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Purification and Characterization of p-Lactamase Secreted from Bacillus sp. J105 Stram having B-Lactam
Antibiotics Re51stance Kyeong Soon Cho, Byoung Won Kang, Mm Jeong Seo’, Young Choon Lee
Jai Heon Lee’, Woo Hong Joo’, Yung Hyun Choi’, Hak Seob Lim®, Jeong In Kim’, Kwon Il Seo® and
Yong Kee Jeong™**. Public Health and Environment Institute of Pusan, Pusan 613 104, Korea, 'BK21 Center
for Silver-Bio industrialization Project, Dong-A University, Basan 604-714, Korea, Department of Biotechnology,
Dong-A University, Busan 604-714, Korea, 604-714, Kores, Department of Genetic Engineering, Dong-A
Unzverszty Busan 604-714, Korea, “Department of Biology, Changwon National University, Changwon 641-773,
Korea *Department of Biochemistry, College of Oriental Medicine, Dong-eui University, Busan 614-052, Korea,
Department Bioinstitute, MILLENNIUM PROMISE CO., LTD.,, G:]ang~gan Busan 619-962, Korea, "School
of Food and Life Science, Inje University, Gimhae 621-749, Korea, “Department of Food and Nutrition, Sunchon
National University, Suncheon 540-742, Korea - p-Lactamase, secreted from Bacillus sp. J105 strain was
purified to a single band on SDS-PAGE by ammonium sulfate precipitation, ion exchange column chro-
matography and gel-filtration. The molecular weight of the purified enzyme was 31 kDa on SDS-PAGE
and its isoelectric point was 7.35. Optimal pH and temperature for enzymatic reaction were 5 and 40°C,
respectively. As a result of total amino acid composition analysis of the purified enzyme, Gly and Ala
were occupied 14.1 and 13.3 mole %, respectively. Km and Vmax value of purified enzyme were 1.33
mM and 0.36 mM/ml using ampicillin as a substrate, respectively.
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[1,20]. Serine-B-lactamase+s= classes A, C, D& A &3} & o]
9) 3. metallo-B-lactamases class B2 & H T} o] FdA A4
o g Q% A classe] &A= Staphlococcus. aureusA) 2
A 49 E. coli, Haemophilus. influenzae, Neisseria. gonorrhoeaes
of Za)3t= plasmid ]9 &4V} o C class®] &4
AAA o oste ALE = ROZ Pseudomonas. aeruginosa %
Enterobacter4:2] vlelglo}o] &A) 3kt C class®] p-lactamase
= R E E colid) EAA T E coliFo A e AgtAlo] 2A
o7 Agete AL CdassHT A class® plasmidd &4
7} 2838 Aol Ao ot LA THIE B class®] S4+ met-
al enzymeC. 24 3 A3 A YelUE Aotk ol& & Bacte-
roides® A|7t3 P. maltophiliad| X @A E 3 = ©]E B
class®] & A+ imipenem3} 22 carbapenem-§ H| &E3sto] O
BEO] BlactamA FAYAE F YA 7t ok 42 A
ATH7]. A F7}A] p-lactamases YA T2 HAVAAES
2 AP o R Ao} go, 1 o9 = Mycobacterium
& M|, Streptomyces®: A, AR 5 A8 £5F9 vAER
FE 2 H I UrH1013,21,2325]. o]d & A= BAF 5o
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centration (MIC)7} & AS T ¥ 2 Bacillus sp. J105 [2]=
HH YAHE = p-lactamaseE T XA FA st A
aae] At Adg gosty A4 ZAFCEH 7|EY
LU AR 3o & ATA Hoht H2e FE A
7134 Wele VIR d7Y 4o AR

