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Allosteric Regulation

Eun Suk Song, Clint Cady, Michael G. Fried, and Louis B. Hersh*

Department of Molecular and Cellular Biochemistry and the Center for Structural Biologyedsity of Kentucky, 741 South
Limestone, B283 Biomedical Biological Sciences Research Building, Lexington, Kentucky 40536-0509

Receied June 28, 2006; Resed Manuscript Receéd September 27, 2006

ABSTRACT: Treatment of an N-terminal-containing itagged insulysin (HisIDE) with proteinase K

led to the initial cleavage of the His tag and linker region. This was followed by C-terminal cleavages
resulting in intermediate fragments o085 and~76 kDa and finally a relatively stable56 kDa fragment.

The ~76 and~56 kDa fragments exhibited a low level of catalytic activity but retained the ability to
bind the substrate with a similar affinity as the native enzyme. The kinetics of the reaction of the IDE
~76 and~56 kDa proteolytic fragments with a synthetic fluorogenic substrate produced hyperbolic substrate
versus velocity curves, rather than the sigmoidal curve obtained withlBIEs The ~76 and~56 kDa

IDE proteolytic fragments were active toward the physiological pepfidesdorphin, insulin, and amyloid

B peptide 1-40. Although activity was reduced by a factor-et ®—10* with these substrates, the relative
activity and the cleavage sites were unchanged. Both~{fi@ and~56 kDa fragments retained the
regulatory cationic binding site that binds ATP. Thus, the two proteinase K cleavage fragments of IDE
retain the substrate- and ATP-binding sites but have low catalytic activity and lose the allosteric kinetic
behavior of IDE. These data suggest a role of the C-terminal region of IDE in allosteric regulation.

Insulysin [insulin-degrading enzyme (IDEEC 3.4.22.11] IDE can cleave amyloigh-peptidesin vitro. It was found
is a 110 kDa zinc metalloendopeptidase first described onthat IDE is a major amyloi@-peptide, degrading activity in
the basis of its ability to degrade insulin. The enzyme exhibits a number of cell lines1(, 11).
an oligomeric structure existing in a dimetetramer equi- The importance of IDE in the degradation of amyloid
librium, with the dimer being the predominant speciél ( S-peptidesin vivo was solidified by studies with IDE-
IDE cleaves insulin on both the A and B chains, with major deficient mice in which the IDE gene was disruptei®,(
cleavage sites on the A chain between ¥edyr'4 and 13). Homozygous IDE-deficient mice exhibit a statistically
Tyr“—GIn'>. Major cleavage sites on the B chain are significant increase in brain amylojétpeptide levels, with
between Sér-His'®, His'—Leu', Glu®-Ala', Try'— heterozygous mice having an intermediate level. In addition,
Leu's, and Ph&—Try?® (2). The importance of IDE in  a number of genetic studies have implicated IDE as being
regulating insulin levels is apparent from studies of the GK |inked to late onset Alzheimer’s diseasel{18). However,
rat model of type-Il diabetes mellitus. In the GK rat, naturally this link has yet to be unequivocally established, and not all
occurring missense mutations in the IDE gene that reducegenetic studies support this linkage9( 20).

its enzymatic activity result in an elevation in insulin levels  \ye recently reported that IDE exhibits allosteric kinetic
(3). IDE is predominantly localized to the cytosol and pehayior (). With the synthetic substrate 2-aminobenzoyl
peroxisomes, although secreted and plasma membrane form(%Abz)—GGFLRKHGQ-ethernediamine-2,4-dinitropheny| (EDD-
have been reportedty, T_he substrate specificity of IDE is np), plots of initial velocity versus [S] were sigmoidal,
somewhat complex, with the enzyme cleaving peptides gxhibiting a Hill coefficient greater than 2.0. In addition,
preferentially at hydrophobic and basic residugsAlthough  \when IDE substrates were tested as alternate substrate
it has been suggested that IDE has a preference for peptidegyipitors, activation rather than inhibition was observed.
that can formf-pleated sheet structure§)(in vitro, it |nterestingly, although the peptide substrate dynorphin B-9
effectively cleaveg-endorphin and a number of dynorphin-  jncreased the rate of amylojgtpeptide hydrolysis by IDE,
related peptides7] that do not form such structures. Recent 5 gych effect was seen with insulin as a substrate. This
interest in IDE comes from the initial reports_ of Kurochkin  akes IDE a potential target for drugs that would selectively
and Goto §) and that of McDermott and Gibso®)(that  jncrease amyloidB-peptide clearance without affecting
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distinct from the active site2@). Although in our studies in the vector pFastBacHTI2]) was used as a template for
polyanions did not affect the hydrolysis of insulin or amyloid polymerase chain reaction (PCR) to generate the appropriate
B-peptides, they increased the rate of cleavage of smallercDNA. For the expression of the 56 kDa form of IDE (amino
dynorphin peptides and thus shift the specificity of the acids 42-534) PCR primers

