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The Hafnia alveiaspartase 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 %45, and that of the acetylated enzyme shifted t8CG40rhe 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 equilibrium ordered one. The reciprocal plots for aspartate of the native aspartase were curved, but those
of the acetylated 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 Acetylation onE. coliaspartase with acetic anhydride and
N-hydroxysuccinimide esters resulted in the alteration of its
Aspartase (L-aspartate ammonia-lyase, EC4.3.1.1) catalyzeatalytic and regulatory properti&$he two-fold activation
the reversible conversion of L-aspasteate to fumarate and at pH 7.0 was observed for 30 min, whereas the activity of
ammonium ion in the following reversible reactfon. the acetylated enzyme at pH 8.5 was lower than that of
the native enzyme throughout the range of substrate concent-

+H~ONCEC/H e OOC\C/H ratior_1$ tested, while maintainiqg thMgax unchanged. Th_e_
? & . requirement of divalent metal ion for the enzyme activity
| | + NHy increased at both pH 7.0 and 8.5. In the metal-activity
H/C(;--'H ) /C\ ) relationship before and after acetylation, the ratio of activity
coo Ccoo in the presence of Mto that in its absence increased upon
Aspartate Fumarate Ammonium ion acetylation from 1.4 to 2.1 at pH 7.0 and from 4.8 to 84.5 at

o pH 8.5. The acetylated enzyme at pH 8.5 has very little
€ 240=2,255M ¢em activity in the absence of My Acetylation of the enzyme

