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ABSTRACT

A co-evolving interaction occurs between the β1α1 and β2α2 loops of Escherischia coli indole-3-

glycerol phosphate synthase (ecIGPS) that may help direct enzyme catalysis.  The interaction 

specifically occurs between Lys56 (β1α1) and Gln94 (β2α2) and is hypothesized to function in 

rearranging the extended formation of the 1-(2-carboxyphenylamino)-1-deoxy-D-ribulose 5–

phosphate (CdRP) substrate. To gain more insight into this interaction, Lys56 and Gln94 were 

separately mutated to Ala.  The mutant enzymes were characterized in terms of their Michaelis-

Menten steady-state kinetics, pH dependence, and solvent viscosity effects.  While the kcat

Lys56Ala IGPS decreased only 13.6% compared to wild-type (WT) IGPS, the KM, a measure of 

substrate binding affinity, was almost four times weaker than the WT value.  In contrast, Gln94Ala 

IGPS displayed a slightly higher KM (41.7% greater) than the WT IGPS value, but displayed a 

much lower kcat (70.6% lower than the WT). The resulting catalytic efficiencies (kcat/KM) of the 

mutant IGPS enzymes were similarly low with a 4.5 fold decrease compared to WT IGPS. The 

increase in the Gln94Ala IGPS kcat of 555% as the temperature increased from 25 oC to 37 oC

resulted in a more similar value to the WT IGPS.  The tremendous impact of the temperature on 

the mutant’s catalysis speed suggests that conformational flexibility may help to mitigate the 

hindrances imposed by the mutated residue.  While distinctions between the WT IGPS and mutant 

IGPS were observed in Michaelis-Menten dynamics, no such trends were observed in the pH or 

solvent viscosity effect (SVE) enzyme assays.  Both Gln94Ala and WT IGPS displayed a bell-

shaped pH dependence with pKa values close to 6.8 and 8.7 for the ascending and descending 

limbs of the pH rate profile, respectively.  The distinct limbs are consistent with general base and 

acid catalysis, as previously proposed for the IGPS enzymatic mechanism.  The lack of any 

observable SVE indicates the chemical step is likely the rate-determining step, which simplified 
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the analysis of kcat and KM values.  The low KM of the Lys56Ala mutant and the slow catalysis of 

the Gln94Ala mutant suggest that the interaction between the β1α1 and β2α2 loops is intimately 

involved in the binding and ring enclosure of the CdRP substrate.
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Chapter I – Introduction

The tryptophan biosynthesis pathway generates the aromatic amino acid through a series of 

systematic reactions. Proper expression of this pathway is essential to the survival of bacteria1 in 

the absence of environmentally accessible tryptophan. Interestingly, three consecutive steps of the 

biosynthesis pathway utilize enzymes with similar overall structures (Figure 1).  Specifically, N-(5-

phospho-β-D-ribosyl)-anthranilate isomerase (PRAI), indole-3-glycerol phosphate synthase 

(IGPS), and the α-subunit of tryptophan synthase (αTS) catalyze the synthesis of indole from N-(5-

phospho-β-D-ribosyl)-anthranilate.  Indole is subsequently converted to tryptophan by the β-

subunit of tryptophan synthase (βTS) in the final step of catalysis2.  PRAI, IGPS, and αTS all 

belong to the (β /α)8 barrel family of proteins, which are also known as triosephosphate isomerase 

(TIM) barrel proteins.  The TIM-barrel structure is present in approximately 10% of proteins 

whose structures have been identified, making it the most common fold currently known3.  

Monomeric TIM-barrel proteins typically consist of between 200 and 250 amino acid residues with 

the central eight β-strands surrounded by eight α-helices3.  

