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SUMMARY. — Circular dichroism (CD) of proteases from the molds Asper-
gillus Niger and Claviceps Purpurea, chicken pepsin A, chicken cathepsin D,
calf chymosin, bovine cathepsin D and porcine pepsin was measured in free
and pepstatin (pentapeptide inhibitor) — bound enzymes in the near and far
uv regions. Far uv spectra revealed 55—84% of beta-structure thus justifying
the grouping of all the above proteases into the beta-type of proteins. Near
uv CD spectra revealed a high evolutionary conservation of assymetry around
Trp/Tyr and Phe, while their absorbtion peaks, although of varying inten-
sities in different enzymes, were at nearly identical wavelengths. Differential
CD spectra upon pepstatin binding, although showing the perturbations of
the same aromatic absorbance peaks in all enzymes, were different for each
protease, which indicates rough topological conservation in the active site
cleft. An interesting observation was the intensified far uv CD absorbance in
the enzyme: inhibitor complex compared to the free enzyme, reflecting
changes in peptide bond absorbance and induced structural order in the
enzyme and/or the ligand after binding. In conclusion, neither CD spectra nor
differential CD spectra upon pepstatin binding could reveal the structural
relationship among evolutionary closer proteases nor could be the basis for
classification of the enzymes into different subclasses, as was suggested on
the basis of their distinct specificities.

INTRODUCTION

Aspartyl proteinases are widely distributed
in living organisms. They originate from viral
and microbial to mammalian species and
exhibit their action intra — and extracellularly
(27). High homologies in primary structure (2,
22) have been observed in all aspartyl prot-
einases, but only five of them have been
studied by high resolution X-ray crystallo-

Abbreviations: CD. circular dichroism: Mes. 2—(N-mor-
pholino) ethanesulfonic acid: uv. ultraviolet.
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graphic analysis (1, 4, 6, 10, 11, 25). The super-
secondary structure of hog pepsin revealed
symmetrical packing of two topologically equi-
valent structural subunits within each of the
two lobes. Comparing different aspartyl prot-
einases by X-ray studies, the lack of high
homology of the primary structure in the topo-
logically equivalent positions in the two
domains was observed, indicating that the
secondary and tertiary structure was con-
served during evolution of aspartyl prot-
einases to a greater extent that the primary
structure (19).
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The active site, which is located in the deep
and extended cleft between the lobes (~ 30A),
can accomodate the side chains of eight
residues in a polypeptide substrate or inhi-
bitor. In spite of the common -catalytic
mechanism based on the high homology next
to the two catalytically important Asps (2, 20—
22, 27), discrete differences exist in the subsite
regions in the various enzymes. This and the
great flexibility in segments neighbouring the
active site region (9), could explain the striking
differences in their substrate and inhibitor
specificities (6, 12). Based on these, the discri-
mination between pepsin-like and chymosin-
like aspartyl proteinases was proposed (18).

The aim of our work was to elucidate the
conformations of several aspartyl proteinases
from evolutionarily distant sources, namely,
microbial, avian and mammalian, as well as
the structural changes upon binding of the
pentapeptide inhibitor pepstatin.

MATERIALS AND METHODS

Aspartyl proteinase from Aspergillus niger
was 1solated from culture broth as described
previously (14) and Claviceps purpurea
aspartyl proteinase was obtained according to
the method of Kregar et al (15). Cathepsin D
(EC 3.4.23.5) from bovine spleen and chicken
liver was isolated using affinity chromato-
graphy on haemoglobin Sepharose as des-
cribed by Smith and Turk (23). Porcine pepsin
A (EC 3.4.23.11) was a generous gift from Dr.
A. Ryle, UK. Chicken pepsin A (EC 3.4.23.1)
was isolated as described previously (13). Chy-
mosin (EC 3.4.23.4) from calf stomach (7) was a
gift from Dr. B. Foltmann, Denmark. Pepstatin
was obtained from the Peptide Institute,
Japan. All other chemicals were of analytical
grade.

