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Abstract In an effort to probe the reaction of antibiotic
hydrolysis catalyzed by B3 metallo-f-lactamase (MfL),
the thermodynamic parameters of penicillin G hydrolysis
catalyzed by ML L1 from Stenotrophomonas maltophilia
were determined by microcalorimetric method. The values
of activation free energy AG‘; are 88.26, 89.44, 90.49, and
91.57 kJ mol™" at 293.15, 298.15, 303.15, and 308.15 K,
respectively, activation enthalpy AH‘; is 24.02 kJ mol ',
activation entropy ASZ& is —219.2511 Jmol™' K™,
apparent activation energy E is 26.5183 kJ mol ™', and the
reaction order is 1.0. The thermodynamic parameters
reveal that the penicillin G hydrolysis catalyzed by ML
L1 is an exothermic and spontaneous reaction.

Keywords Microcalorimetry - Metallo-5-lactamases -
L1 - Antibiotic hydrolysis - Thermokinetic parameters

Introduction

The overuse of antibiotics in the clinical setting has resulted
in a large number of bacteria with metallo-f-lactamases
(MpLs) including recently reported New Delhi metallo- /-
lactamase 1 (NDM-1), which is resistant to most commonly
used antibiotics such as penicillin, cephalosporin, and
carbapenem families [1-5]. These antibiotic resistant bac-
teria exhibit their activity by using MfLs to hydrolyze the
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p-lactam ring of f-lactam containing antibiotics, such as
penicillin G [6]. The f-lactamases are divided into A, B, C,
and D group [7], and the MLs are group B enzymes which
are Zn(II)-dependent [7], and the MSL L1 is a B3 group
enzyme, it has been shown to bind 2 Zn(II) ions per mono-
mer [8]. In an effort to probe the hydrolysis reaction of
f-lactam containing antibiotics catalyzed by MfLs, much
kinetic data have been reported [9-12], and these data were
obtained by steady-state kinetic methods, but there have not
been related thermokinetic data reported.

The microcalorimetry is a powerful method to probe the
pathway and mechanism of chemical reaction [13], and it is
used in many fields [14-24]. With the microcalorimetry,
recently, Kong et al. investigated the activity of berberine
[14], Zhao evaluated the activity of berberine on Shigella
dysenteriae [17], and Yang et al. explored inhibition of two
cephalosporins on E. coli [19]. However, there was no
report on ML catalyzing penicillin hydrolysis. In order to
better understand the procedure of f-lactam containing
antibiotics hydrolysis catalyzed by MfLs, this paper first
reports the determination of thermokinetic parameters of
penicillin G hydrolysis catalyzed by ML L1 from Steno-
trophomonas maltophilia by microcalorimetric method.

Experimental

Penicillin G sodium salt was purchased from Sigma. Caco-
dylic acid sodium salt trihydrate was obtained from Amre-
sco. MPL L1 was overexpressed and purified by using the
procedure as described previously [12]. The L1 purity was
identified by SDS-PAGE (sodium dodecyl sulfate-
polyacrylamide gel electrophoresis), and confirmed by
MALDI-TOF (matrix-assisted laser desorption ionization,
time-of-flight) mass spectrum. The calorimetric experiments
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at293.15, 298.15, 303.15, and 308.15 K were performed on
RD496-1I1II microcalorimeter as described previously [25].
Before collection of the thermokinetic data, the calorimetric
constant of calorimeter was measured by the Joule effect at
four different temperatures and the constants are 63.72 £+
0.031, 63.48 £ 0.037, 62.90 &+ 0.041, and 62.57 £ 0.030
pV/mW at 293.15, 298.15, 303.15, and 308.15 K, respec-
tively. The enthalpies of KCl aqueous solution (spectral
purity) was measured with 17.238 & 0.048 kJ mol~' at
298.15 K, which matches the literature value of 17.241
+ 0.018 kJ mol ™' [26], the accuracy is 0.02% and the pre-
cision is 0.3%, this indicates that the calorimetric system is
accurate and reliable [25].

The buffer for microcalorimetric experiments was pre-
pared as previously reported one for steady-state kinetics
[12, 27]. A 0.5 mL of 30 uM L1 sample in 50 mM Tris
buffer (pH 8.5) and 4.0 mL of penicillin G sodium salt
(5 mM) in 50 mM cacodylate buffer, pH 7.0, containing
100 uM ZnCl, were put into the stainless steel sample cell
separately [28]. After equilibrium, the containers of L1 and
substrate were pushed down simultaneously. As a result,
the L1 was mixed with the substrate, and the thermogram
was recorded.

