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The Hafnia aivei aspartase activity with acetic anhydride treatment gradually increased and reached 7.5-fold
that of the native one. The activity of the acetylated aspartase was a little higher than that of the native enzyme.
indicating that the cooperativity between a substrate and enzyme is increased. The optimum temperature of the
native asparatse was 43 “C. and that of the acetvlated enzyme shifted to 40 °C. The pH vs. the activity profile
of the acetylated asparatse was also different from that of the native enzyme. The initial velocity pattern of the
acetylated aspartase intersects to the left of the ordinate. indicating the sequential kinetic mechanism other than
a rapid equilibrinm ordered one. The reciprocal plots for aspartate of the native aspartase were curved, but those
of the acetvlated aspartase were linear. indicating the Michaelis-Menten kinetics. The helical content of the
acetylated aspartase was rather decreased to 9% than that (63%) of the native one.
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Introduction

Asparlasc (L-aspartalc ammonia-lyasc. EC4.3.1.1) catalvzcs
the reversible conversion of L-aspastcate (o [umaralc and an
ammonium ion in (he following reversible reaction.!
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The aspartasc 1s a letramer composed of four apparcntly
identical subunits of molccular weight 48.000. The cnzyme
was obscrved to have an absolule requirement for a divalent
mctal 1on activator at higher pH. with some mmdication that
asparfasc may posscss sonc aclivity in the absence of the
divalent metal ion at low pH.~ Nuirv. er o, (1984) carricd out
a complete kinctic mechanism study. which included a divalent
mcial ion as a pscudo — rcactant utilizing an imitial velocity
study. and the primary and sccondary kinctic 1sotope cffects
for aspartasc.” nitial velocily data for Hafiia alvei aspartasc
arc consisicnt with a rapid cquilibrium ordered kinctic
mechanism. caused by the ordered addition of Mg™" prior to
aspartatc. followed by the completely random release of
Mg~ . NH* or lumarate.
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Acclylation on /<. coli aspartasc with acctic anhydride and
N-hydroxysuccinimide esters resulied in the alteration of its
catalytic and rcgulatory propertics.” The two-fold activation
al pH 7.0 was obscrved for 30 min. whereas the activity of
the acctylated chzyme at pH 8.5 was lower than that of
the native cnzyme throughout the range of substrate concent-
rations tested. while maintaining the ¥ unchanged. The
requirement of divalent metal ion for the cnzyme activily
incrcased at both pH 7.0 and 8.5. In the metal-activily
rclationship before and afier acetylation. the ratio of activily
in the presence of Mg™' 1o that in its absence increased upon
acctylation from 1.4 to 2.1 at pH 7.0 and from 4.8 (0 84.5 al
pH 8.3, The acctylated enzyme at pH 8.5 has very litde
aclivity in the absence of Mg™'. Acctylation of the cnzyme
with other acid anhydrides such as »#-butyric and propionic
anhydrides also increased the activity at pH 7.0. albeil to a
lesser extent,

As industrial usc of aspartasc is increasing, some rescarchers
have focused on the structurc-function rclationship for the
activation of asparatsc.”™’ In an ¢lfort to clucidate the nature
of amore structurc-function relationship of the acetylation in the
aspartasc rcaction. we have tricd Lo investigale the activation
with limited treatment of the acctic anhydride on aspartasc
from Hafria alved. In this paper. the cffecls of acetylation on
the structure and the function propertics ol Hafiia alvei
aspartasc. as well as some propertics of the acetic anhydride-
activated aspartasc arc described.

Material and Methods

Chemicals. Hafiia afvei (ATCC 9760) was purchascd
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from ATCC (American Ty pe Culture Collection. Rockville. USA).
2-Hydroxyethy Imercaptan (3-Mcrcaptocthanol). Potassium
phosphate. Tris (hydroxymethyvl) aminomethanc. L-Aspartic
acid and acctic anhydride were purchased from Sigma Chemical
Co. (St. Louis. USA). Magnesium chloride was obtained from
Yakuri Chemical Co. (Osaka. Japan). All other chemicals were
obtained from commercially available sources and were purc or
extra-pure for the available analy tical grade.

