INTERNATIONAL JOURNAL OF
Biological
Macromolecules

STRUCTURE, FUNCIION AND INTERACTIONS

T =
ELSEVIER International Journal of Biological Macromolecules 36 (2005) 184—-190

www.elsevier.com/locate/ijbiomac

Short communication

The kinetic study of arginine kinase from the sea cucumber
Stichopus japonicuwith 5,5-dithiobis-(2-nitrobenzoic acid)

Zhao Feng, Guo Qin, Wang Xichehg
Department of Biological Science and Biotechnology, School of Life Science and Engineering, Tsinghua University, Beijing 100084, China

Received 15 March 2005; received in revised form 3 May 2005; accepted 2 June 2005

Abstract

TheStichopus japonicuarginine kinase (AK) is a significant dimeric enzyme. Its modification and inactivation course wiitithjbbis-
(2-nitrobenzoic acid) (DTNB) and the reactivation course of DTNB-modified AK by dithiothreitol were investigated on the basis of the
kinetic theory of the substrate reaction during the modification of enzyme activity. The results show that the modification is a biphasic course
while the inactivation is monophasic, with one essential reactive cysteine per subunit. Pie(@ysbering from theStichopusequence)
is exposed to DTNB and is near the ATP binding site. The modified AK can be reactivated by an excess concentration of dithiothreitol in a
monophasic kinetic course. The presence of ATP or the transition-state analog markedly slows the apparent reactivation rate constant. Tt
analog components, arginine-ADP-Mgan induce conformational changes of the modified enzyme, but addigg &é@not induce further
changes that occur with the native enzyme. The reactive cysteines’ location and its role in the catalysis of AK are discussed. The results sugge
that the cysteine may be located in the hinge area of the two domains of AK. The reactive cysteine of AK, which was proposedforinagys
play an important role not in the binding of the transition-state analog but in the conformational changes caused by the transition-state analog
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction The important roles proposed for various amino acid
residues in either binding of substrates or in the catalytic
Arginine kinase (AK; ATP; arginineN-phospho-trans-  activity of the enzyme have been investigated by techniques
ferase, EC 2.7.3.3) in invertebrates catalyzes the reversiblesuch as chemical modification and NMR spectroscopy. Cys-
phosphorylation of arginine by MgATP to form phospho- teine[5,6], histidine[7], lysine [8], and tryptopharj9] all
arginine and MgADH1]. As a member of the phosphagen are essential for activity of the enzyme. The interconver-
kinase family, it is mainly distributed in invertebrates, and sion of substrates on the surface of the enzyme is not the
plays a key role in the interconnection of energy production rate-determining step in the overall reaction with NYIR)].
and utilization, which is analogous to the creatine kinase (CK) Moreover, it was confirmed that the transition-state analog
reaction in vertebratg®,3]. Most AKs are monomers with  (TSA) was detected during the catalytic process of AK with
a 40kDa subunit; however, some phosphagen kinases arahe addition of NQ™ to the dead-end complex, AK-MgADP-
dimeric or octameric as in the case of mitochondrial @K Arg, and that the transition-state analog complex (TSAC),
AK-MgADP-Arg-NO3~, was formed step by step with the
Abbreviations: AK, arginine kinase; Arg, arginine; CK, crea- gradual conformational chand®l,12]
tine kinase; TSA, transition-state analog; ANS, 1-anilinonaphtalene-8- Recently, a crystal structure of the monomeric AK from
sglfonate; I_DTNI_B,5,Sdithigbis-(Z-r?itrobenzo?cacid);TNB,_Z-mercapto-S- Limulus was determined, suggesting that AKs with two
nitrobenzoic acid; DTT, dithiothreitol; CD, circular dichroism; FPLC, fast . . . .
performance liquid chromatogram mtra—domam; have a unique supstrate b|nd|ng_ sy$isth _
* Corresponding author. Tel.: +86 10 62784977; fax: +86 10 62772248. ATP or ADP is accommodated in the C-domain, and argi-
E-mail addresswangxic@mail.tsinghua.edu.cn (W. Xicheng). nine or arginine phosphate mainly contacts the N-domain.
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The catalytic center is located in the C-domain, where the and the roles of cysteines in dimeric AK from sea cucumber
reversible transfer of the phosphate is achieved. The dead-end. japonicusiave not been determined.

