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Abstract: The aim of this study was design and molecular docking analysis of 15
novel 9-aminoacridine derivatives with potential antimalarial activity, based on
inhibition of plasmepsins | and Il. Interactions of 9-aminoacridine derivatives with
plasmepsins were analyzed in AutoDock Vina program. Crystal structures of
selected targets (PMI and PMII) were obtained from the Protein Data Bank (PDB ID
3QS1 and 2I1GY).

Derivatives with binding energies similar to the corresponding co-crystallized ligand
KNI-10006 and which form some of the key binding interactions with PMI were
1 (N'-(acridin-9-yl)benzohydrazide), 6 (2-hydroxy-N'-(3-(trifluoromethyl)acridin-9-
yl)benzohydrazide), 7 (N'-(3-(trifluoromethyl)acridin-9-yl)benzohydrazide), 8 (N-
benzyl-3-(trifluoromethyl)acridin-9-amine), 10 (N-phenethyl-3-(trifluoromethyl)
acridin-9-amine) and 15 (N-(3,4-dichlorophenyl)acridin-9-amine).

On the other hand, derivatives 1, 2 (N'-(acridin-9-yl)-2-hydroxybenzohydrazide), 6,
7 and 8 form some of the key binding interactions towards PMIl with higher
binding energies compared to the co-crystallized ligand.
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Introduction

Hemoglobin degradation in a parasitic acidic vacuole represents a major metabolic
pathway which is essential for the intraerythrocytic development of malaria
parasites 1.

Four members of a family of P. falciparum aspartic proteinases termed as digestive
plasmepsins (PMI, PMIl, PMIV and HAP) have shown to be able to degrade
hemoglobin in vitro?3.

Previous studies have shown that antimalarial activity of acridine derivatives is
based on inhibition of hemozoin formation?, inhibition of DNA topoisomerase>,
folate metabolism inhibition® and plasmepsin Il inhibition”.
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9-aminoacridine derivatives
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Figure 1. Chemical structures of designed derivatives
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Crystal structure of KNI-10006 complex of Plasmepsin | (PMI)
from Plasmodium falciparum
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Results and discussion

Derivatives with binding energies similar to the corresponding co-crystallized ligand
KNI-10006 which form some of the key binding interactions with PMI were:

1 (N'-(acridin-9-yl)benzohydrazide)

6 (2-hydroxy-N'-(3-(trifluoromethyl)acridin-9-yl)benzohydrazide)
7 (N'-(3-(trifluoromethyl)acridin-9-yl)benzohydrazide)

8 (N-benzyl-3-(trifluoromethyl)acridin-9-amine)

10 (N-phenethyl-3-(trifluoromethyl)acridin-9-amine)

15 (N-(3,4-dichlorophenyl)acridin-9-amine)
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Derivative 1 (N'-(acridin-9-yl)benzohydrazide)
Derivative 1 forms four key binding interactions (Val76, Thr218, Asp215 and Asp32) with
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ﬂ H } ’ Table 1. Binding energies of co-crystallized
P e . ligand and derivative 1

L = N L e L co-crystallized ligand derivative 1

Mode Bindingenergy Mode Bindingenergy

@ i (kcal/mol) (kcal/mol)
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1. -9.0 1.
2. 8.4 2. 8.6
3. 8.3 3. 8.5
4, 8.1 4. 8.4
5. -8.0 5. 8.3
6. 7.9 6. 8.3
7. 7.7 7. -8.2
8. 7.7 8. -8.2
9. 7.6 9. 8.1

Figure 3. Docking of derivative 1 into PMI



Derivative 6 (2-hydroxy-N'-(3-(trifluoromethyl)acridin-9-
vl)benzohydrazide)
Derivative 6 forms six key binding interactions (Val76, Thr218, Asp32, Gly34, Tyr75 and

Ser219) with PMI. ‘ ”
o Table 2. Binding energies of co-crystallized

2217
AlES

'ﬁ:}ﬁ'; . ) ligand and derivative 6

_l - Mode Bindingenergy Mode Binding energy
NI (kcal/mol) (kcal/mol)
1. -9.0 1. -9.4
2. -8.4 2. -9.3
3. -8.3 3. -9.1
4. -8.1 4. 9.1
5. -8.0 5. -8.9
6. -7.9 6. -8.9
7. 7.7 7.
_\ 8. -1.7 8. -8.7
Figure 4. Docking of derivative 6 into PMI 9, -7.6 9. -8.5



Derivative 7 (N'-(3-(trifluoromethyl)acridin-9-yl)benzohydrazide)

Derivative 7 forms five key binding interactions (Val76, Thr218, Asp215, Gly34 and
Tyr75) with PMI. SER

T
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N TN\ Table 3. Binding energies of co-crystallized
s TN A ligand and derivative 7

N R v co-crystallized ligand
0, } it e
e/ Mode Bindingenergy Mode Binding energy

(kcal/mol) (kcal/mol)
of 1. 9.0 1.