ME 2 Y

et % x&A0| XA

B-lactamase &2 AJ4F W) Z|[mannitol 1%, soytone 0.5%,
(NHy),HPO4) 0.1%, pH 9] 250 mIlE R3] 743t E 3k
% u|g} Aul| S Bacillus sp. JI06E 2%7} S 2 & s
B oojeE dHY. 18l B-lactamase ST AZ A clox-
acillin 300 mg/mlE H7}5te] 30°Col| A 24X 7+ A& w3t
T AR 3000x g 20 min, £C)5k] FFAL AT
ZEAQO T AL T ojuf i 500 mle] shaking
flaskel] 22 A rhf =& 100 mlE F5sto] g |, WA
R Foldd #38 4~5 WFo]E AHE35to] 30°Co| A 154
7+ A" w9180 rpm, 15 hr, 30°C)3} ¢ o}

84 2N SHY

B Afo) A= penicillins3} cephalosporins®} T}4F3t 7]
AES AT 42 Q= rapid fixed-time assayPJ 1 3
iodometric assay method [27]2] ¥WHH & sla] a4 g4
= SASAY. &4 FA DA A ‘”012] Zt 84 8 E
1 ml$} 0.01 M acetic acid buffer (pH 5.0) 1 mlE§ &35}
30°Coll A 5&7F 7123l 845 843 AT FY buffer
o] £33 0.4%2] ampicilling 1 mlE F7}gto 24 w-$
S AASIET v F 80T Aok 5 mlE HIFO B A
W2 FAAAATHRLLE AL 016 M iodined} 12 M
potassium iodine-§-¢}-& E33t stock& Ao g &1 ALE
Alo| = pH 4.09] acetic acid buffer2 50u] 3] 2)3}o] A}-&3}
ATH. §HEol AAE ¥R F wnksie] A A 10%
7t WA % 540 nmoll N FREE SAIY dxFe 8
Ao BT F FFY BLAL W) 339
ot FAE FAEE G484 9 unit (U)e o334 29
ALt A B-lactamase A9 1 unite 18E<H 1
mmol¥| 7|2& 7t a4Fog Y3

U=7te&8) 8 7139 $5x1/Tx1/V
(T: BARke AL Vi §hgdo) H7te g9 i)

r'B.

1]

O u
e

cE B5 9 F
TAATHOE a4 dAS $535H-

2 spectrophotometer& A}-8-3}of 280

2235l W3 Lowry $[19]¢] ¥y & W3 aho

YA E2](23,000x g, 20 min, 4°C) 3Yc} A A
)

t} g a FFEAL bovine serum albumin (Sigma Co.)

& A8t

549 B

Bacillus sp. J105 @7} AAst= A E$ p-lactamased]
Beahs 9 axssHd 442 AEd7] Aokl WD
nho} o] 2EAE AR e 2L Wy st A
A 3R -

Ammonium sulfate Z A

Z a8 AN ammonium sulfateZ 3] H7}3}o 80%
BA17] TRS 4°Co A 20417 MAF] AojZ=m A w5

£ o —10!' H:l

=
®o} Ao 01 M Tris-HCI buffer (pH 7.5)2 4313}
F9 bufferg 2~397 FE3] FAAT FAlo] £ 54
A& 412 (23,000% g, 20 min, 4 ‘C)stel AAES AA3)
a1 EAEAE AU F gEe AR A AR

DEAE-sephadex A-50 chromatography$} gel filtration

A BAdA d& FAHE 0.01 M Tris-HCI buffer (pH
75) 24 83 ¥33}A 7] DEAE-Sephadex A-50 column
(3x15 cm, Sigma Co.)d §FAAY. 2 & °| §2 id
1 BEBS 2o byfferEA FH3] A AHstA A AT
0~0.2 M7}A] 2] NaCl & Tris-HCI buffer (pH 7.5)Z line-
ar-gradient elutionste] & A S A|ZF 7 oF 16 ml 7
T2 23 82390 24 Rdnt) g48A4 0 dwE ZS
<49 e B4 2V AP FHL Bol BHY F ¥E
b o AAIAA oA A8t 0.1 N9} NaClo] ¢hr#
A3} bufferz A 33344171 Sephadex G-200 (Sigma Co.)
o] =X = column (2x90 cm) A}&-3} gel filtrationS- 3
39t $45S A F 8 ml AR & 1 8o 2 ml &
25l AaRAY gUAS 2Hste By RYES
st