Figure 1:  The structure (A) and catalyzed reactions (B) of the TIM-barrel proteins involved 
in the tryptophan biosynthesis pathway.
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The evolutionary relationship between these three TIM-barrel proteins has been acutely studied in 

Escherichia coli.  The superimposition of the carbon backbones of PRAI, IGPS and αTS show a 

very strong structural conservation despite the minimal amino acid sequence conservation4.  In 

addition to the overall similarities, the phosphate-binding site in particular has shown incredible 

structural conservation.  With approximately a 15% conserved amino acid sequence in the three 

enzymes’ phosphate binding site region (comprised of the β7α7 and β8α8 N-termini), Wilmanns et 

al found a structural conservation of between 50 and 75%.

Figure 2:  Superimposed carbon backbones of PRAI (blue), IGPS(red), and αTS (white) with 

alpha helices numbered 1-84.

The IGPS enzyme is particularly interesting because it has been found to be absolutely required for 

Mycobacterium tuberculosis6, suggesting that it is potentially a novel anti-tuberculosis drug target.  

The specific role of IGPS in the tryptophan biosynthesis pathway is ring closure of 1-(2-

carboxyphenylamino)-1-deoxy-D-ribulose 5 –phosphate (CdRP) to indole 3-glycerol phosphate 
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(IGP).  IGPS has been extensively studied to locate amino acid residues crucial to catalysis.  The 

C-termini of the β7 and β8 strands and the C-termini of the β1α1, β3α3 and β6α6 compose the 

catalytic pocket within IGPS.  The binding pocket consists of salt bridges between residues K55, 

E53 and K114 on the phosphate ion side and hydrogen-bonding between the anthranilate and the 

residues E163 and N184 in ecIGPS7.  The corresponding salt bridge in ssIGPS consists of the K53, 

E51 and K110 residues while the corresponding hydrogen bonds occur between E159, N180 and 

S210.  The selectivity of the IGPS active sites in only utilizing the C-termini of β-strands is 

consistent with the observation that all known TIM-barrel proteins solely use this region to 

formulate the catalytic site8.

Figure 3: E. coli condensation, decarboxylation and dehydration of CdRP to produce indole-

3-glycerol phosphate

The proposed mechanism for the IGPS catalysis involves three steps and consequently, two 

intermediates9.  Initially, the newly formed carbonyl is attacked to form a five-member ring, with 

Lys114 providing the hydrogen to the reduced carbonyl.  The carboxylate is then released as 

carbon dioxide, with the re-establishment of the carbon-carbon double bond also returning the lone 

pair of electrons back to the ring-bound nitrogen.  Finally, Lys114 deprotonates a second time to 
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facilitate the dehydration step.  In this last step, Glu214 acts as the general base by accepting a 

hydrogen ion from an α-carbon to the amine.

Figure 4: Proposed mechanism of E. coli IGPS (ecIGPS) binding to CdRP

X-ray crystallography was previously used to determine the structure of IGPS in the presence of 

both the substrate and a substrate analog10,11.  The substrate analog was generated by reducing the 

CdRP C2’ from a carbonyl to an alcohol, thus allowing the reduced CdRP (rCdRP) to bind to the 

IGPS enzyme but preventing the condensation required to complete the ring enclosure.  One 

intriguing aspect of the substrate-bound IGPS structure is that the distance between C1 and C2’ (4.5 

Angstroms) is clearly beyond the typical bonding radius between carbons (1.5 Angstrom12).  This 

suggests that the substrate needs to undergo a conformational change to facilitate carbon-carbon 

bond formation.  The β1α1 loop may be involved in closing the distance between the C1 and C2’.  

Lys53, a residue belonging to the β1α1 loop, forms a hydrogen bond with the carboxyl group of 
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the anthranilate ring.  Amino acid residues between 55 and 59 in β1α1 loop are also involved in the 

binding pockets of both anthranilate and phosphate8.  Molecular dynamic simulations have also 

shown that the β1α1 loop displays the greatest mobility and therefore this loop is very likely 

involved in the stabilization of anthranilate as it shifts conformation to bring C1 and C2’ closer 

together7.  MD simulations have also suggested that motions in the β1α1 and β2α2 loops are 

correlated.  One interaction that may facilitate loop coordination in ssIGPS is the interaction 

between Arg54 (Lys56 in E. coli) in β1α1 loop and Asn90 (Gln94 in E. coli) in β2α2 loop.