enzyme toward these smaller peptides.
To gain an insight into the structure of IDE, we have 5-gtg@gag?<cl;)t§gacccaaccaaguﬁ!d

utilized limited proteolysis to determine if structural domains

exist. We now report that IDE can be cleaved into a relatively

stable fragment of-56 kDa that retains substrate binding

and the polyanion-binding site but not homotropic or were used to generate ari.1 kb fragment, which replaced

heterotropic interactions and has significantly reduced cata-a 2.4 kbXba—Xhd fragment from the rat IDE cDNA in

lytic efficiency. pFastBacHTb. Similarly, for the expression of the 76 kDa
form of IDE (amino acids 42705) PCR primers

5'-gtgctcgagraatttgtaggaatgaatt-3
Xhd stop

MATERIALS AND METHODS
5-tctgctagcag%cctgagctatgafca&d
B-Endorphin was obtained from Multiple Peptide Systems Nhe
through the National Institute on Drug Abuse Research Tools 5’—gtcctcgag;(:ﬁgtg%ggggcttctttta—'3

program. Insulin was purchased from Bachem (San Carlos
CA), while amyloid S-peptide 1-40 was obtained from \yare used to generate ar280 bp Nhd—Xha fragment

California Research Peptide, In¢(& 2)-O-(2,4,6-trinitro- ~ 4ntaining a stop codon, which was used to replace a 1.2 kb
phenyl)adenosine triphosphate (TNP-ATP) was obtained \jpg—xhg fragment from the rat IDE cDNA in pFast-
from Molecular Probes (Eugene, OR). Trypsin, chymot- ga-HTp.

rypsin, soybean trypsin inhibitor, and diisopropylfluorophos-  \ve also generated two forms of KHEDE, in which we

phate were purchased from Sigma Chemical Co. (St. Louis, jnserted a second TEV protease site (ENLYFQ/G) to produce
MO). Staphylococcus aureysotease V8 (proteinase V8)  he 76 and 56 kDa formis situ while retaining a stoichio-
was purchased from Worthington Biochemical Corp. (Free- yatric amount of the C-terminal fragment.

hold, NJ).. Proteinase K was obtained from Invitrogen. The Proteolysis by trypsin and proteinase V8 was performed
fluorogenic substrate Abz-GGFLRKHGQ-EDDnp was syn- i, o0 mM potassium phosphate buffer at pH 7.3. With the
thesized as previously describezB). trypsin reaction, 1 mM CaGlwas included and adding a
A rat IDE cDNA, (pECE-IDE), kindly provided by Dr.  10-fold molar excess of soybean trypsin inhibitor terminated
Richard Roth of Stanford University (Stanford, CA), was the reaction. Proteolysis by proteinase V8 was terminated
subcloned into the baculovirus-derived vector pFastBac with 1 mM diisopropylfluorophosphate. Chymotrypsin hy-
(Invitogen) throughBamHI and Xha restriction sites such  drolysis was conducted in 100 mM potassium phosphate
that a His-affinity tag and a linker region became fused to puffer at pH 7.3. The reaction was terminated by the addition
the N terminus of the protein. The IDE portion of the fusion of PMSF to 0.5 mM plus TLCK to 0.05 mM. The proteinase

protein started at methionine 42, which corresponds to the K digestion reaction was terminated by the addition of PMSF
second putative start site in the coding region. The generationtg 1 mM.