Mono S (FPLC) column chromatography

10 mM acetate buffer (pH 5.0)2 ZF¥3] HY3}A|7l
Mono S columng £ 3} buffer2 23] A FsPct &4
AE 05 ml/min®] F&0E GHlAS FHA|7) U3
gde FU% buffer 50 mlzA A A3 &&2 02
M NaClo| 38 U3 bufferz Pl S4A8AHS 54
o 49 88 Fegck B BT A ool

& AAANZ B5 sF8to] AMESAT-

SDS-PAGE9]| 9|3t ® A}

SDS-PAGE:= Laemmli [14]9} Weber [29]2] Wi o] whe)
12% (w/v) polyacrylamide$} 01% (w/v) SDS7} E3Hd
separating gel#} 4% (w/v) polyacrylamide¢} 0.1% (w/v)
SDS7} &4 stacking gel S THEo] ARE-3F T 100 voltd]
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oF 6A1ZF Tt A 7)Y E 8 & coomassie blueZ gelS @A
ot YA band & A AAE p-lactamases] ¥
-2 Bio-Rad¢9] low molecularweight standard (lysozyme:
144 kDa, soybean trypsin inhibitor: 21.5 kDa, carbonic an-
hydrase: 31 kDa, ovalbumin: 45 kDa, bovun serum albu-
min: 662 kDa)& A}-she] 243},

plactam FAZAS) @ 529 71 50|13

PenicillinZ] 6% 3%, cephalosporinA] 3E &9 SdAEAS
1A% ] FAEA A buffers 2%7} HEE 343 7
714 4 2 mld] 05 mM f£49 1 mlE F7lsta 30°C &
271014 4023t ¥hg-A17) ¥ iodine A]°F 5 mlE 7}ste] 4
2ol A 10878 Hh2) 3} th(cefazolin® 308-7F ). 18] 1
540 nm BN FHEE FA st 71E SolAd gk v

0.5 mM 84N 04 mlE HA7}8la 22 59 g2 7)o A
3087 ke A AT 2, 84 vhg A 32 X7} 1.0 mMo
= %

HhS 2 2ko] 8 mIy} ¥ %= 0.01 M ace-
S H 5.0) 1 mlE #H7}sto] d20A 1087+
WA & g4 AEFNE A5 YT

Kinetics

A &40 ampicillind] g w3 2&EEE AL o

Lineweaver-Burk plot method [16]] ] 5t Kmx|2F Vmax

o
2 eI,

A3

5473L 02% ampholine (pH 3.5~10%} pH 25~4 am-
pholitesE 1228 23S AHE-$ 5% polyacrylamide gel iso-
electric focusingol] 913t =484 Identical gele pH
gradient 721483 protein #9188 AL}

ol 249 ¥4

BA AaNE FFTE RO st FAE sl ¢
A#2](23,000% g, 10 min, 4°C)8 & JHAEE AAS}L ¥
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Z39th oF 1 mge] AJEE 1% phenolo] &-f-¥ 6 N HCI
S 7Vake) 110°Coll A 24, 48, 72N 7k 7hdaf AT 7h4
23 ® A AL opv|=4 AFRA7|(Perkin-Elmer

)
o)l BAEeT.

Q)

41t ¥ o3

B-lactamase?| HA|

RE AAFAL 4£°C A2 ofstd A dAsFPon, &
AA dA 9 7/l 8 E Table 19 Yel) At Ammonium sul-
fateZ 30%~80%71A LIAA F428Y Gl JAS
o] 714 & £8& A9 A3} 80% LI FHo] AR
AT} o] AAEL AA%(23,000x g, 20 min, 4°C)o}} ¢]3}
o 3]438 oF& 0.01 M Tris-HCI buffer (pH 7.5)0] o %
Astgon, of o)A wjefde 2F Ao vlsle] of 23u)
Arg gl AA 9 317} 3l DEAE-Sephadex A-50

~column chromatography 4ol &2 &4 did
- 0~02 M9} NaCl2 X $%A)71 23 Fig. 114 BE v}e}
Zo] o 0.08 M9 NaCls oA &4 dido] &2 5.