/ 2. -8.4 2. -9.0
3. -8.3 3. -8.8

4. -8.1 4. -8.8

5. -8.0 5. -8.8

6. -7.9 6. -8.6

7. -71.7 7. -8.5

8. -7.7 8. -8.4

9. -7.6 9. -8.4

Figure 5. Docking of derivative 7 into PMI



Derivative 8 (N-benzyl-3-(trifluoromethyl)acridin-9-amine)

Derivative 8 forms six key binding interactions (Val76, Thr218, Asp215, Asp32, 1le300
and Tyr75) with PMI.
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Table 4. Binding energies of co-crystallized
ligand and derivative 8

i co-crystallized ligand
S AN ;.;i"' a5s7  Mode Bindingenergy Mode Binding energy
{ ‘. (kcal/mol) (kcal/mol)

2. -8.4 2. -8.6
3. -8.3 3. -8.6
4. -8.1 4. -8.6
5. -8.0 5. -8.5
6. -7.9 6. -8.5
7. -1.7 7. -8.5
8. -1.7 8. -8.3
9. -7.6 9. -8.2

Figure 6. Docking of derivative 8 into PMI



Derivative 10 (N-phenethyl-3-(trifluoromethyl)acridin-9-amine)

Derivative 10 forms six key binding interactions (Val76, Thr218, Asp215, Asp32, Gly34

I Table 5. Binding energies of co-crystallized

ligand and derivative 10

co-crystallized ligand

!_ 4 | Mode Bindingenergy Mode Binding energy

FEI R/ N : (kcal/mol) (kcal/mol)
et 1. 9.0 1. 8.3

2. 8.4 2. 8.2

3. 83 3. 8.1

a. 8.1 a. 8.1

5., 8.0 5, 8.1

6. 7.9 6.

7. 7.7 7. 7.9

8. 7.7 8. 7.7

' ! 9. 7.6 9. 7.7

Figure 7. Docking of derivative 10 into PMI _|



Derivative 15 (N-(3,4-dichlorophenyl)acridin-9-amine)

Derivative 15 forms seven key binding interactions (Leu291, Val76, Thr218, 1le300,
Asp215, Asp32 and Tyr75) with PMI.

PHE

il . Table 6. Binding energies of co-crystallized
3 | @ ligand and derivative 15
N p co-crystallized ligand
[\ . ,J H’:‘
'il vaL Mode Bindingenergy Mode Bindingenergy

A . (kcal/m0|) (kCa|/mO|)

1. 9.0 1.
2. -8.4 2. -8.3
3. -8.3 3. -8.3
4. -8.1 4, -7.9
5. -8.0 5. -7.8
6. -7.9 6. -7.7
7. -71.7 7. -71.7
8. -71.7 8. -7.6
Figure 8. Docking of derivative 15 into PMI 9, -7.6 9. -7.5



Crystal structure of achiral inhibitor
complex of Plasmepsin Il (PMII) from Plasmodium falciparum

PDB ID: ZIGY Ser2l8A

PhelllA lle32A

Tyrl9z2A Trpd4lA
lle123A
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Derivatives with similar binding energies compared to the achiral co-crystallized
ligand which form some of the key binding interactions towards PMIl were:

1 (N'-(acridin-9-yl)benzohydrazide)

2 (N'-(acridin-9-yl)-2-hydroxybenzohydrazide)

6 (2-hydroxy-N'-(3-(trifluoromethyl)acridin-9-yl)benzohydrazide)
7 (N'-(3-(trifluoromethyl)acridin-9-yl)benzohydrazide)

8 (N-benzyl-3-(trifluoromethyl)acridin-9-amine)
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Derivative 1 (N'-(acridin-9-yl)benzohydrazide)
Derivative 1 forms four key binding interactions (Phel11, Trp41, lle123 and Met75) with
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Table 7. Binding energies of co-crystallized
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s ( J/ Mode Bindingenergy Mode Binding energy

