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addition.  Interestingly, no significant difference was observed in effectiveness of 

inhibition between the E or Z fluoro alkene used, although the mechanism of inactivation 

was altered, due to the ability for fluoride to be utilized as a leaving group.159   The 

Silverman studies on florovinyl inhibitors served as some of the key motivations behind 

the design of “quaternary”, α-(2'-fluoro)vinyl AA’s in the Berkowitz lab.160  The 

quaternary amino acids are expected to be inert to PLP-enzymes that require α-

deprotonation, such as GABA transaminase, but may act as covalent inactivators of 
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AADC enzymes, if decarboxylated in such active sites.  

f)  Conclusions 

 Understanding the mechanism of action of an enzyme permits the design, 

synthesis, and evaluation of mechanism-based inhibitors.  Based on the generalities of 

PLP-dependent enzymes155, a viable new “trigger” for the inhibition of LDC was 

developed.  This approach was inspired by examples such as DFMO and γ-(2'-

fluoro)vinyl-GABA, for both of which latent electrophiles are unveiled in the target PLP-

enzyme active sites, ODC and GABA transaminase, respectively, resulting in inactivation 

of these target enzymes.161 

 After successful synthesis of the L-α-(2'Z-fluoro)vinyllysine (FVL) by 

Karukurichi and de la Salud Bea,23,162 inhibition of H. alvei LDC was found to be 

irreversible.  On the other hand, the D-antipode functioned as a slow substrate.  These 
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provocative results within a new AADC inactivation 

motif motivated the research described in this M.S. 

thesis.  It became a central goal to obtain high titres (i.e. 

multi milligram) of homogeneous H. alvei LDC  so that 

this model AADC enzyme might be crystallized and its 

structure determined for the first time.  In principle, this could then lead to the 

interrogation of covalent LDC inactivation by X-ray crystallography, as well. 
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II. Purification of LDC 

a) Previous Purification method 

 In order to attempt enzyme crystallization, LDC must first be purified.  Since 

previous attempts to clone LDC from Hafnia Alvei (H. Alvei) have proven ineffective163, 

isolation of the native protein was pursued.  Attempts at purification of LDC have been 

seen164,165, so the process of purification has been built upon a foundation of previous 

purification reports. 

 Bacterial LDC can be found in a variety of strains including: H. alvei, E. coli, and 

Vibrio parahaemolyticus.  Out of all three bacteria, H. alvei produces the greatest amount 

of LDC, compromising 4% of the total soluble protein.164  For this reason, our lab, as 

well as others has chosen to isolate LDC from H. alvei.  The first published protein 

purification of LDC, from Soda and coworkers,164  employed  Bacterium cadaveris (also 

known as H. alvei - strain IFO 3731), grown up in a controlled medium (L-lysine, 

glycerol, peptone, ammonium sulfate, potassium phosphate, magnesium sulfate, and 

yeast extract).  Cells were broken open by sonication in the presence of protease 

inhibitors and PLP.  Following a heat treatment step (50 °C), ammonium sulfate cuts 

were made, with the first cut having 30% ammonium sulfate saturation and the second 

cut with 55% saturation.  Once the pellet was re-suspended in buffer, it was loaded on an 

ion exchange DEAE-Sephadex column.  The fifth step was a phenyl sepharose column, 

followed by a second DEAE-Sephadex column.   The final step to isolate the protein was 

said to be performed by “crystallization,” obtaining small yellow rod-like crystals that 

were not tested with an x-ray, with a final purification factor of 61 and a yield of 5.9%, 
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with a final specific activity of 86 U/mg.  This laborious procedure and modest yield 

motivated our lab to seek a streamlined purification procedure. 

 Berlin and coworkers, the first group to publish a sequence for LDC from H. 

alvei, employed a different purification, which also involved  size exclusion and an ion 

exchange chromatography, and which provided LDC with a supposedly higher specific 

activity of 110 U/mg, but the difference may reflect experimental uncertainty or 

variation.163,165  The surprising finding in Berlin’s purification was that this specific 

activity resulted from a protein that displayed two bands (88 and 66 kDa) on an SDS-

denaturing gel. 