The aspartase is a tetramer composed of four apparentlith other acid anhydrides such méutyric and propionic
identical subunits of molecular weight 48,000. The enzymeanhydrides also increased the activity at pH 7.0, albeit to a
was observed to have an absolute requirement for a divalelgsser extent.
metal ion activator at higher pH, with some indication that As industrial use of aspartase is increasing, some researchers
aspartase may possess some activity in the absence of thave focused on the structure-function relationship for the
divalent metal ion at low pPINuiry, et al.(1984) carried out  activation of asparatsé! In an effort to elucidate the nature
a complete kinetic mechanism study, which included a divalentf a more structure-function relationship of the acetylation in the
metal ion as a pseudareactant utilizing an initial velocity —aspartase reaction, we have tried to investigate the activation
study, and the primary and secondary kinetic isotope effectwith limited treatment of the acetic anhydride on aspartase
for aspartasglnitial velocity data foHafnia alveiaspartase from Hafnia alvei In this paper, the effects of acetylation on
are consistent with a rapid equilibrium ordered kineticthe structure and the function propertiesHzfnia alvei
mechanism, caused by the ordered addition of'Mdor to  aspartase, as well as some properties of the acetic anhydride-
aspartate, followed by the completely random release ddctivated aspartase are described.
Mg?*, NH* or fumarate.
Material and Methods
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from ATCC (American Type Culture Collection, Rockville. USA). constants (1979Y.
2-HydroxyethylmercaptarXMercaptoethanol), Potassium  Circular Dichroism . Circular dichroism (CD) spectra were
phosphate, Tris (hydroxymethyl) aminomethane, L-Asparticobtained on a Jovin-Yvan CD6 CD-ORD spectropolarimeter.
acid and acetic anhydride were purchased from Sigma Chemicahmples were contained in a quartz cuvette able to hold a
Co. (St. Louis, USA). Magnesium chloride was obtained fromvolume of as much as 50L. All far-UV spectra were
Yakuri Chemical Co. (Osaka, Japan). All other chemicals werecanned from 250 to 190 nm with a protein concentration of
obtained from commercially available sources and were pure @.5 mg/mL at intervals of 1 nm. The sample buffer was 10
extra-pure for the available analytical grade. mM phosphate buffer, pH 7.3. Each spectrum was composed
Enzyme Preparations Aspartase was purified fronfafnia  of an average of three scans. The sample spectra were
alveias described by Yoost al (1998)*2 Briefly, aspartase  corrected by subtracting the appropriate buffer blanks. The
was obtained from a combination of DEAE-cellulose, Redunit of the molecular ellipsoid], is degree cfper dmol.
A-agarose, and Sepharose 6B chromatography. The purifiedalues in degree were converted to rad, in order to compare
enzyme was divided into aliquots and stored at&Z0ntil  then with the poly-L-lysine reference data in yielding the
used. The activity of the enzyme remained stable for at leagtercentage aof-helix, 3-sheet and random caoil.
one month at £C without appreciable loss of enzymatic  Other Determinations. In order to determine whether the
activity. Protein concentration was determined by Bradfordoptimum pH and temperature had been changed by the
method. The enzyme preparations used in this investigatiolmited acetic anhydride treatment, pH and temperature vs.
were homogeneous as judged by ultracentrifugation anthe activity profiles were compared before and after the
polyacrylamide gel electrophoresis. acetic anhydride treatment. The pH and temperature dependence
Enzyme AssaysThe activity of aspartase was determinedof the activity of acetylated aspartase were carried out
using a Hewlett-Packard 8452 Diode-Array spectrophotometesiccording to the method of the enzyme assay as described
equipped with the constant-temperature®@pcell housing.  previously yide ant¢. The pH was maintained using the
All reactions were carried out in 1 ml cuvettes with a 1 cmfollowing buffers at 100 mM concentrations: Hepes, 6.5-8.5;
light path length, which were incubated for at least 10Ches, 8.5-9.0.
minutes in the cell compartment prior to the initiation Data Processing Reciprocal values of the initial velocities
of a reaction by the addition of aspartase. The progressere plotted as a function of the reciprocal of the substrate
of the reactions was determined spectrophotometrically andoncentrations. All data were fitted using the computer
monitored continuously by measuring the formation ofprogram designed by Cleland (1979), converted to BASIC,
fumarate by following the increase in absorbance at 240 nrand adapted for use on a microcomptftéfhe modified
(&240= 2,255 Mcm™) at 40°C. The standard assay mixture enzyme plots were linear, however, the native one showing
contained, in a total volume of 1.0 mL cuvette, 100 mMthe curvature which has positive cooperativity. The initial
Tris-HCI buffer, 10 mM aspartate and 4 mM #¥gpH 7.85  velocity patterns were obtained by a least square method to
and was incubated for 10 minutes in a compartment. Théhe double reciprocal transformation, and data from the
aspartate and Mg concentrations were corrected for Dixon plot analysis were fitted using, Eq. (1).
complexation with a divalent metal using the following _
dissociation constant obtained at 0.1 mM ionic strength: Mg- v =VAK+A) 1)
aspartate, 4 mNf. All other chemicals were also corrected Data for the initial velocity patterns in the direction of
for the metal-chelating effect. The reactions were started bgspartate deamination were fitted line by line to Eq. (2).
adding appropriate volumes of the acetylated enzyme A2 2
solution. The increase of absorbance at 240 nm that v =VAT@+ DA+ A) 2)
corresponded to fumarate formation was measured. The pi Egs. (1) and (2), A is the reactant concentratigris,the
was recorded before and after the initial velocity data werenaximum velocity, anK is the Michaelis constant for the
recorded. varied substrate.
Acetylation Treatment. Aspartase was incubated with
acetic anhydride at. In 1.5 mL cuvette, 100 mM phosphate Results and Discussion
buffer, 5 mMB-mercaptoethanol, and various concentrations
of acetic anhydride were prepared in a compartment. The Effect of Acetic Anhydride Treatment on Aspartase Activity
reaction mixture contained 17.8g of aspartase and When aspartase was incubated with acetic anhydride at pH
incubated for a designated time at pH 7.3. 7.3 and OC, the enzyme activity increased to the maximum
Initial Velocity Study. The conditions of the initial velocity and decreased gradually after transient, and reached rapidly
patterns forHafnia alveiaspartase in the direction of the to complete inactivation (data not shown). With 10 mM
aspartate deamination reaction at pH 7.8 were the same asetic anhydride, the activity of acetylated aspartase gradually
those of the enzyme assay condition, described previouslincreased and reached 7.5-fold that of the native aspartase
with various concentrations of aspartate and>Mghe  after 10 min of incubation time (Figure 1). When the molar
various concentrations of substrates ard€inavere corrected ratio of the acetic anhydride to amino groups of the enzyme
for the Mg-aspartate complex. The kinetic parameters for thevas 10, the degree of activation was the highest under the
enzymes were obtained using Cleland’s Method of Net Ratexperimental condition. The required time to reach the
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Figure 1. Effect of acetic anhydride treatment on aspartase activity
The reaction mixture contained 100 mM potassium phosphat 100 |
buffer, pH 7.3, 5 mMB3-mercatoethanol, 17.8g of aspartase and

20 mM acetic anhydride in a total volume of 0.5 mL. At designec
time intervals, aliquots of the reaction mixture were removed ant 3 80 |
analyzed for enzyme activity. The inset shows the time change as =~
function of acetic anhydride concentration.