or the transition-state analog (TSA) complex withfMgDP, Although chemical modifications of the reactive
nitrate (mimicking a planar phosphoryl in transition), and thiol group of CK and AK were extensively studied
arginine associates with the enzyme. Substantial conforma-[5,6,25—-27,31-33&nd the kinetic course of reactivation of
tional changes are induced in different parts of the enzyme CK was reported34], the modifications of thiol groups and
as intimate interactions are formed with both analog compo- the kinetic course of reactivation have never been reported so
nents. Although induced fit occurs in a number of phosphoryl far. In this study, the modification of thiol groups with DTNB
transfer enzymes, the conformational changes in phosphawas investigated. The reactivation course of AK-TNB was
gen kinases appear to be more complicated than in prioranalyzed using the substrate kinetic described by T30l
examples[14-16] The large and small domains undergo to demonstrate the function of reactive cysteine. In addition,
a hinged 13 rotation, and several loops become ordered the roles of the cysteine in the catalysis and conformational

and adopt different positions in the presence of substrate
[17,18]

AK in sea cucumbelStichopus japonicysone of the
dimeric AKs found in echinoderms, is composed of two
identical subunits, each with 370 amino acid residues and
a molecular weight of about 42 k[ja9,20] A comparison

of the sequence with those of other enzymes belonging to the

phosphagen kinase family indicates that the entire amino acid
sequence obtichopusAK is apparently much more similar

to vertebrate CKs than to most other AKs. But the GS region
is of the AK type: five amino acid deletions in the flexible
loop region that might help to accommodate larger guanidine
substrates in the active sif20]. Therefore, it has been pro-
posed thaStichopuAK with a two domain structure evolved

at least twice during the evolution of phosphagen kinase: first
at an early stage of phophogen kinase evolution (its descen
dants are molluscan and arthropod AKSs), and secondly from
CK later in metazoan evolution, when the sequence of the
GS region might have been replaced by the AK type via
exon shuffling20]. SoStichopusAK was very important in

the evolution of phosphagen kinase. Four residues in the GS

region, Se¥3, Gly®4, Val®®, Tyr%8 (numbering from th&imu-

lus polyphemusequence), are highly conserved in almost
all of the AKs known so far and are associated with substrate
binding[21]. However, none of these four conserved residues
are present irstichopusAK, which implies that the enzyme
may have another completely different substrate-binding sys-
tem.

We investigated the important roles of various amino acid
residues in either binding of substrates or in the catalytic
activity of the enzyme by chemical modification and site
mutagenesis, and gained significant information about the
dimeric AK. Trp?18[22], Cys74[23,24] Arg?83[24], and
His?87 [24] are essential for activity of the enzyme. Exten-
sive chemical modification studies were carried out with
differentreagents,25-27] The modification of dimeric AK
with o-phthalaldhyde revealed one essential cysteine, and it
was proposed that the G4 (numbering fromStichopus
AK sequence) of dimeric AK acts the same as the?®ys
(numbering fronLimulug of LimulusAK [13,23] There are
several hypothesd41,12,28-30}hat the cysteine may not
be catalytically important, but may be involved in synergism
between the binding of the two substrates or in a hinge move-
ment required for the enzyme to become active. The functions

change upon substrate binding were also examined.

2. Materials and methods

AK of sea cucumberS. japonicuswas prepared as
described by Gu¢19]. The purified enzyme was homoge-
neous on polyacrylamide gel electrophoresis in the presence
or absence of sodium dodecy! sulfate. The enzyme concen-
tration was determined by the coomassie blue protein dye
binding method of Bradford with bovine serum albumin as
standard36]. The activity of AK was assayed using direct
continuous pH-spectrophotometric as§a.

5,5-Dithiobis-(2-nitrobenzoic acid) (DTNB), ATP, ADP,
Arginine (Arg), 1-anilinonaphtalene-8-sulfonate (ANS) were
Sigma products. Dithiothreitol (DTT) was from Progma. All

other reagents were local products of analytical grade.

