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Abstract

Beta-Lactamase activity was detected in 15 uropathogenic isolates belonging to family Enterobacteriaceae by
iodometric method. E. coli Strain Y3 showing multiple antibiotic resistance (MDR) was used to optimize the
conditions for production and assay of the enzyme. The major location for the enzyme amongst all uropathogens
was found to be extracellular / Periplasmic (72%) including the selected isolate Y3. The enzyme is mainly cell
associated and was released from the cell surface by sonication. During periodic monitoring 8 hours of incubation
produces maximum cell mass with optimal enzyme activity at pH 7 and temperature of 35°C. The beta lactamase
was partialy purified by ammonium sulphate precipitation followed by desalting and dialysis. The pooled
ammonium sulphate activity was found to be 5.2 EU (1.5 fold purification). Further dialysed extract gave 2.2 fold
purification followed by 4 fold purification in case of desalted concentrated enzyme. The enzyme was found to be
active and stable at pH 8 for 48 hrs. and at temperature 35°C for 48 hrs. The enzymes have penicillanase activity,
get induced by inducers like penicillin, ampicillin and amoxicillin and are inhibited by Clavulunic acid.
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INTRODUCTION

Infections like urinary tract infection have bedretmajor cause of disease throughout the historjaumhan
population. With the introduction of antibiotics,was thought that this problem will disappear. léoer, bacteria
have been able to evolve to become resistant biaiits. The growing threat from resistant orgamsscalls for
concerted action to prevent the emergence of neistamt strains and the spread of existing oneskgsdzide et

al. 2008). The variability of structural and functaraspects of antibiotics from all generationsnsapable of
managing the severe problem of drug resistance tdusarious drug resistance mechanisms acquired by
microorganisms.

Bacterial resistance to beta-lactam antibioticefien associated with the production of beta-laetsen(penicillin
amidohydrolase; EC 3.5.2.6), which hydrolyses te&aiactam ring at C4 position. Most important pafrtall
penicillins is theB- lactam- ring (4 atom cyclic amide rings) azetatie, thiazolidine ring fused with to lactam ring
bicyclic heterocyclic nucleus of 6 APA. The enzymenot only present in prokaryotic microrganisms. \Gram
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negative and gram positive but is also present ukagyotic cells likeCandida albicans, blue green algae,
mammalian liver cell, rat brain etc.[8]. The enzgmproduced by gram-positive organisms are frequentl
extracellular and inducible. They have greateméffifor the penicillins than for the cephalospsrifhose of gram
negative organisms are constitutive; more variemggiture, cellular or periplasmic, but may be clégion the basis
of substrate profile, inhibition studies, molecwegight, and electrophoretic mobility[15]. Whereas ‘Extended
spectrum Beta lactamases” (ESBL) are the enzymes$ ¢thn hydrolyse third generation penicillins and
cephalosporins. These are encoded on a large plat@i can be horizontally transferred to differgenera of
bacteria. Ambler has classified beta lactamaseéb@basis of structural information available ofsbkactamases.

UTI is most commonly caused by various specieEsoherichia, Klebsiella, Bacillus, Enterobacter, Pseudomonas,
Enterococcus faecalis and Candida albicans etc (Abigail and Dixie, 2005; Rai et al, 2008). Several reports have
indicated that strains of gram negative bactefiacoli, become massively resistant to the even the Egténd
Spectrum Beta-lactam antibiotics which are thedygs to treat the infections especially UTI [ 3012].

The enzymes were first noted in 1940 by Abraham@Gimain in the issue of Nature as extracts from varlmacteria
can destroy penicillins. The terAenicillinase was first appear in Quaternary cumulated Indexibedin 1944.

All comparative data so far presented can be déednwvith crude cell-free extracts may be subjeatrror; since
inhibiting factors in the crude preparations mightse interference hence the purified enzyme wed. Uishas not
yet been clearly demonstrated that a single enigmesponsible for the destruction of the variouisstrates in any
one strain or whether the enzymes are the saméferedt throughout the species. The enzyme resplenor
destruction of antibiotic/ antibiotics may be omenwre and is considered as set of beta lactanzagbESBLS. The
present report describes the extraction and craiaation of the crude and purifiéd coli beta-lactamases enzyme
produced by the highly resistant strains are desedriunder optimal conditions of enzyme inductiothibition,
production, maintenance and assay. This enzymeahapecific activity several fold greater than abgta-
lactamases produced by more susceptible straieg,wkien crude.