Circular dichroic spectra were recorded at
room temperature. Pathlengths of the cells
were 1 cm or 2 cm in the near uv region, and
0.5 mm or 0.1 mm in the far uv region. Results
are expressed as mean residue ellipticities, [Q]
mrw, (deg cm? dmol!) or molar absorption
values, ¢ (M! cm?'), when spectra of free
enzymes or differential spectra between free
and complexed enzymes were presented, res-
spectively. A value of 110 for the mean residue
mass (Mr) was used for all enzymes in the
formula for calculation of ellipticity:

[Q] mrw = SMId 5 3300,

c-1
where s is the sensitivity which was 1 X 10% A
A/em, d is the difference in the heights of
protein spectra and buffer or pepstatin/buffer
base line in (mm): c is the protein concen-
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tration in (g/1) and 1 is the path length in (cm).
Differential spectra in the near and far uv
region were obtained by substracting spectra
of proteinase-pepstatin complexes from the
spectra of free enzymes at the same pH value,
i.e. 3.5. Estimates of the secondary structural
content were calculated by the method of
Chen et al (5).

Enzyme solutions were prepared by dis-
solving or diluting the enzyme in buffer and/or
buffer containing at least equimolar amounts
of pepstatin. The following buffers were used:
0.05 M acetate buffer, pH 3.5, 0.05 M pipe-
razine buffer, pH 5.5, 0.05 M Mes buffer, pH
6.6, and 0.05 M Tris buffer, pH 8.4.

Protein = concentration was determined
either by the method of Lowry et al (17) or by
measuring the absorbance, using the fol-
lowing values for molar absorption coeffi-
cients: 4.39 X 10 M cm™ for cathepsin D :
5.10 X 10* M cm™ for pepsin and 5.72 X 10%
M'em™ for chymosin at wavelength of 278 nm.

Proteolytic activity and pepstatin inhibition
of aspartyl proteinases were measured on the
haemoglobin substrate at pH 3.5 by a modifi-
cation of Anson’s method as described (23).

RESULTS

Comparison of circular dichroic absorbance of
aspartyl proteinases

The spectra of six aspartyl proteinases in the
near uv region are shown in Figure 1 (A-G).
Positive circular dichroic absorbance with
peaks at characteristic wavelengths was
observed with all tested enzymes with
maximum ellipticity values ranging from 30—
100 deg cm? dmol™ for various proteinases. The
spectra of some enzymes change when the pH
is distant from that of their optimum stability
(16, 28). Therefore, the spectra were followed
at pH values where enzymes are in their most
stable, native conformation which is at neutral
to slightly acid pH. The possibility of autolytic
change was avoided below pH 5.0 and alkaline
denaturation was prevented above pH 6.6 for
all enzymes except for cathepsins, which were
stable up to pH 8.0.

The electronic 'L, transition of Trp at wave-
length 290 nm is recognized in all spectra. In
Claviceps purpurea, chicken and bovine
cathepsin D and chicken pepsin, the band has
a lower intensity and is separated by a deeper
trough from the rest of the spectrum. This indi-
cates that 'Ly, characteristic vibronic transition
in these proteinases is less overlapped by the
Trp 'L, transition than in other enzymes. The
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FIGURE 1. Near uv CD spectra of aspartyl proteinases of different origin. A) hog
pepsin, acetate buffer, pH 5.0, ¢ = 0.7 g/I; B) chicken pepsin, acetate buffer, pH 5.0,
¢ = 1.59 g/I; C) calf chymosin, Mes buffer, pH 6.6, ¢ = 1.4 g/I; D) chicken cathepsin
D, Tris buffer, pH 8.0, ¢ = 0.45 g/I; E) bovine cathepsin D, Mes Buffer, pH 6.6, ¢ =
0.9 g/l; F) Aspergillus niger aspartyl proteinase, acetate buffer, pH 5.0, ¢ = 0.89
g/1; G) Claviceps purpurea aspartyl proteinase, piperazine buffer, pH 5.5, cp =
0.23 g/1. Spectra were measured at maximum sensitivity in 1 cm or 2 cm quarz cells

as described in Material and Methods.

Trp 'L, band probably contributes strongly to
the CD absorption band at 285 nm and to the
absorbance at around 270 nm, together with
the tyrosyl 'L, transition band. In chicken
pepsin exceptionally low absorbances of these
bands are observed and they probably reflect
the —S—S— absorbance under wavelengths of
285 nm. Slight red shifts of 290 nm and blue
shifts of 285 nm band in some enzymes (Figure
1) could probably be due to electrostatic inte-
ractions with polar groups more or less distant
to the indolyl rings in these enzymes.