%

maximum level of activity of acetylated aspartase was
increased along with the increasing concentration of aceti ®
anhydride tested (Figure 1, inset). The activation of the &
enzyme decreased to complete inactivation after increasir
to the maximum. The low concentrations of acetic anhydride i
from 0 to 4 mM, showed no effects of activation. The L- 0 = ——
aspartate saturation profiles of aspartase before and after t 63 7o s 80 85 90
acetic anhydride treatment were performed (data not showr pH
The activity of the acetylated aspartase was a little highérigure 2. Optimum temperature (A) and pH (B) of the native
than that of the native enzyme, indicating that the cooperativitthe acetylated aspartase. The reaction mixture dontained 1
between a substrate and enzyme is increased. mM aspartate, 100 mM potassium phosphate buffer at pH
Opimum Temperabre and pH of Aceyiled Aspaiase S0 8) % Tepve ) e C 40 ane o
In order to determine whether or not the optimum temperatu'corrected for the amount of metal chelate complex formatic
and pH of the acetylated aspartase had changed, the relatgascribed under Materials and Methods.
activities of the native and the acetylated aspartase we
determined. Temperature dependence of the relative activi.,
of the acetylated aspartase was bell-shaped, in the range axfetylated aspartase was different from that of the native
20°C and 6C°C, similar to the native enzyme (Figure 2A). enzyme. When uncomplexed aspartate was varied at different
The native aspartase had an optimum temperature %f.45 fixed levels of uncomplexed Mg the initial velocity patterns
However, the acetylated aspartase had a lower optimunvere obtained. The initial velocity patterns of the native
temperature of 48C and was less stable at higher temperatur&nzyme intersected on the ordinate, indicating the mechanism is
(= 45°C). The maximum relative activities of the acetylatedthe rapid equilibrium ordered addition of Kigprior to
and the native aspartase were almost the same. Optimum @dpartate (Figure 3A). However, the initial velocity pattern
levels of the acetylated and the native aspartase were 7.85 the acetylated aspartase intersected to the left of the
and 8.5, respectively (Figure 2B). The relative activity ordinate, indicating that the mechanism is a sequential
difference between the native and the acetylated aspartasekatetic mechanism, not including a rapid equilibrium order
the optimum temperature and pH was 20% and 30%mechanism. ThK, andVmaxVvalues of the acetylated aspartase
respectively. were significantly different from those of the native enzyme.
Initial Velocity Pattern of Acetylated Aspartase In order  In the values of the kinetic parameters for the acetylated
to examine whether or not the functional alteration inducedispartase obtained in the direction of aspartate deamination,
by acetylation involves any kinetic influence, the initial the Ky, of the aspartate ardhax values were 1.07 mM and
velocity patterns of the native and the acetylated aspartage24 x 10? umol/min, respectively. Thiy, value of aspartate
were determined. The initial velocity pattern of the of the acetylated aspartase was smaller than that of the native
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400 400 of the acetylated aspartase was 54% and that of the native
A W™ g B | W enzyme was 61%, taking that of poly-L-lysine as the standard
= or & (100%). The amount af-helix of native aspartase frofn
g a4 coli was estimated to be 60%The spectra for the two
E o / 024 | Hafnia alveiaspartase, between the native and the acetylated
£ o A%'w aspartase, exhibited no significant difference. However, the
‘E J / ' helical content of acetylated aspartase is about 7% less than
o / % that of the native aspartase. In addition, the percentage of its
Z%: sheet structure was increased from 23% (native) to 29%
. . (acetylated).
05 Qo Q5 10 15 05 15
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Figure 3. Initial velocity patterns for the native (A) and the

