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E. coli= LB (0.5% yeast extract®} 1% tryptone, 1% NaCl)
RS ARE, 37°ColX e wiokstant. gk Hehulx|e] B¢
o= LB HiR|ol L 1.5% (wv)yE A F71ster a4 84
< vehlls FFHBA ] AES YsiAe 7122 lichenan
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sl AHESITE,
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Endo-B-1,3-1,4-glucanase 7 A2} open reading frame (ORF)
vhe SE A7) A8 AFF FeAvE pLL200KE A FHEA
PsAo 2 Ag F 20kbS] A HHS EUT} Endo-B-13-
14-glucanase F-34+2] ORF (771 bp)S =Z317] 918} ORF A
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@71 Mg 2o ARt F 7HA 9] primers A|ZsATH
Forward primer®] Soll= A|3+&E 4 BamHI, reverse primers] 5]
© Sallé} 14 F-91E 7SSl

PCR UIS

PCRE S35} H3te] 1x ¥h& FEN(10mM Tris-HCI
pH 90, 50mM KCI, 0.1% Triton X-100)3 0.02mM MgCl,
20uM dNTPs, 10pmol primer, 2 E%2] 8 DNA, 2.5 unit]
Taq DNA polymeraseE 715t 50 w= A ¥HS- EFE-S 150
PCR ¥+8-S R13JA|Ft}. o] Wl DNA thermal cycler (Gene-Amp®
PCR system 2400-PERKIN ELMER, Norwalk, USAYS AH8-3}9)
o} g 94°ColiA] 3 E7F HAGAIZ] F 94°Col|l A 1 =, 55°CollA
1 &, 72°CoA 2 B4 30 3] dHEEle] DNASE SZA1711 vlR]
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H vector pQE30E A E ligationA|H TE &%) E coli M15
(pREPHZE FAAEAZH ) F A2 Hanahan®] " (10)S
A3 APAA FsAth. FAHd A= 7149Q) lichenan©]
0.3% 4719 LB (ampicillin 100 pg/mi@} kanamycin 25 ug/ml X
3h FHd HAul oA congo redE o]4-3F M WPH-S F3l

FRISHATH17).
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B AE 9T A WY 2108 FHe oS3 2ol
3313t LB (ampiciltin 100 gg/m/™ kanamycin 25 ug/iml &)
A wjx|o A & e FAABA ] @Y colonyE 20 m/2] LB
(ampicillin 100 ug/mi¥} kanamycin 25 ug/ml L3 HA| ujj =]
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A Ao 3, 37°CNA] 0Dy, 0.5~0.70] 2 w7}A] vl s}
Ak 28 o2 widele) IPIGE A% ¥ 1 mM 54 J7)18
Z 2 A7 B A< wisl SDS-PAGEE S8t Ipitaw
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AR MEAE Triton X-1002 0.1%5 Al 2718 lysis buffer
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HeA|Z ok o] FekRg 200 WollA] 10 & 7HALE 6 3] &
d} A2 T 12,000 gl A 20 £ AHES &
AL T HAE 3 2E N 02 ARSI TE
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w2 P QIAGEN®S] Ni-NTA agarose gelS ©]-85}cd
AABIGE FHl8) & FELDE Ni-NTA gelol T2 &
Zy 10 mAS lysis buffer (50 mM NaH,PO, pH 8.0, 300 mM
NaCl, 10mM imidazole), washI buffer (50 mM NaH,PO,
pH 8.0, 300 mM NaCl, 20 mM imidazole), washII buffer
(50 mM NaH,PO, pH 8.0, 300 mM NaCl, 50 mM imidazole)
eMAZ G q71o] 4miY] elution buffer [ (50 mM
NaH,PO, pH 8.0, 300 mM NaCl, 100 mM imidazole)S gelol]
EINANA 1 mB FFER, GA 4miQ] elution buffer 11
(50 mM NaH,PO, pH 8.0, 300 mM NaCl, 250 mM imida-
zole)E ©l&3te 1mi¥ IR RO R 100 mM
EDTAZ} H7}8 elution buffer Il (50 mM NaH,PO, pH 8.0,
300 mM NaCl, 250 mM imidazole, 100 mM EDTA) 4 miS
FHAA 1m 3Tt S5g ALaH F 1020 wE A
3} 4X PAGE sample buffer?} 4]0} SDS-PAGEE 4333t}
olg Fsle] 4o HA H=ot T=E whdste] A4 B4
S o] &3t=E A

