
Dipeptidyl peptidases are unique serine proteases

that remove a dipeptide from N�terminus of polypeptides

and proteins containing preferentially proline or alanine

in the penultimate position. This protease family includes

a number of peptidases that are similar in their catalytic

triad, but differ in substrate and inhibitor specificity, pH

optimum, and localization of the scissile bond [1�3].

Among the natural substrates of these peptidases are

chemokines, neuropeptides, hormones, growth factors,

and other regulatory peptides the biological activity of

which might be modulated under the action of these

enzymes [4�6].

Dipeptidyl peptidase II (DPPII; EC 3.4.14.2) was

first identified in bovine pituitary extract [7] and then in

different tissues of various species, mainly in soluble form

[4, 8, 9]. Researchers suggest that DPPII participates in

degradation of collagen fragments, myofibril proteins,

and neuropeptides, in cell differentiation, pathogenesis of

autoimmune diseases, and protection from cell death

[10�12]. The changes in the level and distribution of the

enzyme indicate its possible role in disease�related

processes. Thus, the influence of neurodegenerative

processes on the level of DPPII activity, its increase in

different brain regions with destroyed neurons, and the

participation of the enzyme in cicatrization after pene�

trating injuries of the brain were proposed [13].

Another proline specific peptidase, dipeptidyl pepti�

dase IV (DPPIV; EC 3.4.14.5), known also as activated T�

cells antigen CD26, is the most intensively studied mem�

ber of the dipeptidase family. It is a ubiquitous, multi�

functional integral type II glycoprotein located on the

surface of epithelial, endothelial, and lymphoid cells [14,

15]. Rather recently, the identity of DPPIV [16] and the

well�known adenosine deaminase�binding protein with�

out any known activity [17] has been proved. Adenosine

deaminase (ADA; EC 3.5.4.4), a key enzyme in purine

metabolism catalyzing (deoxy)adenosine deamination to

(deoxy)inosine [18], is widely distributed in mammalian

tissues and participates in the development and function

of lymphoid cells. ADA binds specifically to human,

bovine, and rabbit (but not rodent) DPPIV with dissocia�
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tion constant of 3�20 nM depending on the species [14].

DPPIV is known as the only dipeptidyl peptidase with the

ability to bind ADA. Other enzymes of the dipeptidyl

peptidase family—FAPα/seprase, DPP8, DPP9, etc.—

homologous with DPPIV, do not bind ADA [5].

In spite of the similarity in substrate (natural and

synthesized) specificity and catalyzed enzymatic reac�

tion, DPPIV and DPPII differ in molecular mass, pH

optimum of catalytic activity, cellular localization, and,

probably in physiological role. In the present report, data

indicating the ability of DPPII to form a complex with

ADA, similar to DPPIV, are described for the first time.

The dissociation constant of the DPPII–ADA complex

was evaluated using resonant mirror biosensor, fluores�

cence polarization, and differential spectroscopy meth�

ods. Based on these observations we suggest that like

DPPIV, DPPII has some unknown biological (physiolog�

ical) activities that might involve interaction with ADA.

MATERIALS AND METHODS

Materials. Adenosine, Gly�Pro�pNA, ovalbumin,

BSA, fluorescein isothiocyanate, and intestinal ADA

(type VI) were purchased from Sigma (USA), DEAE�cel�

lulose was from Whatman (England), and Sephadex G�25

and G�200 and DEAE�Sephadex A�50 were from

Pharmacia Biotech (Sweden). ADA from bovine lung,

cytochrome c from bovine heart, and γ�globulin from

human plasma were isolated and purified to elec�

trophoretic homogeneity in our laboratory. Other

reagents were of the highest available purity.

Fluorescence was measured in a Shimadzu RF

5301PC spectrofluorimeter (Japan) fitted with a polariz�

er, and spectral and kinetic measurements were per�

formed in Specord M�40 (Germany) and Cary 1 (Varian,

USA) UV�VIS spectrophotometers. The measurements

were performed at 25°C using thermostatted cuvette

holders. HPLC was performed in a Superose 6 column on

an Alltech HPLC equipped with a UV�VIS recorder.