To examine the relative importance of this interaction, the degree of its conservation in the IGPS of 

varying species is of great importance.  Co-evolution measures how well conserved amino acids at 

a given position of an enzyme are conserved across different organisms utilizing the enzyme.  

While the overall structure of many proteins is often conserved, the co-evolution of residues in 

enzymes involved in amino acid synthesis has been shown to be especially robust13.  Studying the 

co-evolution of amino acids allows for further insight into the folding mechanisms of proteins and 

the catalytic residues in enzymes14.  Co-evolution studies also allow for the examination of 

conserved motions within conformational changes that occur in enzymes during catalysis15.  While 

differing methods exist to study the co-evolution of residues, statistical coupling analysis is often 

performed to detect the specific amino acids involved in catalysis16.  Statistical coupling analysis 

specifically analyzes whether changing a given amino acid will cause a corresponding change in a 

neighboring amino acid within a family of proteins.

The preserved binding region involving the β1α1 and β2α2 loops in ecGIPS and ssIGPS also 

applies to a vast number of IGPS encoded in other organisms.  Examination of over 400 different 

IGPS’s displayed that approximately 15% of the protein co-evolved, with almost the entirety of the 
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co-evolution occurring in the active site formed by the C-termini of β-strands17.  Molecular 

dynamic simulations done by Shen et al also have shown that the movements that take place in the 

binding and release of CdRP is also conserved within the binding site of IGPS.  Antibiotics 

developed to target this antigenic site would therefore allow for diverse applications and target a 

broader range of infectious species which are dependent on tryptophan biosynthesis.

To determine the importance of the β1α1 - β2α2 interaction, site-directed mutagenesis was 

performed on E. coli IGPS.  The Lys56 and Gln94 residues, which constitute the major interaction 

between the loops, were separately mutated to Ala.  Following purification of the mutated 

enzymes, assays were performed to analyze the kinetics of the mutants with respect to the wild-

type (WT) IGPS.  Strong variations in Michaelis-Menten parameters would indicate that these 

residues are crucial in the binding and catalysis of CdRP.  If the kinetic dynamics were altered 

sufficiently, the β1α1 - β2α2 interaction would thus represent a region of the enzyme essential to 

catalytic function.
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Chapter II – Materials and Methods

Site directed mutagenesis

The QuickChange protocol was utilized to create the mutant plasmids expressing Lys56Ala and 

Gln94Ala IGPS, according to the procedure supplied by the manufacturer. Following PCR 

mutagenesis, overnight mutant plasmid transformation and E.coli growth on LB-kanamycin (50 

mg/mL) agar at 37oC, single colonies were used to inoculate 5 mL LB-kanamycin media. DNA 

was then isolated and sequenced to confirm the mutagenesis.  

Protein purification

For protein overexpression, E.coli BL21(DE3) carrying plasmids expressing WT, Lys56Ala or 

Gln94Ala IGPS were grown in 5 mL of LB-kanamycin media overnight and then used to inoculate 

1 L LB-kanamycin media. Cultures were allowed to grow for approximately 3 hours at 37ºC, until 

the optical density (A600) reading reached 0.60. Protein overexpression was induced by the 

addition of isopropyl-β-D-1-thiogalactopyranoside (IPTG).  After induction, the culture was 

incubated at 25ºC for 16 hours in a shaker.  The culture was then centrifuged (10 000xg for 10 

minutes), and the pellet was dissolved in 35 mL of vacuum-filtrated buffer A [25 mM HEPES 

buffer, pH = 7.5, 1 mM ethylenediamenetetraacetic acid (EDTA)].  Following cell lysis by

sonication, the sample was centrifuged again (30 000xg for 30 minutes) to separate cellular debris 

from the supernatant containing IGPS enzyme. 