B4 84 =54

Endo-B-1,3-1,4-glucanase?] &4 &4 4L A barley
B-glucan (1%, wiv) TEE lichenan (1%, wiv)o] H71E Zzhe
0.1M 914 =8 ApH 68y 13t 7] dFste] a4 whg
o) N1AZ &R 71 05 mi 42 0.5 miE £
60°Co A 10 ¥ B¢ W-S-AZY 712 7282 AAE
232 3 5-dinitrosalicylic acid (DNS)oll 2]t ®®io] w2} 550 nm
A FHEE =4, vlNAEG ™ 60 miolA 1 %3 1 pmol
o] YRS WA EALS | unitE FAIBFITHI3).

CHNE Hat

oA AL 280 nmellAS OD g8 38 A £
=5} bovine serum albuming X TR E ALE3h= Lowry
H(12)y& o8-8t 3Tt
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W vector! pQE30S- ©)-83lH £ coli MISE subcloning®
B. circulans®] endo-B-1,3-1,4-glucanase -AA}(Fig. 1)7} Ak
© 545 GASHTE. 100 pg/ml ampicilling} 25 ug/m! kanamy-
cing 71 LB MR N P E dAE 259 AP st =
A4ANHE ZASL o]F nickel-nitrilotriacetic acid (Ni-NTA)
metal-affinity chromatography o2 x| H T} Table 1]
8.0k5k nke} FZo] Al BA &L 26%A M specific
activityv= 23.6 units/mg 2 Z ] specific activity”} 0.95 units/mg®]
A A [} =84 Aol vl oF 24.8 vl FAE T T
HhZ Hef o] endo-B-1,3-1,4-glucanase’t £ =R}, SDS-PAGE
719 BHoZ &4 A T4 BEAFE Fig 20 FAIE O]
A= nke} o] oF 28kDat 2 ERIEHA=T, ©] 2F= Kim
S(11)°e] Bargk A Atol| Ao Al AA)StATt.
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Fig. 1. Construction of the endo-f31,3-1,4-glucanase expression
vector, pLQ43. The 771 bp ORF was amplified from the pLL200K by
PCR and cloned into pQE30 vector. The vector was transformed into
E. coli M15. Symbols: A, Aval; Ap, ampicillin resistance; B, BamHI;
E, EcoRl; K, Kpnl; MCS, multiple cloning site; ORF, open reading
frame; Ori, replication origin; P, Pstl; Plac, lac promoter; RBS,
ribosome binding site; S, Sall.
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Fig. 2. SDS-PAGE of the purified endo-f-1,3-1,4-glucanase. Protein
was analyzed in 12% polyacrylamide gel and stained with coomassie
brilliant blue R-250. An arrow indicates the purified endo-3-1,3-1,4-
glucanase. Lane 1, E. coli M15 (pQE30); lane 2, E. coli M15; lane 3,
crude extract; lanes 4, 6, purified enzyme; lane S, standard protein
molecular weight markers(kilodaltons); lanes 7, 8, overexpressed
cells; lanes 9, 10, non-induced cells (pLQ43). Overexpression was
induced by addition of 1 mM of IPTG and overexpressed His-tag
protein was purified by Ni-NTA (QIAGEN).