DPPII was isolated and purified from bovine kidney

cortex and lung. The main purification procedures were

performed at 4°C. After removing the cover, 150�200 g of

tissue was scissored, washed in 0.9% NaCl, and homoge�

nized for 1.5 min in phosphate buffer containing 8 mM

Na2HPO4/2 mM KH2PO4, pH 7.4 (buffer A), at a ratio of

1 : 5 (w/v). After centrifugation of the homogenate for

20 min at 15,000 rpm, DEAE�cellulose suspension equil�

ibrated in buffer A was added to the supernatant at a ratio

1 : 10 (v/v). The mixture was stirred on magnetic stirrer for

45 min. After settling, the cellulose was transferred into a

glass column and sequentially washed with buffer A with�

out and with 20 mM KCl. The proteins adsorbed on the

cellulose were eluted with buffer A containing 0.3 M KCl.

The eluted fractions, possessing DPP activity, were sub�

jected to gel filtration on Sephadex G�200 equilibrated

with buffer A containing 0.1 M KCl (buffer B) at flow rate

of 0.5 ml/min. The fractions possessing DPPII activity

(DPP activity at pH 5.5) were collected, dialyzed

overnight against ten�fold volume of buffer A, and loaded

on a column of DEAE�Sephadex A�50 equilibrated in

buffer A. After washing the column with the same buffer,

the proteins were eluted with a step gradient between 0.05�

0.35 M KCl in buffer A. The fractions with DPPII activi�

ty were combined and exposed to acidic treatment: 0.2 M

acetic buffer, pH 5.5, was added to 80 mM followed by

incubation for 40 min at 37°C. The formed precipitate was

removed by centrifugation. The supernatant was dialyzed

against buffer A, concentrated on a Centriplus YM�10

centrifugal micro�concentrator (Millipore, USA), and

subjected to gel filtration through a Sephadex G�200 col�

umn at flow rate of 0.2 ml/min. DPPII, DPPIV, and ADA

activities were measured at all purification stages.

DPPII and DPPIV activities were assayed in identi�

cal procedures using different buffers: acetic buffer

(pH 5.5) for DPPII assay and phosphate buffer (pH 7.5)

for DPPIV. Usually 500 µl of assay mixture contained

40 mM buffer and an enzyme sample (5�10 µg protein).

The reaction was initiated by addition of a stock solution

of substrate in water (2 mM Gly�Pro�pNA) to final con�

centration of 0.24 mM. After incubation for a selected

time at 37°C, the reaction was stopped by addition of

acetic buffer, pH 4.2, final concentration 0.1 M. Turbidity

was removed by centrifugation, and the amount of p�

nitroaniline was evaluated from the absorption at 390 nm

registered against the identically treated reference sample

without the enzyme. The extinction coefficient of p�

nitroaniline at 390 nm is 9.9 mM–1·cm–1 [4].

The ADA activity was assayed by determination of

ammonia liberated in the reaction of adenosine deamina�

tion using a phenol–hypochlorite colorimetric method

described elsewhere [19].

The molecular mass of DPPII was estimated by gel

filtration and electrophoresis. The electrophoresis was

carried out in accordance with the method of Weber and

Osborn [20] in 9% polyacrylamide gel in the presence of

0.1% SDS, 0.1% β�mercaptoethanol, and 6 M urea. As

standards, γ�globulin (150 kD), BSA (67 kD), ovalbumin

(44 kD), and cytochrome c (13 kD) were used. The gels

were stained with Coomassie Blue G�250.

Protein was determined by the method of Bradford

[21] (BSA was used as a standard) and/or spectrophoto�

metrically from the difference in absorptions of the pro�

tein solution at 215 and 225 nm [22].

The pH dependence of DPPII activity was analyzed

in the pH range 4.0�8.5 in increments of 0.5. Buffer con�

taining 50 mM CH3COONa, 50 mM KH2PO4, and

50 mM Na2B4O7 was used. The desired pH was achieved

by titrating with NaOH or HCl.

The interaction of DPPII with ADA was investigated

using several techniques. Using the gel�filtration method,

the mixture of proteins in buffer A was incubated at 25°C
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for 2 h, stored overnight at 4°C, and subjected to gel fil�

tration through a Sephadex G�200 column equilibrated in

buffer B at flow rate of 0.2 ml/min. The specific activities

of both enzymes were determined in the eluted fractions.