Modification of the enzyme was carried outin 20 mM Tris-
HAc buffer, pH 8.1, with 100 M excess of DTNB. Excess
reagent was removed by gel filtration through a Sephadex
G-200 column, and AK-TNB was obtained.

All absorption spectra were measured by an analytic spec-
trophotometer Specord 200 UV—vis (Jena, Germany). The
AK-TNB was compared with the native enzyme at'80 All
fluorescence emission spectrawere collected on a Hitachi 850
spectrofluorimeter, and gel filtration was carried out with a
Superdex 200HR 10/30 column on a Pharmacia FPLC appa-
ratus[22].

The intrinsic fluorescence emission spectra were recorded
after AK and AK-TNB were added to the analog components,
Mg2+ and ADP, for 0.5 h. NaN@was added to the reaction
mixture above for another 0.5h. An excitation wavelength
of 295 nm was used to determine the AK tryptophan fluores-
cence intensity. In order to determine the hydrophobic surface
exposure of the enzyme in the dead-end complex and TSAC,
samples were incubated with a 50-fold molar excess of ANS
for 0.5h in the dark, followed by measurement of fluores-
cence emission spectra from 400 to 600 nm with excitation
at 380 nm.

2.1. Kinetic analysis during modification course

The absorbance was measured at 412 nm and the number
of modified thiol groups was determined according to Ellman
[37].
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The time course of the absorbance change at 412 nm and -MgAT
inactivation of enzyme activity were analyzed according to A N
" . . E sATP
Eq.(1). Initial estimates of the rate constants and amplitudes .
]\x %:y

were obtained from semilogarithmic plots as described earlier
[34] E-Arg

(AAso — AA)) = Are k! 4 Ay ehe! 1)

MgATPAr > E+ADP+P-Ar

Scheme 1.

where AA; is the corrected absorbance increase at time

AAs the corrected absorbance increase when all the acces- /

sible thiol groups have reacted with excess DTKBand / ko

ko are the pseudo-first-order rate constants Anand Ay E’+S

are amplitudes (expressed as absorbance increase so that YX‘ *a”
E+S

A1+ A2 = AAL) of the fast and slow phases, respectively.

E’S

K2
ES > E+

Ve

2.2. Kinetic analysis of the reactivation Y
Scheme 2.
The reactivation course of AK-TNB was studied by the

kinetic method of the substrate reaction in the presence of anconstantsKq and K¢" are the dissociation constants of the
inactivator or an activator as previously described by Tsou €nZyme substrate complex. The apparent rate constant of
[38]. In this method, 1.l of 1.3 .M AK-TNBwas incubated ~ eactivationA, is given by
with a reaction mixture containing various concentrations of (Kd'ka + [Slks)

. .o . a
substrate. The modified enzyme showed no activity. Different A = W (5)
volumes of DTT solution were then added to start reactiva- d
tion. The substrate reaction progress curve was analyzed toA plot of Aversus [S](K4" + [S]) gives a straight line whose
obtain the rate constants as detailed below. The reaction wadntercept can be used to calcul&teandkp.
carried out at a constant temperature of G0

The time course of the substrate reaction in the presence
of different DTT concentrations showed that at each activator 3. Results
concentration, the rate increased from zero with time elaps-
ing until a straight line was approached. This can be written 3.1. The modification course of the AK with DTNB
as
V(i + (e — 1)) The modification of native dimeric AK by OPTA modifies
[P, = 2) its reactive cysteine and causes the loss of acti2iy. After
(A[Y]) modification of the reactive cysteine by DTNB, the enzyme

where [P] is the concentration of the product formed at time l0ses its activity entirely. However, the slight decrease of

t, V the maximum recovered activity of AK, [Y] the concen- €llipticity, fluorescence intensity, and the close elution vol-
tration of the activator, DTT and is the apparent forward ~ ume showed that the conformation of AK-TNB did not have

rate constant of reactivation. any detectable variation from the native enzyme (data not
Rearranging Eq(2) gives shown here).
AK is a dimeric enzyme composed of identical subunits
I[P, — [Pleald = In (V> — A[Y], ©) with 10 cysteine residugf0]. The number of modified thiol
AlY] groups was obtained using the method described by Ell-

man[37]. There were about six cysteine residues of AK that
were modified by DTNB, and four others were inaccessi-
ble (Table 1), as calculated fronkig. 1 The time course of
absorbance change at 412 nm and inactivation of the enzyme

