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Production Conditions and Characterization of
B-Lactamase Inhibitor from Pseudomonas sp. X-8

Kyoung-Ja Kim and Tae Sung Kim
Dept. of Life Science, Soonchunhyang University, Onyang, 337-880, Korea

Abstract— Identification of a soil microorganism strain X-8, producer of p-lactamase inhibitor, based on
its morphological. physiological, biochemical and chemotaxonomical characteristics was performed.
The strain X-8 was identified as Pseudomonas sp. The B-lactamase inhibitor produced by this strain was
highly achieved in fermentation medium contained glucose 0.5%, urea 0.25%, KHPO, - 3H0 0.5%.
MgSO, - THO 0.5%. FeSO, - TH 0.01%, CuSO. ZnSOs MnSO, 0.02%. The B-lactamase inhibitor was
not extracted by organic solvent such as n-butanol and ethyl acetate but remained in aqueous layer.
The n-butanol extract showed antimicrobial activity against M. smegmatis, The B-lactamase inhibitor
was stable at pH 7.0~80 and 4°C for 24h. The B-lactamase inhibitor was bound on ion exchanger
Diaion WA~30 and HP-20 and eluted with 2 N-NH/OH and acetone. respectively.
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ract, bacto peptone, casamino acid) ¥ ¥7] d4¥
(NHCI, (NH9S0, NHNO;, urea)g #71sted o
elgelniA] dA 848 vttt wixje} pHE pH
4.0°14 pH 10.0 712 MY AIA ZALSIH

HERRIEIR} SRR WAt BaEe| M2 9 HWIEHED}
H| 4N 8N EAL - wglelolA] A Y FFE
EYFo2RE 7] Yo, ¢F S EGTE
elelelA] A4 ALt wixjo) 5~TU F1E thy €
AR AFAE 40 W 3t Fo] T2 B L
g F veleriAlg BAske Ko preumoniae
(ATCC 15380)¢} penicillin G(50 pg/mD& /3
nutrient oF7} #iX| ol A3 4°CollA 30E3t & o
30°Cell 3% B w3t A gHol Jehe= a5
£ dlelgelolA] A it #F2 45, 11 Foll
A oA A Ge) 71 & dFE ek JAlA) Aitke) H3
23S s vetgelelA) A =S |
FE(UV) 29460 o8l S48 welgelntz]ol
o2 WEeltg 17l AP o R A 7122 Yo F
penicillin G} 29 235 nmoll A F2= 74471 dojut



660 el

£ Al o3l o] FHx A7 o= Hx A H
=22 2218t} 0.97 ml phosphate buffer(0.1 M,
pH 7.0)0] 10 W &5 45A7 10 we W el EjutA)
(5 U)E H7He ok 37°CollA 1083 preincubation
AlFch. 2 %ol 10 wie) penicillin G(50 mg/mD< 3
74at ok 37°Col M 5~1087F 235 nmoll A F3E ©
g8 AR ol control& #F 4EH diA #
AR g2 A o] A3F g gol REZAIFT

olu

s s o AAcontml—AAsampk
inhib === xX100(%
ibitory activity X 100(%)
2 At

HiE}etEOIA] 2RIRIC] 22| X MM TAL - ¢4 Hl
elgtetuial QA EFo] FAIUS 9ol o =A & EAY3}t
£ Ao B8 U7 94&te] wiofd L 10,000 rpmolA
1587 dAEesle deda dAE Bt
0.85% NaClZ 33]413 9L A& FAo st
14 E3le] acetoned W7}t F&F o3t
Acetone 3% ¥ ZdESE3A A% Boll 59U A8
o] A AL AN YA’ 35 77
£ FE34& 2AEP) Y3t 4599 pHE 2, 7,
1022 =433 ethyl acetate®} n-butanolg AHE-
atod 334 F&3le] U2 {7] $uiET S
Z9] A F4E =AY =Y 4EH 259
pHoll thg <tA-E ZAR7] A8t 4°C, 50°CAlA
2417t £, 100°Col A 15830 ZE 8438 ZAbet
Fe4e] pHE pH 4-pH 1022 2% Fofl 2413t
2% o 38l HE @48 A 28 4
ool FaA| L o)l u e it F& AFE £
A}ar7] 93t Diaion WA-30, Diaion WK-20, Dia-
ion HP 20& Ztzt 5 mI¥ #dta A5 53 2
F 4°CollA 4A7E Foll FF ARE FF oA ZAME
%) Diaion WA-30, WK-20¢] 3$-+= 2N NH,OH
2 10N AT X FF FEEHEAE AL
Diaion HP-202] 7%= acetone Z HA| 10A13F A
T 23 Fol £E2H=AE A

A 3 2@

250 B3 - WEkEEAl oA 840l 7MY e

Fig. 1— Scanning electron micrograph of the isolated
Strain X8 cultured on NBA medium for 7
days. The bar equals 1.0 um.