Using the resonant mirror biosensor technique, DPPII

(or DPPIV) was immobilized on one of the cells of a car�

boxymethyl�dextran cuvette of an IAsys plus device

(Affinity Sensors, UK) as described by Davies et al. [23].

The cuvette was rinsed with Tween�20�containing phos�

phate buffer (10 mM NaH2PO4, 2.7 mM KCl, 138 mM

NaCl, 0.05% Tween�20, pH 7.4), equilibrated with the

same buffer without Tween�20 to establish a base line, and

the enzyme was covalently immobilized onto the cuvette

matrix by the standard 1�ethyl�3�(3�dimethylamino�

propyl)carbodiimide/N�hydroxysuccinimide coupling

procedure. The non�coupled ligand was removed by

washing with the buffer, and the remaining reactive

groups were deactivated by sequential washing with 1 M

ethanolamine (pH 8.5), 10 mM HCl, and buffer. The

amount of immobilized DPP was calculated based on the

display of the device, and ADA was added at definite con�

centrations. Binding experiments were performed at

25°C, and the data were analyzed using the “Fast Fit”

computer program (Fison Applied Sensor Technology)

supplied with the instrument.

For the fluorescence polarization technique, intestinal

ADA labeled with fluorescein isothiocyanate was used.

For this, the protein was incubated for 2 h at 37°C in 0.1 M

phosphate buffer, pH 7.4, containing 30 µM fluorescein

isothiocyanate. The mixture was subjected to gel filtration

through Sephadex G�25 to remove the excess dye. The

resulting Fluo�ADA was incubated with different concen�

trations of DPPII, and the fluorescence of ADA�bound

fluorescein was registered in both the horizontal (IH) and

vertical (IV) orientations. The polarization of the emission

(P) in DPPII–ADA complexes at different concentrations

of DPPII and constant concentration of Fluo�ADA was

calculated according to the polarization equation [24]:

P = (IV – IH)/(IV + 2IH).

The measurements were performed at excitation and

emission wavelengths of 492 and 520 nm, respectively, and

the slit width of both beams was 5 nm. The dissociation

constant for the DPPII–ADA complex, Kd, was evaluated

from the dependence of P on DPPII concentration by non�

linear regression analysis of the Scatchard plot. The inter�

action of Fluo�ADA with DPPII was studied at pH 6.0,

near the optimum of DPPII activity and stability of ADA.

Using the differential spectrophotometry to obtain the

differential spectra for DPPII and ADA binding, ADA

and DPPII solutions in 80 mM phosphate buffer, pH 6.3,

were filled into separate compartments of two tandem

cuvettes with 0.2�cm light path of each section. After reg�

istering background zero (Specord spectrophotometer,

AutoZero mode), the solutions in the two compartments

of the sample cuvette were mixed, incubated for 15 min at

30°C, and the differential spectrum of the protein mixture

against individual protein solutions in the separate com�

partments was registered. In the resulting differential

spectra the increase in absorption at 252 nm was observed

in correlation with the increase in the [ADA]/[DPPII]

ratio. The dissociation constant of the DPPII–ADA

complex, Kd, was evaluated by nonlinear regression

analysis of the Scatchard plot for dependence of absorp�

tion intensity at 252 nm on ADA concentration.

Kinetic and statistical analyses were performed using

GraFit [25] and InStat (version 3 for Windows) software.

RESULTS AND DISCUSSION

Isolation and purification of DPPII from bovine lung
and kidney cortex. The primary separation of DPPII and

DPPIV was based on the difference in their molecular

masses. The fractions eluted from DEAE�cellulose pos�

sessing DPP activity were subjected to gel filtration

through a Sephadex G�200 column. In Fig. 1, the elution

profiles for the enzymes from kidney cortex are shown. An

identical pattern was found for the preparation from lung.

Figure 1 (curve 3) for DPP activity determined at

pH 7.5 shows two peaks. Obviously, DPPIV is responsible

for the high molecular weight peak of activity. Its molec�

ular mass was evaluated based on the elution volume of

this peak and was 240 kD for the enzyme from kidney

cortex and 300 kD for the sample from lung. A minor low

molecular weight peak of curve 3 coincides with the sin�

gle peak of DPP activity determined at pH 5.5 (curve 4)

and might be considered as the activity of DPPII. The

molecular mass of DPPII from kidney cortex and lung

was evaluated as 150 and 200 kD, respectively.