 In our own lab, Karukurichi developed his own purification method for LDC, 

which involved sonicating crude cells, a 60%  saturated ammonium sulfate precipitation, 

phenyl sepharose chromatography, ion exchange (DEAE Sephadex), and finally size 

exclusion (S-300) chromatography.23  My research investigated a modified version of this 

basic procedure, as described below. 

 

b) Activity Assay 

 To measure the activity of LDC, de la Salud-Bea and Karukurichi adapted the 

previously published Lenhoff assay.23,162  The Lenhoff  assay measures the turnover or 

lysine to cadavarine by spectroscopically measuring the amount of cadaverine reacting 

with picryl sulfonic acid (TNBS).166  The assay works by allowing the enzyme to actively 

convert L-lysine to cadaverine in the presence of lysine (8 mM) for a set time.  After the 

time has passed, enzyme activity is quenched with base and heat.  The quenched solution 

is then heated (47 °C for 7 minutes).  After cooling, TNBS is added to each solution, and 
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the reaction is again heated (47 °C for 7 minutes).  This allows for nucleophilic aromatic 

substitution to occur, covalently attaching cadaverine to the aromatic ring, and 

presumable releasing sulfite.  Interestingly, lysine in solution will not react with TNBS, 

presumably because the amine becomes basic in cadavarine.  Lastly, the derivatized 

cadaverine is extracted with toluene and its absorbance was measured at 340 nm. The 

absorbance measured is then compared to that obtained for a set of standards.  For more 

information, please refer to the experimental section.  

 

c) Protein determination 

 From the published sequence of LDC from H. alvei, the molecular weight of LDC 

appeared to be 82 kDa (or 82,000 g/mol).  Utilizing the Lowry method167, we were able 

to compare absorbance against a common standard, Bovine Serum Albumin (BSA), 

which has a monomeric molecular weight of 66 kDa.  The Lowry method works in two 

steps: 1) Reductino of Cu2+ to Cu+1, and 2) Reduction of the Folin reagent.167  The first 

step proceeds via a Biuret reaction, where copper is complexed with with amide bonds of 

the protein, specifically with aromatic amino acids.167  Potassium hydroxide, CuSO4, 
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sodium carbonate, sodium tartrate, and sodium dodecylsulfate are added to the protein 

mixture, oxidizing peptide bonds to convert Cu2+ to Cu+.167  The second step involves the 

Folin-Ciocalteu reagent being reduced by the copper complex, and the mixtures changes 

from a light purple color to a deep blue color, depending on the concentration of protein 

in solution, which is measured at 650 nm.  A stronger absorbance is related to higher 

protein concentration.  After setting a calibration curve with BSA weight standards, LDC 

protein concentration could easily be estimated.   

d) Protein purification 

 With assays for activity and protein concentration in hand, we next set out to 

optimize LDC purification from the native source.   Cells were grown in a lysine-

supplemented medium (5 g bactopeptone, 5 g yeast extract, 1 g MgSO4•7H2O, 3 g of L-

lysine monohydrochloride per 1 L of solution), and disrupted via sonication in the 

presence of protease inhibitors.    The crude extract was then centrifuged and to the 

supernatant was added a 60% ammonium sulfate saturation.  Although ammonium sulfate 

is generally used in two separate cuts for an increase in purification, preliminary attempts 

to improve specific activity in this manner showed little benefit.  Instead, the ammonium 

sulfate precipitation served as an excellent means for storage, with no activity loss 

detected for up to a year or more of storage.  This method is a simpler means of storage 

as compared to glycerol stocks, because instead of having to use dialysis to remove 

glycerol, the resuspended pellet can be immediately loaded onto the next column.  The 

high ammonium sulfate concentration precipitate insures retention of nearly all LDC 

activity in the stored precipitate.  
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 The first column used was a phenyl sepharose column.  Phenyl sepharose is a 

hydrophobic stationary phase that separates based on hydrophobicity.   Elution was 