The dialyzed supernatant was then run through a 20 mL Q-sepharose anion exchange 

chromatography column.  The buffer strength was varied over time to increase the salt 

concentration.  Specifically, a gradient that initially began as 100% buffer A was altered to a 100% 
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buffer B solution [1M NaCl, 25 mM HEPES buffer, pH = 7.5, 1 mM ethylenediamenetetraacetic 

acid (EDTA)].  Fractions were analyzed by sodium dodecyl sulfate polyacrylamide gel 

electrophoresis (SDS-PAGE) to locate the IGPS.  Selected fractions were pooled, dialyzed against 

buffer A overnight to remove NaCl, and then run through a 1 mL Mono-Q anion exchange 

chromatography column which also utilized buffer A and B to provide the necessary salt gradient.  

Fractions containing IGPS were pooled, concentrated and then loaded onto a Sephacryl S100 gel 

filtration (GF) chromatography column. Purified IGPS was diluted to 25 µM with 50 mM HEPPS

pH 7.5, 4 mM EDTA.

Enzyme assays

Michaelis-Menten assays, pH effect assays, and solvent viscosity effect (SVE) assays were 

performed on all IGPS enzymes (WT, Gln94Ala, Lys56Ala) using a 96-well microtitre plate assay.  

The final volume for each assay was 250 µL (usually 10 µL 25 µM IGPS, 10 µL CdRP, 230 µL

HEPPS buffer).  A final 1 µM IGPS concentration was used for all assays, and all assays were run 

in triplicates.  To measure the rate of IGP production, assays were measured at 278 nm for 3-5 

minutes. Most assays were conducted at both 25oC and 37oC. Enzyme and buffer were allowed to 

equilibrate at test temperature for four minutes before CdRP was added to initiate the assay.

For the Michaelis-Menten steady-state kinetic assays, substrate concentrations were varied 

between 0.125 and 12 M and assays were performed at both 25ºC and 37ºC. Assays testing pH 

dependence were conducted using a saturating concentration of CdRP (12 µM) with different 

buffers used to vary the pH between 5.5 and 10 (100 mM MES buffers at pH 5.5, 6 and 6.5; 100 

mM HEPES buffers at pH 6.5, 7.0, 7.5, and 8.0; 100 mM CHES buffers at pH 8.5, 9.0, 9.5, and 

10.0).  Solvent viscosity effect assays were also conducted using 12 M CdRP with glycerol as 
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the viscogen (varied between 0 and 30%).  Viscosities were measured using an Ostwald 

viscometer, according to manufacturer instructions.
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Chapter III – Results and Discussion

The IGPS domain of the PRAI-IGPS complex was over-expressed and purified for both the WT

enzyme and the Gln94Ala and Lys56Ala mutants.  Various enzyme assays were performed to 

analyze the importance of the β1α1 and β2α2 interaction with respect to substrate binding and 

catalysis.  Michaelis-Menten assays tested these parameters while the pH effect assays tested for

acid-base catalysis and the solvent viscosity effect assays analyzed the importance of diffusion-

limiting steps to the catalytic rate.  A saturating substrate concentration of 12 µM CdRP was 

utilized for all assays other than those testing Michaelis-Menten parameters.  

Overexpression and Purification of ecIGPS:

Despite previous protocols utilizing phosphate-based buffers for chromatography18, HEPES buffer 

was used for all chromatography steps.  While Tris-HCl was initially employed, the IGPS did not 

bind to the Q-sepharose column and eluted rapidly.  SDS-PAGE confirmed that the majority of the 

protein eluted immediately into the ‘flowthrough’ beaker.  By using the identical protocol to 

overexpress IGPS but instead using HEPES, a much stronger separation was achieved.  SDS-

PAGE confirmed that the IGPS was not lost to the ‘flowthrough’ and that the Q-sepharose 

adequately bound the IGPS.