Fig. 1. Profiles of gel filtration through a Sephadex G�200 col�

umn of DEAE�cellulose eluate from kidney: 1) protein concen�

tration, A280; 2) ADA activity, A625; 3) DPP activity at pH 7.4, A390;

4) DPP activity at pH 5.5, A390. Column size, 3 × 42 cm; void vol�

ume, 98 ml. Identical profiles were obtained for ADA prepara�

tions from lung.
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In the next purification step using ion�exchange

chromatography on DEAE�Sephadex A�50, DPPII was

completely separated from DPPIV owing to the differ�

ence in their isoelectric points (6.2 for DPPIV and 4.8 for

DPPII [2]). The active fractions of DPPIV were eluted

between KCl concentrations 0.1�0.15 M, while those of

DPPII were eluted at 0.25 M and higher (Fig. 2). Then,

to remove some residual weakly acidic contaminating

proteins, the DPPII fraction was exposed to acidic treat�

ment at pH 5.5. Being strongly acidic, the enzyme was

not lost under this treatment.

During purification, it was noted that DPPII frac�

tions possessed ADA activity at all steps, even after the

last step of gel chromatography on Sephadex G�200.

Monitoring the purity of the final preparations by HPLC

proved the absence of any other protein peak besides that

of DPPII.

The final preparations of DPPII from bovine kidney

and lung exhibited one major band on SDS�PAGE corre�

sponding to molecular masses of 54 and 60 kD, respec�

tively, with a minor band near 35�40 kD (Fig. 3). The lat�

ter can be assigned to ADA dissociated from DPPII under

denaturing conditions. This minor band is displayed

clearly for the sample from lung but not from kidney. This

observation might be explained by the high level of low

molecular weight ADA in lung and its very low level in

kidney cortex: for many gel filtrations we observed high

ADA activity in the region of 35�40 kD in the case of lung

extracts and only traces for the extracts from kidney. This

observation is in accordance with a publication concern�

ing the enzyme from human kidney [26].

Comparing the SDS�PAGE and gel�filtration data

and taking into account the ability of DPPII to form a

complex with ADA, we suggest that:

– DPPII is a 110�120 kD homodimer of 54�60 kD

subunits, depending on the tissue;

– DPPII from the kidney cortex with molecular

mass 150 kD represents a complex of homodimer

(110 kD) and one molecule of ADA (40 kD);

– DPPII from lung with molecular mass 200 kD rep�

resents a complex of a homodimer (120 kD) and two mol�

ecules of ADA (80 kD).

It is noteworthy that the porcine seminal plasma

DPPII of molecular mass 200 kD was interpreted by

Huang et al. [27] as being a result of trimer formation of

identical 61�kD subunits. They did not consider the pos�

sibility of complex formation between a dimer of DPPII

and ADA.

Some molecular and catalytic characteristics of the

DPPII preparations from the two tissues are reported in

Table 1. These data are in good agreement with the liter�

ature.

Ability of DPPII to complex with ADA. There is no

available data concerning the ability of any DPP besides

DPPIV to associate with ADA. Our experiments have

shown that DPPII fractions, like those of DPPIV, possess

ADA activity at all purification stages. The ADA activity of

DPPII in the preparations from lung was higher than that

Fig. 3. SDS�PAGE of DPPII purified from bovine lung and kid�

ney. After 9% PAGE, the gels were stained with Coomassie

Brilliant Blue G�250. Lanes: 1) standard proteins (γ�globulin,

150 kD; BSA, 67 kD; ovalbumin, 44 kD; cytochrome c, 13 kD); 2)

12 µg of enzyme purified from bovine kidney; 3) 20 µg of enzyme

purified from lung.
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from the kidney cortex, which is a consequence of the high

level of free low molecular weight ADA in the lung. In

Table 2, the ratios of ADA activity to DPPII and DPPIV

activities at the three purification steps are presented. The

data show that the purification decreased these ratios for

both enzymes, indicating the separation of some ADA

from them. However, up to the final purification step ADA

activity was not completely removed from the DPP prepa�

rations. Moreover, we failed to remove ADA from pepti�

dase preparations even by urea treatment. The purified

preparation of DPPII was incubated for 30 min in buffer A

containing 6 M urea and subjected to gel filtration through

a Sephadex G�200 column equilibrated with buffer B, as

was previously described for DPPIV [28]. The bottom row

in Table 2 demonstrates the smaller but non�zero

ADA/DPP activity ratios for both peptidases. It is inter�

esting that the ADA/DPP activity ratios for two dipepti�

dases are similar in lung, whereas in kidney the activity

ratio for DPPIV is two orders of magnitude higher than for

DPPII. The ADA�binding sites in both enzymes in lung

are probably saturated, but in the kidney cortex poor in

free low molecular weight form, the enzymes compete and

bind it in accordance with their affinity (see below).

