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TABLE S1 Primers used for PCR-based site-directed mutagenesis. Nucleotides are grouped into 
codons according to the reading frame of the bla genes. The nucleotides used to introduce mutations 
are underlined.  
Primer Sequence (5’ to 3’) 
V67A For GGG TGG GGC GTT GCT CCT AAA CAT GGT TG 
V67A Rev CA ACC ATG TTT AGG AGC AAC GCC CCA CCC 
V67A ForL GTT AAC GGG TGG GGC GTT GCT CCT AAA CAT GGT TTG GTG 
V67A RevL CAC CAA ACC ATG TTT AGG AGC AAC GCC CCA CCC GTT AAC 
V67I For GGG TGG GGC GTT ATT CCT AAA CAT GGT TG 
V67I Rev CA ACC ATG TTT AGG AAT AAC GCC CCA CCC 
V67I ForL GAA GTT AAC GGG TGG GGC GTT ATT CCT AAA CAT GGT TTG GTG G 
V67I RevL CCA CCA AAC CAT GTT TAG GAA TAA CGC CCC ACC CGT TAA CTT C 
V67F For GTT AAC GGG TGG GGC GTT TTT CCT AAA CAT GGT TTG G 
V67F Rev C CAA ACC ATG TTT AGG AAA AAC GCC CCA CCC GTT AAC 
 
CIRCULAR DICHROISM MATERIALS & METHODS 

The secondary structure and protein stability analysis by circular dichroism (CD) was 
performed using a Jasco J-715 spectropolarimeter (Jasco Inc., Easton, MD). The purified proteins 
were dialyzed against 5 mM phosphate buffered saline (PBS) (68.5 mM NaCl, 1 mM KCl, 5 mM 
phosphate, pH 7.0) and diluted to a concentration of 0.1 mg/ml. Three scans were taken from 260 to 
185 nm in a 1.0 mm path length cell and averaged for secondary structure analysis with DichroWeb 
(1, 2) using the CDSSTR method (3) and reference data set 7 (4). For thermal denaturation analysis, 
protein samples were heated from 25 °C to 100 °C in 1 °C increments while monitoring CD 
ellipticity at 215 nm. To facilitate comparison, raw data were converted to fraction unfolded and 
analyzed using a two-state transition model (5, 6). The data shown in Fig. S3 were fitted to 
sigmoidal curves using Prism 6 (GraphPad Software, Inc., LaJolla, CA), yielding the melting 
temperatures Tm reported in Table 1 of the main text. 
 
CIRCULAR DICHROISM RESULTS & DISCUSSION 

Circular dichroism (CD) spectra of IMP-1, IMP-10, and IMP-1-V67I (Fig. S1) were 
superimposable and characteristic of the typical αββα fold (7) common among all MBLs and 
comparable to those of other IMP variants (8-10). The small variances in molar ellipticity are within 
the experimental error of protein concentration measurements. The spectrum of IMP-1-V67A is 
slightly different in shape, that is, more positive at 193 nm and there is a small bump at 211 nm not 
observed for the other enzymes. Both features are consistent with a relatively higher α helical 
portion in this variant. The spectra were analyzed with DichroWeb (1, 2) and excellent fits were 
obtained when using the CDSSTR method (3) and reference set 7 (4) (Fig. S2). The quantitative 
analysis confirms that IMP-1-V67A has a relatively high α helical content and relatively low content 
of β strands and turns as well as unordered segments (Table S2). It is conceivable that alanine, which 
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has a high helix propensity (11, 12) disrupts the β hairpin loop structure and induces formation of a 
small α helix in L3. The fact that IMP-1-V67I shows lower α helical content and higher β strand and 
turn content than the other enzymes may be due to the fact that the fit was relatively poor, which is 
apparent from the higher NRMSD. Thermal denaturation was monitored with CD (Fig. S3) and 
revealed very similar melting temperatures (Tm) for all four enzymes, ranging from 67 to 72 °C 
(Table 1 in the main text). IMP-1-V67A deviated from the other enzymes in that its unfolding started 
at a higher temperature but then proceeded more rapidly, which could also be related to a slightly 
altered secondary structure relative to the other enzymes. Overall, all enzymes appear stable at 
physiological as well as the kinetic assay (30 °C) temperatures. 

 

 

FIG S1 CD spectra of the four enzymes studied. The respective residue at position 67 for each 
variant is bolded in the legend. 
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FIG S2 Experimental CD spectra (symbols colored as in FIG S1) and calculated fits that were used 
to determine relative content of different secondary structure elements.  
 
TABLE S2 Summary of secondary structure element fractions of the four enzymes as determined by 
CD analysis from calculated fits shown in Fig. S2. 
 α Helix β Strand Turns Unordered NRMSDa 

IMP-1-V67A 0.55 0.22 0.08 0.15 0.003 
IMP-1 (V67) 0.44 0.23 0.13 0.19 0.007 
IMP-1-V67I 0.31 0.26 0.22 0.21 0.036 
IMP-10 (F67) 0.49 0.22 0.08 0.20 0.004 
a NRMSD, normalized root-mean-square deviation 
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FIG S3 Thermal denaturation experiment of the four enzymes studied. Denaturation was 
monitored based on the CD signal at 215 nm and converted to fraction unfolded using a two-state 
transition model. The curves are sigmoidal fits of the resulting data. 
 

 

 

FIG S4 Frequency of mutations (relative to IMP-1) and amino acid variability at position 67 
plotted versus the number of reported IMP variants. Note that the number of IMP variants does 
not correspond to the IMP-n numbering, because some variants have been assigned but not 
published or assigned twice. 
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