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ABSTRACT

The kinetic charaderistics and reguation of aspatate cabamoyltransferase ativity were studied in
lysdes and cdl extrads of Helicobacter pyloriby three dfferent methods. Nudear magetic reonance
spedrosmpy, radoadive tracer aaysis, axd spetrophotometry were employed in conjunction to
identify the propertiesof the enzyme adivity and to validae the resuts obtained wth ead assg. NMR
spedrosmpy was the most drect method to provide poof of ACTase atvity; radoadive tracer
analysis was the most sensitive technique ad a microtitre-based olorimetric assg wasthe most st-
and time-efficient for large scke analyses.Freezethawing was adpted & the preferred method for cdl
lysis in studying enzyme adivity in Situ. This gudy showed the benefits of employing severa different
complementary methods to investigate baderial enzyme adivity.

INTRODUCTION

Studies of baderial enzyme adivities provide fundamental information relevant to microbial physiology,
and to a nore complete understanding of cdl metabolism, baderial evolution, and to the interadions
that occu's between baderium and host. Charaderizing enzyme adivitieshelpsto duddate reguatory
medanisms and pathways inan organism, and to identify proteins essential for cdl survival. The ability
to investigate enzyme adivities in whole cdl lysates or crude extrads is important for the initial
identification of a particular adivity, and for obtaining information on enzyme fnction in an
environment close to the cdlular milieu.

The adivities of enzymes inthe intracdlular milieu depend on their intrinsic physico-chemicd properties
and on their interadions with other cdlular mmponents. Modulation of enzyme adivities of functional
relevance occus not only among the mnstituents of reagnised multienzyme duders, but dso anong
soluble enzymes and other cdlular cmmponents (1, 2). Proteins have dso been known to be more gable
in concentrate than in dilute lutions (3). The basc medanisms of adion of soluble enzymes
edablished in purified preparéions arenot expeded to dhange from the in vivo conditions, however
their adivities are nodulated by the intracdlular milieu. Thus, in Situ investigations of enzyme adivities
may reved propetties which would otherwise renain undeteded.
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The investigation of enzyme adivity with avariety of methods results in synergies in the understanding
of the dharaderisticsof an enzyme. Applicaion of different techniques can validae data obtained by one
method by the resuts of the others, yield more spefic information on a paticular aspecof a g/stem,
and provide results in a range of assay conditions ordinarily not available to a single method. The
benefits and dsadrantagesof paticular techniques, sule as sesitivity, dficiency, and cost, need to be
consderedto degermine which are the most uséul methodsfor a speific studion.

In a pevious invedigaion (4), we used three different tedhniques to study aspatate
cabamoyltransferase(ACTase) ativity in Helicobacter pylori This baderium is an important human
pahogen (5, 6), and the enzyme of interestis a ke reguatory step in baderia de now pyrimidine
nudeotide metabolism (7). As this enzyme appess to be essatial for the suvival of the baderium, it
provides a ptentia dte for therapetic intervention. Consequetly, an in-degh underganding of the
enzyme adivity and regudation in situ would sewe toward more raional desgn of therapetic ageits.

METHODS
Prepaation of cdl free etracts

Cdls were gown at 37C in an amosphere of 10% CQ in ar, and 95% humidity. Baderia were
harveged durng the late logaithmic growth phasefrom agar petesinto 0.1 M Tris buffer (pH 80). H.
pylori cdls change $ape as diures gow older. The baderia have spral-rod forms when they are in log
phase, ad this siapebemmes spericd with the formation of coccoids which tend to aggegde in the
stationary phase. Cultures on plates will produce cdls of different ages, but based on the morphology of
the baderia, phase ontrast microswmpy adlows eag ddermination of the predominant growth phase.
Underour expelimental conditions, inspecion of cutures sowedthat at 24 growth more than 95% of
the cdls werein the spral-rod form, and ater 72 growth more than 95% of the cdls were cocooids. It
should be noted that the formation of cocooid aggegdes wses a blem for the esimation of cdl
growth by sped¢rophotometry at 600nm. The number of scdtering centres ca decreas significantly
upon aggregdon, and the measurenents wuld underesimate baderia growth.