Table 1. Purification of the B. circulans endo-B-1,3-1,4-glucanase from E. coli M15

I Total protein Total activity Specific activity Yield Purification

Purification step (mg) ) (U/mg) (%) (fold)
Non-induced 7809 738.1 0.95 100 1.0

protein

Crude extract

Overexpressed 37 531 14.4 7.2 15.2

protein
Purified His-tag fusion protein 0.8 18.9 23.6 2.6 24.8
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Endo-3-1,3-14-glucanase B mlXe ¥ 2% F9E =
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Ad  Rhodo-thermus marinus® 23124 endo-B-13-14-glu-
canaseS A3 E HIwA F& Y 22 & I 402 B
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Fig. 3. Effect of temperature on activity of the endo-f-1,3-1,4-glu-
canase. The enzyme reaction was carried out at various temperatures
for 10 min in 0.1 M phosphate buffer (pH 6.8).
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Fig. 4. Thermal stability of the endo-3-1,3-1,4-glucanase. The enzyme
reaction was carried out at optimal condition after preincubating of the
enzyme solution at various temperatures for 1 hr.
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A3t pH 3.0~11.0 BHE el ¥l 714 M2 o2 958
HAEZA 2589 pH 3.0~6.0, AU 438H pH 6.0~8.0,
Tris $5-8-9 pH 8.0~9.0 ¥ ¥4k 2h-89 pH 9.0~11.00S &
A3t lichenans 1%=A] 83117152, o] G-l FAE Fol
< 718 o 2 848 £33 A Fig 6 2ok B A
= 949 pH7L 6.0~7.04 W HInA F& 54 AL HY
o o] WS vlojud &4 FAo] AA3] Bisn, 53)
pH 68914 7 #& &4 €48 Atk 53 42 o pH
(pH 3.0~11L.002 2T AA EA2NE 4CA 24 A7+ XS
FE A S 54, pHOll Ui AL FgEE HES
Fig. 73 22 AFAE 4th. £ E4+= pH 5.5~7.5 HHolA
AT F2EE 540 A4 vIAE HF pHE FA A
#} Fojl Z}z} pH 5.65} pH 6.88 LtERGTH11). ©]13 A3 pH
9] ol HAHZA e ZaAR o)A endo-f1,3-14-
glucanase ©]9] T o8 7}7] 5459 1+ ZE So] B3}
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Fig. 5. Thermal stability of the endo-$-1,3-1,4-glucanase. The
enzyme reaction was carried out at optimal condition after
preheating of the enzyme solution at the indicated temperatures for
the different time periods. Symbols: O , 65°C; @, 60°C; A,
55°C; A , 50°C.
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Fig. 6. Effect of pH on activity of the endo-f-1,3-1,4-glucanase. The
enzyme reaction was carried out at 60°C for 10 min in 0.05 M citrate
(pH 3.0~6.0), 0.1 M phosphate(pH 6.0~8.0), 0.1 M Tris (pH 8.0~9.0)
and 0.1 M bicarbonate (pH 9.0~11.0) buffer.
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Fig. 7. pH stability of the endo-{3-1,3-1,4-glucanase. The reaction was
carried out at 60°C for 10 min after 24 hr preincubation at 4°C at the
various pH buffer (0.05 M citrate pH 3.0~6.0, 0.1 M phosphate pH
6.0~8.0, 0.1 M Tris pH 8.0~9.0 and 0.1 M bicarbonate pH 9.0~11.0).

S Aoz AEEY FAE 5471 pH 5.5~7.54004 g &
€ TRl & 0 pH 56N E A BAL HHEHA FAIH
S o= Adgrh

=% 0|22 st
Table 20] BAE 4 0]2S% ImM TEE AL s}
37°CoNA 1 A1 Bl RS oS BE 2L 84S =4, 4

