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Abstract

The structural characteristics of the 13-residue compstatin molecule are investigated using the conformational space annealing (CSA)

method with CHARMM force field and the GBSA continuum solvent model. In order to sample conformations in the energy range of the

minimized NMR structures, we have used the stopping criterion to the CSA search when a conformation whose energy is less than �490

kcal/mol is found. With this stopping criterion, a great variety of conformations are generated around experimentally known structures.

Twenty independent CSA runs starting from random states find 1000 representative conformations in the energy landscape of the compstatin,

which are classified into thirty-one structural families. The majority of the conformations (94.4%) are in the coil state. Other conformers

containing a 310-helix, a k-helix, a h-hairpin, and an a-helix are also found.

D 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The complement systems play an essential role in the

defense of a host organism against infectious agents and the

inflammatory process [1]. They cause lysing or bursting of

cells and they send signals to phagocytes that a cell needs to

be removed. The complement systems can be activated by

three different pathways: the classical, alternative, or lectin

pathways [2]. Their activation is essential for the develop-

ment of normal inflammatory responses against foreign

pathogens. However, inappropriate complement activation

leads to the host cell damage [3] and is implicated in a variety

of pathological conditions including autoimmune disease,

stroke, Alzheimer’s disease, adult respiratory distress syn-

drome, heart attack, and burn injuries [4–10]. Thus, there is a

clear need for specific complement inhibitors with therapeu-

tic application in a wide variety of conditions.

Compstatin is a novel complement inhibitor with potential

to be developed into a therapeutic agent. Compstatin inhibits
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the complement activation by binding specifically to the third

complement component C3 that plays a central role in

activation of the complement systems. Because of its high

activity, no significant side effects, low toxicity and structural

simplicity, compstatin is a promising candidate for drug

development [11–13]. The three-dimensional structures of

compstatin in solution were investigated by the NMR

spectroscopy [14]. The amino acid sequence of compstatin

is Ile1-Cys2-Val3-Val4-Gln5-Asp6-Trp7-Gly8-His9-His10-

Arg11-Cys12-Thr13, where Cys2 and Cys12 are bridged by a

disulfide bond and Gln5-Asp6-Trp7-Gly8 forms a h-turn. The
disulfide bridge, the four residues of the h-turn, and Val3 are

known to be essential for the inhibitory activity [11–13].

Recently, the energy landscape of proteins has been

extensively investigated to understand the nature of protein

folding [15,16]. However, for real proteins, all-atom repre-

sentations that include all pairwise interactions and solvation

effects fail to characterize the energy landscape, since they

require astronomical amounts of CPU time. Mallik et al. [17]

has investigated the energy landscape of compstatin using 1-

ns molecular dynamics (MD) simulations starting from the 21

NMR structures [14], using a CHARMM force field with a
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continuum solvent model. They found three kinds of

conformers, coil with a h-turn, h-hairpin with a h-turn, and
an a-helix, at the end of their MD simulation. However, in

their MD study, only small perturbation from the NMR

structures of compstatin is allowed, and consequently only a

small fraction of the conformational space of compstatin has

been investigated.

In this study, we investigate the energy landscape of

compstatin starting from unfolded states, using the con-

formational space annealing (CSA) method [18,19] and a

CHARMM force field with a continuum solvent model. The

structural characteristics of the various conformers for

compstatin are identified.
7

6

5

4

3

2

1

B
ac

kb
on

e 
rm

sd

-550 -500 -450 -400 -350 -300 -250

Energy (kcal/mol)

Fig. 1. Distribution of backbone rmsd values as a function of energy for all

36250 conformations generated during a CSA run without the stopping

criterion. The energies of the final bank conformations range between �501

and �518 kcal/mol. These low energy conformations are almost all in coil

states without h-turns.
2. Methods

2.1. Potential energy function

The calculations were carried out using the CHARMM

potential energy function [20]. Standard CHARMM energy

terms and the Generalized Born (GB) implicit solvation

model (GBSA: GB with Solvent Accessible Surface Area)

in the TINKER package (http://dasher.wustl.edu/tinker/)

were used. No long-distance truncation was applied for

nonbonded interactions. The toph19 and param19 were used

as the topology and parameter file of the CHARMM,

respectively. A charged N-terminus was used with the

normal patch of NH3
+, and C-terminal residue was blocked

with NH2 to account for the experimental C-terminal

blocking [14]. The all-hydrogen protein topology and

parameters, top_all22_prot.inp and par_all22_prot.inp,

respectively, were adopted for the amidated C-terminus. A

harmonic potential was used in order to maintain the

disulfide bond between Cys2 and Cys12.