of recombinant baculovirus and expression of the recombi-  The N-terminal sequence of the stable proteinase K-
nant IDE in Sf9 cells were performed according to the generated IDE fragments was determined by automated
instructions of the manufacturer. Cells were harvested after Edman degradation performed at the Protein Structure Core
3 days and frozen. For the purification of recombinant IDE, at the University of Nebraska Medical Center. The molecular
a 1:10 (w/v) suspension of frozen Sf9 cells was prepared inweights of proteinase K-generated IDE fragments were
20 mM Tris-HCl at pH 7.4 containing 1 mM dithiothreitol.  determined using a gold target with a Ciphergen PBSlic
The suspension was sonicated 12 times, with each burst fofinear MALDI-TOF mass spectrometer calibrated with
1's, using a Branson sonifier (setting 3 at 30%), and then peptide standards. This analysis was done at the Proteomics
centrifuged at 15 000 rpm for 45 min to pellet cell debris Core of the University of Kentucky Center on Structural
and membranes. The supernatant containing recombinant raBjology, which is supported in part by grant P20RR20171
IDE was loaded omt a 2 mLHis-Select HC nickel-affinity from the NIH/NCRR.

gel (Sigma) that had been equilibrated with 20 mM Tris-  |DE activity assays were conducted in reaction mixtures
HCI at pH 7.4 containing 1 mM dithiothreitol. After the  containing 10uM Abz-GGFLRKHGQ-EDDnp in 50 mM
column was washed extensively with starting buffer and then Tris-HCI buffer at pH 7.4. Peptide bond cleavage resulted
with 20 mM imidazole buffer at pH 7.4, the enzyme was in an increase in fluorescence that was followed on a
eluted with 100 mM imidazole buffer at pH 7.4. The enzyme SpectraMax Gemini XS fluorescence plate reader at an

was then dialyzed against 50 mM Tris-HCI at pH 7.4 excitation wavelength of 318 nm and an emission wavelength
containing 20% glycerol and stored &80 °C until use. of 419 nm.

Under these conditions, the enzyme is stable for at least 12 The rate of cleavage of insulii;endorphin, and amyloid
months. It was previously established that the hexahistidine g-peptide 140 was measured in reaction mixtures contain-
and linker region did not affect IDE activityl) and therefore ing 10 M peptide in 50 mM Tris-HCI buffer at pH 7.4.
were not removed in these studies. The rate of hydrolysis was quantified by following the
The proteinase K digestion fragments of IDE were decrease in the peak area of the substrate by high-
expressed in insect Sf9 cells as N-terminal hexahistidine performance liquid chromatography (HPLC). A @verse-
fusion proteins. To accomplish this, the cDNA for rat IDE phase column and a linear gradient from 0.1% trifluoroacetic
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Ficure 1: Proteinase K digestion of IDE. (A) IDE (1Q@)) in 20

mM potassium phosphate buffer at pH 7.3 was treated witl@.3

of proteinase K in a 250L reaction mixture. At the time periods
indicated, an aliquot was withdrawn to which was added PMSF to
a final concentration of 0.8 mM to terminate digestion. This aliquot
was subjected to SDSPAGE. (B) IDE activity measurements with
10 uM Abz-GGFLRKHGQ-EDDnp as the substrate measured as
a function of time of protease K digestion.

acid in 95% water/5% acetonitrile to 0.1% trifluoroacetic
acid in 50% water/50% acetonitrile were employed. Peptides
were followed by their absorbance at 214 nm and quantified
from their peak area.

Analytical ultracentrifugation was performed at 4-0.1
°C in a Beckman XL-A centrifuge using an AN 60 Ti rotor
as previously described4). Scans were obtained at 280
nm with a step size of 0.001 cm. When scans enéah apart
were indistinguishable~<20 h), the approach to equilibrium
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curves changed from sigmoidal at O time (Hill coefficient
= 2.27) to nearly hyperbolic at 24 h (Hill coefficient 1.38).

To identify where in the IDE molecule cleavage occurred,
the 54-57 and 73-76 kDa proteinase K digestion fragments
were excised from a gel and subjected to N-terminal
sequencing. This procedure yielded the sequence X-N-P-A-
I-Q-K for the 54-57 kDa fragment and N-N-P-A-I for the
70—73 kDa fragment. These sequences correspond to cleav-
age at the methionine that forms the junction between the
linker region of the hexabhistidine fusion protein and the
N-terminal sequence of IDE (Figure 2). It should be noted
that we used methionine 42 as the first amino acid for IDE
because it appears that this methionine represents the major
start of translation for the enzymB)( Thus, both the stable
54—57 kDa and the intermediate #36 kDa proteinase K
digestion products resulted from cleavages toward the
C-terminal part of the enzyme. To obtain a more precise
measure of the proteinase K cleavage sites, the IDE frag-
ments were isolated by molecular sieve chromatography and
their molecular weight was determined by mass spectrometry.
A value of 56 601 Da was obtained for the smaller more
stable fragment, and a value of 76 719 Da was obtained for
the larger intermediate fragment; thus, we refer to these
enzyme forms as IDE and IDE®, respectively.