acetylated (B) aspartase at pH 7.85. All substrate concentrati'ons The effects of various chemical modifications on enzymatic
were corrected for the amount of metal chelate complex formation

as described under Materials and Methods. The data were fitted Bropertlgs ha\fe b_een widely employed as ? useful _techn_lque
Eq. (2). for the investigation of the structure-function relationships
among various enzymes. The most frequent consequence of
aspartase (2.5 mM) and the magnitude.gf of the acetylated chemical modification of aspartase is inactivafioH:'8°
enzyme was larger than that of the native enzymex(2®® The Hafnia alvei aspartase was unexpectedly 7.5-fold
pumol/min). TheKm (2.1 mM) of Mg* of the acetylated activated by the limited treatment of acetic anhydride.
aspartase was larger than that of the native enzyme (1.0%owever, the low concentrations<4 mM) of acetic
mM). These results indicate that the acetylated aspartase hashydride had no effects of activation, and the activation of
higher catalytic efficiencies, a measure of substrate affinityaspartase by a certain variation (80 mM) of the molar excess
and product releasing for substrates. of acetic anhydride was decreased to complete inactivation.
Circular Dichroism Spectra. In order to examine whether The activating effect of acetic anhydride on aspartase may
or not the acetylation of aspartase involves any conformationdle ascribed to the conformational change brought about by
alteration, the conformational changes of the native and thhe modification of amino groupside infrg. Several other
acetylated aspartase were determined using a CD-ORD speatn®no carboxylic acid anhydrides and N-hydroxysuccimide
(Figure 4). The secondary structures between the native am$ters have also been used as acylating agents under
the acetylated aspartase were different in the values of thremnditions identical to those for the acetylation of aspartase
basic categoriegr-helix, f-strand (often associated with so- from E. Coli. However, the magnitude of the increases in
called “sheets”), and random coil. The acetylated aspartasgtivity of these acylated aspartase species is less than that of
exhibited negative cotton effects through 210 nm and 21&he acetylated aspartase under these experimental corftiitions.
nm. From these values, the percentage-belix structure Upon activation, temperature vs. the activity profile of the
acetylated aspartase was essentially changed in comparison
with the native aspartase. The optimum temperature of the
native aspartase was 46, and that of the acetylated
250 y %q enzyme shifted to 48C. The pH vs. the activity profile of

300

the acetylated aspartase was also different from that of the
3 native enzyme. The optimum value of pH of the native
iq aspartase was 8.5 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
A with acetic anhydride, and the acetylated enzyme is a more
L 190 200y, 210 220 230 o sensitive molecular species, distinct from the native enzyme.
b\ W In addition, the activity of the acetylated aspartase was more
‘% . 5555 sensitive to pH values than that of the native aspartase.
CQE@;:% dﬁ-,cﬁ" The initial velocity pattern of the native aspartase observed
when uncomplexed aspartate is varied at several fixed
-200 concentrations of uncomplexed Mintersects on the ordinate,
wavelength(nm) indicating a rapid equilibrium ordered addition of #1grior
Figure 4. Circular dichroism spectra of the native and theto aspartate. However, the initial velocity pattern of the
acetylated aspartase. The CD spectra of the na#vg 4nd the  gcetylated aspartase observed under the same conditions
acetylated ( ) aspartase were measured af@3n a Jovin Wan  jiersects to the left of the ordinate, indicating the sequential

CD6 CD-ORD spectropolarimeter with a 0.1 cm light path. The . fi hani ther th id ilibri dered
experiments were performed as described under Materials anhIne IC mechanism, other theén a rapid equilibrium ordere

Methods. The three determinations were obtained using new stocRne. These results suggest that the conformational change of
solutions. aspartase by acetylation induced by the change of the

200 |~

-

(5.

o
]

-

[=3

o
]

[6 ] mrad cnf/dm
8 & o g
L) ] b ]

1
-
[
o
)




Acetylation of Aspartase Bull. Korean Chem. 2002 Vol. 23, No. 8 1061

substrate binding and the central complex [E-Mg-aspartate Acknowledgment This research was supported by
- E-Mg-fumarate) is not a slow step. The reciprocal plotsresearch grants from Hanyang University (2002) and in part
for aspartate of the native aspartase were curved, indicatiu®y research grants from Taegu University (2001).
of positive cooperativity, but those of the acetylated aspartase
were linear, indicative of Michaelis-Menten kinetics. References