The product concentration, [R]., to be expected from the
straight line is given by the following equation:
r—1
[P]calc vV <(A[Y]) ) (4)
Table 1
Since the binding sequence of the two substrates to AK, asData of the modification process of AK with DTNB
showninScheme lis random and the binding rapidly reaches  number of thiol groups

equilibrium[39,40], the reaction kinetics in the present study  Accessible 6.1 0.1
can be simplified when the concentration of one of the sub- Inaccessible 3%01
strates is fixedScheme 2lepicts the irreversible reactivation  Rate constant{10-4s1)

of AK-TNB where E and E are the native and AK-TNB, Slow phaseK;) 16+0.1
respectively. S is the substrate, MgATP or arginine; P is  Quick phasek;) 23+ 1

Inactivation k3) 93+ 1

the productks, ky, andky are the corresponding micro-rate



Z. Feng et al. / International Journal of Biological Macromolecules 36 (2005) 184-190 187

0.3 1

AA0o- AA
@

0.6 0.5
g’IOO—
£
©

0.5 g
o
z o
2 a7

~ 0.4 1 3

©
c
©
o
]
£
5
2

40 60

Time (min)

20
0.2 4

0.14

0.0 1

T T
200 400 600

20 40 80 Time (s)

Time (min)

60

Fig. 2. Reactivation kinetic course of substrate reaction of AK-TNB at dif-
Fig. 1. The kinetic course of absorbance change at 412 nm and inactivation ferent DTT concentrations. The reaction mixture contained 5.7 mMarginine,
of the enzyme activity during modification of dimeric AK in the presence 4.8 MM ATP, 6.6 mM magnesium acetate, complex acid—-base indicator (con-
of DTNB. The reaction mixture contained:1 AK and 0.5mM DTNB in sisting of 0.15% thymol blue and 0.025% cresol red), and 6.5 nM AK-TNB.

20 mM Tris-HAc buffer, pH 8.1. The reaction was followed at 412nm and Concentrations of DTT were 0.02, 0.04, 0.06, 0.08, 0.10 and 0.12mM,
plotted with a semilogarithmic inset plot of the pseudo-first-order reaction.
The temperature was 2&. (@) Experimental data,&) points obtained

by subtracting contribution of the slow phase from curve (--4)) ¢(he
remaining activity (%) during the modification of AK with DTNB.

activity were recordedRig. 1), and analyzed according to
Eq. ().

Fig. 1 shows that there is almost a ‘burst’ of absorbance
increase (initial 3 min), followed by a slower reaction (com-
pleted in 25 min) and a very slow absorbance increase, which
shows a linear correlation with time and is not completed
even after 70 min. The modification course and an inset of a
semilogarithmic plot showed a biphasic reaction, which can
be considered as the pseudo-first-order reaction. The rate con
stant for the slow phask;, was obtained from experimental
data with a linear fit as shown in the inset plotog. 1. The
rate constant for the quick phag&g,was obtained by subtract-
ing the contribution from the slow phade, is much larger
thank; (Table 1. Two cysteine residues calculated from the
data shown in the inset &fig. 1were essential for the quick

phase, and the other four for the slow phase, as indicated bychange with various DTT concentrations

line 2.

Moreover, the kinetics of inactivation with DTNB as fol-
lowed by the substrate reaction in the presence of the mod-
ifiers is monophasic (data not shown here). The inactivation
rate constant in the presence of DTNB is close to the rate
constant for the quick phase during the modification with the
same concentration of inhibitor.