Using the mass spectral molecular weights, we generated
truncated forms of IDE that corresponded to i®&nd IDE®
(Figure 2) as hexahistidine fusion proteins in Sf9 cells using
the baculovirus expression system. These were purified to
homogeneity on a His-select nickel-affinity resin. The activity
of these IDE fragments was verified with the fluorogenic
substrate Abz-GGFLRKHGQ-EDDnp. As noted during the
analysis of the protease K digestion reaction at 24 h, the
sigmoidal substrate versus velocity curve seen fog-HME
appeared as a hyperbolic curve for BEFigure 3).
Although not shown, a hyperbolic curve was also obtained
for IDE’%. A summary of the kinetic data with Abz-
GGFLRKHGQ-EDDnp as the substrate is given in Table 1.
It can be seen from this data that both f®&nd IDE®

was considered to be complete. Five scans were averageéetained the ability to bind the substrate with the same or
for each sample at each rotor speed and analyzed adncreased affinity as the untreated enzyme. In contrast, both

previously described24).

The binding of TNP-ATP to IDE and its proteolytic
fragments was measured in 50 mM Tris-HCI buffer at pH
7.4 using a Perkin-Elmer LS55 luminescence spectrometer.

RESULTS

In an attempt to provide insight into the domain structure
of IDE, we conducted limited proteolysis experiments.
Although an N-terminally Histagged IDE was not cleaved
by trypsin, proteinase V8, or chymotrypsin at molar ratios
of up to 1:10 protease/IDE, it was cleaved by proteinase K
into discrete bands. As shown in Figure 1A, over a 24 h
period, proteinase K at a 1:200 molar ratio produced the
sequential cleavage of thel10 kDa Hig-IDE to produce
intermediate fragments of105 and~95 kDa, followed by
the formation of a~73—76 kDa fragment and finally a
relatively stable~54—57 kDa fragment. The activity de-
clined over this time period te-1% of the initial enzyme
activity (Figure 1B). We determined the kinetics of cleavage
of the synthetic substrate Abz-GGFLRKHGQ-EDDnp at 0

of the proteolytic fragments retained very low catalytic
activity as evidenced b, values that were-1% of that

of the wild-type enzyme. We also generated ¥®Fand
IDE?®) from a full-length construct in which we inserted TEV
protease sites in the appropriate positions (Figure 2).
Although the IDE® (and IDE®) form was produced by TEV
cleavage from full-length IDE, this procedure did not produce
a more active enzyme nor were the allosteric properties
retained.

We further tested the activity of IDE and IDE® with
respect to the physiological peptid@sendorphin, insulin,
and amyloids peptide +40. The results of this analysis
are summarized in Table 2. It can be seen that in each case
the residual activity is reduced by a factor fl0°—10"
However, the relative activity of the two IDE truncated forms
toward the physiological peptides is unchanged. Although
not shown, the cleavage sites are also unchanged.

Substrate versus velocity curves for IB5Eand IDE®),
with Hill coefficients close to 1, indicate that IDE(and
IDE"®) do not retain the homotropic allosteric properties of
Hise-IDE (or native IDE). We further tested for the presence

and 24 h of digestion and found the substrate versus velocityof heterotropic activation by measuring the effect of dynor-



15088 Biochemistry, Vol. 45, No. 50, 2006

TEV

/

HHEHHHDYDIPTTENLYFQGAMNNPAIQRIEDEIVKSPELREYRGLELANGIKVLLIS

(105 kDa)
DPTTDKSSAALDVHIGSLSDPPNIPGLSHFCEEMLFLGTKKYPKENLSEEAGSSNAFT
SGEHTNYYFDVSEEHLEGALDRFAQFFLCPLFDASCKDREVNAVDSEHEKNVMNDAWR
LFQLEKATGNPKEPFSKFGTGNKYTLETRPNQEGIDVREELLKFHSTYYSSNLMAICV
LGRESLDDLTNLVVKLFSEVENKNVPLPEFPEEPFQEEHLKQLYKIVPIKDIRNLYVT
FPIPDLQQYYKSNPGHYLGHLIGHEGPGSLLSELKSKGWVNTLVGGQKEGARGFMFFI
INVDLTEEGLLHVEDIILHMFQYIQKLRAEGPQEWVFQECKDLNAVAFRFKDKERPRG
YTSKIAGKLHYYPLNGVLTAEYLLEEFRPDLIDMVLDKLRPENVRVAIVSKSFEGKTD
RTEQWYGTQYKQEAIPEDVIQKWONADLNGKFKLPTKNEF IPTNFEILAEKDATPYPA

