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RESULTS

ABSTRACT

Background: SPM-1 has a flexible unique 24 amino acid loop close to the active site. Flexible °
loops of other metallo-B-lactamases (MBLs) are very different in length and location. To provide

The 4- primer PCR technique functioned successfully creating the hybrid
protein SAl which was ratified by sequencing.

As with wt-SPM and SPM-L-Del, hydrolysis of aztreonam and moxalactam

Figure 3: ‘4-primer’ PCR method for site-directed insertion of sequences into genes. Primers

Figure 6. CD spectra for SAl in comparison with wt-SPM.
1 and 4 are external primers designed to complement the termini of the gene.

an insight into their mechanism of hydrolysis, the IMP-1 loop and SPM-1 loop were substituted. by SAl was not measurable. Increasing the concentration of SAl or incubation . . -, . ;
Methods: The 24 amino acid loop was deleted from SPM-1 and the 10 amino acid loop of Primers 2 and 3 are internal mutagenic ‘long primers".

o . : o , , , : L of both compounds with SAl for one hour did not result in breakdown of the
IMP-1 inserted (SPMAIMP) by PCR overlapping primer techniques. The PCR product was . The over-expressed enzyme did not give particularly high protein yields and P Desired mutation e B -
over-expressed in E. coli, and .SPMA.IMP was purlfled using standarq 2-stage protelp o it was comparable to that of SPM-L-Del. Subsequent checking of the whole substrate. \ % i I
chromatography. The hydrolytic profile determined for 8 representative B-lactam antibiotics. . _ o _ _ 1, 3 s
Zinc assays were undertaken using atomic absorbance psectroscopy. Circular dichroism cells to examine whether the protein had been captured in inclusion bodies S S S o

. . . . +— «— 2 a
determined the structural effect of these changes. revealed that this was not the case. The concentration of SPM-L-Del obtained . CD spectra was obtained for both wt-SPM and SAl to facilitate comparison 4 primary PCR 5 i il
Results: Sequence analysis verified the genetic changes and SDS-PAGE confirmed gene following purification from a 4L culture was typically 4 pM in a volume of 10 P P i amplificaion .g
expression and purity. SPMAIMP gave V,...’s for imipenem and meropenem of 0.018 and 0.033 Tl of the mutant protein with the native enzyme (Figure 6). The CD spectra of 2 20 il
s compared to 4 and 3.2 s (wt-SPM) respectively. The K,, values for imipenem increased . . _ _ = o : R
to 107 pM (Wt-SPM, 36), and, intriguingly decreased for meropenem from 280 (wt-SPM) to the SAl amide region showed that the secondary backbone structure of the Mix a"‘ia""ea' 0 R
81 iJM For peniCiIIin G, amIpICIIIIn, cefuroxime and Ceﬂ:aZidime, the Vmax,s (0045, 0005, 00135, ° The molecular mass Of SAl, as determined by ESi mass Spectrometry was mutant pI’Otein was |ntaCt When the CD spectra Of SAI was Compared to that 200 290 240 260
0.012 s respectively) also significantly decreased compared to wt-SPM-1 (2, 2, 6, 5 s™ found to be 24.495 kDa. this is in aareement with the predicted molecular __, Secondary PCR amplification gl
respectively). The K;,;’s for penicillin G and ampicillin, increased from 38 and 72 uM (wt-SPM) unhdato ' » IS 1S | _ 9 W _ P I_ olect of wt-SPM, there were no significant differences, indicating that SAl retained - o« ———
to 270 and 250 pM, respectively. Interestingly, the K.,’s for cefuroxime and ceftazidime decreased mass of 24.52 kDa, calculated using Expasy and is substantiated by the SDS- _ _
from 4 to_ 3 um and 46 to 29 pm respectively. | | | PAGE of pure SAl (Figure 5) which shows a band of approximately 24 kDa. the secondary backbone structure of wt-SPM following the deletion of the New DNA fragment
Conclusions: Replacement of the SPM-1 loop with the IMP-1 loop did not consistently result loop and the exchange of residues 21-30 of IMP-1 for residues 24-33 in the CONCLUSIONS

in weaker substrate binding. Lower V.« values and, overall, raised K|, values demonstrate that
the IMP-1 loop does not compensate for the native SPM-1 loop in substrate binding and
hydrolysis and the native loop is central to the hydrolysis of B-lactams by SPM-1.

INTRODUCTION ’

The 24 amino acid loop of SPM-1, positioned close to the active site of SPM-1 in both the
molecular model and the crystal structure, appears to behave as an active site loop that enhances
the binding and hydrolysis of most B-lactams. All other characterized class B1 metallo-B-

o In concurrence with wt-SPM, the zinc content of SAl was found to be 1.5 SPM-1 sequence.

moles of zinc per enzyme molecule. Figure 4. Agarose gel of SAl and the component amplicons. A = 1kb+ DNA marker, B = full o
length SAl (SPM-Ndel- and SPM-BamHI primers), C = 5’ amplicon (SPM-Ndel and
IMP-Loop-Ins-R primers), D = 3 amplicon (IMP-Loop-Ins-F and SPM-BamHI
primers).