Ao #id 75 X-89 AA dnF #AE Fig. 1
% 23, @A 271 0.5~0.6 mx1.2~1.4mo]™,
B 53y EAS =AM A3 Table 1o YR
B #FE Gram 2A4Foln $540] & Uweg
IAE A 33 £ A%, catalased) urea-
se testoll A= %43<1 8H indole #4452 MR-, VP-

Table I — Taxonomical properties of the strain X-8

Morphological
Gram stain
Shape

Cell size
Motility
Physiological
Optimum temperature 30°C
Oxidase -
Catalase

Urease

Methyl red test
Voges-Proskauer reactio n
Indole test

Casein hydrolysis

Starch hydrolysis
Tyrosine hydrolysis

H,S production

Gelatin liquefaction

Acid production from
glucose

lactose

maltose

sucrose

negative
rod
1.0~1.2x1.9~2.1pm
non motile

A s

+ 4+ +
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test, oxidase test TolAE §4& ¥ 29 starch,
casein, gelatin & 7F+E#8Rt}. Lactose. gluco-
se, maltose 9} saccharose ¢ @#FolA & A
3= $2F 22 Pseudomonaset 2282 Pseudomo-
nas X-8# 2 2 53},

HalFol MR 2N 2AL - Ampicillin(10 ng),
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cin(30 pg), tetracyclin(30 ug) ©l {48 TolgAa
Z A 354 HdAHE & A3 tetracyclin, strep-
tomy- cin® neomycin®l ZAE el oD
ampicill- in3%} cephalothin o+ A34& Jepai
o} wele et AAle H3E Yehle AL dF
7} ks Weletelnlalo) 93k Ao g gt

H2|F X-39] Hiye) iy 040 M SR 2
Al - 75 X-8& wietteinbA] AAA) Pak uf ol A
447 71 ¥ 45943 45 94E n-butanol 3 eth-
yl acetate 2 F#23% o+ 7 FH3t 10 mg/ml
FEZ oergo =o] C. albicans®} M. smegmatisol]
3t st e S ARG A3, Table oA B vlo} 2
o] p-butanol FZ& %A M. smegmatisol] th3t 3
Ao} UEId oY F3ol= g EAol YA o
gttt Ethyl acetateFZ 9] 7oz C. albicansol
gk 3t g0l FaA| 7l el Yelt, olg 22
o] MZ T}2 st o] o] #F A5 4§
HEE RoeZ A=Y welgelotA] dAH9 &
EAHAA ARE AR Y8t & Lvjo w2 )
EZEllA oA A& AT

#2|F X-89| Hjerlo| & EO0H0|| IHE HWIEIIEID}
R A @M - 73 X-8S wlel=tElnlal oA QA

Table II— Effect of organic solvent extracts of super-
natant of Psudomonas sp. X-8 on the anti-
microbial activity

Table II—Effect of organic solvent extracts of su-
pernatant of Psudomonassp. X-8 on B-lacta-
mase inhibitor activity

Inhibition zone (mm)*

Solvents
pH 20 pH 7.0 pH 10.0
Butanol{(aqueous) 13 17 12
butanol(organic) - - -
Ethyl acetate(agueous) 10 15 11

Ethyl acetate{organic) - -

Inhibition zone (mm)*

Solvents  Test strains pH 2.0 pH 7.0 pH 10.0
Butanol C. albicans 10 12 -
(aqueous) M. smegmatis - - -
Butanol C. albicans - 11 9
(organic) M. smegmatis 14 14 20
Ethyl acetate C. albicans - 14 13
(aqueous) M. smegmatis - - 9
Ethyl acetate C. albicans - - -
(organic) M. smegmatis -

* 8 mm paper disk
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* 8 mm paper disk against K. pneumoniae producing B-
lactamase.

