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Properties of B-lactamase from Neisseria gonorrhoeae
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3-lactamase activity was studiedNieisseria gonorrhoeatrains. Optimum temperature was found
to be 37°C. The enzyme was inactivated at temperatures higher than 60°C, but remained active during
storage at low temperatures (4°C, -30°C and -70°C) for two months. Enzyme activity was observed
within a pH range of 5.8-8.0, while the optimum pH was 7.0-7.2. Additior?df R&?*, Fe3*, M+
and p-chloromercurybenzoate to the reaction buffer exerted a negative effect upon the activity, whereas
Hg?* and ethylene diamine tetra-acetic acid produced complete inhibition. These results would indicate
the presence of -SH groups at the catalytic site of the enzyme.
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Penicillin became the drug of choice for treattactamase fronlN. gonorrhoeaeas to contribute
ment of infections caused bWeisseria useful information.
gonorrhoeaeshortly after it became available for
clinical use. Remarkably small doses (e.g., 100,000 MATEF?IALS AND METHODS
units altogether) were used to cure gonorrhoea Microorganisms- Two strains ofN. gonor-
(Mahoney et al. 1945), an occurrence reflectinghoeag isolated from clinical specimens, were
the high susceptibility of the gonococcus to penidsed. The strains were maintained at -70°C in a
cillin (Reyn et al. 1958). During the subsequen€ryoprotective medium (Tryptic Soy Broth -BBL-
decades a gradual increase in gonococcal resistaiééh 25% glycerol). Strains were selected accord-
to penicillin, documented in the United States (Maring to their capacity to produce B-lactamase.
tin et al. 1970) and elsewhere (Amies 1969, Reyn Preparation of cell-free extractsPortions of
1961, 1969, Arya & Phillips 1979), needed in-SJ-GC broth (not commercially avilable) (500 ml)
creases in the dose of penicillin as well as the a#ere inoculated and incubated at 37°C for 24 hr
dition of probenecid to maintain effective therapy(Shockley et al. 1980). Subsequent operations were
(Holmes et al. 1973, Kaufman et al. 1976). In théarried out between 0 and 4°C. Cells were har-
United States, however, a reduction in gonococc¥psted at the end of the log phase by centrifuging
resistance to penicillin has been witnessed sin@ 6,000 g for 20 min, washed twice with phos-
1972 (Reynolds et al. 1976), and in 1976 a sufphate buffer (pH 7.0) and resuspended in the same
stantial decline in the rate of increase in morbiditpuffer to give a final concentration of 30% wet
from gonorrhoea was observed (CDC 1977). Theeight (w/v). Cell suspensions were disintegrated
isolation of penicillinase-producinly. gonor- in a French press at a constant pressure of 1,575
thoeae(PPNG) (Ashford et al. 1976, Phillips 1976)kg cn12. Cell debris was removed by centrifuging
urged the use of other antimicrobials. at 30,000 g for 10 min. The supernatant fluid was
The first two reported cases of infection withused as crude enzyme extract.
PPNG in the United States were in March 1976 in Enzyme assays3-lactamase activity was de-
Maryland and in April 1976 at Travis Air Force termined by a direct spectrophotometric method
Base in California (CDC 1976). (O’Callaghan et al. 1972Haemophylus i_nfluenzae
In Argentina the isolations of PPNG strainsATCC 10211 was used as a negative control,
reached a value of 30% in 1995 (Mernes et awhereafscherichia COlIATCC 35218 was used
1997). The present work was carried out in ordeds & positive control. Hydrolysis of the 3-lactamic
to characterize and to study the properties of (§ing was measured by the decrease of optic den-
sity of the cephaloridine solution. Measurements
were carried out at 255 nm. One enzyme unit (U)
was defined as the amount of enzyme that released

. 1 umol of cephaloridine per ml per min under the
+ N - - . g e . .
R%ggflsegoff'Rggiustpggg':?ax' +54-81-248169 given assay conditions. Specific activity was ex-
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Protein concentration was determined by th@ercival et al. (1977) and Phillips (1976) found
method of Lowry et al. (1951) with bovine serumsimilar results in other Neisseria strains.
albumin (BSA) as a standard. The effect of the pH on the enzyme activity is
Isoelectric focusing Electric focusing was per- shown in Fig. 1. Optimum pH was found to be 7.0-
formed on a sucrose ampholyte gradient (pH 3.0.2. These results agree with those reported by
to 10.0). The experiment was carried out belowivermore and Corkill (1992) who found that pH
4°C on an ampholyte electric focusing columrvalues 6.0-7.0 were optimal for R-lactamase activ-
(LKB 8100) for 48 hr with a final gradient of 300 ity in Escherichia col@76 (3-lactamase TEM-1).
U. The contents of the column were cut out into 3
ml fractions and each fraction was assayed for its 190
3-lactamase and pH (Matthew et al. 1975).
Determination of optimal pH, temperature and__  so;
thermal stability- The effect of the pH on the R- £
lactamase activity was determined in phosphatg
buffer (0.2 mol i) with a pH range of 5.8-8.0. £
The influence of the temperature on the enzy$
matic activity was determined by incubating theg 491
assay mixture for 15 min at temperatures rangin
from 15°C to 55°C. @ 20
Thermal stability was determined by incubating
the enzyme extract at temperatures ranging fom |
15°C to 60°C for 1 to 25 min. Substrate was then 5.6 5.8 6.0 6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 8.2
added and the solution incubated for an additional pH
15 min at 37°C, to measure the residual activity. rig 1: effect of the pH on the specific activity (U/mg of en-
Storage stability of the enzymEnzyme Sus- zyme) ofb-lactamase fron\eisseria gonorrhoeae
pensions were stored at 25°C, 4°C, -30°C and -70°C