3.2. Kinetic course of the substrate reaction of AK-TNB
in the presence of DTT

The modified enzyme, AK-TNB, was purified by gel fil-

respectively, for curves 1-5. The production of protons was followed by
the absorbance change at 575 nm at@phere P represents the product.
(Inset plot A) semilogarithmic plots of lines 1-5 according to &), (inset

plot B) plot of AlY] against [DTT]. The data points foX[Y] were calculated
from the inset plot A.

Fig. 2 shows the course of the substrate reaction of AK-
TNB at various DTT concentrations in the presence of fixed
arginine, ATP, and M§' concentrations. The general shapes
of the curves agree with those predicted by E2). The
reactivation rates of the AK-TNB increase with increas-
ing DTT concentrations. The straight line portions of the
curves represent the recovered activities of the reactivated
enzyme. From Eq(3), a plot of In([P] —[Plcaic) versust
gives a series of straight lines at different concentrations
of DTT with slopes of—A[Y], as shown in inset A. The
apparent forward rate constafstcan be obtained from the
slopes of these straight lines. Inset AAJfY] versus [DTT]
gives a straight line, which nearly intersects the ordinate
at zero, as shown in inset B. The value Afdoes not
indicating that
the reduction of the AK-TNB by DTT is an irreversible
second-order reaction, but not a complex formation type of
modification.

3.3. Effect of MgATP on the reactivation of AK-TNB

Fig. 3shows the reactivation course of AK-TNB at differ-
ent ATP concentrations in the presence of a fixed DTT con-
centration. A plot of In([P]— [P]calc) versud gives a series of
straight lines at different concentrations of the substrate (not
shown here). The apparent forward rate constadecreases

tration through a Sephadex G-200 column. In the presence ofwith increasing concentration of [MgATP], as shown in inset

reductive reagent, such as DTT, the CK-TNB can be reacti-
vated[41,42] Similarly, the AK-TNB can be reactivated by
DTT.

A. The plot of A versus [MgATP}([IMgATP] + K¢') reveals
a straight line (inset plot B) witlk 4’ being determined to be
2.1 mM by a least squares fitting.
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) ) ) ) Fig. 5. Reactivation of AK-TNB in the presence of MgADP and different
Fig. 3. Course of substrate reaction at different MgATP concentrations. The «qncentrations of NaN§ The MgADP fixed concentration was 0.9 mM.
conditions were the same as féig. 2 except that the DTT concentration  iher conditions were the same as Fog. 4. Curve 1 W) is the apparent

was 0.08 mM and the concentrations of ATP were 7.2, 6.4, 4.8, 3.2, 2.4 (46 constand, while curve 2 () is the relative activity of the reactivated
and 1.6 mM, respectively, for curves 1-6. Inset plot A is a ploAafyainst enzyme.

[MgATP]. Inset plot B is a plot oA against [MgATP]([MgATP] + K¢').
3.5. Substrate analog components or transition-state

N analog induced conformational changes of AK-TNB
3.4. Effect of MgADP and transition-state analog on the

reactivation of AK-TNB The changes of protein tertiary structure and the hydropho-

o ) ) bic surface exposure can be investigated with intrinsic fluo-
The reactivation courses of AK-TNB in various con- rescence and ANS fluorescenéégs. 6 and Tcompare the
centrations of MgADP and NaNOwere observed. The intrinsic fluorescence and ANS fluorescence spectra for the
presence of MgADP remarkably decreased the activity of pative enzyme and AK-TNB in the presence of either the
the reactivated enzyme. This indicated that the ADP is a gypstrate analog components or the transition-state analog.
competitive inhibitor of the forward reaction. While there Fig. 6 and its inset plot clearly show that analog com-

was a slight decrease of the apparent rate constant of theyonents to the native enzyme, Arg-ADP-figcan induce
reactivation with the increase of MgADP concentration 5 certain change of the intensity in the intrinsic fluores-