vz o A 497 71 ¥ 45 4E nbutanol# ethyl
acetate 2 F&% & A% $FFY 10 mg/ml 5=
2 g2 =9 velgelnia A 84& A 2
FH(Table III), #7] &uiZeAc welZelvlA oA
@4do] vERA] ggton] FEolARt A EAde]
B £44 BAE 25 A4 2 Ysid &
A 4 o] 2u Ao gt FAAGE 2ASIYL o
9} Z+e] n-butanol FEYo] M. smegmatisol| g &t
+ B4 Yot viEiEeebA AR S48 gl Al
Z Hol M. smegmatisel] ti&t 8o 8438 7M1 B33
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Fig. 2— Relationship of growth and B-lactamase inhi-
bitory activity of strain X-8 in B-lactamase in-
hibitor production medium.
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eletella) oAl AL 4~580 ARAE VR
HFig. 2).

Ui 250 27| pHO| HY - & 759 Y4A A
At )X &% R x7) pHE e A 38t
of wieletetotA] A A A iAo F FFSA 4
254 pH ¥= #9 A% AAA G4 & 2/ 2
3}, 30°C, pH 7.5004 QA Aite] 71 w2 Zle2
E125 ¢

AR IY - BT AT A4 EA34) v
e dade 9FE A7) A3l wEl=Elrtal
AAA A iAo Z4F B2 0.5% HEE H7t
3t pH 7.0, MY 2% 30°ColA] 497 wiks 254,
glucose, lactose, fructose$} sucrosedl Al 55 Hl&
3HA Aol Fskout glucosedl A WelEElubA] A
gAdo| 7M #3ket.

B IRANO| Y - GlucoseE 4922 3 we}
ZtelulA] JAA) A4k Wiz o] sodium glutamate thAl
o) NHNO; NH(CI, (NH),SO,% ureast & F7]2
29E 0.25% H71ste] vel2tebulA] oA 43 T2
42 AL A% Uread AV viRlolA] @59 A
3} vl el JA1ZA o) FUTHTable IV).

FIRAHE] AY - GlucoseE B4z ¢
elgtebulA] A4 A v sodium glutamate
dAlel Z+E f71349€ 0.25% 3718t welete}
uh} A @43 459 A4S AR AT, bacto
peptoneo| H7He wiAolA #& 44E ¢ wEetde
ulA] A EE HA

Glucose STO| & - vetetnta] AA A A ul
Aol glucose’s=E 0.1%, 0.5%. 1.0%, 2.0%%} 4.0%
2 HsiNA T AR viElgeuiA AAA RS =

Table IV—The effect of inorganic nitrogen compounds
on P-lactamase inhibitor activity

Incubation time (Days)
Inorganic 1 9 3 4 5

nitrogen compounds
Inhibition zone (mm)*

Abgh Aol 0.5%e1A #4433 welZelntA] Gl
AArdo] 71 &9kt Glucose 557} 0.1%2) 79l
gk #3=0] A3o] AAHAR D YA 0.5% ~4.0% 7HA)
BF S F& A0 et

71 oikkdol srol A8 = viEergEivkAl AA
A Wizl K,HPO,S X8 0.05%, 0.5%, 1.0%.
2.0%5}F 4.0% 2 A A A welelnlA] A A Y+
ZARR A, 0.5%00M 2 433 9A 840l M =
< Aoz Jepgth 77 Qe B v=t 58
739 cephalosporin CE v]%3 o2 34 Bao] A
A dAsks Aoz 43 A otk wlelgelnlAl oA
A} ol 4.0%9 KHPOAIAE &) 8A4e] 2
A 22 A& SstcHTable V).

Rimie| #al 3! WA XA} - & wieletElnt] A
A acetone F5& B A3} FA ool EAF
the A ggtend pH 7.0~8.0004 7 <Hgstx
pH 4%} 10014 1 84 gA3] FAs4t 2 <t
A& HET A7 50°ColA 24A12F Foll = w2t
ohA QA" 0] 65% 2, 100°ColA 1527 714 31
Su= 1% 2 Eo] EUE T f7) &l tig 3
E4E€ A Ao GAATE /7] Sefelss F2H
A gston], 7] gulolH 328 2R L viee
uhA A 4L QoY nbutanolFE R ¢
M. smegmatis®l] ti3t] FAEYE Z2e A2 e
st wieletelotal AAA7L £7] Sl F25A
FRouz wjgds dMEesA Y5d4E Sa
Diaion WA-30, Diaion WK-20, Diaion HP-203} %
& ol ughkrAo e FAAY S A AT v
de A9 23 Diaion WA-300l 713 724 &
#3131 Diaion HP-2001 = §&6h= A o2 vy}
FHAe 45N RujvlE geleld Jal BHE =