2.2. Conformational space annealing (CSA)

The energy landscape of compstatin can be investigated by

CSA method [18,19]. In CSA, we consider only the phase

space of local minima, that is, all conformations are energy-

minimized by a local minimizer. We assume that most of the

phase space of local minima can be covered by a finite

number of large spheres with radius Dcut, which are centered

on randomly chosen minima (bank). Each of the bank

conformations is supposed to represent all local minima

contained in the sphere centered on it. To improve a bank

conformation A, we first select A as a seed. We perturb A and

subsequently energy-minimize it to generate a trial confor-

mation a. Since a originates from A by small perturbation, it

is likely that a is contained in the sphere centered on A. If the

energy of a is lower than that of A, a replaces A and the center

of the sphere moves from A to a. If it happens that a belongs

to a different sphere centered on B, a can replace B in a

similar manner. When a is outside of all existing spheres, a

new sphere centered on a is generated. In this case, to keep
the total number of spheres fixed, we remove the sphere

represented by the highest-energy conformation. Obviously,

the former two cases are more likely to happen when spheres

are large, and the latter when spheres are small. Conse-

quently, larger value ofDcut produces more diverse sampling,

whereas smaller value results in quicker search of low-energy

conformations at the expense of getting trapped in a basin

probably far away from the global minimum. Therefore, for

efficient sampling of the phase space, it is necessary to

maintain the diversity of sampling in the early stages and then

gradually shift the emphasis toward obtaining low energy

conformations, which is realized, in CSA, by slowly reducing

the value ofDcut. Finally, representative conformations in the

energy landscape of a protein can be obtained by CSA. In this

work, twenty independent CSA runs for compstatin are

carried out, starting from a bank of fifty conformations. Each

run has fifty conformations in the final bank, and thus, a total

of 1000 conformations are analyzed.

2.3. Stopping criterion for practical application of CSA

For the practical application of CSA to compstatin, we

have used the following stopping criterion. When 21 NMR

compstatin structures [14] are minimized using the

CHARMM potential function with the GBSA continuum

solvent model as described in Section 2.1, their energies

range between �482.84 and �453.71 kcal/mol (see Section

3 and Table 2). In order to sample conformations around this

energy range, we have terminated the CSA search when a

conformation whose energy is less than �490 kcal/mol is

found. If we do not use this stopping criterion and continue

the CSA search, very low energy conformations with energy

~�520 kcal/mol are obtained in the bank. Fig. 1 shows the

backbone root-mean-square-deviation (rmsd) as a function

of energy for all 36250 distinct conformations without

utilizing the above mentioned stopping criterion. The

http://dasher.wustl.edu/tinker/
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Fig. 2. The structure of bcompstatinNave obtained after the local

minimization of the average structure of 21 NMR structures. Two residues

Cys2 and Cys12 are bridged by a disulfide bond. The bcompstatinNave has

the coil/aR–aR conformation.
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backbone rmsd is calculated from the minimized structure of

the average compstatin structure. The average structure of

compstatin is obtained by averaging the coordinates of 21

NMR structures (more details on this are given in Section

3). Energies of the final conformations are as low as about

�520 kcal/mol. These low energy conformations are almost

all in coil states without h-turns. It should be noted that all

21 NMR structures are coils with a h-turn. The deficiency of
the force field may be a reason why the lowest-energy

conformations appear to be inconsistent with the NMR data.