Harvesed cdls suspeded in Tris buffer were catrifuged at 10003 for 8 min at 4°C. The resulting
pelet was walsedtwice and resuspadedin the sane buffer. Cdls wee lysedby twice freeang in liquid
nitrogen and thawing the suspesions, which were dlowed to thaw completely before re-freeang. To
obtain crude etrads, the lysaes were centrifuged at 27,000y for 8 min at £C, and the supematant
caefully sepaated from the pdlet made upof cdl-envelope déiris. The lysaes ad the aude extrads
could be stored at -20°C for several months without loss of adivity.

Measuement of ACTase activity

Nuclear magneticresonance speiscopy(NMR).The wnique mtential of NMR spedrosaopy for
monitoring smultaneously the concentrations of several metabolites in complex milieux makes it one of
the most powerful techniques aailable to carly out this type of Sudy.
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For NMR measuements, lysaesor cdl-free extrads wee resuspadedin 0.15 M NaQ constituted in
5:1 H,O/H,O buffer mixtures to provide deterium frequeicy lock for the spetrometer. Sibstrate
concentrations were40 mM L-aspatate and 50mM carbamoyl phosphate, in 0.1 M HEPES buffer (pH
8.0). The readion wasstarted by addng 100 pl of cdl free tractto atotal sample volume of 600 pl.
To alow for efficient dispensing of the assay mixture into the 5 mmnarrow bore NMR tube (Wilmad,
Buena, NJ, the lysde or extract suspesion and the sibstrates wee mixed in an Eppendorf tube;
diluting visoous cdl lysaeshelpedto pacethem into the tube.

Free indudion decys were olleded usng a BrukerAM-500 spetrometer, operding in the Fourier
transformation mode. Meastements weae caried out at 37°C, and sequetial spedra were acqured
auomaticdly at 50011 MHz with presauration of the waer re®nance. The instrumental parameters
were spedral width 5347 Hz,memory sze 8K, regrcling time 35 s, number of transients 144, ad
pulse angle 50° (8 pus). To improve sgnal-to-noise, eponential filtering of 1 Hz was apiped pror to
Fourier transformation. Depending on the vismsity of the sanple and the concentrations of the
substrates, it is often advisable to employ resolution-enhancing window functions at the expense of
losing some sgnal intensity; for example, a Gausan window function with typicd parameters: -1 Hz
line broadening, and 0.19 Gaussn paraneter.

The time evolution of the utili sation of substrates and appeaance of product was followed by aaquiring
sequetial spetra of the readions. Rogress cwes wee obtained by measuing the integas of
Substrate and product reonances at edc point in time. Maimal rates wee caculated from good fits
(correlation coefficients 2 0.99) of the ddato draight linesfor 30 min of the readions.

Radioactive tracer analysisACTase ativity was #so déermined usng a radoadive assg that
measties the incorporation of [**C]carbamoyl phosphate into cabamoyl aspatate (8). Typicd enzyme
assg conditions were 40 mM L-aspatate, Q4 mM carbamoyl phosphate ntaining [*“C]carbamoyl

phosphate (01 uCi umole1), Tris buffer (01 M, pH 80), and cdl-free extractin afinal volume of 200
pl. The reation wasinitiated by addng 10ul of cdl-free etrad, and incubated for 10 min at 37°C in a
water bath. Reations wereteminated by addng 100pul of 3 M formic add and heaing at 80°C for 6
min, duiing which time any unreaded [“*C]cabamoyl phosphate deomposedinto phosphate and carbon
dioxide, and the label was @aporated as**COp. Heaing for 6 minutes wasfound to be the optimum;
less time was insufficient for complete conversion to **COp of the unreaded [“C]carbamoyl phosphate,
and longer times were unnecessary. Ten milliliters of scintillation fluid (2,5-diphenyloxazole/toluene;
0.5% wh) were added, ra@ the radoadive decg measurd on a Packad Tricartb santill ation counter
(Padkard Instrument Co., USA).

Spectophotomety A colorimetric measuement of cabamoyl aspatate produdion usng amicrotitre
protocol was employed for kinetic dudies of the enzyme readion (9), and dl measwements wee
peformed in triplicae. The method was basedon that of Presott and Jnes (10) which uses a
monoxime and antipyrine colour reagat for the detedion of CAA. Two pats aitipyrine (5 gl in 50%
(v/v) sufuric aad) weremixed with 1 partmonoxime (8 gl in 5% (/v) acéic agd). The mlour reaget
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was prepared immediately before use. Owing to the instability of carbamoyl phosphate (11), it is
essetia that solutions are prepaedfresh before eab readion. The readion mixture containedthe sane
concentrations of sibstrates and buffer as desibed @ove but without the [*“C]carbamoyl phosphate, in
a final volume of 200 ul. To dart the enzyme reation 50 ul of fredly prepare cambamoyl phosphate
was addedo the wdls, and the date incubatedfor 10 min at 37°C. One hundred microlitres of the color
reaget wasthen addedto ead wel to gop the readion, and the date incubatedin the dak in a water
bath at 60°C for 2 h. Else and co-workers (9) recommend covering the plate with adhesive film while
incubating; however when this was done water droplets would sometimes form on the underside of the
film and mix into the wells. To avoid this problem another microtitre plate was used as acover. The
plate was then allowed to cool to room temperature in the dak for 15 minutes, &d the asorbance
measured at 456m.