The helical content of the acety_lated and the native 1. Quastel, J. H.: Woolf, BBiochem. J1926 20, 545,
aspartase were 54 and 63%, respectively. Yebal(1998) 2. Suzuki, S.; Yamaguchi, J.; Tokushige,Bibchim. Biophys. Acta
estimated the amount @f-helix of native aspartase from 1973 321, 369.
Hafnia alveito be 61%, which is almost the same value as 3. Nuiry, I. I.; Hermes, J. D.; Weiss, P. M.; Chen, C. Y.; Cook, P. F.
our results? The helical content was rather decreased by the ~Biochemisty1984 23,5168. ,
limited modification of acetylation with acetic anhydride. If % Ig{nom‘ N.; Tokushige, MBiochem. Biophys. Acta983 749,
this change caused the activation of aspartase, the acetylategl joyasekera, M. M.; Viola, R. Biochem. Biophys. Res. Commun.
activation is assumed to mediate a conformational change of 1999 264, 596.
the individual subunits. On the basis of these observations§. Viola, R. EAdv. Enzymol. Relat. Areas. Mol. B2D0Q 74, 295.
we would suggest that the activating effect of acetic /- Q;Ai/ggr?érh é}gKr?”ngﬁsD-cioﬂ];%%o 512\7(6 g\ﬁ”g’ X. P; Zhang, J.
anhydnde. onHafnia alvie agpqrtgse IS asqubed o a 8. Kawata, Y; 'I%rr):ura, K.; Ikei, K.; Mizobata, T.; Nagai, J. Fuijita,
conformational change of the individual subunits because of * \; - yano, s.; Tokushige, M.; Yumoto, Kur. J. Biochem200Q
a stoichiometric relationship between the corporation of 267 1847.
acetic anhydride to the enzyme and the decrease of th@. Joo, H. S.; Kim, S. 8. Biochem. Mol. BioR001, 34, 3.
percentage afi-helix of the enzyme upon acetylation. 10. gm EérzgnNgrlﬁogg&Ségi 3STn' J. H.; Chang S. I.; Choi, J. D.

Among the attempts made in our laboratory, a C".V‘??'er(;h. Jo, K.; Hong, S.; Choi, M. U.; Chang, S. I.; Choi, J. D.; Koh, E. H.
type activation of the enzyme was attained by a limited " gy korean Chem. Sot997 18 6.
proteolysis with trypsii® The polypeptide chain of the 12. Yoon, M. Y.; Park, J. H.; Choi, K. J.; Kim, J. M.; Kim, Y. O.; Park,
native aspartase was cleaved by trypsin at the carboxyl J.B.;Kyung, J. B). Biochem. Mol. Bioll998 31, 345.
terminal region concomitantly with the activation releasing3. Dawson, R. M. C.; Elliot, D. C.; Elliot, W. H.; Jones K.M. Data
an oligopeptide. The characteristics of the acetylated aspartase flogfl'f":hzgndca' Research; Oxford University Press: London, England,
in the present work appear to be somewhat similar to thosg, C|e|a’n%, W. WMethods Enzymol979 63, 103.
of the proteinase activated enzyme. However, an attempt t5. Murase, S.; Kawata, Y.; Yumoto, l Biochem1993 114, 393.
produce further activation by exposing the proteinase activateth. Choi, H. I.; Kim, S. SJ. Biochem. Mol. Biol1995 28, 1.
aspartase to acetylation and vice versa was not successfhg.- JK?r?{ HK ?J Kérigl:ﬁéns{ E;gfhéomé%%'-sgiol%% 3L2.
Probably, some kind of indirect conformational change by, Shim, J. H.; Kim, H. J.; Yoon, M. ¥. Biochem. Mol. Biol1999
the modification of amino acid(s) appears to be involved in" " 35 355
the alteration. The molecular basis of the functional2o. Lee, M. S.; Choi, K. J.; Kwon, S. J.; Kang, I.; Ha, J.; Kim, S. S.;
alteration is being investigated in order to clarify the relation  Han, M. S.; Yoon, M. YJ. Biochem. Mol. Biol1999 32, 572.
between the two enzyme types.