for 1, 2,5, 10, 20, 30, 45 and 60 days. The residual The effect of the temperature on the R-lactamase
enzyme activity was determined after each periodyctjvity of the microorganism is shown in Fig. 2.
Effect of metal ions, inhibitors and other sub-pptimum temperature was 37°C. Similar behaviour
stances on enzyme activittock solutions of pas also been reported by Saino et al. (1982).
CaCl, HgCl, CusQ, MnCl,, FeCl, CdCl, The enzyme solutions showed a remarkable
NiSO,, ZnSQ,, MgCl, and FeSQwere prepared stapility when kept at low temperatures. The re-
in phosphate buffer (pH 7.0), and added separatedyjual enzyme activity of the extracts remained
to the reaction mixture 3" ozder to obtain alf'”alconstant for two months throughout storage when
concentration of 18, 103, 104 and 16 mol I'. ot at -70°C (Fig. 3). The enzyme was totally in-
All reagents were purchased from Sigma. Inhibizctivated at 25°C after 20 days of storage. Similar

tors such agp-chloromercurybenzoate (PCMB) yagyits have been obtained by Edwards and Green-
(S!gma) and ethylene diamine tetra-acetic (EDT_A‘)\,OOd (1990) for R-lactamase isolated from
(Sigma) were assayed at the same concentrations

as the metal ions. Residual enzyme activity was
assayed and expressed as a percentage of the ac-
tivity determined in phosphate buffer (control).
Reproducibility- All results presented in this 801
paper are the means of three replicate assays.

RESULTS AND DISCUSSION

The two 3-lactamases isolated from two strain
of N. gonorrhoeadn this study showed similar
behaviour, indicating that they were similar. There-8
fore further studies were carried out with only oné” 20/
of the isolates.

Under the assay conditions used in this study -
cell-free extracts oN. gonorrhoeaeshowed an 15 20 25 30 35 40 45 50 55
activity of 0.36 U per mg of protein. The isoelec- Temperature (°C)
tric point obtained was 5.4, which suggests thatig. 2: effect of the temperature on the specific activity (U/mg
this R-lactamase isolated frdw gonorrhoeade-  of enzyme) ob-lactamase froNeisseria gonorrhoeadem-
longs to the TEM-1 type (Van Embden et al. 1980)eratures assayed: 15, 20, 25, 30, 37, 40, 45, 50 and 55°C.

601

100

603

cificactivity (%)




Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 93(2), Mar./Apr. 1998 239

Bacteroides in which case the enzyme retainedA

100% activity after storage at -70°C for 10 months. 190
The stability of B-lactamase at low temperatures
as found in this work will prove to be of great |m— 801
portance when enzyme purification studies ar%;
undertaken. £ oo |
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Fig. 3: stability ofb-lactamase activity after storage at -70°C §
(W), -30°C (+), 4°C (*) and 25°C) for 1, 2, 5, 10,20, 30,45 T 40
and 60 days. k.
3
T 20
Fig. 4 shows the results of thermal denatural-
ization of -lactamase activity. Residual activity o e . . : i
at 37°C after 25 min is 95%, whereas the enzyme 0 5 10 15 20 25
is completely inhibited at 60°C after 2 min, dem- Time {min)

onstrating that the enzyme is thermolabile. DaViﬁi . 4: thermal denaturalization bflactamase activity from

et al. (1974) observed that R-lactamase producedisseria gonorrhoea&nzyme extracts were incubated at the

by Bacillus cereusost its activity completely when temperatures mentioned below for 1, 2, 5, 10 and 25 min. Re-
kept at 50°C for 10 min. sidual activity was measured after substrate was added and the

. olution incubated for an additional 15 min at 37°C. A: 15°C
The Table shows the effect of cations on thgg) 50:c (1) 25°C (). 30°CI) and 37°C (x). B: 40°Cm),

enzyme activity. 45°C (+), 50°C (*), 55°CI) and 60°C (X).
TABLE
Effect of ions and reducing agents on the activity of R-lactamaseis$eria gonorrhoeae

Effective compound % inhibition % activation

Concentratioh 10° 104 108 102 10° 104 10% 107
PCMB 31 65 80 98
HgCl, 100 100 100 100
EDTA 100 100 100 100
NiSO, 3 38 64 82
FesQ 2 7 46 50
FeCl 11 38 57 76
MnCI2 17 20 44 51
CdCl, 3 29 53 76
CaCl, 26 29 30 33
CusQ, 7 27 45 58
ZnsQ, 15 11 8 6
MgCl, 3 3 3 3

a: concentration in mot}, PMCB: p-chloromercurybenzoate; EDTA: ethylene diamine tetra-acetic acid.
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