While significant IGPS was lost throughout the protein purification protocol, the concentrations 

produced were ample for kinetic studies using enzyme assays.  Specifically, IGPS was lost after 

sonication, as gel electrophoresis testing showed that the pellet presented a strong band at the IGPS 

molecular weight.  SDS-PAGE also displayed similar band intensity for the supernatant and pellet, 

which reveals that a much higher concentration of IGPS could have been achieved.  Further spin-
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concentration could increase the 25 µM concentrations of IGPS used in enzyme assays to the 200 

µM, suggesting the potential for future NMR studies based on these constructs.

Figure 5: SDS-PAGE of WT, Gln94Ala, and Lys56Ala at a concentration of 29.7 µM

Following purification, all three samples were spin-concentrated to a concentration of 29.7 µM and 

Figure 5 shows the side-by-side comparison.  Despite the appearance of more impurities in the WT 

lane, the most IGPS is also present in this lane.

Steady-state kinetics of WT, Gln94Ala, and Lys56Ala ecIGPS:

The kinetic parameters obtained for the WT IGPS closely match previous studies.  Past research 

has estimated an E. coli IGPS kcat between 2.2 and 7.2 s-1 and has estimated the KM value between 

0.34 and 1.2 µM19.  While the 4.08 s-1 kcat observed at 25oC fits within the given range, the
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temperature dependence of the Michaelis constant is unknown for IGPS.  Therefore, the accuracy 

of the 1.63 µM value obtained at 37oC cannot be determined.

The catalytic rate of IGPS and the two mutants were also tested with varying substrate 

concentrations (CdRP) to determine Michaelis-Menten kinetic parameters.

Figure 6: Michaelis-Menten curve for WT IGPS (37 oC) \

The kcat of the WT IGPS was found to be 9.78 times greater than the Gln94Ala mutant when both 

rates were measured at 25oC and 3.40 times greater when the rates were measured at 37 oC.  The 

catalytic efficiency of the WT IGPS was 4.82 times greater than the Gln94Ala mutant at 37 oC.  In 

contrast, the kinetic parameters of the Lys56Ala mutant were only tested at 37 oC due to a lower 

recovery of this mutant.  The WT IGPS kcat was found to be 1.16 times greater than the mutant’s 

value at this temperature.  The WT IGPS catalytic efficiency was greater than the Lys56Ala mutant 

by a factor of 4.34.  
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Table 1: Steady-state kinetic parameters for WT and Lys56Ala + Gln94Ala IGPS mutants

Protein Temperature 
(oC)

kcat(s
-1) KM (M) kcat/KM

(x106s-1M-1)
kcat,WT/kcat,

mut

(kcat/KM)WT/(kcat/KM)mut

WT 25 4.08
1

37 9.28


1.63 5.69

Gln94Ala 25 0.417
1

9.78

37 2.73


2.31 1.18 3.40 4.82

Lys56Ala 37 8.02


6.08 1.31 1.16 4.34

1 estimated values using [CdRP]=12 µM

Michaelis-Menten curves showed significant differences in the kinetic constants of the WT

enzyme and the Gln94Ala and Lys56Ala mutants.  While increasing the temperature from 25oC to 

37oC only increased the WT kcat by 127%, the corresponding increase in the Gln94Ala mutant was 

555%.  The difference between the WT and mutant IGPS catalytic rates was significantly reduced 

at 37oC as the WT kcat was 3.4 times greater than Gln94Ala and 1.16 times greater than Lys56Ala.

The large differential in catalytic speed between the IGPS kcat values at 25oC indicates that 

disrupting the interactions between the β1α1 and β2α2 loops significantly reduces the catalytic 

activity of the enzyme.  As the kcat of the WT IGPS is almost 10 times greater than the kcat of the 

Gln94Ala mutant as 25oC but only 3.4 times greater at 37 oC, higher temperatures must decrease 

the hindrance to catalysis that the mutated residues provide.  Additionally, the similar kcat of the 

Lys56Ala mutant to the WT kcat displays that this mutation does not substantially decrease the 
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catalytic ability of IGPS.  Therefore, the β1α1 loop is likely less crucial in the rate-limiting step of 

catalysis than the β2α2 loop.