(Fig. 4), a significant decrease of the apparent reactivation cence and ANS spectra. Furthermore, additionag NEbuld
rate constant was observed when the reaction mixture con-

tained the transition-state analog, MgADP-Arg-N®ig. 5),
accompanied by the decrease of the activity of the reduced m5°
enzyme. §°
100 230
o
) 220
[&]
c 0.
120 120 3
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Fig. 6. Intrinsic and ANS fluorescence spectra for native dimeric AK with
0 . . . . 0 the substrate analog and the transition-state analog. Final concentration was
0.0 0.5 1.0 1.5 2.0 14pM enzyme in 20 mM Tris-HAc buffer, pH 8.1, 5.7 mM arginine, 0.9 mM

[ADP] (mM) ADP and 6.6 mM magnesium acetate. NaN©O.5 mM) was also added in
addition to the substrate analog components for the measurement of the
Fig. 4. Reactivation of AK-TNB in different concentrations of MgADP. The intrinsic and ANS fluorescence of the complex with the transition-state ana-
concentration of DTT was 0.08 mM. Other concentrations were the same aslog. The inset shows the ANS fluorescence spectra of native AK. Curve 1 is
for Fig. 2 Curve 1 W) is the apparent rate constahbf reduced enzyme, the apo-enzyme, curve 2 is the dead-end complex and curve 3 is the complex

while curve 2 () is the relative activity. with the transition-state analog.
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faster than other accessible cysteine residues with the loss of
enzyme activity.

Kinetic analysis of the course of reactivation of AK-TNB
shows that the modified AK can also bind MgATP, and the
binding of MgATP can decrease the apparent rate constant
of reactivation, but does not fully stop the reactivation. The
. dissociation constant of 2.1 mM for the modified AK-ATP
B0 o 50 ool complex is much larger than 0.5 mM for the native AK-ATP
Wavelength (nm) . . .

complex. These results suggest that the reactive cysteine is
not located in the ATP binding site, butis very close to it. This
means that the binding of ATP can somewhat influence the
accessibility of the added TNB group, and the TNB group can
320 340 360 380 400 420 enable ATP to more easily dissociate from the enzyme. This
Wavelength (nm) conclusion is consistent with the recently reported crystal
structure of AK from horseshoe crti3], in which the reac-
Fig. 7. Intrinsic and ANS fluorescence spectra for AK-TNB with the sub- tjve cysteine residue is near ﬂ;qephosphate_ Moreover, it has
strate analog compo_nents anc_j the transition-state analog. The conditionsy|gg heen reported that the binding of ATP-ZWIgffected the
"A"Eri;hBe someas féiig. 6. The inset shows the ANS fluorescence spectra ) jigieation of AK by iodoacetamid]. Combined with the
- . Curve 1 is the apo-enzyme, curve 2 is the dead-end complex, L .
curve 3 is the complex with the transition-state analog. present analysis, it can be concluded that%%’s exposed
to DTNB, which is the reactive cysteine relevant to activity.
These results strongly suggest that theZ%ysf the dimeric
induce further conformational change of the native enzyme. AK is near the ATP binding site.
FromFig. 7anditsinset plot, Arg-ADP-M$" also caninduce In the presence of the substrate analog arginine-ADP-
the conformational change of the AK-TNB, while additional Mg?2* or the transition-state analog MgADP-arginine-NQ
NO3~ could not induce further changes in its conformation. the enzyme undergoes a conformational change as indicated
by absorbance changes in the UV regjdB8]. The intrinsic
and ANS fluorescence spectra are conventional means to use
4. Discussion for demonstrating the conformational charig@,44] The
analog components, arginine-ADP-ffgcan induce a cer-

Unlike the monomeric 40 kDa AK from molluscs and tain change of the intensities in the intrinsic fluorescence and
arthropods, th&. japonicu\K is a dimeric AK, like the ver- ANS spectralig. 6). The change of intensities also occurred
tebrate creatine kinase. It has been suggested that AKs suclin AK-TNB (Fig. 7). This implies that MgADP can bind with
asS. japonicusevolved at least twice during the evolution the AK-TNB. Comparing the changes of the reactivation rate
of phosphagen kinase: first at an early stage of phosphagerconstants between MgATHFig. 3) and MgADP Fig. 4),
kinase evolution and secondly from CK later in metazoan the apparent reactivation rate constant of AK-TNB does not
evolution [20]. Because of its special position, it played a markedly decrease with the concentration of ADP. This result
significant role during evolution processes. suggests that the effect of MgADP on the accessibility of the