performed by using a linear gradient from high (100 mM) to low (10mM) concentration 

of phosphate buffer (with  15 µM PLP at pH 7.0).  By decreasing phosphate 

concentration, and hence decreasing ionic strength, one effects the elutions of proteins as 

a function of increasing hydrophobicity, with the most hydrophobic eluting last.  An 

elution plot is shown in Figure 2.1.  Fractions displaying high absorbance at 280 nm and 

some absorbance at 420 nm were further tested for activity using the Lenhoff Assay, as 

described before.  The fractions collected in Figure 2.1 led to an purification factor of 2.5 
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(seen in Table 2.1a), but in pooling fewer fractions (i.e. two fractions versus the 8 seen in 

Figure 2.1) the purification factor was optimized to 12 (Tabel 2.1b), with a yield of 

38.9%..  The fractions collected had the highest specific activity as determined by the 

Lenhoff and Lowry assays, as described above.  Table 2.1b represents the fully optimized 

purification table in the purification of lysine decarboxylase. 

 Active fractions from the phenyl sepharose column were taken on to the next step.  

While Karukurichi previously used DEAE-Sephadex as an anion exchange column, this 

resin was found to swell dramatically, and yield poor separation.23  Initially, a more basic 

quaternary anion exchange column, Q-Sepharose, was used, with very good results in 

separation of the protein.  This resin showed less dramatic swelling and led to more 
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effective protein fractionation.  However, the purification achieved via phenyl sepharose 

was so significant that it seemed unnecessary to use the Q-sepharose step.  Therefore, this 

column was eliminated, and the active fractions were loaded onto an S-300 size exclusion 

column.  This final column simply separates based on size.  Larger macromolecules 

rapidly traverse the column, while proteins in the size regime of the pores are partially 

retained, and elute more slowly.  Using this streamlined protocol, homogeneous LDC 

was obtained in 13% overall yield with a final specific activity of 91 U/mg.  These results 

were consistent with previously published data from Karukurichi’s  

protein purification.23
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e) The Next Step: Effectiveness of Mass Spectroscopy and Crystallography 

 Both mass spectrometry and crystallography have been used as effective methods 

for the analysis of enzyme sequencing as well as understanding the mechanism of 

inhibition of certain enzymes.63,168 In some instances, mass spectrometry has proved 

more efficient than crystallization, and vice versa.  The methods may be viewed as 

complementary.  Mass spectrometry has the advantage of allowing one to more easily 

examine multiple parallel covalent inactivation mechanisms, because homogeneous 

crystals are not needed.  Moreover, differential sites of alkylation can be examined a 

single “bottom-up” analysis.  The price one pays for this is the need to establish 

significant sequence coverage, which often requires the use of multiple digestion 

enzymes, and which becomes more difficult with larger enzymes.  The “bottom-up” MS 

method has the disadvantage of likely missing non-covalent inactivation mechanisms 

(e.g. Carbidopa) or covalent inactivation mechanisms that can lead to release of inhibitor 

upon workup (e.g. Metzler enamine mechanism169,170 – release of the “Schnackerz 

intermediate”171,172 under basic conditions. 
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Crystallography, on the other hand, is able to give the complete sequence of the 

enzyme in its entirety, showing all contributing residues to the active site, without any 

digestion.  Moreover, non-covalently bound inactivators (e.g. CarbiDOPA) are easily 

seen by this method.  However, crystallizing a protein can be time consuming in the 

attempts to optimize conditions, as well as in learning to growing crystals of a size and 

quality to give an acceptable X-ray diffraction pattern.  It is worthy to note that this may 

soon change with the advent of “free electron laser”-based crystallography. 173,174 