Phe transitions exhibited well distinquished
bands at wavelengths around 265 nm and 259
nm in all aspartyl proteinases. The intensity of
Phe absorption is due, on one hand, to the high
occurrence of Phe in aspartyl proteinases, but
on the other hand, it could be due to strong
dipole coupling with neighbouring groups,
having appreciable electronic transitions and/
or to their hydrophobic environment (24).

Far uv CD spectra are not illustrated, but
their minima are presented in Table 1. They
ranged from 210-218 nm. Structural analysis of
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spectra (5) revealed a very low content of
helices and a high fraction of beta structure
which is in accordance with the few available
crystallographic data (1, 4, 8, 10, 11, 22) and is
in agreement with the classification of aspartyl
proteinases to the class of beta proteins (27).

Conformational changes on pepstatin binding

Differential spectra in the near and far uv
region were measured at pH 3.5. The spectra
of free enzymes at this pH (not shown) were
the same as at neutral pH for pepsins, chicken
cathepsin D and Asperqgillus niger proteinase.
However, in the case of chymosin, bovine
cathepsin D and Claviceps purpurea prot-
einase the intensities of some absorption
bands changed immediately after acidification.
These spectral changes could probably be
ascribed to protonation of certain side chains
and subsequent changes in the environments
(polarity) around absorbing aromatic residues.
In the far uwv CD no significant spectral
changes were observed after acidification. Dif-
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TABLE 1

Far uv CD spectral data of aspartyl
proteinases: position of minima
and secondary structure

Wavelength*of  Fractions of secondary structure (%)®

Boxyma minimum ellipticity  helixa  f-structure unordered form
Pepsin.

hoo 213.5nm 5 67 28
Chymosin.

calf 217 nm 3 55 42
Cathepsin

D. bovine 215.5nm Bl 57 40
Aspergillus

niger 212.5nm 3 84 13
Claviceps

purpurea 210 nm B 63 33

!CD spectra were measured at pH values of 5.0
(pepsin, Aspergillus niger), pH 6.6 (chymosin)
and pH 8.0 (cathepsin, Claviceps purpurea),
protein concentrations ranging from 0.2 mg/ml
to 0.9 mg/ml in 0.1 mm or 0.5 mm cells, as des-
cribed in MATERIALS AND METHODS. *The
structural fractions were determined by the
linear least square method of Chen et al (5)
with the constraints of 3.f, = 1 and n = 104
(the average number of residues per helical
segment).

ferential near uv CD spectra due to pepstatin
binding are shown in Figure 2 (a—d) and (a—c).
It is difficult to see much similarity in the
shapes of these spectra among the different
enzymes. Increased Trp 'L, absorbance with
positive band around 290 nm is commonly
observed, while the band at 285 nm is shifted
to red or blue and is of varying intensity. The
Trp 'L, transition is probably also increased,
overlapping with its 'L, transition. Increased
Tyr CD absorption in complexes would also be
reflected in the 285 and 280 nm bands, as seen
in the spectra in Figure 2 (a, b, d) and Figure 3
(a). The band is blue shifted in other spectra
and overlaps with increased Phe absorption;
this is especially recognizable in the spectra in
Figure 2 (b, d) and Figure 3 (b, c).

In the far uv the binding of pepstatin gen-
erally lowered the ellipticity of all aspartyl
proteinases. Figure 4 shows differential
spectra of six enzymes. They exhibited minima
in region from 210-220 nm of different shapes
and intensities. Some enzymes (Figure 4 c—f)
exhibit positive peaks around 230 nm indi-
cating increased Trp/Tyr absorption in the
complexes which is superimposed on the
increased peptide bond aborption; the contri-
bution of each is difficult to differentiate.
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FIGURE 2. Differential spectra in the near uv
region. Spectra were calculated by sub-
straction of the absorbances of free prot-
einases from the absorbances of proteinase-
pepstatin complexes. All spectra were
measured in solutions of proteinases and prot-
einase complexes in acetate buffer, pH 3.5, at
about the same concentrations as in Figure 1,
a) hog pepsin, b) chicken pepsin, c) bovine
cathepsin D, and d) chicken cathepsin D.
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FIGURE 3. Differential spectra in the near uv
region. Details are described under Figure 1
and Figure 2 a) calf chymosin, b) Aspergillus
niger aspartyl proteinase, c¢) Claviceps pur-
purea aspartyl proteinase.
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FIGURE 4. Differential uv CD spectra in the far
uv region. Spectra were obtained by sub-
straction of mean residue ellipticities of free
proteinase from mean residue ellipticities of
complexes of the proteinases and pepstatin.
Protein concentrations were the same as des-
cribed in Figure 1. The solutions were pre-
pared in acetate buffer, pH 3.5, and measured
as described in Materials and Methods. a) hog
pepsin, b) chicken cathepsin D, c¢) bovine
cathepsin D, d) calf chymosin, e) Aspergillus
niger aspartyl proteinase, and f) Claviceps pur-
purea aspartyl proteinase.