(kcal/mol) (kcal/mol)
1. 9.1 1.
2. -9.0 2. -8.2
3. -8.5 3. -8.1
4. -8.4 4, -8.1
5. -8.4 5. -7.9
6. -8.3 6. -7.9
7. -8.2 7. -7.6
8. -8.0 8. -7.3
0. -8.0 0. -7.2

Figure 10. Docking of derlvatlve 1 into PMII



Derivative 2 (N'-(acridin-9-yl)-2-hydroxybenzohydrazide)

Derivative 2 forms five key binding interactions (Phel11, Trp41, lle123, Met75 and lle32)
with P

TYR
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r 4

? lrl i | J Table 8. Binding energies of co-crystallized
’I L W ligand and derivative 2
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oo Mode Bindingenergy Mode Bindingenergy
A-83 > (kcal/mol) (kcal/mol)

o

1. 9.1 1.
2. -9.0 2. 7.9
3. -8.5 3 7.8
4. -8.4 4 7.7
5. -8.4 5. 7.4
6. -8.3 6 -7.4
7. -8.2 7 7.3
8. -8.0 8 -7.0
Figure 11. Docking of derivative 2 into PMII S. -8.0 9 6.9



Derivative 6 (2-hydroxy-N'-(3-(trifluoromethyl)acridin-9-

vl)benzohydrazide)
Derivative 6 forms five key binding interactions (Phel11, Trp41, lle123, lle32 and Met75)
) Table 9. Binding energies of co-crystallized

\ ligand and derivative 6
> 4 L—,
/v l'?\‘\ H N . . . .
NN "o co-crystallized ligand derivative 6

T Mode Binding energy Mode Binding energy
B (kcal/mol) (kcal/mol)

1. 9.1 1. 9.0
2. 9.0 2. 8.8
3. 85 3. 83
4. 8.4 a.
5., 8.4 5, 8.2
6. 83 6. 8.1
7. 8.2 7. 8.0
8. 8.0 8. 7.9
9. 8.0 9. 7.7

Figure 12. Docking of derivative 6 into PMII



Derivative 7 (N'-(3-(trifluoromethyl)acridin-9-yl)benzohydrazide)
Derivative 7 forms four key binding interactions (Phelll, Trp41, lle123 and Met75)

with PMII. =
TRP A-3B
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JN, . -';'?’ . . SeR
vaL N2 " - ™ Table 10. Binding energies of co-crystallized
AZ105 - d M " P, . . . .
Ky N NN _ ligand and derivative 7
_x ‘_ co-crystallized ligand
m .f\."-_. n -.:;!—”
e Mode Bindingenergy Mode Binding energy
(kcal/mol) (kcal/mol)
1. 9.1 1.

2. -9.0 2. -8.6

3. -8.5 3. -8.3

4. -8.4 4. -8.0

5. -8.4 5. -7.9

6. -8.3 6. -7.9

7. -8.2 7. -71.7

8. -8.0 8. -7.6

9. -8.0 9. -7.6

Figure 13. Docking of derivative 7 into PMII



Derivative 8 (N-benzyl-3-(trifluoromethyl)acridin-9-amine)
Derivative 8 forms four key binding interactions (Phelll, Trp41, lle123 and lle32) with

PMII.
TYR
K, ATT
,_Tﬁ.‘,‘_" : X Table 11. Binding energies of co-crystallized

[ S 1j ligand and derivative 8

. T . - co-crystallized ligand derivative 8
T o .

Mode Bindingenergy Mode Binding energy

(kcal/mol) (kcal/mol)
1. 9.1 1. -8.1
2. -9.0 2. -7.9
3. -8.5 3. -1.7
4. -8.4 4,
5. -8.4 5. -7.6
6. -8.3 6. -7.4
7. -8.2 7. -7.1
8. -8.0 8. -7.1
9. -8.0 9. -7.0

Figure 14. Docking of derlvatlve 8 into PMII



Conclusions

Derivative 15 forms seven key binding interactions with PMI, while derivative 2 forms
five key binding interactions with PMII, although its binding energies were slightly
higher in comparison to co-crystallized ligands. These two 9-aminoacridine
derivatives may be a good candidates for further investigation as potential
antimalarial drugs.
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