MATERIALS AND METHODS

Bacterial strains, media, antibiotics, chemicals ath culture conditions:

Fifteen urinary pathogens were isolated from nopetative clinical specimens. They are characterized
biochemically as described in the Bergey’'s manfideterminative Bacteriology. Other strains like @T 25922
(reference strain for AST) and NCIM 2391 (standaeth lactamases produciBgcillus culture) were supplied by
NCIM, NCL, Pune. All the chemicals used in the @negion of reagents were of analytical-grade ancewedered
from SRL India, MERK India; Himedia Pvt. Ltd. Mumibandia. All media were autoclaved as per the #jec
media consideration and checked for sterility befaoculation.

Assay of beta-lactamase:

lodometric method used to assay enzyme Beta Lasemas as follows: Benzyl penicillin (K-phosphatsgfér 0.1
M, pH 5.9) degradation was measured by conside¢hagesidual iodine (lodine reagent 0.0166N in sodacetate
buffer) which reacts with the acid produced duenaymatic degradation. This iodine is then backneged using
equivalent of sodium thiosulphate (0.0166 N) byirtietric method where starch (1%) is an indicaReactions
were performed at 8T in phosphate buffer, pH 5.9, f&r coli cultures. The enzyme activity = umol of penicillin
degraded/ml of enzyme/Hr.

Screening and enzyme location analysis for beta l@mmase activity:

Fifteen urinary pathogens isolated from non refie@&alinical specimens. They are screened for tettamase
activity. Enzyme activity was determined in celpsmatant and cell lyzate for all isolates in ortteanalyse the
enzyme location. The highest enzyme producing teokas found to be multiple drug resisténtcoli Y3 and is
used for further study.

Beta lactamase production at different phases of gwth:

Cells of clinical isolate Y3, were grown in nutrtdroth at 37C with shaking. Samples (5 ml) were taken every hal
an hour. Cell density and enzyme activity were soead simultaneously. Cell density was measuresD@tnm.
Beta lactamase activity was determined after wmsdisruption of cells (10 Hz for 8 min) as enzytocation was
found to be periplasmic.
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Production of crude enzyme under optimized conditins:

E. coli culture was grown from a single colony inoculunfeTnutrient broth having pH 8 is used for the highe
production of enzyme. It contains ampicillin (20pod) as inducer for enzyme production. The incubrati@s done
aerobically at 3%C. These cells are then harvested by centrifugdfd00 x g, 20 min at 4°C), and washed twice in
phosphate buffer (0.01 M, pH 7.0) at 4°C. Cellseversuspended to obtain the O.D. adjusted celiitgen$e cells
were disrupted using an ultrasonic disintegratath \& min sonic disintegration at 4°C/ till commetisible cell
disintegration. Cell debris was first removed bgtcéugation (30,000 x g, 20 min af@). The cell lyzate is referred
to throughout as periplasmic crude, Beta lactarpasgaration.

Enzyme purification:
The purification was carried out alG on the crude extract, the cell lyzate obtainadragonication. with some
moadifications in the method given by Distasio[6].

Ammonium sulphate precipitation

Powdered ammonium sulphate AR was added up to &@tation. The crude enzyme obtained as per thgnenz
location was brought to 60 percent saturation &ittimonium sulphate at pH 8 for Y3 and kept overnightold
room. After equilibration, the supernatant was pftuto 80 percent saturation with ammonium sulpleatd
centrifuged at 8000 rpm, al@ for 10 min. Then the precipitates were collectegarately and dissolved in a 0.1 M
phosphate buffer at pH 8 for Y3 stored %t 4or further purification.