Analysis of the KM values also shows distinctive differences between the WT and mutant IGPS 

kinetics.  The WT IGPS maintains the smallest KM, at 1.63 µM, indicating that this IGPS has the 

greatest affinity with CdRP.  The Gln94Ala KM value is approximately 50% greater and the 

Lys56Ala value is almost 300% greater.  Therefore, mutating the residues that link the β1α1 and

β2α2 loops clearly decreases the affinity between IGPS and CdRP.  The impact on the KM from 

this mutation displays that the β1α1-β2α2 loop interaction is strongly involved in the biding of 

CdRP. Because the Lys56Ala mutation decreases affinity much more drastically than the 

Gln94Ala mutation, however, the β1α1 loop may be more important than the β2α2 concerning 

binding affinity.  These parameters are consistent with the hypothesis that the β1α1 loop facilitates 

the rearrangement of the extended-conformation substrate to facilitate ring closure20.

The catalytic efficiency of the WT and mutant IGPS enzymes were also calculated utilizing the 

Michaelis-Menten constants.  The WT IGPS catalytic efficiency was calculated to be 5.69x106 s-

1M-1, a value 382% greater than the Gln94Ala mutant and 334% greater than the Lys56Ala mutant.  

The mutants’ catalytic efficiency values were found to be very similar at 1.18 (Gln94Ala) and 1.31 

(Lys56Ala) s-1M-1.

Running a pH assay on the WT IGPS showed a very clear optimum pH range between 7.5 and 8, 

as seen in Figure 7.  This range was also consistent with the Gln94Ala IGPS mutant.  The distinct 

bell-shaped pH curve was also present for both the WT and mutant IGPS.
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Figure 7: The pH dependence of ecIGPS catalysis at 37oC

Further analysis of the pH curve provides the two pKa points of IGPS.  The changes in concavity 

correspond to the pKa values displayed in Table 2.  The values were ascertained by employing 

non-linear regression to the curve fit.  The pKa1 and pKa2 values of the Gln94Ala mutant closely 

mirrored the WT values.

Table 2: pKa values for ecIGPS enzymes

                                             Protein pKa1 pKa2

WT 6.70  8.67 

Gln94Ala 7.00  8.83 

The distinct ascending and descending limbs of the pH curve support the presence of a catalytic 

base and acid in the IGPS active site.  The ascending portion likely corresponds to the catalytic 

base while the descending portion corresponds to the catalytic acid.  The highest catalytic activity 
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occurs between these two pKa’s, indicating IGPS is most efficient when the basic residue is 

deprotonated and the acidic residue is protonated.

In contrast to the IGPS finding, previous studies have shown a logarithmic growth of the catalysis 

rate as the pH is increased in Mycobacterium tuberculosis IGPS (mtIGPS)18.  This distinctly differs 

from the bell-shaped curve of ecIGPS and suggests the importance of only the deprotonation of a 

residue in mtIGPS.  Because the rate does not decrease with increased pH in the Mycobacterium, it 

is very likely that the dehydration step (final chemical step) is the rate-limiting step.  Protonating 

the basic residue drastically decreases catalysis speed while pH’s even above 12 do not damage the 

IGPS’s catalytic ability.  As this step is the only step in catalysis that requires proton abstraction, it 

is also likely the rate-limiting step in E. coli.  The bell-shaped curve indicates that that protonation 

of the acidic residue is equally important in ecIGPS, however.

Kinetic studies were also performed on the WT and mutant IGPS proteins to test the solvent 

viscosity effect (SVE).  By varying the viscosity of the solution that the IGPS is performing 

catalysis in, the effects of diffusion can be studied.  The two diffusion-controlled steps in CdRP 

catalysis are the binding of CdRP and the release of IGP.  