(56 kDa)
ENYYFQG

LIKDTAMSKLWFKQDDKFFLPKACLNFEFFSPFAYVDPLHCNMAYLYLELLKDSLNEY
AYAAELAGLSYDLONTIYGMYLSVKGYNDKQPILLKKITEKMATFEIDKKRFEIIKEA
YMRSLNNFRAEQPHQHAMYYLRLLMTEVAWTKDELKEALDDVTLPRLKAFIPQLLSRL

(76 kDa)
ENYYFQG

HIEALLHGNITKQAALGVMQMVEDTLIEHAHTKPLLPSQLVRYREVQLPDRGWFVYQR
RNEVHNNCGIEIYYQTDMQSTSENMFLELFCQIISEPCFNTLRTKEQLGY IVESGPRR
ANGIQGLRFIIQSEKPPEYLESRVEAFLITMEKAIEDMTEEAFQKHIQALAIRRLDKP
KKLSAECAKYWGEIISQQYNYDRDNIEVAYLKTLSKDDIIKFYKEMLAVDAPRREKVS
VHVLAREMDSCPVVGEFPSQNDINLSEAPPLPQPEVIENMTEFKRGLPLFPLVKPHIN
FMAAKL

Song et al.

Ficure 2: Sequence of HisIDE showing the proteinase K cleavage sites under the sequence and the position and sequence where additional
TEV cleavage sites were inserted. The arrow on the top shows where TEV cleavage occurs.

A 251 Table 1: Kinetics for the Reaction of IDE and Its Proteinase K
20k Fragments with Abz-GGFLRKHGQ-EDDnp
= Ks or Km Hill
£ 51 (M) (min-1) coefficient
g 10 Hiss-IDE 254+ 24 5,590+ 402 1.9+ 0.2
= IDESS 59+04 43+ 2 1.2+01
IDE"® 75+09 46+ 1 1.2+ 0.2
1 1 1 1 1 1 |
10 20 30 40 50 o 70 Table 2: Comparison of the Reaction of Wild-Type IDE to FBE
[Abz-G-G-F-L-R-K-H-G-Q-EDDnNp], uM and IDE® with Physiological Peptidés
rate of cleavage
B 5 [nmol h~* (nmol of IDE)]
= p-endorphin peptide 40  insulin
g Hiss-IDE 18 374 396
0 IDE®® 3.54 0.10
=4 IDE"® 0.4 0.06
E ratio of His-IDE/ IDE® ~ 5.2x 1C° 40x 10°
ratio of His-IDE/ IDE"® 459x 10° 6.6 x 10°
a2 Reactions were conducted in 0.15 mL reaction mixtures containing

10 20

[Abz-G-G-F-L-R-K-H-G-Q-EDDnp], uM

Ficure 3: Comparison of the kinetics of wild-type IDE to IDE
and IDES. Kinetics of the reaction of 0.5ag of wild-type IDE
(A) or 10 ug of the 56 kDa form of IDE, IDES (B) with Abz-

30 40 S50 60 70

50 mM Tris buffer at pH 7.4 and 1@M peptide at 37°C. For the
reaction of wild-type IDE with3-endorphin, 25 ng of protein was used,
while 50 ng of protein was used for the reactions with amybjkptide
1-40 and insulin. Reactions were incubated for-B® min. For the
reaction of IDB®, 10 ug of protein was used for all three peptides,
with reaction times of 217 h. For the reaction of IDE 20 ug of
protein was used for all three peptides, with reaction times-dfsh.