Dialysis:

The pre-treated dialysis tubes were used for dmlgd the precipitates collected after ammoniumpkate
precipitation. The precipitate was dissolved ilM) dhosphate buffer (pH 8 for Y3) and dialyzed. Aftigalysis, the
samples were used for protein estimation and enassay.

Desalting:

The dialyzed enzyme was applied to Sephadex G-RBneothat was pre- equilibrated with AMLPhosphate buffer
(pH 8). The protein elution was done with the samuffer at a flow rate collect 3 mL/1 min. The friacts were

collected and assayed for protein at 280 nm asagelbr enzyme activity lodometrically. The activactions were

pooled, dialyzed against the 0.1 M phosphate bpffe8, and concentrated.

Enzyme characterization studies:

Physiological character analysis:

The partially purified enzyme obtained after desgltwas used for the characterization of beta faete and to
optimize its activity. Testing of the activity dfi¢ enzyme was carried out initially at the rangetdf(6 to 8) and
temperatures (25to 55C). The pH activity profile of the partially purified enzym@H 6 to 8) was studied.
Phosphate buffer (0.1 MyH range 6.0-8.0), was used for this purpose. Tlsayawas carried out using 1 ml of
approximately diluted enzyme and 0.0166N substfpémicillin). Enzyme activity was calculated by @detric
analysis. Similarly, the activity of the enzyme wasasured at different temperatures ranging froft 26 55C,
and at the optimunpH using the assay procedure above. The partiallyfipd enzyme was used for the
characterization of Beta -Lactamase and to optintszactivity. Testing the activity of the enzymeaswcarried out at
wide range opH (6, 7 and 8) and temperatures (25, 35 aff€B5ThepH activity profile of the partially purified
enzyme (6, 7 and 8) was studied. Phosphate buiffenV, pH range 6, 7 and 8). The assay was carried oug (sin
ml of approximately diluted enzyme. Specific adiivivas calculated iodometrically. Similarly, thetigity of the
enzyme was measured at different temperaturesmguigim 25C, 3%C and 55C, and at the optimurpH using
the assay procedure above.

Inducer profile study:
The substrate profile study was done using pemid® (0.0166N), Ampicillin 30pg/ml and AmoxicilliBopg/ml.
The enzyme is allowed to interact with substrat iardetermined lodometrically.

Inhibitor analysis:
Clavulunic acid is used to study enzyme inhibitibhe enzyme is studied for inhibition at variousicentrations of
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RESULTS

Identification of clinical isolates:

All the clinical isolates were isolated on Mac-ceg& agar show pinpoint pink coloniesindicating tHeactose
fermentative nature. All bacteria were confirmedb®E. coli by using IMVIiC test, CLED agar with Andrade
indicater (bright pink color), EMB agar (blue blagietallic sheen), Endo agar ( red rose metalliesjd17].

Table: I: Location of enzyme

Sr. No. | Culture No. | Cell density (24) hrs (at 500m) | Activity in cell supernatant | Activity in cell ly sate | Location of Enzyme
1 00043 0.435 0.4 0.2 Extra cellular
2 00192 0.352 1.6 1.4 Extra cellular
3 0056( 0.10¢ 1.4 24 Periplasmi
4 0062 0.461 1.2 2.4 Periplasmic
5 00801 0.043 1.2 2.4 Periplasmic
6 00908 1.008 2.6 2.8 Periplasmic
7 02973 1.564 1.6 1.8 Periplasmic
8 03793 1.126 1.8 1.6 Extra cellular
9 0571¢ 0.817 2.4 3.C Periplasmi
10 3371 0.47¢ 14 1.8 Periplasmi
11 33807 0.993 1.8 14 Extra cellular
12 34690 1.608 1.6 2.0 Periplasmic
13 34987 0.995 1.4 1.6 Periplasmic
14 34967 0.857 14 1.6 Periplasmic
15 34990 1.249 2.0 2.2 Periplasmic

Graph I: Growth curve

Growth curve for enzyne production

by E. coliY3
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Preliminary screening for Beta-lactamase activity ad analysis about enzyme location:

The extracellular and intracellular penicillinasdivty was determined by using cell supernatard asll lyzate
respectively using the iodometric method. The migoation for the enzyme amongst all uropathogeas feund

to be extracellular / Periplasmic (72%). ( table. Mo The clinical isolate Y3, exhausted for funthstudy was
showing maximum intracellular enzyme activity (3)EB. coli Y3 was found to be Multiple Drug Resistant culture,
showing resistance to Ampicillin, Amoxicillin, Pipeillin, Carbancillin, Mithicillin, Cloxacillin, O=cillin,
Cefotaxime, Ceftazime, Cefazolin, Ceftriaxone arakswgensitive to Amikacin, Amoxicillin with Clavulimacid
and Nitrofurantoin.
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Enzyme characterization
Physiological characters analysis

Graph II: pH optimization
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Table llai: Statistical analysis for optimization of pH

Hrs 6 7 8 Total
24 | 34| 46 6 14
48 34| 34 4.2 11
72 | 24| 28| 3.6 8.8
96 | 18| 12| 28 5.8

Total | 11 12| 16.6| 39.6

Table llaii: Calculations:

C.F. 130.68 | Source | df Ss Mss F
pH SS 4.46 pH 2 4.46 2.23 9.511848 *
Hrs S¢ | 12.0133: Hrs 3 | 12.0133: | 4.00444. | 17.0805 | **

Total SS

17.88 Error 6 1.406667 | 0.234444

Error SS| 1.406667 Total | 11 17.88

Graph Ill: Temp. Optimization
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Table lbi: Statistical analysis for optimization of temperature:

Hrs 25 35 45 55 Total
24 3.8 5.2 3.4 24| 14.8
48 3.8 3.2 3.2 16| 11.8
72 3.8 3.2 2.6 1.4 11
96 2.€ 1.4 1.6 0.8 6.€
Total 14 13 11 6.2 44.2

TotasSS 50.08 4948 31{8 10.92142.28

CF 122.1025

Table llbii: Calculations

CF

122.1025 Source | df SS MSS F

Temp SS

~

131.11 9.007% Temp. | 3 9.0075 3.0025 10.5453

Hrs SS

N

130.71 8.607§ Hrs 3 8.6075 | 2.869167 10.077(¢

Total SS

142.28 20.177p Error | 9 2.5625 | 0.284722

Error SS

2.5625| Total | 15| 20.1775

Graph IV: Inducer profile study
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Graph V: Inhibitor profile study
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Table 1ll: Enzyme production
Table llla: Cell disintegration for obtaining crude enzyme:

Sr. no. Method Intracellular EA  Extracellular EA dation of enzyme
1 Sonication 2.4 1.8 Intra cellular/ Peripalsmic
2 Lysozyme 14 0.g Intra cellular/ Peripalsmic

Table llib: Enzyme purification

Summary of Enzyme Purification
Sr. no. Step of Purification Enzyme activity (EU) pe8ific activity (EU/mg)
1 Crude extract 3.0 3.74
2 Pooled enzyme after Ammonium sulphate precipitafi 5.2 6.50
3 Post dialysis 5.6 6.97
4 Post Desalting 5.8 7.22

Graph VI: pH stability of enzyme

pH stability of enzyme
4
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z I
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24 48 72 96
Graph VII: Temperature stability of enzyme
Temperature stability of
enzyme
24 55
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g 2 2" e Enzyme activity
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Beta Lactamase production at different phases of gmwth:

Strain Y3 was used to study the formation of B&&ctamase enzyme during growth in nutrient brotref 1 ). Its
maximum activity (6.0 EU) occurred at about 8 hodiging stationary phase after initiation of growburing late
stationary phase the activity was found to be @abaut constant (5.4 EU) but at the lower sideStl hours. After
10 hours there was a sudden decrease in beta kssaaativity.