Results and discussion

The typical thermograms are obtained during penicillin G
hydrolysis catalyzed by MSL L1 at 293.15, 298.15, 303.15,
and 308.15 K, and the collected experimental data are
listed in Table 1. Based on the thermokinetic Eqgs. 1-4 [28]
and the collected data listed in Table 1, the calculated
thermokinetic parameters of penicillin G hydrolysis cata-
lyzed by MPL L1 are listed in Table 2.
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In(— —Ink+nln(1->22 1
n<H dt> nk—+n n< Ho> (1)
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Ink =1nA — — (2)
RT
RT
AGY, = RTIn— 3
# " Nk ®)
k  AHL ASY gy
e =— 74— 7 1 |p-2 4
"SR TR T )

Hy, the total heat of reaction (corresponding to the area
under the 7/K curve); H;, the reaction heat at some time
t (corresponding to the area under the curve at time f);
dH;/dt, the rate of heat production at time t; k, rate con-
stant; n, reaction order; A, pre-exponent; E, apparent acti-
vation energy; R, gas constant; 7, absolute temperature;
N, Avogadro constant; s, Planck constant; AG{;, activation
free energy; AH’ , activation enthalpy; AS‘;, activation
entropy; kg, Boltzmann constant.
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For the penicillin G hydrolysis reaction catalyzed by
MpL L1, the following thermodynamic parameter were
obtained, the values of activation free energy AG are
88.26, 89.44, 90.49, and 91.57 kJ mol ' at 293.15, 298.15,
303.15, and 308.15 K, respectively, AH‘; is 24.02 kJ
mol~" and AS(; is —219.2511 J mol~' K™'. The reaction
order is around 1.0, and the data shown that the reaction
rate constant k increases from 1.1431 to 1.9295 x 1072 5"
with increasing of reaction temperature from 293.15 to
308.15 K. The apparent activation energy of the reaction
E is 26.5183 kJ mol~'. These data indicate that the
hydrolysis reaction of penicillin G catalyzed by ML L1 is
an exothermic reaction and it is spontaneous in the tem-
perature range 293.15-308.15 K [28]. With the steady-
state kinetic method, Crowder et al. reported the K, value
with 38-278 uM [9-12]. Based on the gained thermoki-
netic data, we tried to employ the reduced-extent method
[29] to calculate K,, and result is 1419 pM, this maybe due
to limitation of the reduced-extent method.

Table 1 The collected thermokinetic data of penicillin G hydrolysis
catalyzed by ML L1

293.15 K 298.15 K
/s  Hi/H, dHId#x10"%1s™' s H/H, dH/d#/x107%)s™!
700 0398 9.071 440 0419 9.011

740 0427 8.526 470 0455 8.344

780  0.456 8.078 500 0.488 7.764

820 0484 7.638 530 0.520 7.297

860 0.510 7.236 560 0.551 6.824

900 0.536 6.870 590 0.579 6.408

940  0.560 6.522 620 0.606 5.998

980 0.584 6.179 650 0.631 5.615

1020 0.606 5.872 680 0.654 5.347

1060 0.627 5.557 710 0.676 5.005

303.15 K 298.15 K

s HJ/Hy, dH/dix107%s™! #s  H/H, dH/d#x107%)s7!
400 0.305 8.145 300 0212 7.117

440 0340 7.640 340 0244 6.817

480 0373 7.202 380 0275 6.504

520 0406 6.810 420 0305 6.280

560 0437 6497 460 0.333  5.962

600 0.468 6.168 500 0.361 5.746

640 0.497 5.815 540 0.388 5.515

680 0.524 5.487 580 0413 5.293

720 0.551 5.194 620 0.438 5.060

760 0.576 4.935 660 0.461 4.867

Ho = 1.3117 (293.15 K), 1.147 J (298.15 K), 0.7161 J (303.15 K),
0.4663 J (308.15 K)
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Table 2 Thermokinetic parameters of penicillin G hydrolysis catalyzed by MSL L1

/K Equation 1 Equation 2 Equation 3 Equation 4

kIx1073%7" n R’ E/KJ mol™"  LnA R? AGL /KT mol™"  AHZ/KI mol™'  ASL/A mol™' K™!  R?
293.15 1.1431 1.0113  0.9989 26.5183 4.0939 0.9964 88.26 24.02 —219.2511 0.9957
298.15  1.3290 0.9968  0.9983 89.44
303.15 1.6170 1.0017  0.9985 90.49
308.15 1.9295 0.9984 0.9993 91.57

R? linear correlation coefficient
Conclusions

In this paper, we first report the thermokinetic parameters
of penicillin G hydrolysis catalyzed by metallo-f-lacta-
mase L1 from Stenotrophomonas maltophilia by micro-
calorimetrey, which include the activation free energy
AG",., activation enthalpy AH’., activation entropy AS’,,
and apparent activation energy E. These thermokinetic
parameters, combining with the relative kinetic data, are
helpful to understand the reaction procedure and mecha-
nism of antibiotic hydrolysis catalyzed by MfLs, and the
method maybe used for other metalloenzymes.
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