GGFLRKHGQ-EDDnp in 50 mM Tris-HCI buffer at pH 7.4.

phin B-9 on the hydrolysis of the fluorogenic substrate Abz-
GGFLRKHGQ-EDDnp. As previously shown with wild-type
IDE, dynorphin B-9 acts as an activator of Abz-GGFL-
RKHGQ-EDDnp hydrolysisY). Rather than produce activa-
tion, dynorphin B-9 acted as a weak inhibitor of the A3E
dependenthydrolysis of Abz-GGFLRKHGQ-EDDnp, exhibiting
a K value of 140uM.

The cleavage of each peptide was followed by the disappearance of
the substrate peak by HPLC. Data were quantified by the change in
substrate peak area.

Because IDE exists predominantly as a dimer, we deter-
mined whether the IDE form retained this subunit structure.
Sedimentation equilibrium analysis showed that ¥Ddxists
predominantly as a monomer, with some tetrameric species
present. However, no dimeric IDEwas detected.
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FIGURE 4: Activation of IDE®® and IDE® by ATP. Activity was
determined in 50 mM Tris-HCI buffer at pH 7.4 with 101 Abz-

GGFLRKHGQ-EDDnp as the substrate and the indicated concen-

tration of ATP. @) IDE>® and @) IDES.

We have previously shown that IDE contains a cationic
regulatory site distinct from the active sit22j that binds
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10 .. IDE’® + TNP-ATP
= ~<_* IDE + TNP-ATP
X IDES® + TNP-ATP
TNP-ATP
1

Relative Fluorescense
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Ficure 5: Binding of TNP-ATP to wild-type IDE and to IDE
and IDE’S. Reaction mixtures (4 mL) contained 50 mM Tris-HCI
buffer at pH 7.4, 1&M TNP-ATP, and 3«M wild-type IDE, IDE®,
or IDE’S. Binding of TNP-ATP was measured by the quenching
of TNP-ATP fluorescence using an excitation wavelength of 403
nm and an emission wavelength of 547 nm.

DISCUSSION

Although IDE is fairly resistant to proteolysis by trypsin,
chymotrypsin, and proteinase V8, it can be cleaved by

600

the triphosphate moiety of nucleotide triphosphates and freeproteinase K. Initially, the hexahistidine and linker region

triphosphate. Binding at this site increases the rate of including the first methionine are cleaved leaving the N
hydrolysis of small peptides of up to13 amino acids but  terminus of IDE, indicating that the junction between IDE
has no effect on the rate of hydrolysis of large peptide and the linker region is unstructured. This is followed by
substrates such as insulin. Using Abz-GGFLRKHGQ-EDDnp C-terminal cleavages to generate 95 and 76 kDa fragments
as the substrate, we tested whether the>DBEnd IDE®- and finally another C-terminal cleavage to produce a
dependent reactions were affected by ATP. As shown in relatively stable 56 kDa species. Because proteinase K is a
Figure 4, IDE® retained the ability to be activated by ATP, broad spectrum serine protease capable of cleaving IDE in
although to a considerably lesser extent that native IDE. Thea number of places, the finding of discrete proteolytic
activation constant for ATRK,ATP, was determined to be 1 fragments suggests that there are several unstructured regions
mM for IDES®, which can be compared to a value of 1.4 Of the enzyme within the C-terminal domains and a protease-
mM obtained for native IDEZ2). ATP maximally increased ~ resistant~56 kDa core N-terminal domain. _

the rate 6.6-fold, which is considerably less than the-40  The intermediate 76 kDa and stable 56 kDa proteinase K
80-fold increase seen with wild-type IDE. In contrast to the Cléavage fragments retain a low but detectable level of
effect of ATP on IDE®, we observed little if any effect of catalytic activity toward the synthetic fluorogenic substrate

ATP on the IDESdependent cleavage of Abz-GGFL- Abz-GGFLRKHGQ-EDDnp but bind this substrate with the
RKHGQ-EDDnp (Figure 4). same or even higher affinity as native IDE. The activity of

) o the proteinase-K-derived IDE fragments toward the physi-
To directly detect ATP binding, we used the fluorescent ological peptideg-endorphin, insulin, and amylojé-peptide
ATP analogue TNP-ATP. Binding of TNP-ATP to protein

1-40 is considerably lower than that toward the synthetic
has been shown to result in an increase in its fluorescencefluorogenic substrate. This might be interpreted to suggest
because of a change in the environm@%) (We first tested  that the loss of the C-terminal region may affect the ability
TNP-ATP for its ability to increase the rate of hydrolysis of of the enzyme to make extended binding interactions utilized
Abz-GGFLRKHGQ-EDDnNp with wild-type IDE and its two in catalysis. It is likely that this results from conformational
truncated forms. In agreement with the data using ATP, we differences between the full-length enzyme and its proteolytic
found that 1M TNP-ATP increased the rate of hydrolysis fragments. Thus, the proteinase K fragments fold to produce
of 10 uM Abz-GGFLRKHGQ-EDDnp~125-fold (4 mM a native-like substrate-binding site but lose catalytic ef-
ATP increased the rate in this experiment 80-fold). With ficiency.