Ideally, our lab would try to crystallize LDC to obtain absolute certainty of the 

enzyme’s structure, and would then use crystallography or mass spectrometry to identify 

the mechanism of inactivation from α-L-(2'-Z-fluoro) vinyllysine on LDC.  Studies as 

shown by Silverman below help to see the importance of both methods in identifying 

mechanisms of inactivation. 168,175 

 (S)-4-Amino-4,5-dihydro-2-thiophenecarboxylic acid is an effective 

inhibitor of GABA-AT.176  Silverman was able to discover a unique means of inhibition 

by using electrospray mass spectrometry and tandem mass spectrometry alone to identify 

the probable mechanism(s).  Out of three mechanisms proposed, all three created 

different adducts: 1) an external aldimine that results from aromatization of the product, 

2) an enamine type 

mechanism, and 3) a Michael 

addition.  All three create 

inactive forms of PLP that will 

slowly be removed from 

within the active site.  If a 
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mechanism is proposed and a molecular mass is known, mass spectrometry can help to 

validate these proposals.  The three candidate structures for the inactive forms of PLP all 

vary substantially in molecular weight. Isolating the modified cofactor product and 

submitting it to tandem MS/MS allowed for the molecular mass of product 1 to be the 

primary candidate, leading their group to conclude that the mechanism of inactivation 

proceeds via aromatization of the adduct. 

 Crystallization offers another means to discovering the path of inactivation.  Next 

to LDC, ODC from Lactobacillus is the most highly homologous PLP enzyme known to 

date.  Fortunately, the crystal structure of ODC has been solved by Hackert177; who found 

that ODC existed in the crystalline form as a hexamer of dimers, or a total dodecamer.  

While the dimer structure seems to fit the fold type 1 of generalized PLP-dependent 

enzymes29, the dodecamer is out of the ordinary.  It is possible that LDC could crystallize 

in a similar manner to ODC based on the high homology, or could behave similarly to 

other fold type 1 proteins.   

 The beauty of crystallography it that is allows for absolute certainty in identity of 

each individual amino acid, as well as seeing the identity of the protein as a whole, rather 

than in fragments as would be seen in mass spectrometry.  This would allow the entire 

quarternary structure of LDC to be fully exposed in its entirety.  Obtaining a successful 

crystal structure would be beneficial in order to have full understanding of the active site, 

PLP’s binding, as well as potential inhibitor interactions. 

 

f) Silverman’s Case of Mechanistic Enzymology by Crystallography 
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 Dr. Richard Silverman has employed isotope labeling, mass spectrometry, and 

crystallography in attempts at depicting mechanistic insights to inactivation of 

enzymes.175  While all three give insightful hints into the possible mechanism of 

inactivation, only crystallization gives scientists a finite structure.  Instead of noting 

radioactivity in the solution or bound to the enzyme, or instead of being given a mass of a 

fragment, an absolute structure is able to be deciphered.  In specific cases, this can 

finalize the inhibited product, thus giving concrete information regarding mechanism. 

 Silverman et. al show an extremely useful example to portray the usefulness of 

mechanistic crystallography.  In the case of GABA-AT, the inhibitor (1R, 3S, 4S)-3-

amnio-4-fluorocyclopentane was developed based on analogy to the structure of 

GABA.168  Studies of activity proved this inhibitor to irreversibly inhibit GABA-AT.  

Because GABA-AT is a PLP- dependent enzyme, both Michael addition or Metzler 

enamine formation are viable products, as seen in Scheme 3.1.  Initially, the mechanism 

of GABA-AT was proposed to proceed via Michael addition based on the fact that 

aminotransferases begin with C4' protonation being a necessary step, as well as other 

inhibitors, like fluoro vinyl GABA proceed via Michael addition, but experiments for this 

inhibitor had not been studied.  Both mechanisms start in the same fashion.  Addition of 

the substrate generates the external aldimine, which undergoes deprotonation of the α-

proton to form the quininoid intermediate, followed by fluoride expulsion.  In the 

Michael addition, the active site Lys will attack the γ-position of the unsaturated iminium, 

which regenerates the quininoid intermediate and results finally in C4' protonation.  Via 

the Metzler enamine addition, the active site Lys generates the internal aldimine releasing 

the small molecule enamine.  This enamine is a good nucleophile and is proposed to  
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attack the C4' carbon, resulting in the final adduct. Interestingly, both mechanisms result 

in fluoride expulsion, thereby eliminating radioactive assays as a means of distinguishing 

the two.  Similarly, if the Metzler enamine does indeed result of an addition of the small 

molecule back into PLP for formation of the final adduct, both mechanisms would give 

products of identical molecular weight.  

