METHODS

Library assembly and transformation:

Based on our previous report (reference), we generated a focused, combinatorial b-Lactamase library containing mutations at four different positions e.g. L139 changed to Y, E, W; Y241 changed to A, G, W; S338 changed to A, R, N, and N366 changed to R. We combined both site directed mutagenesis, gene synthesis, and overlapping PCR method to generate a combinatorial library containing 128 mutants. The P99 ORF was hypothetically divided into three fragments; 600 base-pair long fragment 1 containing position 139; 400 base-pair long fragment containing position 241 whereas fragment 3 harbored position 338 and 366. Using site directed mutagenesis method, we individually changed L139 and Y241 to predefined amino acids and PCR amplified fragments 1 and 2. We generated 222 base-pair long fragment 3 containing S338 to A, R, N, and N366R using method as described previously (Xiong et al 2006). Briefly, we designed four overlapping internal primers and two outer primers to cover entire fragment 3. In a PCR reaction, mixture of inner primers acted as template while outer primer acted as forward and reverse primers to generate 222 base-pair long fragment 3. For library assembly, individual fragments (Fragment 1, 2, and 3) containing overlapping sequences, were mixed together to carry out fusion PCR reaction and generate full length P99 flanked by NdeI and XhoI. This PCR resulted in full length P99 containing all possible mutant combinations. The PCR product and pET26b were restriction digested, gel purified and subsequently ligated to the vector to generate full length clones. The ligated clones were then transformed in to E. Coli BL21 (DE).               

Functional clone screening:
After transformation, the individual bacterial clones were transferred into individual wells of 96 well plates and grown overnight in presence of 50 µg/ml Kanamycin. These clones were then used for further screening. For functional screening, overnight grown individual bacterial colonies were re-inoculated in 150 µL LB media in presence of Kanamycin at 37OC in 96 well plates. After two and half hours of growth, the protein expression was induced by adding 1 mM IPTG. Three hours of post induction, cells were harvested by centrifugation, lysed in LDS buffer (Life Technology), and resolved on SDS-PAGE to assess the protein expression. 
MIC determination and sequencing:
To determine the minimum inhibitory concentration of individual clones in the library, we followed broth method described by Marciano et al., 2008 with some modifications. Briefly, clones positive for β-lactamase expression, as assessed by IPTG induction, were grown overnight at 37OC in 50 µg/ml Kanamycin. This saturated bacterial culture then inoculated in LB media containing 50 µg/ml  Kanamycin, 1 mM IPTG, and double diluted concentration of one of the following Ampicillin (ranging from 332 to 0.15 µg/ml), Cephalothin (2400 to 1.1 µg/ml), or Ceftazidime (25 to 0.01 µg/ml) in 96 well plates. The cultures were allowed to grow at 37OC in an orbital shaker overnight, and the Minimum Inhibitory Concentration was determined by examining the bacterial growth. For sequencing, plasmid were isolated and send it for sequencing to confirm the mutation.  

Expression and protein purification of wild type and mutant P99 β-lactamase:
The wild type and mutant variants of P99 b-lactamase carrying carboxyl-terminal His6 tag were purified from the E. coli BL21 (DE3) using standard affinity purification protocol. Briefly, overnight grown bacterial cultures were re-inoculated in 200 ml LB medium containing 50μg/ml kanamycin at 37OC in orbital-shaker. Once the bacterial growth reached to mid-log phase (OD600 between 0.5-0.7), the protein expression was induced by adding 0.5 mM IPTG. The cells were allowed to grow overnight at 25OC and were harvested by centrifugation. The bacterial pellets were then lysed by BugBuster protein extraction reagent as per manufacturer’s suggestion, and clear supernatant containing protein was loaded on to IMAC-column pre-equilibrated with PBS buffer containing 20 mM Imidazole. The column then washed extensively to remove nonspecific proteins by PBS buffer containing 20 mM Imidazole. The bound protein was then eluted by PBS buffer containing 500 mM Imidazole. Based on OD280, we combined the eluted fractions and then dialyzed against PBS buffer containing 10% glycerol. The enzyme concentration was determined based on Molar extinction coefficient 71000 cm-1M-1 (Goldberg et al., 2003). The final protein preparations were >95% pure as assessed SDS-PAGE followed by Coomassie staining.      