This method was adajed in the pesent study to provide an adivity stain for ACTasein native PAGE
gels. Native proteins were separated by modifying the procedure of Laemmli (12), where gel
eledrophoregs was peformed wder non-reduéng and non-denaturing conditions. The geé wasthen
dicedinto Imm sedions, and ead sedion placedinto a microtitre well containing the substrates of the
ACTasereadion. An identicd lane of eedrophoreticdly sepaated poteins were also siced and then
incubated without aspatate, as anegaive control. The microtitre date wasthen processed abefore.

RESULTS AND DISCUSSION

ACTaseactivity and cdlular localisation

ACTase ativity could be locdisedto the luble fradion obtained by freezethawing cdl susp@sions
and sepaating the cdl envelope and cytosolic fradions by high-speed cetrifugaion. The useof freeze-
thawing as atechniqueof cdl lysis has seeral advantagesover other methods in the study of enzyme
adivities. Snicaion may not be desrable on acount of the heat geerated atthe tip of the probe, that
could result in denaturation of proteins. It has also been shown that sonicaion gives rise to H and OH
radicds which can lead to protein fragmentation (13). Similarly, chemicd lysis maey affed enzyme
adivity derimentally by disrupting enzyme complexes, ¢c. Some tedhniques,sud as sonicaion and
rupturing with glassbeads,employ relatively hardh disrugion procedures \wose ation may disodge
membrane-as®ciated proteins, and thus yield positive adivity in the luble fradion. Freezethawing is
an efficient and relatively ‘gentle’ processof cdl disruption, which appeas to open holesin the cdl
envelope and have mnimal effeds on its overal integrity, ensuring little shearing of membrane-bound
proteins and good remvery of soluble pioteins (14, 15). Itis important when lysing cdls to take into
acount not only the dficiency of the lysis procedue in breakng open the cdl's, but dso of any effeds
the method may have on processesone may subsequetly wish to study. For these rea®ns freeze-
thawing was adopted asthe preferred method for produdng cdl free etrads for studying ACTase
adivity in H. pylori.

Different enzyme assays for ACTase sudy in H. pylori

ACTase popeties wee studied in situ in cdl-free etrads to obtain information on enzyme function in
an environment that was toserto the baderium's physiologicd conditions. There ae numerous ad
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unique advantages in studying enzyme adivities in purified preparations, but the use of smpler milieux
may mask poperties sub as potein-protein interadions, that culd be obseved in more complex
conditions. Invedigation of an enzyme adivity in crude etrads dows for its dharaderisaion, and at
the sametime retains the posshili ty of discovering some of its interadions with other cel components.

Three different methods of studying ACTase adivity were employed in this investigation. The results
obtained by eat technique were compared with the dda from the others, to validae them and/or gaher
addtional information. Comparison of the rates in Table 1, indicated that eat method represeited a
valid procedure for studying ACTase adivity in H. pylon.

Table 1. Comparison of ACTase ativity deermined by three dfferent methods

Assay method ACTase adivity (umole mirn* mg protein™)
NMR spetrosoopy 0.228+ .029
Radoadive tracer aalysis 0.256+.023
Spedrophotometry 0.272+ .024

NMR spetrosmpy wasthe first method employed to identify ACTase in H. pylori. ‘H-NMR spedra
showing the time-courseof substrates ad produds of the ACTasereadion in incubations with H. pylori
cdl-free extrads were given in Figure 1of the origind article (1). Deaeaseof the peakf the aspdaate
Slbstrate, and appeeance of peaks orrespnding to ametabolic product wee obseaved. The protons of
the substrate cabamoyl phosphate ae in chemica exchange with those of the aqueus solvent at rates
which render them invisible in the *H-NMR spedrum under the experimental conditions enployed. The
'"H-NMR renances aising from H. pylori lysaes or cel-free extrads wae very smal compared to
thoseof the aspaate and the produd, thusit was wssble to follow the evolution of these metabolites
over time. Assgnment of the resonancesfrom the product cabamoyl aspatate (CAA) was abieved by
adding this metabolite to assay mixtures and comparing the spedral position of its resonances with those
of the pioductin the baderial preparéons.

