl acetateE 7] = 3} zymog-
ram A2 AAjg] B A3zl pKMG79 3.2kb 4
DNA Abe] estll f-H=be] Wdef] 2o]s] acetyleste-
rase7} AJAFE]™M, . o)l A AL estl acetylesterase
ob= W3] o Hoje adEke 7S HUA¥ F
)l 3l B. stearothermophilus<= est]13} estll B A8l
& ol E R} FAjsge] & #HAg 270 oA ® dbE
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Fig. 4. Southern hybridization of B. stearothermophilus genomic DNA with random-primed DNAs synthesized from

the DNA insert of pKMG?7.
A: DNA electrophoretic patterns, B: Southern blot patterns
Lane 1: ADNA digested with BstEIl, Lane 2: Chromosomal DNA digested with Hindlll, Lane 3: Chromosomal

DNA digested with Hincll, Lane 4: Chromosomal DNA digested with Pyull, Lane 5: Chromosomal DNA digested
with EcoRI, Lane 6: pKMG7 digested with EcoRI, Lane 7: pBR322 digested with EcoRI, Lane 8: pKMG6 digested

with HindIll
The arrows indicate the bands which are specifically hybridized with the DNA insert of pKMG?7.

Fig. 5. Zymogram of acetylesterase from B. stearothermophilus, E. coli HB101/pKMG6 and E. coli HB101/pKMGT7.

A: protein bands (coomassie blue staining), B: activity bands
Lane 1: E. colt HB101/pKMG?7, Lane 2: Extracellular protein of B. stearothermophilus, Lane 3. Intracellular protein

of B. stearothermophilus, Lane 4: E. coli HB101/pKMG6, Lane 5: E. coli HB101/pBR322

acetylesterase-g A4kl Y-S WA HFig. estll AHAF F40| 7iAl E0|M
5). Tributyrin-& #3&l|8le] F43E FA3h= estll §
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Table 1. Substrate specificity of the cell-free extract
of E. coli HB101 containing the recorrbinant plasmid

pKMG7 or pKMG6

Specific activity (U/mg)

Substrate
pKMG7 pKMG6
MAS! 136.39 74.15
p-NPA? 1.86 1.63
p-NPP° 0.35 0.37
p-NPB* 0.75 0.43
p-NPV” 0.14 0.20
Glucose-pentaacetate 2.10 10.89
Xylose-tetraacetate 3.95 5.31
Triacetin 7.65 1.97

*! methylacetylsalicylate, Zp-nitrophenylacetate, °p-nit-
rophenylpropionate, *pnitrophenylbutyrate, ?p-nitro-
phenylvalerate **Enzyme reactions were carried out
as described in Materials and Method.

Table 2. Measurement of acetylxylan esterase activities

of E. coli HB101 containing the recombinant plasmid
pKMG7 or pKMG6

Specific acitivity

Strain (mU/mg)
pKMG7/E. coli HB101 28.14
pKMG6/E. coli HB101 32.16

*Enzyme reaction was carried out at 45C for 1 hour
in the mixture containing 0.5 m/ acetyl birchwood xy-
fan and the same volume of enzyme solution. **Acetic

acid produced by the enzyme was quantitated by
HPLC.

A2 E. coli=F-El2] AHES A &3] £53517] 93]
A2 7}R] o ~E] 7)ol tHE} estll AHES] EA 3
e FAs Bshel Table 1o EA|x]o] gl v}
o] estll esterasetr estl acetylxylan esterase®} v}
27FR 2 25 acetylester 7)Ao o3l & A&
Holar glel £ acetylesterase 4] esfl este-
rase?} v]cgh 714 SolAlE vl A4E ERE
U tt. TS Table 22} o] estll acetylesterase+=
acetylated birchwood xylan 7] 2o} thaf A= est es-
terase ot B)=3F A x o] FA43A1S Hol ¢lo] estll
#HA 9A] Y£9] acetylxylan esteraseql 7o g 3}
AdE LYy, OB B, stearothermophilus genome
Aol 71 BolAdel & Ael7t gle F le] MR
= acetylxylan esterase AJAbg-Azle] &7 #}
AdEem 1 geld o)eojrt F-oiqlzr] glo g ot
T Eel & vl Fulgls A obd gl
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Table 3. Synergism of esterase and xylanase in the enz-
ymatic degradation of xylan substrates

Enzyme used

Acetyl xylan

Substrate Xylanase esterase

+ Xylanase

Reducing sugar produced

{umole)

Qat spelt 2.78 3.20
Birchwood 2.88 2.84
Acetyl oat spelt 1.83 291
Acetyl Birchwood ND 1.91

*Enzyme assay was done at 45C by incubating 1 m!
of 5% xylan substrate with either 31 mU of xylanase
alone or 31 mU of xylanase added after 30 min incuba-
tion with 2556 mU of acetylxylan esterase. **Reducing
sugar produced was measured by DNS method. ***ND:
not detected

estll esterase®| xylanaseol| 430} O|x|= &k

estll acetylxylan esterase?} xylan 7Hp23le]] o
e GFE A7) #iste] 5%9 4§ xylan 7]
2 Aol(gl Al b9 pH 6.5) 1 mioll 255 mU<2] ace-
tylxylan esterase® %7} 45C o4 30%-7F v1-2-A] 2]
ths 31 mU9) xylanaseE #7}sle] xylang 71434
sfAl7I L A FdGEE FA, ki g
F-A3l9de), Table 33 7ro] acetylxylan esterase&
AAe]3hz] o 2 Ay vizs) & H3), Azx
#A 5 A2 acetyl?l?} AAE FHow oAl
Al xylan 7|& o] 79 A HE T8 esterase
Axe] A5 A& —’?’* Ak elel] HWisl acetylxy-
lan, &3] acetylated birchwood xylan® 7%= &
1§l acetylxylan esterase®| &35 #AE o+ 9lql
th o]e} e A= xylan 78] acetyl substi-
tuent7} xylanaseol} thgh A 3A-& F7iX| 7= A
27419 Ba(5-7)5 A&l AA F3 FA]ol native
xylan 7}5-Ealoll QlelA 2] acetylxylan esterase2]
FRAES AMAAT 7 Q= F& AU} H g
= U] S L=

g o

72 xylan %82l Bacillus stearothermophilus
B FelqolA esterase multiplicity 2 #elsl 1
271 w2 EcoRl Axt genomic DNAZH-E] o]u]
B 1%} acetylxylan esterase 24t esil #-#=}e} o} &
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M E-F- esterase A4 AR £l FEYE Al
glodc). F 2 vectorE pBR322, =542 2 E. coli
HB101, 28] 1% tributyrin 3# LB agar ]3] &
Ad wf A2 AFRsle] o 7,0007He] BFAAHIAE
73 Wste] 3702] tributytin 8] FAAIAE Eo
stoict. A A7) 370e] A= o 3o tri-
butyrin #3843 #ai% 3.2 kb8 B. stearothermo-
philus chromosomal DNA ©3& 7FAja glglom,
southern blotting®} zymogram A 3-& %3} tribut-
yrin £3l AL estll® HHYgE Al 29 acetylxylan
esterase At A}l 7]Q1H S galeld).
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