Enzyme Preparations. Aspartasc was purified from Hafnia
alvei as deseribed by Yoon. ef af. (1998).' Briefly. aspartase
was obtaincd [rom a combination of DEAE-ccllulose. Red
A-agarosc. and Scpharose 6B chromatography. The purificd
cnzyme was divided into aliquots and stored at -70 °C until
uscd. The activity of the enzyme remained stable for at Icast
onc month at 4 °C without appreciable loss ol cnzymatic
activity. Protcin concentration was deiermined by Bradfords
mcthod. The enzyme preparations used in this investigation
were homogencous as judged by ultracentrifugation and
polyacrylamide gel clectrophoresis.

Enzyme Assays. The aclivity of asparlasc was delermined
using a Hewlett-Packard 8432 Diode-Array spectrophotometer
cquipped with the constant-lemperature (23 °C) cell housing,
All reactions were carricd out in 1 ml cuvettes with a 1 cm
light path length. which were incubated for at lcast 10
minutcs m the cell compartment prior (o the iniliation
of a rcaction by the addition of asparlasc. The progress
of the reactions was determined spectrophotometrically and

monitorcd continuously by measuring the lormation of

fumarate by [ollowing the increasce in absorbance at 2:H) nm
(€200 =2.235 M~'em™) at 40 °C. The standard assay mixturc
contained. in a total volume of 1.0 mL cuvetie. 100 mM
Tris-HCI buffcr. 10 mM aspariaic and 4 mM Mg~ . pH 7.85
and was mcubated for 10 minuics m a compartment. The
asparfatc and Mg"' concenirations were corrected [or
complexation with a divalent metal using the following
dissociation constant obtained at 0.1 mM ionic strength: Mg-
aspartatc. 4 mM."" All othcr chemicals were also corrected
for the metal-chelating effect. The reactions were started by
adding appropriate volumes of the acetvlated enzvime
solution. The increase of absorbance at 240 mn that
corresponded to fumarate formation was measured. The pH
was recorded before and after the initial velocity data were
recorded.

Acetyvlation Treatment. Aspartase was incubated with
acetic anhyvdride at 0 °C. In 1.5 mL cuvette. 100 mM phosphate
buffer. 3 mM S-mercaptoethanol. and varions concentrations
of acetic anhvdride were prepared in a compartment. The
reaction mixture contained 17.3 tg of aspartase and
incubated for a designated time at pH 7.3.

Initial Velocity Study. The conditions of the initial velocity
patterns for Hafnia afvei aspartase in the direction of the
aspartate deamination reaction at pH 7.8 were the same as
those of the enzyvme assav condition. described previously.
with various concentrations of aspartate and Mg~ The
various concentrations of substrates around X, were corrected
for the Mg-aspartate complex. The kinetic parameters for the
enzymes were obtained using Cleland’s Method of Net Rate
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constants (1979) 1

Circular Dichroism. Circular dichroism (CD) spectra were
obtained on a Jovin-Yvan CD6 CD-ORD spectropolarimeter.
Samples were contained in a quartz cuvette able to hold a
volume of as much as 30 gl All far-UV spectra were
scanned from 230 to 190 nm with a protein concentration off
0.3 mg/mL at intervals of 1 nm. The samplc bulfer was 10
mM phosphate bulfer. pH 7.3. Each spectrum was composed
of an avcrage of three scans. The sample spectra were
correcled by subtracting the appropriate bulfer blanks. The
unit of the molccular cllipsoid. |8). is degree cm” per dmol.
Values 1n degree were converted to rad. in order to compare
then with the poly-L-lvsine relerence data in viclding the
percentage of o~helix. f~sheet and random coil.