Metabolites have NMR spetra sgnatures taraderized by their chemicd sructures. In the cag of
CAA the renances aising from a-CH and 3-CH, groupsof the aspaate moiety have dhemicd shifts
and coupling constants different from those of the amino add aspatate. Thus, it was ssble to make
an unambiguous assgnment of CAA. This ddinite identification of a readion produd, is afedure
lacking in other enzyme assygs, paticularly when complex prepaations ae assged. For example, the
radoadive or colorimetric assg measuesthe formation of a radoadive pioduct and a urado piodud,
respetvely, without yielding suficient information about its identity. Although proper ontrols could
ensue the validity of these methods, NMR spettoscopy gave drect evidence for the pesence of
ACTase adivity. However, this tecdhnique has limitations, some of which are: a) sensitivity, becauseoften
relatively high concentrations of substrates aie neededo obtain clear NMR ggnals; b) spedral overlap,
under cetain conditions osme peaksnay appear supenposedon others thus maskng spedic effeds;
and c) st of operating NMR spetrometers, which may predude their usein large scde enzyme
analysis. Notwithstanding its limitations, this tedhnique has proven nost effedive inthe study of enzyme
charaderisticsin H. pylori (4, 16-18).

Radoadive tracer aalysis was aother uséul method to sudy ACTase ativity in cdl-free extrads. A
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main advantage of this tedhnique is its sastivity; measwement of radoadive decgs dlowed for
determination of ACTase atvity at relatively small enzyme concentrations. This could prove espedlly
usdul in studies on purified poteins, where yield is often quite low. Radoadive tracer analyses
provided information on ACTase ativity that could not be obtained by NMR anadysis or the
colorimetric assg. Spedicdly, to dudy the dfeds of cabamoyl aspatate, the ACTas end-produd, on
enzyme adivity. In these experiments the added exogenous CAA will mask the product formed through
the adivity of the enzyme in both the NMR ad colorimetric assgs, the higher the concentration of
addel CAA, the les accuate ae the measwements of the adivity of the enzyme by NMR spetrosaopy
or spet¢rophotometry. The dfeds of CAA on ACTase ativity were assessk confidently employing
radoadive tracer aayss and, as Bown in Figure 1, the obseaved produd-inhibition of the enzyme
adivity was onsistent with the inhibitory effeds CAA hadon H. pylori growth.
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Figure 1. Effeds of carbamoyl aspartate (CAA) on ACTase adivity and viability of H. pylori. The

adivity or viability are taken as 100% in the &sence of CAA. (+) ACTase adivity; (£)CH. pylori
viability.

Becaus the labelled carbamoyl phosphate is usedonly in trace anounts and is an unstable cmpound it
iS very important to monitor its purity continuously. At one point in the work, significant radioadive
counts were measuied in samples only containing [*“C]camamoyl phosphate, even after addtion of
strong add and heaing. As mentioned in the nethods, this treament should alow for the removal of
any unreaded [“C]carbamoyl phosphate as“CQ,. The finding indicated the presence of an add-stable
contaminant in the gock [*“C]carbamoyl phosphate. Apart from the obvious expense in obtaining fresh
radioadive substrate, the posshility of further contamination and false positive results suggesed this
method may not the most appopriate for large scke daraderisaion of ACTas adivity. Another less
technicd disadrantageof this techniqueis the sdety in the handling of radoadive produds. Although
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due cae $ould prevent any problems, the dement of risk involved may favour the useof atechnique
with lesshazadous materials.

The use of a micro-titre based colorimetric assay provided athird method for the study of ACTase
adivity, and the most uséul for large scke measuements. The method was esgsialy as descibed
previoudy (9), but several findings proved useful in optimising the assay for this work. Although the
auhors suggesthat the colour development reageits can be gored for a $ort petiod of time (10),it
was found in the present study that the most mnsistent resuts wee obtained when the reagets wee
made fresh immediately prior to use. In constructing the CAA standard curve in Figure 2, it was found
that the @sorbance valuesincreasedinealy with respecto CAA upto 0.15 pmole CAA, dlightly more
than the 0125 pmole reprted previoudy. At CAA quanttities higher than this, the readngs sufered
from noise and were no longer linea with resped to CAA. This was inportant in asessng that this
technique could not be usal to study the dfeds of CAA on ACTase ativity, as desgbed @ove. For
CAA quattities below 0.015 pmole, the readhgs werebelow the limits of sensitivity of the assy.
Comparison of colour development times between 2 and 7 h, reveded that atwo hour development
time yielded the nost consistent and reproducible results.