  Silverman was not only able to successfully identify the mechanism of 

inactivation of GABA-AT, but was able to use crystallography to visualize the active site 

and see interacting active site residues.168  Arg 192 is able to stabilize the carboxylic acid 

within the inhibitor.  Lys 329 serves as the active site lysine that is able to form the 

internal aldimine.  From these results, Michael addition is conclusively eliminated from a 

possible mechanism of inactivation.  Formation of the adduct seen gives adequate 

information for scientists to hypothesize that the method of inactivation of GABA-AT 

proceeds via the Metzler enamine pathway. 

g) Possible Inactivation Pathways of LDC with the New Trigger 
 

 
  Based on Silverman’s findings, it was essential that we analyze the 

potential paths of inactivation for LDC.  PLP-based enzymes proceed through three 

major pathways: α- protonation, which results in normal turnover, and two possible 

pathways that could result in inactivation: C4' protonation, or Cγ protonation.  Another 

possible method of inactivation, though highly unlikely, is addition directly into the 

quninonoid intermediate. Indeed, careful consideration of the possibilities suggests that 

there could be more than one means of inactivation is possible based on C4' protonation, 

or Cγ protonation.  Because of previous findings within our own lab from Karukurichi 
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and de la Salud-Bea, we know that the  fluoride expulsion accompanies inactivation.23,162  

Of the three most likely inactivation mechanisms, two (nucleophilic Metzler enamine 

mechanism and the electrophilic conjugate addition mechanism) follow from Cγ 

protonation, followed by enamine formation/release.157,178  The third possible mechanism 

was a conjugate addition/elimination following C4' protonation.  Scheme 2.3 depicts these 

three potential inactivation routes.   
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 The pellet was resuspended in 80 mL of 100 mM potassium phosphate pH 6.0 

(Buffer B), and was centrifuged at 15,000 rpm for 15 minutes.  The supernatant was 

decanted and was concentrated down to 60 mL.  The solution was loaded onto a 200 mL 

phenyl sepharose column and eluted with a gradiant of 100 mM (250 mL) to 10 mM (250 

mL) potassium phosphate buffer, pH 6.0.  These fractions were collected in 5.5 mL 

increments.  To find active protein, 300 µL of each fraction was placed on a 96-well plate 

and measured the absorbance at both 280 nm and 420 nm.  The fractions were then tested  

by the Lenhoff assay, which will be described later. 

 Active fractions from the phenyl sepharose column were concentrated to 2 mL 

and were loaded onto the S-300 column, and was eluted using 10 mM potassium 

phosphate buffer with 10 µM PLP, and were collected in 5.5 mL fractions.  Active 

fractions were measured by the Lenhoff Assay. 
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Activity Measurements 

 

Cadavarine Standard 

 A 2.1 mM solution of cadaverine stock solution was made.  9.5 µL to 95 µL of 

the cadaverine solution was added to 24 µL of 100 mM L-lysine.  The solution was 

finalized to 300 µL by adding 10 mM phosphate buffer, and the tube was heated at 43°C 

for 7 minutes.  Once brought back to room temperature, 300 µL of 22 mM TNBS was 

added and the solution was heated at 43 °C for 7 minutes.  Once cooled to room 

temperature, 600 µL of toluene was added, and the solution was mixed on a mini vortex 2 

times for one minute.  300 µL of the organic layer was extracted and the absorbance was 

 
Volume 

(mL) 

Total 

Units 
Units/mL 

Total 

Protein 

(mg) 

Lowry 

Assay 

Specific 

Activty 

(U/mg) 

% 

Yield 

Purification 

Factor 

Crude 50 2874 57 2499 1.15 100 1 

Ammonium 

Sulfate 
27 2833 104 2380 1.19 98.6 1.03 

Phenyl 

Sepharose 
4.5 1118 248 81 13.8 62.1 12 

S-300 1 382 382 4.2 91 13 79 
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measured at 340 nm for a range of concentrations of cadaverine.  Absorbance versus 

concentration was plotted, and the slope gave the absorbance per 1 µM of cadaverine. 