Investigation of the ability of DPPII to bind ADA by
gel filtration. A mixture of DPPII and ADA was incubated

and subjected to gel filtration through a Sephadex G�200

column. In the control experiment, the identical prepara�

tion of DPPII without ADA was chromatographed. The

comparison of protein elution profiles and ADA activities

in DPPII fractions obtained in the presence and absence

of ADA demonstrated a high molecular weight shift of the

DPPII peak and 10�fold higher specific ADA activity in

the former compared to the control. This suggests increas�

ing amounts of ADA bound to DPPII.

Investigation of the ability of DPPII to bind ADA
using the biosensor technique. Both DPPs from kidney

were immobilized on the biosensor cuvette walls. Partial

monolayers of proteins were formed; readout values for

DPPII and DPPIV were 800 and 1800 arcsec, respective�

ly. The ability of intestinal ADA to adsorb on the immo�

bilized DPPII and DPPIV was studied by titration with

increasing concentration of ADA. After reading the result

of the interaction, the regeneration step was repeated up

until baseline was achieved. The values of association/dis�

sociation constants (kass/kdiss) were determined at two pH

values for DPPII (6.2 and 7.4) and at pH 7.4 for DPPIV.

In Table 3, the parameters for the studied interactions are

presented as the means of at least three independent

experiments. These parameters are strongly pH�depend�

ent: the value of Kd for DPPIV near its activity optimum,

pH 7.4, was 7.8 nM. It was very difficult to calculate this

parameter at pH 6.2 because of very low affinity of

DPPIV to ADA. The values of Kd for DPPII were 4.4 µM

and 80 nM, respectively, at pH 7.4, and near the pH opti�

mum of its enzymatic activity, 6.2. These values demon�

strate, first, the highest affinity of each DPP for ADA at

pH near of its own enzymatic activity optimum. Second,

the affinity of ADA to DPPII is lower by an order of mag�

nitude than the affinity to DPPIV. The kinetic analysis of

the ADA binding to DPPII and DPPIV also demonstrat�

ed different recognition behavior: at pH 7.4, kass for

DPPIV and ADA interaction is almost two orders of mag�

Tissue

Kidney

Lung

SDS�PAGE

51�54

60�62

Table 1. Molecular and catalytic characteristics of DPPII from bovine kidney and lung

gel filtration

140�150

180�200

pH optimum

5.5

5.5

kcat*, sec–1

10.8�11.5

6.5�6.8

Km, µM

340�360

1050�1100

Molecular mass, kD

* kcat values were calculated based on the molecular mass of homodimer.

Purification step

First gel filtration, G�200

Final gel filtration, G�200

Gel filtration after urea treatment, G�200

lung

63

20

3.4

Table 2. Ratio of ADA activity to DPPII and DPPIV activities*

kidney

13.6

7.2

0.53

lung

59

14.5

2.5

kidney

0.1

0.03

0.013

ADA/DPPIV

* All activities are determined for the same volume of the preparation under study.

ADA/DPPII
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nitude higher than for DPPII and ADA, while kdiss at the

same pH is only slightly affected.

Study of ADA binding to DPPII using fluorescence
polarization. Fluo�ADA was titrated with increasing con�

centrations of DPPII from kidney, and the polarization of

dye fluorescence was determined at each concentration.

The formation of a complex between Fluo�ADA and the

heavy molecule of DPPII resulted in significant polariza�

tion of the fluorescein emission. The value of Kd for

DPPII–ADA complex was evaluated from the dependence

of polarization on the concentration of DPPII (0.025�

0.8 µM) at constant concentration of Fluo�ADA (0.8 µM).

Nonlinear regression analysis of Scatchard plots for these

data (Fig. 4) yielded Kd value of 60 ± 10 nM, which is close

to the value of 80 nM obtained by the biosensor technique.