Another reason may be that the ensemble obtained within

the restricted energy range has much higher configurational

entropy than that with the lowest potential energy. There-

fore, this particular stopping criterion was utilized to sample

conformations specifically in the energy range of the

minimized NMR structures, and to obtain possible comp-

statin structures that can arise from the energetics of the

CHARMM potential with the GBSA continuum solvent

model. With this stopping criterion, a great variety of

conformations are generated around experimentally known

structures. The goal of this work is to investigate and

analyze these conformations in order to provide relevant

relationship between them and the experimental structures.
Table 2

The locally minimized NMR structures of compstatin

Structure E (kcal/mol) Conformationa rmsdb (Å)

bcompstatinN1 �482.84 Coil/aR–aR 2.61

bcompstatinN2 �479.37 h-hairpin(3–4,10–11)/
aR-aR

c

2.77

bcompstatinN3 �466.72 Coil/aR–aR 2.88

bcompstatinN4 �470.71 Coil/aR–aR 1.90

bcompstatinN5 �453.71 Coil/aR–aR 2.90

bcompstatinN6 �481.53 Coil/aR–aR 2.92

bcompstatinN7 �481.48 Coil/aR–aR 2.84

bcompstatinN8 �472.78 Coil/aR–aR 2.96

bcompstatinN9 �481.14 Coil/aR–aR 2.76

bcompstatinN10 �467.39 Coil/aR–aR 2.47

bcompstatinN11 �473.91 Coil/aR–aR 1.47

bcompstatinN12 �477.55 Coil/aR–aR 3.06

bcompstatinN13 �477.48 h-hairpin(2–3,10–11)/
310-helix(6–8)

d

3.29

bcompstatinN14 �478.20 Coil/aR–aR 2.40

bcompstatinN15 �475.27 Coil/aR–aR 2.04

bcompstatinN16 �466.63 Coil/aR–aR 1.90

bcompstatinN17 �466.15 Coil/aR–aR 2.99
3. Results and discussion

The solution structures of compstatin (PDB ID: 1a1p) are

obtained using two-dimensional NMR techniques [14]. The

conformations of the 21 NMR structures are represented as

coil/aR–aR. Here, the secondary structure of the whole

compstatin and the type of the h-turn at residue numbers 5–8

are denoted before and after the slash, respectively. The

three-state secondary structure classification of coil, strand,

and helix is determined by the DSSP algorithm [21]

implemented in the program MOLMOL [22]. The aR–aR

represents a type of h-turn that is determined from four

residues 5 through 8 for compstatin. The classification of h-
turns is determined according to the criteria of Wilmot and

Thornton [23]. The conformational space of h-turns is

divided into four regions, aR, h, aL/g, and q, using the

backbone dihedral angles (/,u) of central two residues 6 and

7 of the turns [23]. Table 1 shows the dihedral angles of h-
turns for two central residues Asp6-Trp7. Additional criteria

for the h-turn formation are as follows: the distance between
Table 1

Dihedral angles of h-turnsa for two central residues Asp6-Trp7

Turn type Dihedral angles

aR /V08, �1208VuV608
h /V08, uN608 or ub�1208
aL/g /N08, �708bub1108
q /N08, uz1108 or uV�708

a The criteria of h-turn formation are as follows: the distance between

a-carbons of Gln5 and Gly8 is less than 8.50 and the central turn residues

Asp6-Trp7 are not helical.
a-carbon atoms of residues 5 and 8, Gln5-Gly8, is less than

8.50 and the central two residues Asp6-Trp7 are not helical.

The average structure is obtained by averaging the

coordinates of the 21 NMR structures. The local minimi-

zation of the average structure is carried out, and the

minimized structure is represented as bcompstatinNave
which is a coil/aR–aR conformation, as shown in Fig. 2.
bcompstatinN18 �467.23 310-helix(6–8) 2.85

bcompstatinN19 �480.47 Coil/aR–aR 3.35

bcompstatinN20 �467.57 310-helix(6–8) 3.23

bcompstatinN21 �472.73 Coil/aR–aR 3.10

bcompstatinNave �470.96 Coil/aR–aR –

a The secondary structure and the type of h-turn are represented before

and after the slash, respectively.
b rmsd values using backbone atoms between bcompstatinNave and

bcompstatinNi (i=1–21) structures.
c h-hairpin(3–4,10–11)/aR–aR represents h structures between residues

3–4 and 10–11 with the aR–aR turn type for two central residues, Asp
6-Trp7.

d h-hairpin(2–3,10–11)/310-helix(6–8) represents h structures between

residues 2–3 and 10–11 with a 310-helix spanning residues 6-7-8.
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Fig. 3. The backbone rmsd versus energy for the 21 minimized NMR

structures. Our result is represented as open circles and that of Klepeis et al.