DISCUSSION

The results presented here show that
aspartyl proteinases of different origin exhibit
different shapes of their near uv CD spectra,
although the absorption maxima are at strik-
ingly similar wavelengths. Since these
enzymes differ in their net charge (pl) and pH
stability, the measurements were done under
conditions of optimum pH stability of the
enzymes, which varied for different enzymes.
This indicates that not only the sequence posi-
tions (22) but also the spatial microenvi-
ronment around Trp, Tyr and Phe, is to a great
extent conserved during evolution. No par-
ticular similarities in the two microbial prot-
einases as opposed to gastric proteinases or
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the two cathepsins could be observed in their
aromatic, that is near uv, CD spectra, nor far uv
CD spectra. Calculations of secondary struc-
tures only revealed that the beta structure
(55—84%) dominates over alpha helices in all
measured enzymes justifying their classifi-
cation into the beta type of proteins.

Pepstatin, a pentapeptide of microbial origin
and the specific inhibitor of all aspartyl prot-
einases, increased the CD absorption of aro-
matic amino acids to different extents in dif-
ferent proteinases: Trp and Tyr absorption is
intensified in the complexes of all proteinases,
while a significant contribution of Phe
occurred in chicken cathepsin D, Aspergillus
niger and Claviceps purpurea proteinases.
This suggests that the conformational change
is not limited to one or two side chain orien-
tations but is spread over a larger region of the
molecule, comprising mainly the active site
groove.

Crystallographic data obtained recently on
the complexes of endothiapepsin (8) and pre-
viously on penicillopepsin (10, 11) and Rhi-
zopus chinensis (4) with inhibitory peptides
could serve as a model for the interpretation of
differential CD spectra. Generally, the confor-
mational changes were observed in the major
substrate pocket (S1) involving Tyr (75), Trp
(39) and Phe (111) (pepsin numbering) (8). The
flap, comprising a large beta-loop with Tyr (75)
at the turn position moves deeper into the
active site upon ligand binding (20-22) and
assumes the general mechanisms of inte-
raction in all aspartyl proteinases. We can spe-
culate that the observed absorption bands of
the Tyr 'L, transition (270—-285 nm) reflect the
transfer of the Tyr (75) residue into a more
assymetric environment in the active site cleft.
It was also observed (8, 26) that there was less
flexibility in the enzyme-pepstatin complexes
as in the free enzyme and that the ligand was
aligned along the active site pocket in a way
which would allow formation of beta sheets.
The increased ellipticities of the complex in
the far uv region, therefore might be ascribed
to the induced interactions of the aromatic
amino acids with n-Il*end [I-I1* transitions of
peptide bonds (24). On the other hand, for-
mation of a short beta strand would also con-
tribute to the observed increased order in the
complexes.

The differences in the differential spectra in
various enzymes, however, probably reflect
subtle differences in their topology. Several
specificity studies using natural and synthetic
substrates and inhibitory peptides, failed in
attempts to classify aspartyl proteinases into
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distinct subclasses (12, 18). Our data on con-
formations and conformational changes upon
inhibitor binding could also not give a clear
insight into the evolutionary relationship of
aspartyl proteinases nor could these be the
basis for classification of the enzymes into
distinct subclasses. We can only conclude that
they have evolved slightly different conforma-
tions in order to operate under specific physio-
logical conditions.

Acknowledgements: We thank Prof. Roger
H. Pain, University of Newcastle upon Tyne,
for his helpful discussions and Dr. Michael
James, Department of Biochemistry, Uni-
versity of Alberta, for his critical remarks on
the manuscript. This study was supported in
part by the Research Council of Slovenia,
Yugoslavia, and the NSF grant No. F7F030Y.