IDE®S, the rate was increased 3.6-fold (ATP increased the The proteinase K cleavage fragments exhibit hyperbolic
rate in this experiment 3.9-fold). However, there was no Substrate-velocity response curves in contrast to the sig-
change in the IDE reaction with either ATP or TNP-ATP.  moidal kinetics seen with native IDE. The ability of an

alternate substrate such as dynorphin B-9 to serve as an
. The effegt of t_hese IDE forms on TNP-ATP fluorescence activator is lost in the 56 and 76 kDa forms, consistent with
is shown in Figure 5. It can be seen that TNP-ATP

o ) - the change in kinetic properties from allosteric to classical
fluorescence is increased in the presence@fiHise-IDE. Michaelis—Menton kinetics. In fact, dynorphin B-9 acts as
Although TNP fluorescence is also increased in the presencey typical, although weak, alternate substrate inhibitor with
of 3uM IDE®®, the magnitude of the change is considerably the proteinase K 56 kDa cleavage fragment as would be
less. Quite surprising is the finding that the largest change expected for an enzyme exhibiting classical Michaelis
in TNP-ATP fluorescence occurs in the presence pi\8 Menton kinetics. This would suggest that the C-terminal part

IDE’®, demonstrating that the anionic binding site is in fact
retained in IDES. It is also worth noting that in each case

the binding of TNP-ATP shifts the fluorescence maxima to
a lower wavelength, indicating that the protein-bound TNP-
ATP is in a more hydrophobic environmerg).

of the enzyme is required for its allosteric kinetic behavior
and might be responsible for either transmitting conforma-
tional changes between subunits or maintaining subunit
subunit interactions. Although native IDE exists primarily
as a dimer 1), IDE®S exists predominantly as a monomer.
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This suggests that the C-terminal region of IDE contains its
dimerization domain and further suggest that the dimer is

required for allosteric behavior.
Although the allosteric kinetic behavior of IDE is lost,

the 56 and 76 kDa proteinase K cleavage fragments retain
the allosteric cationic site, which binds polyanions. The 56
kDa proteinase K cleavage fragment retains the ability to
bind ATP and to be activated by ATP binding, although the
extent of activation appears considerably less than with native

IDE. The affinity of ATP for this fragment is the same as

that for wild-type IDE. Using the fluorescent ATP analogue
TNP-ATP, binding was demonstrated directly. This would
suggest that activation by ATP and other polyanions may
involve conformational changes within IDE and does not
require oligomerization. Surprisingly, the rate of substrate
cleavage by the larger 76 kDa proteinase K cleavage
fragment is unaffected by ATP, but this IDE form does bind
ATP as shown by TNP-ATP fluorescence enhancement.

Thus, we might speculate that the20 kDa C-terminal

sequence found in the 76 kDa proteinase K cleavage
fragment relative to the 56 kDa proteinase K cleavage
fragment does not fold properly to permit transmission of

an ATP-induced conformational change.

In summary, the 56 and 76 kDa proteinase K cleavage
fragments of IDE retain an intact substrate-binding site but
exhibit low catalytic activity. These IDE fragments lose the
allosteric kinetic properties of IDE but retain the anion-
binding site. These results suggest that the C-terminal region
of IDE is needed for dimerization, a structure that is likely
linked to its allosteric behavior. These smaller IDE fragments
could prove useful for determining the structure of the

substrate- and anion-binding sites.
While this paper was in revision, Li et aRT) published

a communication in which they reported that IDE expressed

in Escherichia colicould be cleaved inte-55 and~57 kDa

fragments by trypsin. The trypsin cleavage site was near the

site generating IDE in this study. From the analysis of the
trypsin cleavage products, Li et aR%) concluded as we

have that the C-terminal region of IDE is involved in
oligomerization.
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