Study of ADA binding to DPPII using differential
spectroscopy. Differential spectra of DPPII and ADA

mixture were registered at increasing concentration of

ADA. In Fig. 5, the differential spectrum with a maxi�

mum at 252 nm for the mixture of 0.8 µM DPPII from

kidney and 0.4 µM ADA from lung in 80 mM K,Na�phos�

phate buffer, pH 6.3, is presented. DPPII was titrated with

increasing concentrations of ADA up to [ADA]/[DPPII]

ratios 0.1, 0.3, 0.5, 1.0, 1.5, and 2.0. The dissociation con�

stant of the DPPII–ADA complex, Kd, evaluated by non�

linear regression analysis of the Scatchard plot, was 36 ±

5.6 nM. Inset, Scatchard transformation of the depend�

ence of intensity at 252 nm against concentration of ADA.

The Kd value obtained is lower than those obtained by the

biosensor and fluorescence polarization techniques, but is

of the same order of magnitude.

To investigate the physiological role of the less studied

DPPII and to compare its molecular and catalytic charac�

teristics with those of widely studied DPPIV, we isolated

these two enzymes from bovine lung and kidney cortex.

Observation of ADA activity at all purification stages

in DPPII preparations from both tissues suggested its

ability to bind ADA, like DPPIV, with probable physio�

logical consequences. To examine this suggestion, DPPII

from kidney cortex seemed preferable because after

purification it is less saturated with ADA (see Table 2).

Our investigations with different techniques clearly

showed the ability of bovine kidney cortex DPPII to bind

ADA, although with affinity lower by one order of magni�

tude than that of DPPIV.

The study of crystal structure of DPPIV–ADA com�

plex showed that the ADA�binding site is located on the

β�propeller domain of DPPIV [29]. The amino acids in

both ADA [30] and DPPIV [31] responsible for their

interaction were identified. However, the physiological

significance of complex formation between these

enzymes is not yet clear.

Concerning the newly observed interaction between

DPPII and ADA, we suggest that because DPPII does not

have amino acid sequence homology with DPPIV [5], the

ADA binding site on DPPII probably differs from that on

DPPIV. The question about its structure will remain open

until the crystal structure of DPPII is solved.

It is known that DPPII is localized in lysosomes and

lysosome membranes, and ADA is localized both on the

surface and in the cytoplasm of cells; therefore, their

interaction cannot be excluded. It is interesting that the

DPPII–ADA complex described in this work is similar to

Enzyme

DPPII

DPPIV

pH 6.2

0.0817

n.d.

Table 3. Kinetic parameters for the interaction of intestinal ADA with DPPII and DPPIV from kidney determined by

the biosensor technique

pH 7.4

4.4

0.0078

pH 6.2

0.42 ± 0.24

n.d.

pH 7.4

6.3 ± 0.4

2.3 ± 0.2

Kd (kdiss/kass), µM

Note: n.d., not determined.

kdiss × 10–3, sec–1

pH 6.2

5138 ± 131

n.d.

pH 7.4

1438 ± 102

295749 ± 20702

kass, M–1·sec–1

Fig. 4. Dependence of Fluo�ADA polarization on DPPII concen�

tration. Fluo�ADA (0.8 µM) in 50 mM K,Na�phosphate buffer

(pH 6.0) was titrated with increasing concentrations of DPPII

from kidney. Inset, Scatchard plot for the interaction of DPPII

with Fluo�ADA.
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high molecular weight ADA (~200 kD) isolated by

Lindley and Pisoni from human fibroblast lysosomes [32].

They discussed particularly the probable importance of

lysosomal compartmentalization of ADA for mainte�

nance of cellular energy at low cytosolic adenosine level.

This suggestion might be considered as one of the work�

ing hypotheses for elucidation of the unknown physiolog�

ical significance of binding of DPPII and ADA.

Further investigations should be directed to these

objectives and to the elucidation of binding centers

responsible for the interaction of DPPII with ADA.
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line was registered for solutions of DPPII from kidney (0.8 µM)

and ADA from lung (0.4 µM) in 80 mM K,Na�phosphate buffer,

pH 6.3, in different compartments of tandem cuvettes in both the
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tered at increasing concentrations of ADA. Inset, Scatchard plot

for interaction of DPPII and ADA.
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