7} B389 4L 0.01 M acetate buffer (pH 5.002 A}-83}]
248} 9t} Sephadex G-200 gel filtration FA M= A

F 200 1.0
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Fig. 1. Elution profile of ion exchange chromatography on
DEAE-sephadex A-50 of Bacillus sp. J105 B-lactamase.
Enzyme solution was applied onto a column of
DEAE-sephadex A-50 equilibrated with 0.01 M Tris-
HCl buffer (pH 7.5). Flaw rate: 16 ml/hr, Fraction vol-
ume: 3 ml, p-lactamase activity @, protein concen-
tration Q.

Table 1. Purification of extracellular B-lactamase from Bacillus sp. J105

Purification step Total af:tivity Total protein Specific activit)‘r Purification Yield

(units) (mg) (units/mg protein) (fold) (%)
Culture supernatant 920,000 9370.0 98 1.0 100.0
Ammonium sulfate precipitate 680,000 3024 2,249 22.9 739
DEAE-Sephadex A-50chromatography 470,000 39.3 11,959 122.0 51.1
Sephadex G-200gel filtration 360,000 14.2 25,352 258.7 39.1
Mono S chromatography (FPLC) 230,000 24 95,833 977.9 25.0
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A ion exchangeZ} A Bt} of 2ufA = o] A A a9 WY}
a49 Fad Yo e o 40% o]3tE HolH ot A
A A &= oF 2608 =7} H Atk Mono S (FPLC) 9
el HE A Ade oF 1,0008F 747k vl &2 v &3
tFig. 2).

=R

2 HA A E Bio-Rad9] low molecular weight marker
A A719E st REXE Fote] HEFA 93 E4
& St 1 27 Fig. 394 B& npo} o] AAd
A9 B8 31 kDa 0|9ty Wue B. subtilis7} A& =2

"5} B-lactamased] HEA}gFo] 33,5 kDax} 30.7 kDao| it

B. cereus7} 8-8l3H= B-lacmase?] Ex}EEE 335 kDadl 31
kDa¥l-Z Hasta QITH30]. E3, Staphylococcus& 2] 3+ o
T2 HBH Jang #A}2o| 32 kDa#} 28.8 kDa2] Blactamase
7} A8 AL B §H[8] Gram ¥4 FFEL i) 30
kDa H%9] ¥x}88 717 B-lactamase} 1_7(]]“6}-1.: Ao
AIEE Y  dF AYH= 49 BAYE o5 g4
o EAFH AY A 2719 e AT 281 o]
B8t Gram 241 o] A A et= B-lactamasee] A&+ A
A EYA O 2 Enterbacter cloacae?] 739 E-A}8Fo] 44 kDat

l‘-iﬂi b ofl —\9
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Fig. 2. Ion exchange column chromatography (Mono S, FPLC)
profile of Bacillus sp. J105 B-lactamase. Enzyme solution
was applied onto a column of Mono S equilibrated
with 0.01 M acetate buffer (pH 5.0). p-lactamase activity
@, protein concentration O.

A B MW (kDa)
= 70k bovine serum albumin
% 60 ovalbumin
& 40 -
°§ 30 carbonic anhydrase
8
3 20k soybean trypsin
3 inhibitor
p
10 | | | lyspzyme
0 02 0.4 0.6 0.8 1.0
Rf value

Fig. 3. Molecular weight of (A) Purified p-lactamase and (B)
low molecular weight marker protein on SDS-PAGE.

45 kDao] ) 11]23] E. coli®} P. mirabiliss 2] p-lactamase= ¥
Ao] zbzt 24 kDa# 215 kDao 2 B31® ul7} IT}H[28]

pH otd4 2 HF HiS pH
pH St A EAAE 7459 bufferZ pHE 2~11
2 2Ast] £°ColA 2447 A § 549 TE S
ST & 4 UATHFig 4). a4 MFA 0] 80% o] d=
A3 pH W 9= 5~72 A pHe| ¢t WHele 184 Y
& o] ofltt. vt pH 4~117k2]9f B lo 2A o
50% o]d9l e wASe S-S R 23 pH
3 olstoll X = 43 4% sl pH 20|M = &3] d&
ATk E3 54 A9 pH &S AESY] At 34
9] bufferg A&t & w3 de] pHE 3~100.2 &4
Aog xdsla 1 5k NS SHSIUT. 2 9 2 |
A9 HA §hE A& ztE pHe 5.001121 pH 49} 69
ME 90% o) 245 Y At (Fig. 4).