(from Ref. [15]) is represented as crosses. In Ref. [15], Klepeis et al. used

ECEFF/3 potential as well as the restraints from the NMR data, and the

calculated minimized energies are ranged from �17.12 to �71.61 kcal/mol.

For comparison, energies are shifted by 71.61 kcal/mol, so that the lowest

energy corresponds to zero.
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The backbone rmsd between the average structure and its

minimized structure is 2.40. Table 2 shows the locally

minimized 21 NMR structures of compstatin, designated as

bcompstatinNi (i=1–21). The original 21 PDB structures are

all in coil conformations. However, after minimization, a h-
hairpin (bcompstatinN2) as well as 310-helix structures

(bcompstatinN18 and bcompstatinN20) [17] appeared (see

the third column in Table 2). 310-Helices are formed in the

turn position with a relatively high energy. A h-hairpin
structure with a 310-helix in the turn position is also
Table 3

The structures with the lowest energy and with the least rmsd for 20 CSA runs

Elowest
a (kcal/mol) Conformationa rmsd(Å)a

r1 �491.19 Coil/aR–aR 4.22

r2 �491.53 Coil/no-h-turnc 4.37

r3 �490.86 Coil/h–aL/g 3.73

r4 �490.46 Coil/no-h-turn 2.90

r5 �490.17 Coil/h–aR 3.88

r6 �493.22 Coil/q–aR 4.20

r7 �491.89 Coil/aR–aR 4.76

r8 �490.17 Coil/aR–aR 4.05

r9 �491.51 Coil/no-h-turn 4.37

r10 �492.49 Coil/h–h 4.85

r11 �490.62 Coil/aR–h 4.01

r12 �490.32 a�helix(3–6) 3.23

r13 �491.05 Coil/h–aR 3.77

r14 �490.05 Coil/no-h-turn 3.73

r15 �490.50 Coil/no-h-turn 4.47

r16 �490.95 h-hairpin(1–2,12–13)/aR–aR 3.37

r17 �490.59 Coil/aR–aR 4.36

r18 �490.18 Coil/aR–aR 3.13

r19 �490.41 a�helix(4–7) 3.82

r20 �490.36 Coil/no-h-turn 5.11

a Energy, conformation and rmsd value of the structure with the lowest energ
b Energy, conformation and rmsd value of the structure with the least rmsd v
c No-h-turn means that the corresponding conformations do not satisfy the h
observed (bcompstatinN13). It means that a h-turn can be

converted to a 310-helix. The backbone rmsd values between

bcompstatinNave and bcompstatinNi (i=1~21) range from

1.47 to 3.35. The average rmsd and the standard deviation of

the 21 rmsd values are 2.70 and 0.50, respectively. All

structures with rmsd values less than 2.0 are in coil/aR–aR

conformations. Fig. 3 shows the plot of rmsd versus energy

for the 21 minimized structures. The lowest energy,

�482.84 kcal/mol, is shifted to zero kcal/mol, and so the

energy difference is represented on the x-axis. The results of

Klepeis et al. [24], which were obtained using ECEFF/3

potential, are also shown for comparison. They calculated

compstatin structure using the conformational restraints

from NMR data. The calculated ECEFF/3 energies range

from �17.12 to �71.61 kcal/mol. The lowest ECEFF/3

energy is also shifted to zero kcal/mol. As shown in Fig. 3,

the rmsd values are distributed over rather wide ranges for

both results. It implies that the 13 residue compstatin

structure is rather unstable in solution. The energy distribu-

tion of our result is narrower than that of Klepeis et al. [24].

It should be noted that the conformations in this work are

generated without using restraints from NMR data.

Table 3 lists the structures corresponding to the lowest

energy and the least rmsd from twenty CSA runs. The

backbone rmsd is calculated between bcompstatinNave and

structures obtained by CSA. Among the lowest-energy

structures, conformations containing an a-helix are found in

two runs, r12 and r19. A h-hairpin containing structure is

also found in run r16. However, most of the lowest-energy

structures are in the coil with a h-turn state. Now, we

examine the structures with the least rmsd. The average and

the standard deviation of the rmsd values are 2.51 and 0.40,
Ermsd
b (kcal/mol) Conformationb rmsd (Å)b