Other Determinations. In order to determing whether the
optimum pH and temperature had been changed by the
limited acctic anhydride treatment. pH and temperature vs,
the activity profiles were compared belore and after the
acctic anhydride treatment, The pH and temperature dependence
ol the activity of acctylated aspartasc were carricd out
according to the method of the chzyme assay as described
previously (vide ante). The pH was maintained using the
following buflers at 100 mM concentrations: Hepes. 6.3-8.5:
Ches. 8.5-9.0.

Data Processing, Reciprocal valucs of the initial velocitics
were plotted as a Tunction of the reciprocal of the substrate
concentrations, All data were fitted using the computer
program designed by Cleland (1979). converted to BASIC.
and adapted lor use on a microcomputer.'* The modificd
cnzyme plots were lincar. however. the native one showing
the curvature which has positive cooperativity. The initial
velocity patierns were obtained by a least square method to
the double reciprocal transformation. and data from the
Dixon plot analysis were fitted using. Eq. (1).

v=VAKK - A) (1)

Data for the initial vclocity patierns in the dircction of
aspartate deamination were fitted line by line to Eq. (2).

v VAKa+ 2bA + A7) )

In Egs. (1) and (2). A is the reactant concentrations, } is the
maximum velocity, and X is the Michaelis constant for the
varied substrate.

Results and Discussion

Effect of Acetic Anhydride Treatment on Aspartase Activity.
When aspartase was incubated with acetic anhyvdride at pH
7.3 and 0 °C. the enzvine activity increased to the maximum
and decreased gradually after transient, and reached rapidly
to complete inactivation (data not shown). With [0 mM
acetic anhvdride. the activity of acetvlated aspartase gradually
increased and reached 7.3-fold that of the native aspartase
after 10 min of incubation time (Figure 1). When the molar
ratio of the acetic anhvdride to amino groups of the enzyine
was 10" the degree of activation was the highest under the
experimental condition. The required time to reach the
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Figure 1. Lileet of acetic anhydride treatment on aspartase activity.
The reaction mixture conlained 100 mM polassium  phosphate
butter, pH 7.3, 3 mM SB-mercatoethanol. 17.3 yg of aspartase and
20 mM acetic anhvdride in a total volume ot 0.5 mI.. At designed
time intervals. aliquots of the reaction mixture were removed and
analy zed for enzyme activity, The inset shows the time change as a
tunction of acetic anhvdride concentration.

maximum level of activity of acctylated aspartasc was
incrcascd along with (he increasing concentration of acclic
anhyvdride tested (Figure 1. insct). The activation of the
cnzyme deercased to complele inactivation aller increasing
to (he maximum, The low concentrations of acctic anhydride.
from O to 4 mM. showed no eficets of activation. The L-
aspartatc saturation profilcs of aspartasc belore and aller the
acclic anhydride treatment were performed (data not shown).
The activily of the acclvlaled aspartasc was a little higher
than that of (he native cnzyme. indicating that the cooperativity
between a substrale and enzyme is increascd.

Optimum Temperature and pH of Acetylated Aspartase,
In order to determine whether or not the optinnun temperature
and pH of the acetylated aspartase had changed. the relative
activities of the native and the acetvlated aspartase were
determined. Temperature dependence of the relative activity
of the acetyvlated aspartase was bell-shaped. in the range of
20 °C and 60 “C. similar to the native enzvme (Figure 2A).
The native aspartase had an optinuun temperature of 43 °C.
However. the acetvlated aspartase had a lower optimum
temperature of 40 “C and was less stable at higher temperature
(= 45°C). The maximun relative activities of the acetvlated
and the native aspartase were alimost the same. Optimum pH
levels of the acetylated and the native aspartase were 7.85
and 8.3, respectively (Figure 2B). The relative activity
difference between the native and the acetylated aspartase at
the optimum temperanwe and pH was 20% and 30%.
respectively.