Table V— Effect of K;HPO, concentration on B-lacta-
mase inhibitor activity

Incubation times (Days)

K.HPO, 9 3 4 5

concentration (%)

—

Inhibition zone (mm)*

NHNO, 8 9 11 11 11

NH(CI 8 8 9 10 10 0.05 8 9 9 10 10
(NH:S04 8 9 11 11 11 05 8 11 14 20 20
Urea 8 11 14 21 21 1.0 8 11 13 18 18
Sodium 8 11 13 19 19 2.0 8 11 13 17 17
glutamate 4.0 8 11 13 17 17

* 8 mm paper disk against K. pneumoniae producing B~
lactamase.

* 8 mm paper disk against K. preumoniae producing -
lactamase.
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Fig. 3— Effect of ion exchanger ratio on the B-lactamase
inhibitory activity (Diaion HP-20)

Table VI—Effect of ion exchanger ratio on B-lacta-
mase inhibitor activity

Ion exchanger :
g Inhibition zone

Ton exchanger Supernatant .
& V/V) (mm)
111 30
WA-30 1:2 34
1:3 40
1:1 _
HP-20 1:2 29
1:3 32
* 8 mm paper disk against K. pneumoniae producing B-

lactamase.

ARt 23} Diaion WA-303 HP-209] 3% &% 1:3
Al 7 JA Aol A JelttH(Fig. 3. Table
VI). Diaion WA-30° §2t€l ¢ 2N NH,OH= &
EA7) Foll ZYFF3I5 10 mg/mic] HA FF50
¢l ¥ oA @48 24181999 Diaion HP-2000
F38 A$olE acetonel 2 £&AI7 F AA] #AY
FHAA SFF 549 A 84L& AL, 1F
Diaion WA-30014 &&A17 2|3 & sephadex
G-258 A AR AXn 4 5 AL sil-
ica gel TLC®oll M2 % Fo) ninhydrin ¥H-$0 % 2
& RFANE YElE AES To} A4 2 488

FYFolct,
4 2

Edd oz e dedeieiA dAAE dske 7
FE ddstd EA4E A A3, 1.0~1.2x1.9~21
rm=71¢] Gram STl &¥4°] Y& Tde2
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catalase, urease test ¥ 33 52 ¥l Ee A
¢l BHdo oxidase, MR-, VP-test % indole testoll A
= 48 JEMIRLT casein, starch, gelating 715
Ea3lg ol Glucose, lactose, maltose ¥ sucrose 5
o] FRANXT e W4k F2A 22 Pseudomonas
sp.9t 2292 Pseudomonas sp. X-82 BH3Ych. &
F X-89] dieletetntA] JAA P HAH =2HE =
AFet A3} glucose 0.5%, uread AALYLE 0.25%
&3l KHPO,2 5571 0.5%2] pH 7.59] #el=t
EfetbA] AzA] it wiR]ellA 30°C, 4~59A AlA]
Aol 7P w3tk dAlA 2Bl A3l 5SS A}
3t A3} p-butanol, ethyl acetates} 2-& 7] -£vjo)
T F2HA g1 7304 dA gA4o| Yo n-
butanol &9 H-¢- M. smegmatisol] tidt J7H &
vehiRich A9 o] & MR diF FaEe
ZA1% 23} Diaion WA-3091 718 Z3siA ddsige
™ Diaion HP-200l = A% 222 vehton o
LA 4Ede] vz 1:3Y o 7 3 Agt
st Ao Jehdt, dAAle] pH AL =AM
A7} pH 7.0~8.0014 24X)7F ¢HA 328 pH 4.0%
pH 10.00014 = of9- BtAS ST 25 AL =4}
g Aae 4£°ColME 2417 53 ARSI en 50°C
A 24X7F FelE o 65%AE BAHE 713ed
100°CollA] 15830l = ¢F 61%9] A4S X381t
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