 

Activity of LDC 

 Each test tube contained 20 µL of selected LDC and 256 µL of 10 mM phosphate 

buffer pH 7.0.  At time point 0 minutes, 24 µL of a 100 mM L-lysine solution was added 

to the test tube. At the timepoint in which the reaction was desired to be stopped, 300 µL 

of 1.0 M K2CO3 was added to quench the reaction, and the mixture was heated at 43 °C 

for 7 minutes.  After the solution was allowed to cool to room temperature, 300 µL of 22 

mM TNBS was added and heated again at 43 °C for 7 minutes.  Once the second solution 

was cooled to room temperature, 600 µL of toluene was added to the solution.  The 

mixture was agitated in the mini vortex two times, each lasting for one minute.  The final 

product resulted in two layers, an orange aqueous layer and a clear to yellow organic 

layer.  Interestingly, measurements of the crude extract also have a frothy bright yellow 

substance at the top of the aqueous layer.   

 After completing the reaction, a 300 µL aliquot of the toluene layer was placed in 

the quartz plate and absorbance was measured at 340 nm.  A graph plotting absorbance 

vs. time was made, with the slope being used to calculate activity.  Based on the 

calibration curve, we can calculate the activity units in the 300 µL solution.   
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Protein Measurements 

 For the Lowry Assay, the following solutions can be made ahead of time and used 

for multiple assays: 

 Solution A: 0.5 g CuSO4, 1.0g sodium citrate, and 100 mL dd H2O 

 Solution B: 20 g Na2CO3, 4g NaOH, and 1L dd H2O 

When the assay will be run, the following solutions should be made fresh: 

 Solution C: 100 mL Reagent B 

 Solution D: 10 mL Folin-Ciocalteau reagent (SIGMA, 2 N) and 10 mL H2O 

The standard protocol was followed: 
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1.  10 BSA standards were made in triplicate ranging from 0.1 mg/mL BSA to 

 1 mg/mL BSA, in increments of 0.1 mg/mL 

2. 1.25 mL of solution C and 250 µL of the standard or the protein to be  

 measured were mixed, vortexed at a medium speed, and were let to sit in  an 

incubator at 37 °C for 10 minutes. 

3. 125 µL of Solution D were added to the solution, vortexed at a medium  speed, 

and incubated at 37 °C for 25 minutes. 

4. Absorbance of the solutions was measured at 650 nm.   

A plot of the standard absorbance versus concentration was made, with the slope of the 

plot giving the Abs/mg of protein.  The absorbance of the purified protein could also be 

used to estimate the amount of protein present in solution. 

 

 

Ammonium Sulfate Test 

 A test was run to compare the activity of Karukurichi’s ammonium sulfate 

precipitant which had been stored at -80 °C for two years versus a freshly made 

ammonium sulfate precipitation.   A small fraction of each pellet was re-suspended in 1 

mL of 10 mM phosphate buffer pH 7.0 in the presence of 15 µM PLP.  20 µL aliquots 

were taken from both samples, and a Lenhoff activity assay was run on the two samples.  

Interestingly, the old sample appeared to have slightly higher amounts of activity than the 

new pellet, with the activities differing slightly.  This shows that even after years of 

storage, ammonium sulfate pellets serve as a suitable storage method. 
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Native State Determination 

 

Native state determination of LDC was determined by running LDC on a 4% stacking, 

9% resolving discontinuous polyacrylamide gel.  The gel was run at a constant current of 

40 mA and was cooled using flow cooling as set by the Hoeffer Mighty Small II 

electrophoresis apparatus.  BSA was used as a standard.  From the gel, it appears that 

LDC exists as a monomer or a dimer, based on molecular weight measurements. 
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Sedimentation Equilibrium Experiment 

 An ultracentrifugation was run to perform a sedimentation equilibrium 

experiment.  If LDC existed as a dimer, the Beckman-Coullter Proteomelab XLI Protein 

Characterization system was run at 8000 rpm with a protein concentration of 0.4 mg mL-1 

in a buffer of 10 mM potassium phosphate pH 6.0 at 20 °C for 24 hours, and was run at 

11000 rpm under the same conditions to test for a monomer at molecular weight 83 kDa.  