Initial Velocity Pattern of Acetyvlated Aspartase. In order
to examine whether or not the functional alteration induced
by acetvlation involves any kinetic influence. the initial
velocity patterns of the native and the acetvlated aspartase
were determined. The initial velocity pattern of the
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Figure 2. Optimum temperature (A ) and pH (B) of the native and
the acetylated aspartase. The reaction mixture at 40°C contained 10)
mM asparlate, 100 mM potassium phosphate bufter at ptl 7.85,
acelylated ( @ Y or native (M) enzyvme (1.2 pg). and 4 mM MgCla in
the total volume of 1.0 ml.. All substrate concentrations were
corrected for the amount of metal chelate complex formation as
deseribed under Malerials and Methods,

acetylated aspartase was different from that of the native
enzyme. When uncomplexed aspartate was varied at different
fixed levels of uncomplexed Mg™. the initial velocity pattems
were obtained. The initial velocity patterns of the native
enzyme intersected on the ordinate, indicating the mechanisin is
the rapid equilibrium ordered addition of Mg prior to
aspartate (Figure 3A). However. the initial velocity pattern
of the acetvlated aspartase intersected to the left of the
ordinate. indicating that the mechanism is a sequential
kinetic mechanism. not including a rapid equilibrivun order
mechanism. The K,,; and V.. values of the acetylated aspartase
were significantly different from those of the native enzyvine.
In the values of the kinetic parameters for the acetvlated
aspartase obtained in the direction of aspartate deaniination,
the X, of the aspartate and V. values were 1.07 mM and
7.24 ~ 107" umol/min. respectively. The K, value of aspartate
of the acetvlated aspartase was smaller than that of the native



1060 Bull Korean Chem. Soc. 2002, Vol. 23, No. 8

A MM s B MM

1/v (minfumales)

05 00 a5 10 15 05 00 05 10 15

1Asp (MM™)
Figure 3. Initial velocity patterns for the native (A) and the
acetvlated (B) aspartase at pH 7.83. All substrate concentrations
were corrected for the amount of metal chelate complex fommation
as described under Materials and Methods. The data were fited (o
Eq. (2).

aspartasc (2.3 mM) and the magnitude of ¥}, of the acelyvlated
cnzyme was larger than that of the native enzyme (2.5 x 107
gmol/min). The K, (2.1 mM) of Mg™' of the acctylated
aspartasc was larger than that of the native ¢nzyme (1.03
mM). These results indicale that the acctylated aspartasc has
higher catalytic cflicicncics. a mecasure of substrate alTinity
and product relcasing [or substratcs.

Circular Dichroism Spectra. [n order (o cxamine whether
or not the acelylation of aspartasc involves any conlormational
altcration. the conformational changces of the native and the
acclyvlated aspartase were determined using a CD-ORD spectra
(Figure 4). The sccondary structures between the native and
the acctylated aspartasc were different 1n the valucs ol three
basic calcgorics. a-helix. S-sirand (oflcn associated with so-
called “sheets™). and random coil. The acctylated aspartasc
exhibited negative colton cficets through 210 nm and 218
nm, From these valucs. the pereentage ol o~hehix structure
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Figure 4. Circular dichroism spectra of the native ad the
acctylated aspartase. The CD spectra of (he native ( @) and (he
acctylated { 3 ) aspartase were measured al 25 °C in a Jovin Yvan
CD6 CDH-ORD spectropolarmeter with a (.1 cm hght path. The
experiments were performed as described under Matenals and
Methods. The three determinations were oblained using new stock
solutions.
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of the acctvlated aspartase was 34% and that of the native
cnzyme was 61%. taking that of polv-L-lysing as the standard
(100%). The amount of o-helix of native aspartasc from #.
coli was cstimated to be 60%."" The spectra for the two
Hafnia afver aspartase. between the native and the acety lated
aspartasc. cxhibited no signilicant dilference. However. the
helical content of acctyvlated aspartasc is about 7% Iess than
that of the native aspartasc. In addition. the percentage of its
sheet structure was increased [rom 23% (native) to 29%%
(acetylated).