A 450 nm

0.00 0.06 0.10 0.15 0.20

[Carbamoyl aspartate] (umole)

Figure 2 Measuement of cabamoyl aspatate employing the microtitre assg

The colorimetric assg was adopted as the preferred method, becausets protocol wasthe more dficient
and inexpensive. Employing this assg severd 96-wdl platescould be used,alowing for the processng
of hundreds of samples simultaneously. Experiments could be performed routinely in at least triplicate,
increasng their predsion. The mlorimetric technique povided sgnificant efficiency improvements
compaed wth the pocessng time of both NMR and the radoadive analysis methods. A novel
adapation of this technique was B0 sea with the useof this method to ddaect ACTase adivity in a
native PAGE gel. A single area of ACTase adivity was locdised approximately 8 mmdown on a 6%

Biological Procedures nline « Vol. 1 No. 1« May 14,1998+ www.biologicalprocedures.com



B.P. Burnset al 24

alcrylamide gd (Figure 3), suggesng the presace of a high molecdar waght protein. This
modification of this microtitre assg for use as menzyme adivity sain may be prove uséul paticularly
for protein isolation and puification.
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Figure 3. ACTase adivity stain. Profile of ACTase adivity of 1 mmsedions of a 6% native PAGE gel
of dedrophoreticdly sepaatedH. pylor proteins. ® Sedions incubated with cabamoyl phosphate and
aspatate; & Sedionsincubated with calbamoyl phosphate done.

The ability to include a good number of controls in the nmeasurements also ensured very reliable
measuements of ACTase ativity. No sggnificant increasein opticd density was obsaved between
controls with only enzyme etrads axd sanples wth enzyme extrads together with one of the
Substrates, suggesg there waslittle or no formation of ureado produds other than cambamoyl
aspatate. Noincreasein opticd density wasobseved when cabamoyl phosphate and aspatate were
incubated without cdl-free etrads, suggetsng that any chemicd formation of cabamoyl aspatate was
below the detedion limits of the method. Table 11 is asummary of the results on ACTase adivity usng
this method, $howing the sgnificant data ganeraed usng thistechnique.

Tablell . Summary of ACTase ativity charaderisticsin H. pylori

Enzyme dharaderistic DatafromH. pylori ACTase
Km (cabamoyl phosphate) 0.6 mM
K (L-aspartate) 11.6 mM
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Enzyme dharaderistic DatafromH. pylon ACTase
Vmex (Cabamoy! phosphate) 0.68 umole min-1 (mg protein)-1
Vimex (L-aspartate) 0.64 pmole min-1 (mg protein)-1
pH optimum 8.0
Temperaure optimum 45°C
Substrate spedicity Spedfic for L-aspatate
Effectof aspatate analogues Sucgenate and malate inhibit
Effectof phosphate analogues  Phosphonoacdate and aceyl phosphate inhibit
Effectof PALA 50% inhibition at Q1 uM; K; of 0.245uM
Effectof nudeotides All, tri-, di-, and monophosphate nudeotides
inhibit

The main limitation found with the colorimetric assy was aready described, namely the inability to
study the dfect of the end-product CAA on enzyme adivity. Lack of resuts in deteding ACTase
adivity in whole cdls was thought to be another limitation of the nmethod. However, the finding that
[*“C]carbamoyl phosphate was not transported into the cdls, indicated that the lack of detedion of
enzyme adivity in whole cdls was a &&ure of the permeability of the H. pylon cal membrane, and not
a ddiciency of the wlorimetric assg

In concluson, this study has denonstrated the benefits of usng several enzyme assygs to invegigae in
situ the functioning of the ACTase ezyme in H. pylori. The useof a drect NMR method, a sensitive
radoadive assg and avery efficient micro-titre assg alowed for a comprehensive understanding of
this adivity in a complex badkground. Further use of such acombination of methods should alow for
more complete understandings of baderial enzyme systemsin situ.
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