�473.01 Coil/h–h 2.30

�448.00 Coil/q–aR 2.52

�470.73 Coil/q–aR 2.22

�440.06 Coil/q–aR 1.78

�459.90 Coil/aR–h 2.65

�462.71 Coil/aR–aR 2.37

�455.21 Coil/no-h-turn 2.71

�470.04 Coil/aR–q 2.71

�456.30 Coil/aR–h 2.52

�462.69 Coil/aR–aR 3.08

�453.98 Coil/aR–aR 1.77

�465.53 Coil/q–h 2.61

�456.56 Coil/h–aR 2.60

�454.59 Coil/no-h-turn 3.01

�481.00 Coil/no-h-turn 3.01

�463.45 Coil/q–aL/g 2.79

�463.89 Coil/aR–h 2.42

�482.87 h�hairpin(3–5,9–10)/aR–h 1.67

�453.69 Coil/no-h-turn 2.91

�456.71 Coil/aR–aL/g 2.64

y.

alue.

-turn criterion.



Table 4

Classification of the 1000 structures obtained from 20 independent CSA runs

Family of structures Population Eave (kcal/mol) Average rmsd (Å)

1. Coil/no-h-turn 476 �463.35 (F12.47) 4.01 (F0.69)

2. Coil/aR–aR 153 �466.34 (F11.11) 3.84 (F0.77)

3. Coil/aR–h 72 �465.53 (F11.19) 3.82 (F0.66)

4. Coil/q–aR 63 �465.94 (F14.96) 3.85 (F0.77)

5. Coil/h–aR 61 �468.49 (F11.58) 3.86 (F0.54)

6. Coil/h–aL/g 35 �460.80 (F17.27) 3.73 (F0.80)

7. Coil/h–h 26 �474.03 (F9.83) 3.74 (F0.75)

8. Coil/q–h 18 �468.80 (F10.06) 4.18 (F0.65)

9. Coil/aL/g–aL/g 15 �462.10 (F10.79) 3.90 (F0.83)

10. Coil/aL/g–aR 13 �465.36 (F15.01) 4.08 (F0.83)

11. Coil/h–q 3 �453.87 (F14.15) 3.79 (F1.11)

12. Coil/aL/g–h 3 �447.66 (F24.03) 3.71 (F0.83)

13. Coil/aR–q 2 �471.51 (F2.09) 3.77 (F1.49)

14. Coil/q–aL/g 2 �460.75 (F3.81) 2.92 (F0.19)

15. Coil/aR–aL/g 1 �456.71 2.64

16. Coil/aL/g–q 1 �464.45 4.50

17. 310�helix (2–4)/aR–aR 10 �473.08 (F9.05) 3.35 (F0.33)

18. 310-helix (2–4)/h–aL/g 1 �455.43 5.70

19. 310-helix (2–4)/no-h-turn 2 �462.89 (F11.62) 4.71 (F0.25)

20. 310-helix (10–12)/no-h-turn 2 �454.52 (F0.94) 4.04 (F0.69)

21. 310-helix (6–9) 10 �467.59 (F9.55) 3.95 (F0.48)

22. 310-helix (7–9) 6 �471.12 (F9.03) 3.62 (F0.36)

23. 310-helix (8–10) 7 �465.01 (F10.42) 3.94 (F0.23)

24. 310-helix (6–8) 4 �462.86 (F10.46) 3.98 (F0.15)

25. 310-helix (3–5) 2 �467.80 (F13.98) 4.10 (F0.54)

26. k-helix (2–6) 2 �468.21 (F19.11) 3.75 (F0.11)

27. h-hairpin/aR–aR 2 �484.60 (F8.99) 3.31 (F0.09)

28. h-hairpin/aR–h 1 �482.87 1.67

29. a-helix (3–6) 5 �475.15 (F14.90) 3.48 (F0.45)

30. a-helix (4–7) 1 �490.41 3.82

31. a-helix (6–9) 1 �455.44 3.74
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respectively. The structures with the least rmsds below 2.00

are coil/q–aR, coil/aR–aR, and h-hairpin/aR–h in runs r4,

r11 and r18, respectively. This result demonstrates that CSA

found conformations very similar to the experimentally
Fig. 4. Six representative conformations of (a) coil/no-h-turn, (b) coil/aR–aR, (

a-helix (6–9).
observed structures (coil/aR–aR) as well as many other local

minimum-energy conformations.