= OHEY U HH His =k

B A 249 &5 AT HF g 22 E Fig 59
el ot AA &4 03 mlES £33 0.01 M acetate
buffer (pH 50) 2 mi% 7 £ 5 10°C~70°CAA S 7 &
SO A 3057 423 F 10°CoAM & 84S =33 2
I, B AGA a4 10 °C°1P-] 40°C7HA = 0% o] 9] 84S
A= S RAoY 50°C ol dlN e 553 A
3ty 70°Col = ¢4A3] AE HJoh g 49 HF ul
S 2EE 5437 st AA 2429 03 m7} g E A
719 buffer 2 mle]] 0.4% ampicillin 712 Y 1 mlE H7}s}d
20°Cl A 70°C7tA] ‘:}74]75‘] 07 ¥ 2EE AT 7]
oA 3087 Hx HS-S B T FA3H iodine A2} 5 ml

£ 718t A0 A 1087 WAE § 540 nmol| M FBEE

Relative activity (%)

L
10 11

Fig. 4. Effect of pH stability (@) and optimal pH (O) of puri-
fied B-lactamase. Buffer system used were 0.03 M so-
dium acetate (pH 2~5), 0.03 M sodium phosphate (pH
6~7), 0.03 M Tris-HCI (pH 8), 0.03 M glycine-NaOH
(pPH 9~10) and 0.03 M NaCO; (pH 11).
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Fig. 5. Effect of temperature stability (@) and optimal tempra-
ture (O) of purified B-lactamase. The enzyme solutuin
was incubated in 0.01 M acetate buffer (pH 5.0) at the
indicated temperatures for 30 min and residual activity
was measured.

SAs AE S WEEE FEF 25, W0°ClA 71
FS 2498 BY E330°C 2 50°Col M= 80% o)A+
A4S YERHI

18 §014

A fad et o A plactam FHELES V)
AR W3IAA 718 EolAe HEF ZAde Table 24 e}
WA Ay o4 Fol A ampicilline] 713 ¥ 18 &
BHpon, o] 100%=E 3l W amoxacillin®} penicillin-
G7} 733, 688%E H] 1% F3lHo| &2 Holgth HlH
cephalosporinA] S&A&2L vf-$ & M3lg-S B Y.

250|2 U NaRel Hst -
240123 EDTAZ} 5484 wAE 9ae 24l
A7 Table 37 2th. = Ca”, Co™, Mg™'=
o} 9FE MHA oy Cu”, Zn¥e EABHL
80% ©o)X Ad sttt vt EDTAE ¢k 20% A& 43}

Table 2. Substrate specificity of B-lactamase on various on p-
lactam antibiotics

Specific activity Relative activity

Substrate (units/mg protein) (%)

Ampicillin 2,262 100.0
Penicillin-G 1,555 68.8
Cloxacillin 54 24
Amoxacillin 1,659 73.3
Carbenicillin 445 19.7
Piperacillin 522 231
Cefazolin 46 2.0
Cefradine 0 0
Cefotaxime 27 1.2
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Table 3. Effect of EDTA and various metal ions on the activity
of B-lactamase purified from Bacillus sp. J105

EDTA and metal ion Concentration  Relative activity
(mM) (%)

Control ) 100.0

Ca” 1 99.2

Co” 1 92.0

Cu” 1 17.6

Mg” 1 9.8

Zn” 1 296

EDTA 1 118.4

fodine 0.008 0

Qe Z74E AAeH 0008 mM iodinee AATAES $7
8 AAI AT £, HAE B-lactamased] 7t FE 9 sul-
bactam (p-lactamase inhibitor)& ¥} 7}2(0.4 w/v, ampi-
cillin)@} 30°Col A 30%7F #3A1A 1 AHITE HEEE
A4&3to] sulbactam®] AA 4o gt FAANE ZES
A3, B 34E 05 mM9 sulbactamo] A oF 60% ] A &)
il 3 mMA A= 90% o8] AelE e AoE e
(Fig. 6). o] A3}&= Kitzis 5[12]] B39} Z+o] sulbactame]
o = oA cephalosporinase7t A3 E ¥red Y5
penicillinase® £& FEAAMT Asldve Hiust A3}