Discussion

The clleets of various chemical modilications on cnzymatic
propertics have been widely cmploved as a uscful technique
lor the investigation of the structurc-lunction relationships
among various cnzymes. The most frequent consequence of
chemical modilication of aspartase is inactivation '*!7#1
The Hafnia alfvei aspartasc was uncxpectedly  7.3-fold
activated by the limited trcatment ol acctic anhydride.
However. the low concentrations (<4 mM) of acetic
anhydridc had no cflccts of activation. and the activation of
aspartasc by a certain variation (80 mM) of the molar cxcess
ol acctic anhyvdride was decrcased to complete inactivation,
The activating cflect of acctic anhvdride on aspartase may
be ascribed to (he conformational change brought about by
the modification of amino groups (vide infia). Scveral other
mono carboxylic acid anbydrides and N-hydroxysuccimide
cslers have also been used as acvlating agents under
conditions identical 1o those for the acctylation of aspartasc
from 7. Cofi. However. the magnitude of the increases in
activity ol these acylated aspartase specics is Iess than that of
the acctylated aspartasc under these experimental conditions.?

Upon activation. temperature vs. the activity profile of the
acctyvlated aspartase was csscntially changed in comparison
with the native aspartase. The optimum temperature of the
native aspartasc was 435 °C. and that of the acclylated
enzyme shifted to 40 "C. The pH vs. the activity profile of
the acetyvlated aspartase was also different from that of the
native enzyme. The optimum value of pH of the native
aspartase was 8.3 and that of the modified enzyme shifted to
7.85. Concerning all these data. temperature and pH vs. the
activity profile of aspartase were affected by acetylation
with acetic anhydride. and the acetylated enzyme is a more
sensitive molecular species, distinct froni the native enzymie.
In addition. the activity of the acetylated aspartase was more
sensitive to pH values than that of the native aspartase.

The initial velocity pattem of the native aspartase observed
when uncomplexed aspartate is varied at several fixed
concentrations of uncomplexed Mg intersects on the ordinate.
indicating a rapid equilibrium ordered addition of Mg~ prior
to aspartate. However. the initial velocity pattern of the
acetvlated aspartase observed under the same conditions
intersects to the left of the ordinate. indicating the sequential
kinetic mechanism. other then a rapid equilibriuin ordered
one. These results suggest that the confornational change of
aspartase bv acetvlation induced by the change of the
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substratc binding and the central complex (7.e. E-Mg-aspartatc
< E-Mg-lumaratc) is not a slow step. The reciprocal plots
for aspartate of the native aspartase were cunved. indicative
of positive cooperativity. but those of the acetvlated aspartase
were lincar. indicative of Michaclis-Menten kinetics.

The helical content of the acetyvlated and the native
aspartasc were 34 and 63%. respectively. Yoon. er ¢/ (1998)
cstimated the amount of ¢-helix of native aspartasc from
Hafria alvei 10 be 61%. which is almost the same value as
our results.'” The helical content was rather decreased by the
limited modification of acctylation with acciic anhydride. If
this change caused the activation ol aspartasc. the acctylated
activation is assumed to medialc a conformational change of
the individual subunits. On the basis of these observations.
we would suggest that the activating cfiect of acetic
anhvdride on Hafier alvie aspartasc is ascribed 10 a
conformaticnal change of the individual subunils because ol
a stoichiometric rclationship between the corporation of
acctic anhvdride 1o the cnzyme and the decrcase of the
percentage of o-helix of the enzyme upon acetylation.

Among the attempts made in our laboratory. a covalent
tvpe activation of the cnzyme was attained by a limited
protcolysis with (rvpsin~” The polypeptide chain of the
native asparlasc was cleaved by (ryvpsin al the carboxyl
terminal region concomitantly with the activation relcasing
an oligopeptide. The characteristics of the acctylaled aspartase
in the present work appear 1o be somewhat similar to those
of the proteinase activated cnzyme. Howeyer. an atiempl to
preduce further activation by exposing the proteinasc activated
aspartasc 1¢ acclyvlation and vice versa was not successlul.
Probably. some kind of indircct conformational change by
the modification of amino acid(s) appcars (o be involyved in
the alteration. The molccular basis of the functional
altcration 1s being investigated in order Lo clarify the relation
between the two enzyme (ypes.
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