The findings with respect to SAl are in contrast to those of Moali et

Figure 1: Alignment used to generate the homology model of SPM-1. asterisks = identical
residues in IMP-1 and SPM-1; dots = residues of similar function. Residues for the
IMP-1 crystal structure of the sequence with pdb identification number 1JJE are

The K, values differ for each class of B-lactam assayed (Table 1). For the two al who reported that the BcllAIMP enzyme is a more effective metallo-

penicillin compounds and nitrocefin, the K, values showed an increase. This
was most notable for nitrocefin which showed an 11-fold increase from the
K., shown for wt-SPM, from 4 uM to 44 uM. Ampicillin exhibited the least

B-lactamase than wt-BClIIl. The results presented here engender the
numbered in accordance with the Swiss Protein pdb file. The sequence with pdb P 9

identification number 2BBK used to model the inserted loop region (SPM-1 residues

conclusion that the IMP-1 active site loop does not substitute for
113 to 131) was LLVDQRDGWRHKTASRFV (residues 283 to 301) in the pdb file.

the wt-SPM active site loop, and for some substrates is detrimental.

L o L . . alteration in K,,, with a 3.5-fold rise from that observed for wt-SPM. In contrast,
lactamases possess active site loops significantly distinct from that of SPM-1 in being shorter _ o _ o o . b YNLTATEIDS DUEUTORDE YSSNLUAL - e MLDCTY
and positioned further upstream within the primary sequence. Sequence alignment of SPM-1with SAI b|nded the Cal’bapenems and CeftaZ|d|me W|th greater aﬂ:|n|ty. A 1 2'f0|d 1JJE 3 S]:E —D%KIEEL*DE GYYYHESFEE VNGWGV}(IPEH GLVVLVNAEA
IMP-1 (Figure 1) shows that the residues within the loop region of IMP-1 (residues 21-30) have reduction in K, was observed for each of these substrates, whilst the K, for Sl 43 VIVSSPRENL GIOTLNDNVA KIMKEKKUVA TNTHFHLDGT GONBIYKAG ° Although it is impossible to say conclusively from the current data
no identity with the corresponding sequence of SPM-1 (residues 24-33), and among the ten £ : : LI 45 YLIDTPPTAK DIEKLVIUFY ERG-YKIKGS ISSHFRSDST GGIEWLNSRS

roxime remain nchan from wt-SPM at 4 uM. N O - 5 : : " :

residues constituting the loop only four had a similar function (Figure 2). Accordingly, we exchanged cefuroxime remained unchanged fro SPMat4 u o 1000 whether the length of the active site loop plays a critical role in
the IMP-1 loop for the corresponding residues of SPM-L-Del (SPM without the loop), to determine LIJE 94 IPTYASELIN ELLKKDGK-- =-onommos mommomoms oo VORTNSES : . . .

e - Ve o 050 — bstrate hydrol f th tion of the | thin th
whether the active site loop of IMP-1 could act in place of the SPM-1 active site loop and restore o The rate of substrate turnover k. (s™') showed a decrease for SAl when bt 143 LKOGKVESES NETUEVSERG PAHSEONTYY YESKKKILEG COMIKEKELG substrate hydrolysis, or even I the position of in€ loop within the
an enhanced level of substrate catalysis to the mutant enzyme. This poster describes the compared to wt-SPM for all compounds assaved with the exception of LR 10 T GRALY KNELRTELRG PCRIEDIIVY WLPERKILEG GOFIRENGLS Qi i
generation of SAl, an SPM-1 protein that lacks the SPM-1 loop, but possesses the IMP-1 loop, n'trosef'n (Table 1). The greatest gecl'ne as syeen or cefure 'mr()a and T 400 —» structure of the enzyme is important, the loop unequivocally
and its subsequent analysis. o 9 ne v o | S O e S possesses features, absent from the IMP-1 loop which are vital to

ceftazidime for which the k.. values reduced by 37- and 28- fold respectively. o e e 200 > .
MATERIALS AND METHODS s). The k. (s) values for both the carbapenems assayed decreased by R T the function of SPM-1 as a metallo--lactamase.

approximately 10-fold. The least reduction was noted for benzylpenicillin and
ampicillin which declined by 3.5- and 2.5-fold respectively. In contrast, the
K.a: for nitrocefin doubled from 0.5to 1 s™.

The 24 amino acid loop mutant was deleted from SPM-1 and the 10 amino acid loop of IMP-1
inserted (SAl) by PCR overlapping primer technique. Primers were designed to delete the loop
from SPM-1 and insert the IMP-1 loop in the same position as it naturally occurs in IMP-1 (Figures
3 and 4). PCR products were cleaned by commercial kits and sequenced on both strands to

Figure 2: The homology model of SPM-1 compared with the IMP-1 crystal structure. IMP-
1 structure of the sequence with pdb identification number 1JJE is shown in red,
the SPM-1 homology model is shown in yellow. SPM-1 zinc binding ligands are
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