Ak,

KmX|2t S8F | |
Ampicilling 7|22 3o 02~3 mM FEEZ 001 M
acetate buffer (pH 5.0)2 343t 7} Fx 9] 7]d £ 2.8 ml
o] 2 o §4 894 02 mlE A7stod 30°C 31279
$A17) ¥ fodine Ao} 5 mig 7ake] AL 10
2 A T FRE 3402 52 Aol FANT B

O

[y
NS N O
o O O o O

Inhibition of
B-lactamase activity (%)

-

l | | | ]
0 05 1.0 1.5 20 25 3.0
Concentration of sulbactam (mM)

Fig. 6. Inhibition ratio of purified p-lactamase by various con-
centrations of sulbactam. Sulbactam was added to the
assay mixture containing purified p-lactamase and then
the enzyme activity was determined. The effect of in-
hibition was represented as percentage of inhibition.
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Fig. 7. Lineweaver-Burk plot on the hydrolysis of ampicillin
by Bacillus sp. J105 B-lactamase. The estimated value of
Km was 1.33 mM, using ampicilln as a substrate.

o8 ¥ F v 7189 ¢& 57339 Lineweaver-

Burk plot2 88 AAYE HE 9 p-lactamase®] Kmztd}

VmaxZks AHEstA T 2 Z23, ampicillin®] Km3ts# Vmax
#e 74z}t 1.33 mM3} 0.36 mM/mlo] I tHFig. 7). 3+H, A
Al B-lactamasee] SAAHL 7358 JElyt)

oAt =M

B QA g49 BEHFL 31 kDa 0| 0.2 & 0|2 nlgo
2 7} opmiit ZAU|FE Al4tete 1 AFE Table 49 1
Ef A} Glys} Ala9] gako] Z+z} 14137} 13.3 mol% E A
7 B3 g0 2 Gludt Lyso] 242} 1059 9.4 mol%

Table 4. Composition of amino acid in purified f-lactamase

Integral no. of

Amino acid mol’% residues/31,000 g
Asp 7.0 18
Thr 5.8 15
Ser 8.2 21
Glu 105 24
Pro 0 0
Gly 14.1 36
Ala 133 34
Cys 0 0
Val 5.8 15
Met 0 y
[l 2.7 7
Leu 8.3 21
Tyr 1.9 5
Phe 24 6
His | 2.3 6
Lys 9.4 24

Arg 8.3 21

o]t} 19 v}l Phed} Hiso| 2}z 244 2.3 mol%E A
3o Hola Tyre] o] 1.9 molhE 7HE A& 7| %2
JE T Al olold AHE wpsh 2ol Bacllus sp.
JIc2HE §E5+ plactamases v]¢ £ 3nlE {FEE
&9y GATA gog o] §49 inhibitorE /AT OE
A M9 B-lactamA FAA A g WS 2 5 Ae
Al Ao B Ego] Hg 7d g

2 o

Bacillus sp. J105 strain®. 2 %5 %% p-lactamase am-
monium sulfate A, o} w3 Ay FZrfETH Y, 2 o
3 =9 #4S AA SDS-PAGEN A 9 band 2 A A 59
th AAE E49 2L 31 kDaojglon TAHL 7.359]
Atk gauke9] & pHe 25w 247F 59 40°Col ATt
A S & ofuliat 249 B4 A3, Clyd Alao] 2
7} 1413 133 mole% 2 7}& Z-& olu| Al A7|&E 2}X|$HL |
gtk A T4 ampicilling 7|22 Stge wo] Kmgt
& 133 mMoll 2 Vmaxzke 036 mM/mlo| 31t
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