The modification reaction with DTNB is biphasic. The TNB group is slight. The transition-state analog is believed
DTNB molecules are accessible to about six cysteine residuego mimic the binding of the substrate at the transition-state
out of the 10 inStichopusAK, among them two for quick  during catalysis involving possible conformational changes
phase and the other four for slow phase. The reactive rate ofof the enzyme moleculg 1,12] The present results suggest
thiol groups in the quick phase is the same, and faster thanthat the AK-TNB can bind with the transition-state analog,
that of thiol groups in the slow phase. It is clear that two of which decreases the accessibility of the added TNB group in
the reactive thiol groups react faster than the other four. On the reaction mixture, which markedly decreases the appar-
the other hand, the inactivation course is monophasic. Theent reactivation rate constamiig. 5, although the adding of
inactivation rate constant (9:310 3s 1)isclosetotherate  NOs~ did not induce further intensity changes of AK-TNB
constant (2.3 10-3s~1) of the quick phase in the modifica-  (Fig. 7). The reactive cysteine might be involved in the con-
tion process with the same concentration of DTNB. Further, formational changes, which are believed to be essential for the
the two reactive cysteine residues in the dimeric enzyme for coordinated binding of substrates and enzyme catalysis. The
the quick phase, one per subunit, may correspond to the cataleffect of modifying the reactive cysteine is mainly to prevent
ysis mechanism. the transition-state analog inducing conformational changes,

Recently, we found that the mutant AKC274A lost its but not the binding of the transition-state analog. Similar
activity [24] and in the present study, the number of the acces- results were contained in reports showing that a mutant of
sible thiol groups to DTNB in mutant AKC274fR4]is four, an amino acid of an iron protein of nitrogenase fréao-
while that in the native enzyme is six. This explicitly sug- tobacter vinelandihad normal substrate binding ability, but
gests that Cy<4is exposed to DTNB and reacts with DTNB  the substrate-induced long distance conformational change of
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the hinged motion of its two subunits disappedred]. The
results suggest that the reactive cysteine of dimeric AK may
play an important role not in the binding to the transition- )

. . Biol. 114 (1977) 37-45.
state analog but in the conformational changes caused by, q 1 Rreed, M. Cohn, J. Biol. Chem. 247 (1972) 3073-3081.
the transition-state analog, similar to the functions of crea- [17] G. zhou, W.R. Ellington, M.S. Chapman, Biophys. J. 78 (2000)
tine kinase[45]. It is known that large and small domains 1541-1550.
in native AK undergo a hinged ®3otation, which can lead [18] M.S. Yousef, S.A. Clark, P.K. Pruett, T. Somasundaram, W.R. Elling-
to the conformational changes in the presence of substrate, ", M.S. Chapman, Protein Sci. 12 (2003) 103-111. .

. . . . . [19] S.Y. Guo, Z. Guo, Q. Guo, B.Y. Chen, X.C. Wang, Exp. Purif. 29
[17,18] Thus, we infer that the reactive cysteine of dimeric (2003) 230-234.
AK is located in the hinge area of the two domains of the [20] T. Suzuki, M. Kamidochi, N. Inoue, H. Kawamichi, Y. Yazawa, T.
enzyme subunit. Furukohri, W.R. Ellington, Biochem. J. 340 (1999) 671-675.

Recently, researchers proposed an interesting suggesi21] T. Suzuki, Y. Yamamoto, M. Umekawa, Biochem. J. 351 (2000)

[14] M. Forstner, K. Manfred, P. Laggner, T. Wallimann, Biophys. J. 75
(1998) 1016-1023.
[15] E.F. Pai, W. Sachsenheimer, R.H. Schirmer, G.E. Schulz, J. Mol.

tion that the reactive cysteine helps enhance the catalytic__ 579585 N
. .. . . [22] Q. Guo, F. Zhao, S.Y. Guo, X.C. Wang, Biochimie 86 (2004)
rate instead of mediating a substrate-induced conformational™™ 324 "2oc
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