Table 2. Effect of metal ions and EDTA on the activity of purified
endo-f3-1,3-1,4-glucanase
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Z I oleo] A B4 vXE L ZARIAT. AgNO,
¢} BaCl,, CuSO,, MnSO,, PbSO,, ZnCL%} &> thiEe] &
o] e & gAo] 30~50% HE A FAEHJLH, 53
HgCLAIME A9l 848 BolA] et

i

/7| oe] 53}

Endo-B-1,3-1,4-glucanase &4Jo] 7] &vlje] gL Hvht
wE=stE doliry] e 01M AAF 42 HpH 6.8)0
methanol©{L} ethanol, isopropanol, 1-butanol®] &EZ 10%(v/v)
=A 8L, lichenans 1% HA &3iA1A, AAE £4AE 71}
o 60°ColA 10 B3 WESAIA S48 S A, BF WS
Z44 JEREHE], 53] 1-butanolol M= 18] Ex B49S
2433t Table 3).

7|d S50|4

Endo-$-1,3-1,4-glucanaseS X33+ 2% erslEe] faf A=
£ =4, endo-B1,3-1,4-glucanased] 713 Eold-E FARE A7}
lichenan} barley B-glicanl| X7t & Eo|4S BHE ¥ ol
718 B8] 18 Holx| ItHTable 4). ©l& Orpino-
myces strain PC-29} Rhodothermus marinus®] endo-B-1,3-1,4-
glicanase$t #-& EAo|gla & = UT}5,16). & AF= B
circulans endo-f-1,3-1,4-glucanaseZ ©-83t4 Bglucane 7%
sA)E 71230 450t @ AoR Alsdnh e 2 4
TE BReR F4 e A% 45 7 FITE
Table 3. Effect of organic solvents on the activity of purified endo-3
1,3-1,4-glucanase

Metal ions and EDTA Relative activity
(1 mM) (%)
None 100
KCI 70
NaCl 75
BaCl, 35
CaCl, 75
CoCl, 67
HgCl, 7
Mg(Cl, 68
NiCl, 120
ZnCl, 51
CuSO, 45
FeSO, 72
MnSO, 33
PbSO, 46
AgNO, 32
EDTA 67

Each enzyme solution was preincubated at 37°C for 1 hr in the pres-
ence of various metal ions and EDTA(final concentration of 1 mM)
before measuring endo-f3-1,3-1,4-glucanase activity. Enzyme reaction
was carried out at 60°C for 10 min.

Organic solvent Relative activity
(10%) (%)
None 100
Methanol 57
Ethanol 39
Isopropanol 27
1-Butanol 0

Table 4. Activity of the endo-f-1,3-1,4-glucanase against various
substrates

Substrate Relative activity
(1%, wiv) %)

Lichenan 100
Barley -glucan 88
Oat spelt xylan 0
Birchwood xylan 0
CMC 0
Soluble starch 0
Chitin 0
Pullulan 0
Mannan 0

*Substrates were solubilized in 0.1 M phosphate buffer (pH 6.8).
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ABSTRACT: Purification and Characterization of an Endo-f-1,3-1,4-Glucanase from Escherichia coli

(pPLL200K)

Ji-Yeon Kim (Institute of Genetic Engineering, Inje University, Gimhae 621-749, Korea)

A gene coding for endo- 3-1,3-1,4-glucanase of Bacillus circulans was subcloned into Escherichia coli M15
using pQE30 as an expression vector. Endo- B-1,3-1,4-glucanase produced by the recombinant expression plas-
mid pLQ43 was intactly purified to a single protein through a nickel-nitrilotriacetic acid (Ni-NTA) metal-affin-

ity chromatography method. The molecular mass of the purified enzyme was estimated to be 28 kDa by SDS-

PAGE. The optimum pH and temperature of the enzyme activity were pH 6.8 and 60 °C, respectively. This
enzyme was fairly stable in the pH ranging 5.5 ~7.5 and at the temperatures lower than 55 °C. The enzyme
appeared to be sensitive to most of the metal ions, especially to Hg **, and also to methanol, ethanol, isopropanol

or 1-butano! at a concentration of 10%(v/v).