REFERENCES

1. ANDREEVA N S, ZDANOV A S, GUST-
CHINA A E, FEDOROV A A 1984 Arran-
gement of the charged groups in the three
dimensional structure of pepsin. J Biol
Chem 259: 11353—-113656

2. BAUDYS M, KOSTKA V 1983 Covalent
structure of chicken pepsinogen. Europ J
Biochem 136: 89-99

3. BLUNDELL TL, SIBANDABL, PEARLLH
1983 Three dimensional structure, speci-
ficity and catalytic mechanism of renin.
Nature 304: 273-275

4. BOTT R, SUBRAMANIAN E, DAVIESD R
1982 Three-dimensional structure of the
complex of the Rhizopus chinensis car-
boxyl proteinase and pepstatin at 2.5 A
resolution. Biochemistry 21: 6956—6962

5. CHEN Y H, YANG J T, CHAU K H 1974
Determination of the helix and beta form
in proteins in aqueous solution by CD. Bio-
chemistry 13: 33503359

6. DUNN B M, LEWITT M, PHAM C 1983
Inhibition of pepsin by analogues of pep-
siongen (1-12) peptides with substitu-
tions in the (4-7) sequence region.
Biochem J 209: 353—-362

7. FOLTAMNN B 1970 Prochymosin and chy-
mosin (prorennin and rennin). Methods
Enzymol 19: 421-436

8. FOUNDLING SI, COOPERJ, WATSONFE,
PEARL L H, HEMMINGS A, WOOD S P,
BLUNDELL T, HALLETT A, JONES D M,
SUEIRAS J, ATRASH B, SZELKE M 1987
Crystallographic studies of reduced bond

36

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Structural studies of aspartyl proteinases

inhibitors complexed with an aspartic
proteinase. J of Cardiovasc Pharmac 10
(Suppl. 78): 59-68

FRUTON J S 1980 Fluorescent studies on
the active site of proteinases. Mol Cell
Biochem 32: 105-114

HSU I-N, DELBAERE LTI, JAMESMN G,
HOFMANN T 19077 Penicillopepsin crystal
structure at 2.8 A and sequence homology
with porcine pepsin. Nature 266: 140-145

JAMES M N G, SIELICKI A, HOFMANN T
1985 X-ray diffraction studies on penicill-
opepsin and its complexes: the enzymatic
mechanism. In: Kostka V (ed) Aspartic
Proteinases and Their Inhibitors. Walter
de Gruyter, Berlin, New York 163—-177

KAY J, VALLER M J, DUNN B M 1983
Naturally occuring inhibitors of aspartic
proteinases. In: Katunuma N et al. (eds)
Proteinase Inhibitors: Medical and Biolo-
gical Aspects. Japan Sci. Soc. Press.
Tokyo/Springer Verlag, Berlin, p 201-210

KOSTKA V, KEILOVA H, GRUNER K,
ZBROZEK J 1977 N-terminal sequence
analysis of chicken pepsinogen and
pepsin. Collect Czech Commun 42: 3691—
3704

KREGAR I, MALJEVAC I, PUIZDAR V,
DERENCIN M, PUC A, TURK V 1981 Pro-
teases in culture filtrates of Aspergillus
niger and Claviceps purpurea. In: Turk V
and Vitale Lj (eds) Proteinases and Their
Inhibitors: Structure, Function and
Applied Aspects. Mladinska knjiga, Lju-
bljana/Pergamon Press Oxford, p. 223-228

KREGAR I, PUC A, TURK V 1983 Extracel-
lular proteinases of Claviceps purpurea.
Isolation and characterization of an
aspartic proteinase. Europ J Appl
Microbiol Biotechnol 17: 129-132

LAH T, TURK V 1982 Autolysis studies of
cathepsin D. Hoppe Seyler's Z Physiol
Chem 363: 247-254

LOWRY O M, ROSENBROUGH N J, FARR
A L, RANDALL R J 1951 Protein measu-
rement with Folin-phenol reagent. J Biol
Chem 193: 265-272

MATSUBARA H, FEDER J 1971 Other bac-
terial. mold and yeast proteases. In: Bover
P D (ed) The Enzymes. A. Cress, New
York, Vol IIl p 723-744

PAIN R H 1982 The evolution of enzyme
activity. Nature 299: 486

PEARL L H 1987 The catalytic mechanism
of aspartic proteinases. FEBS 214: 8-12

Period biol, Vol 90, No 1, 1988



Tamara Lah et al

21.