The results are displayed for the three IGPS variants in Table 3.  Values are intended to vary 

between 0 (no SVE) and 1 (very strong SVE).  The WT IGPS at 37 oC displays the strongest 

solvent viscosity effect with a value of 0.20.  The WT enzyme also displays the lowest, non-

negative SVE of 0.01 at 25oC.  The SVE’s of the Gln94Ala at both temperatures and the Lys56Ala 

mutant as 25 oC displayed negative values.
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Table 3: Solvent viscosity effects for WT and Gln94Ala IGPS using glycerol as a viscogen

Protein Temperature (oC) SVE1

WT 25 0.01

37 0.20

Gln94Ala 25 -0.43

37 -0.04

Lys56Ala 25 -0.09

1 SVE defined as the slope of the plot relative viscosity (o/viscogen) vs. relative rate (k0/kviscogen)

The 0.20 value of the WT IGPS is still too low to support a significant SVE finding within the 

IGPS mechanism.  The lack of a significant SVE within IGPS indicates that the rate-limiting step 

of catalysis is not diffusion-controlled.  Therefore, the ring-enclosure, decarboxylation, or 

dehydration of CdRP represents the rate-limiting step in catalysis.
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Chapter IV – Conclusion

While a portion of the overexpressed IGPS was lost in the purification protocol previously 

described, a sufficient amount was synthesized to perform an array of enzyme assays.  

Additionally, spin-concentration of the IGPS recovered could produce viable concentrations (>200 

µM) for NMR studies, which can provide more insight into the conformations assumed by IGPS 

throughout catalysis.

The assays performed revealed various aspects about the IGPS catalytic mechanism.  The lower 

KM value of the Gln94Ala and Lys56Ala mutants indicates the β1α1 - β2α2 loop interaction is 

essential to the binding affinity between IGPS and CdRP.  Additionally, a disproportionate 

increase in the kcat values of the mutants due to the temperature increase was observed.  The greater 

conformational flexibility of the IGPS mutant at the higher temperature appeared to mitigate the 

structural defect from the mutated residue, consistent with previous studies21.  The varying results 

of the two mutants support molecular simulations displaying the β1α1 loop as the most flexible and 

most likely loop to facilitate ring closure of the CdRP.

The pH effect assays and SVE assays also revealed critical information about the IGPS 

mechanism.  Specifically, the lack of a significant solvent viscosity effect in either the WT or 

mutant IGPS enzymes indicates that chemical catalysis and not a diffusion-mediated phase is the 

rate-limiting step.  Additionally, the distinct ascending and descending limbs of the pH curve 

support the presence of a catalytic base and catalytic acid within the active site of IGPS.

The combination of the lack of a solvent viscosity effect and the pH curve obtained by 

Mycobacterium studies indicates that the dehydration of CdRP is the rate-limiting step.  Because

mutating the β1α1-β2α2 loop interaction decreases both the catalytic rate and substrate affinity, this 
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interaction is very likely intimately involved in CdRP catalysis.  Therefore, a novel antibiotic 

should strive to target this antigen on IGPS to inactivate the enzyme and inhibit bacterial growth.
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Chapter V – Appendix

Figure 8: Q-sepharose anion exchange chromatogram of Gln94Ala

Figure 9: Polyacrylamide gel electrophoresis (PAGE) of Gln94Ala Q-sepharose
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Figure 10: Mono-Q Chromatogram of Gln94Ala Q-sepharose fractions 14-19

Figure 11: PAGE of Gln94Ala Mono-Q column fractions 29-33 in lanes 6-10 respectively
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Figure 12: Gel filtration (GF) chromatogram of Gln94Ala mono-Q column fractions 29-33

Figure 13: PAGE of Gln94Ala GF column fractions 16, 18, 20, 22, 24, 26, 28 in lanes 1-7, 
respectively
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