Table 4 summarizes the 1000 structures of compstatin,

obtained from the 20 CSA runs, which are classified into
c) 310-helix (2–4)/aR–aR, (d) k-helix (2–6), (e) h-hairpin/aR–h, and (f)
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thirty-one compstatin families are shown. They are coil/no-h-turn, coil with
h-turn, 310-helix, k-helix, h-hairpin, and a-helix. Twenty independent CSA
runs starting from random states of compstatin have generated 1000

structures, which are classified into thirty-one families. Among these 1000

structures, the population of coil without h-turns is 47.6%, coil with a h-
turn is 46.8%, a 310-helix is 4.4%, an a-helix is 0.7%, a h-hairpin is 0.3%,

and a k-helix is 0.2%. The error bars correspond to the standard deviation.
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thirty-one structural families. The number of population, the

average values of energy and rmsd for these 31 families of

compstatin structures are given in the table. Among the

1000 structures, the population of coil without a h-turn is

47.6%, coil with a h-turn is 46.8%, 310-helix is 4.4%, a-

helix is 0.7%, h-hairpin is 0.3%, and k-helix is 0.2%. Fig. 4

shows six representative conformations having coil/no-h-
turn, coil/aR–aR, 310-helix, k-helix, h-hairpin, and a-helix.

The conformational space of a h-turn is divided into four

regions, aR, h, aL/g, and q, for each residue of two central

residues 6 and 7 of the turn. Thus, there may exist a total of

sixteen types of h-turns. Among the 468 coil structures with a

h-turn, the major conformation is coil/aR–aR. Coil con-

formations with aR–aR, aR–h, q–aR, h–aR, h–aL/g, h–h, q–
h, aL/g–aL/g, and aL/g–aR turn types are found with a

probability greater than 1%. However, families 11 to 16

having coil conformations with h–q, aL/g–h, aR–q, q–aL/g,

aR–aL/g, and aL/g–q turn types are found with a very low

probability. Interestingly, among the possible 16 turn types,

coil conformation with q–q turn type has not been found.

Families 17–25 contain a 310-helix. The 310-helix is

formed in residues spanning 2–4, 10–12, 6–9, 7–9, 8–10, 6–

8, or 3–5. The major 310-helix conformers are families 17 and

21. The family 17 has a 310-helix in residues 2–4 with an aR–

aR turn. It is interesting to observe that the family 21 has a

310-helix over residues 6–9 in the turn region. The family 31

has an a-helix over residues 6–9. From these results, it can be

concluded that the turn region (residues 5–8) can be

converted, although rarely, to a 310-helix and an a-helix.

The average energy of coil conformers without any type

of h-turn is �465.35 (F12.47) kcal/mol, as shown in Table

4. All the conformers including coil with a h-turn, 310-helix,
k-helix, h-hairpin, and a-helix have lower energies than

coil/no-h-turn with their average energies, �466.16

(F12.67), �467.40 (F10.03), �468.21 (F19.11),

�484.02 (F6.43), and �474.52 (F15.84) kcal/mol, respec-

tively (see Fig. 5). It means that conformations with well-

defined secondary structures are more stable than coil

conformations within the energy range of the restricted CSA

search. Among coil conformations, coil with a h-turn is

found to be more stable than coil without a h-turn.
4. Conclusions

We have applied the CSA method to the 13-residue

complement inhibitor peptide, compstatin, using an all-atom

force field and a continuum solvent model, and we have

identified the structural characteristics of the compstatin

molecule in solution according to the energetics dictated by

the combined potential. In order to sample conformations in

the energy range of the minimized NMR structures, we have

used the stopping criterion to terminate the CSA search

when a conformation whose energy is less than �490 kcal/

mol is found. If we do not use this stopping criterion and

continue the CSA search, very low energy conformations

with energy of �520 kcal/mol are retained in the bank.

However, these low energy conformations are almost all in

coil states without h-turns. When the stopping criterion is

used, a great variety of conformations are generated around

experimentally known structures. Twenty independent CSA

runs starting from random states have found 1000 repre-

sentative conformations in the energy landscape of comp-

statin, which are classified into thirty-one structural families.

Total population of coil structures is 94.4%. Other con-

formers containing a 310-helix, a k-helix, a h-hairpin, and
an a-helix are also found. Coil/no-h-turn has higher energy

than the other conformations.
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