Data was collected using Micocal Origin software with the Beckman ultracentrifuge data 

analysis add-ons.  The data was analyzed at 280 nm.  After analysis, and given a 95% 

confidence interval, the molecular weight from both runs was shown to be 398 (±22) kDa 

based on its sequence.  The molecular weight suggests LDC existing in a pentameric 

state, which would correlate to work done by Beier, showing a molecular weight of 422 

kDa.    

 An issue regarding these results is that they do not agree with the results obtained 

from the gel filtration, however, it may be that LDC is exists as an equilibrium mixture of 

several different oligomeric forms.  In a simple analysis here, one could have equal 

amounts of tetramer and hexamer, giving an apparent averaged molecular weight of a 

pentamer. 

 

Crystallization of LDC 

 

1st screening: 
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LDC in a 30% glycerol stock was loaded onto a G-25 column and was eluted with 10 

mM potassium phosphate buffer pH 6.0 in 10 µM PLP.  Fractions were collected 

following UV reading at 280 nm, and protein was concentrated down to 5 mg/mL using a 

Centricon.  Due to the low concentration of protein, trays were set loading 2:1 

protein/buffer.  Preliminary screening trays were set up utilizing the Hampton I and 

Hampton II screening kits.  Trays were kept at 9 °C. 

 

2nd screening: 

LDC in a 30% glycerol stock was loaded onto a G-25 column and was eluted with 10 

mM malonic acid buffer pH 6.0 in 10 µM PLP.  Fractions were collected following UC 

reading at 280 nm, and protein was concentrated down to 20 mg/mL using a Centricon.  

Preliminary optimization trays were performed by utilizing the Hampton I and Hampton 

II screening kits.  Trays were kept at 9 °C. 

 

Mass Spectroscopy 

 

After collecting S-300 fractions, pure and active fractions of LDC were loaded onto a 9% 

SDS PAGE gel.  After destaining had occurred, gels were slices and digestion of LDC 

was followed by standard protocol (discussed below).  The slices were digested with 

AspN, formic acid, trypsin, and chymotrypsin.  The digested protein was extracted and 

run using a C18-reverse phase LC column (75 micron x 15 cm, Pepmap 300, 5 micron 

particle size). Results showed multiple hit of various strains of LDC, yet LDC from H. 
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Alvei was not the top hit from any of the digestion results.  The following depicts 

fragments found within the published sequence of LDC from H. Alvei: 

Tandem MS/MS for protein modification 

 

Upon sequence alignment, it was seen that the active site lysine exists in a highly 

conserved region of 12 LDC’s from various bacterial strains.  To a sample of pure LDC 

(≈1 nmol in 60 µL), sodium cyanoborohydride (NaCNBH3, 1.0 mg, 16 µmol) was added 

and was incubated at 0 °C for two minutes.  The solution was centrifuged at 10,000 rpm 

for 10 minutes.  The solution was then placed on a 4 kDa Microcon filter and was washed 

4 times with 300 µL 10 mM Potassium Phosphate buffer pH 6.0, containing 10 µM PLP.  

After the final rinse, the solution was resuspended in 150 µL of the washing buffer, and 

was incubated at 25 °C.  After 18 hours, 10 µL of the solution was mixed with 7 µL of 

loading buffer, was denatured at 80 °C for 7 minutes, and was loaded onto a 9% 

acrylamide SDS-PAGE gel.  Bands at approximately 80 kDa were excised and digested 

and run on LC/MS, as described above.      
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