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/3-LACTAMASE ASSAY USING
2,2'-BICINCHONINATE AT

NEUTRAL pH AND ROOM
TEMPERATURE

Sir:
The iodometric procedure^ has been very

commonly used for estimation of /Mactamase
activity. In modifications which increase assay
sensitivity2»3) the iodine may affect the enzyme

while cellular amylases may give distorted re-
sults due to hydrolysis of starch in the mixture.

^-Lactamases have also been estimated from
the reduction of Cu(II) by penicilloates with
neocuproine as the detecting agent4). Investi-

gations into the action of copper ion on penicil-
lins5»6) in this laboratory have led to the use of
2,2'-bicinchoninate, a reagent used for assay of

proteins70, for estimating /3-lactamase activity.
Details are reported.

Color reagent consisted of 1.5 % sodium bicin-
choninate and 0.75 % sodium potassium tartrate
in 0.05 m phosphate buffer pH 7. Solution con-
taining /3-lactamase (0.4 ml) was mixed with
1.6 ml of 6.25 mMpenicillin and after incubation
at 37°C with shaking 0.1 ml samples were added
to 0.1ml ice cold 2.5% TCA. This was im-

mediately followed by addition of 2.7ml of
color reagent and tubes were allowed to equili-

brate to room temperature (20~25°C). The
color reaction was initiated by addition of 0.1 ml
of 20 mMCuSO4-5H2O and terminated after 10

minutes by addition of 0.1 ml 2x102 mMEDTA
in buffer. Readings were made at 562nmafter
centrifugation where required.

Labpenase (/3-lactamase from Commonwealth
Serum Laboratories, Melbourne) was diluted

1/1,000 for use. After 1 hour incubation under
the conditions described above a specific activity
of 8.3 mmol of benzylpenicilloate (BPOA)/iag
protein was noted. The rate of formation was
linear with time and it was also proportional to

enzyme concentration at lower dilutions. Or-
ganisms containing /3-lactamase were grown in

nutrient broth with shaking and after 8 hours
methicillin was added to a concentration of

1.2xlO-3 niM2). Cells were harvested after 24
hours, washed with buffer, concentrated 10-fold
and enzyme activity measured as described above

after 1/2, 1, 2, 3, 4, 5 hours incubation. The

supernatant fluid of the growth broth was used
without further treatment and samples tested

for BPOA formation after 0.33, 0.67, 1, 1.5,
2.25 hours incubation.

Sodiumpotassium tartrate depressed colour
of the BPOAstandard curve (Fig. 1) but was used
routinely to obviate potential for precipitates.
The blank was lower than that obtained with
neocuproine and low enzymeactivity was more
readily detected by a change in colour of the
test. Intracellular and extracellular activity in

Fig. 1. Reaction of bicinchoninate with varying
concentrations of BPOA(à") in presence of sodium

potassium tartrate as described in text (O) in
absence of sodium potassium tartrate.

Fig. 2. Estimation of /3-lactamase activity using

bicinchoninate assay.
Cells of Escherichia coli (©) and Bacillus subtilis

(H) and supernatant fluid of the growth broth of
B. subtilis (å¡) were used.
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culture broth (Fig. 2) could be measured as
well as purified enzyme activity. Immediate
neutralization by dilution eliminated any effect
of TCA on penicillins and other potential
reducing agents in the culture fluid and cells
also showed minimal interference. The open
/3-lactam ring forms of phenethicillin, methicillin,
ampicillin, 6-aminopenicillanic acid and cephalo-
thin all reduced Cu(II) and could thus be used
as /3-lactamase substrates with this reagent. Po-
tential modifications are nowbeing examined
to increase sensitivity without the heating step
or higher pH which is used for proteins70 and
carbohydrates8).

The overall mechanism has proved difficult to
determine. At equilibrium, in the presence of

excess copper, 4 mol of Cu(I) are formed per mol
of BPOA added. Extrapolation of reduction

rates to zero time gives an initial 2 : 1 stoichio-
metry. Penicilloates and penicic acid show an
absorbance peak with copper in the wavelength
range 320~400nm and thiol groups can be
detected with Ellman's reagent9). The most
likely mechanism is multistage and involves an
initial electron transfer from Cu(II) to open
the thiazolidine ring between S-l and C-2 fol-
lowed by further copper catalysed degradation.
This might include the formation of a disulfide
dimer or a Cu(I) complex analogous to mercuric
chloride induced penamaldates as well as the
formation of penicillamine and penaldate de-
rivatives.
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