Optimized enzyme Production

The selected clinical isolate have produced theyrapzBeta lactamases with enzyme activity of 3.6 riEUh

aerobic condition after 24 hrs obtained in celllygz The optimum pH for production was found to7b&raph I1)
and optimum temperature was found to b&C35These veriables were also confirmed using stastl analysis
(tablellai,ii and table llbi,ii). After the induceand inhibitor profiling, amoxicillin at concentrab of 10 mcg/ml ,
was found to be the ,more efficient inducer thampiaitin (10 mcg/ml) (Graph 1V) whereas amoxicilledong with
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Clavulunic acid (20mcg/ml) the enzyme productiorsveund to be less (GraphV). Both pH ( table nai, lliaii)
and time (in Hrs.) ( table no. lllai, lllaii) aragsificantly affecting enzyme production when arsalgl using
ANOVA, however, the effect of time was more infltiah as its F value was significant at p=0.01.

Plate I: SDS PAGE profiling of the purified enzyme

BDS PAGE profiling of the purified enzyme:

» S0KD

, 100 KD

, 200 KD

, 150 KD: Band
forenzyme beta
Lactamases

[R50 KD

Enzyme Purification:

Enzyme activity was determined during downstreangiragess. For extracting the periplasmic enzym¥3the
most efficient cellular disintegration was obtair®dsonication (EA= 2.4) than by the use of lysoeytBA= 1.4,
Table no. llla). This pooled enzyme was furtherifipd using ammonium sulphate precipitation whigas found
to be 5.8 at 70% saturation of ammonium sulphate. @ooled ammonium sulphate activity was founde®2 EU
(1.5 fold purification). Further after dialysis (E46.6) (2.2 fold purification), desalting and vacuwoncentration
steps the enzyme activity was found to be 5.8 Efdl@purification) (Table no llib).

The purified enzyme was analysed for its physicothbal stability. The enzyme was found to be activeH 8 for
48 hrs (Graph VI ) and at temperature°@%or 48 hrs. (Graph VII. ). Molecular weight oblated enzyme was
determined by SDS PAGE and found to be in betw@éntd 150 KD (Plate ).

DISCUSSION

Vrabelova had worked on the nosocomial plasmidpamsible for multiresistance of bacterial isolafesm
inpatient cases. In his study nitrocefin was usedHe detection of beta lactamases enzyme. Alies has shown
production of beta lactamases in present studgredsE. coli strain Y3, compared to other urinary pathogens,
consistently produced high levels of beta-Lactamastivity.

Sawai et al. (1978) has worked on the iodometdsay Method for Beta-Lactamases detection. In #ieity they
have used various beta lactam (6APA and 7APA) miils for enzyme Quantitation using both enzyme alkali
and have obtained thedependency of F value foraiy&ls of cephalothin depended upon the hydrolgsisedure
and also concluded that the both processes learteation of different products whereas enzymatigrddation of
7APA was done in our study.

Very less work has been done on beta lactamadescoli where as only the increased production under abaer
conditions was studied by Rashtchian in 1979. THayais for beta lactamases producedbgillus fragilis AM78
was analysed by Britz and Wilkinson in 1978. Thedific activity was found to be 3,424 U/mg i.e. ab8,000-
fold that of the crude cell-associated enzyme. resent investigatior.coli Y3 produces 4 fold rise in enzyme
activity(5.8 U) after desalting and concentratirgjng vaccum. Yoshiaki Fujii-Kuriyama while workirayn Proteus
morganii has observed a single polypeptide of moleculaghtein between 38,000 to 40,000 D using SDS PAGE
with isoelectric point as pH 7.2. The optimal pHswabout 8.5 which was found to be 8 in case ofamayme.
Mayers and Shaw in 1989 has worked on New methodshe production of consistently high levels oftate
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dependent/3-lactamases (/3-lactamhydrolase, (EC.®.%rom strains $69/H/9 and $/B/6 Bécillus cereus are
described which have significant advantages ovasdheported previously.

CONCLUSION

Being a war against microorganisms, it is foundriow more about their molecular and fiunctionalasrigations
so that new methadologies for combating them cambde up. The more and more structural and funaition
illucidation which was done in this study was thsable to mask the effect of enzymetic shild beifigred by the
ESBL producing bacteria. The enzyme kinetic studisied out will be significant in future whilerfoulating or
modifying existing antibiotics used in UTI.
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