22.

23.

24.

25.

26.

PEARL L H, BLUNDELL T 1984 The active
site of aspartic proteinases. FEBS 174: 96—
101

PEARL L H, TAYLOR W R 1987 A struc-
tural model for the retroviral proteases.
Nature 329: 3512-3514

SMITH R, TURK V 1974 Cathepsin D: rapid
isolation by affinity chromatography on
haemoglobin agarose resin. Europ J
Biochem 48: 245-254

STRICKLAND E H 1974 Aromatic contri-
bution to CD spectra of proteins. Crit Rew
Biochem 2: 113-175

SUBRAMANIAN E, SWAN I D A, LIU M,
DAVIES D R, JENKINS J A, TICKLE I J,
BLUNDELL T 1977 Structural evidence for
gene duplication. Proc Nat Acad Sci USA
74: 556559

SUGUNDA K, PADLAN E A, SMITH C W,

27.

28.

29.

Structural studies of aspartyl proteinases

CARLSON W D, DAVID R D 1987 Binding
of a reduced peptide inhibitor to the
aspartic proteinase from Rhizopus chi-
nensis: Implications for the mechanism of
action. Proc Natl Acad Sci USA 84: 7009—
7013

TANG J, WONG R N S 1987 Evolution in
the structure and function of aspartic pro-
teases. J Cell Biochem 33: 53—63

TURK V, PUIZDAR V, LAH T, KREGAR I
1982 Aspartic proteases: their activation
and structural studies. In: Cell Function
and Differentiation. Alan Riss, New York,
Part C p 75—-86

UMEZAWA H, AOYAGI T, MORISHIMA H,
MATZUSAKI M, HAMADA H, TAKEUCHI
T 1970 Pepstatin, a new pepsin inhibitor
produced by Actinomycetes. J Antibiot 23:
259-262

STUDIJ CIRKULARNEGA DIHROIZMA RAZLIJNIH ASPARTILNIH
PROTEINAZ IN NJIHOVE INTERAKCIJE S PEPSTATINOM

IZVLECEK. — Merili smo bliznje in daljnje spektre cirkularnega dihroizma
(CD) aspartatnih proteaz evolucijsko razlinega izvora: protease iz gljiv
Aspargillus Niger in Claviceps Purpurea, piS¢ancjega pepsina A, piséanéjega

katepsina D,

teleCjega himozina, govejega katepsina D in svinjskega

katepsina D, tako v prosti obliki kakor tudi po vezavi s pepstatinom (penta-
peptidnim inhibitorjem). Dalnjnji uv spektri kaZejo od 55—-84 % beta strukture,
kar omogoca uvrstitev gornjih proteinaz v razred beta proteinov. Bliznji uv
spektri pa odkrivajo visoko stopnjo ohranitve asimetrije v okolici Tyr/Trp in
Phe, saj se njihovi absorpcijski vrhovi, ¢eprav razliéno intenzivni, pojavljajo ob
istih valovnih dolzinah. Diferencialni CD spektri so razli¢ni za posamezne pro-
teaze, vendar pa lahko opazimo, da so moteni isti absorpcijski vrhovi, kar vse
skupaj kaZe na podobno topologijo aktivnega mesta. Posebno zanimivo je, da
Je absorbcija v daljnjem uv intenzivnejsa v kompleksu encima z inhibitorjem
kakor v prostem encimu, kar odraZa spremembe v absorbciji peptidnih vezi in
vecjo urejenost strukture v encimu ali/in inhibitorju po vezavi. Ugotavljamo,
da niti primerjava konformacij aspartatnih proteinaz z merjenjem CD
spektrov niti diferencialni spektri ob vezavi pepstatina ne odrazajo znadil-
nejsih podobnosti med encimi, ki so si evolucijsko manj oddaljeni. S spektri
tudi ni mozno dokazati obstoj strukturnih podrazredov aspartatnih proteinaz,
kot je bilo predlagano glede na razlike v specifiénosti.
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