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ABSTRACT:

Pulmonary Arterial Hypertension (PAH) is a severe cardiovascular disorder, characterized by high
blood pressure. Untreated PAH can lead to heart failure and disrupt lung functions. Many recent
studies have suggested that an altered renin-angiotensin-aldosterone (RAAS) can be a causative
factor in PAH pathogenesis. Therefore, an increased level of Angiotensin Il (Ang Il) has been
associated with the development of PAH. Previously, various ACE inhibitors (ACEI) have been
proposed as potential drug candidates to mitigate the detrimental effects of Ang Il. ACE2, a
recently discovered homolog of ACE, opposes the effect of Ang Il by converting Ang Il into Ang
1-7. Briefly, targeting the activation of ACE2 by ACE inhibitors may act as a counterbalance to
the effect of Ang Il. In this study, we employed molecular docking guided machine learning
models to predict the binding potential of ACE inhibitors to activate ACE2 for PAH treatment.
Predictive machine learning models were implemented on docked complexes of ACE inhibitors
for the prediction of the activation potential of ACE2. Support Vector Machine (SVM) and
Artificial Neural Network (ANN) models accurately classified ACE inhibitors and ACE2
activators with overall accuracies of 99.57% and 90.69%, respectively. Ligands with ChREMBL
ids, CHEMBL273140 and CHEMBL10521, demonstrated the most effective dual functionality as
both ACE inhibitor and ACE2 activator. Our findings aided in understanding the binding attributes
of ACEZ2 activators at the molecular level, which can assist in developing novel pharmaceutical

agents for the treatment of PAH.

Page | xv



Chapter 1: Introduction

Chapter 1 Introduction:

Pulmonary Hypertension (PH) is a hemodynamic condition that is followed by resting mean
pulmonary artery pressure (PAP) of >25 mm Hg [1]. PH is a progressive disorder that results in
premature death. There are majorly five categories of PH. Pulmonary Arterial Hypertension (PAH)
is one of these five categories that causes pathological changes within pulmonary vasculature. The
remaining four groups of PH are referred to as secondary groups as they are followed by other
disorders [2]. Group 2 results from left heart diseases, group 3 results from lung disease or hypoxia,

group 4 is Chronic Thromboembolic PH (CPEH), and group 5 is pulmonary hypertension of

uncertain multifactorial mechanism as mentioned in Table 1.1 [3].

Table 1.1: Classification of Pulmonary Hypertension (PH) by WHO [4].

causing backup of

PAOP > 15 mmHg

Groups Mechanism Clinical Definition | Hemodynamic Definition Examples
1 Vascular remodeling of | Precapillary mPAP > 20 mmHg Idiopathic,
pulmonary arteries PAOP < 15 mmHg medications, HIV,
PVR > 2 WU connective tissue
disorders
2 Left heart disease Postcapillary mPAP > 20 mmHg Left heart failure,

aortic valve disease,

causing hypoxemia

PAOP < 15 mmHg
PVR >2 WU

blood flow mitral valve disease
Isolated mPAP > 20 mmHg
postcapillary PAOP > 15 mmHg
PVR <2 WU
Combined pre and | mPAP > 20 mmHg
postcapillary PAOP > 15 mmHg
PVR >2 WU
3 Chronic lung disease Precapillary mPAP > 20 mmHg COPD, ILD, sleep

apnea
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Chapter 1: Introduction

4 CTEPH Precapillary mPAP > 20 mmHg PE
PAOP < 15 mmHg
PVR>2 WU
5 Unclear and Precapillary mPAP > 20 mmHg Sarcoidosis, chronic
multifactorial PAOP < 15 mmHg hemolytic anemia,
PVR >2 WU thyroid disorders,

sickle cell anemia,
splenectomy,
mediastinal tumors,

chronic renal failure

Postcapillary mPAP > 20 mmHg
PAOP > 15 mmHg

Isolated mPAP > 20 mmHg

postcapillary PAOP > 15 mmHg
PVR <2 WU

Combined pre and | mPAP > 20 mmHg

postcapillary PAOP > 15 mmHg
PVR >2 WU

Because of limited treatment and low survival rate, PAH is the most important of all. Pulmonary
Arterial Hypertension is characterized by high Pulmonary Arterial Pressure (PAP) that results in
right ventricular dysfunction. Various forms of PAH itself share similar histopathological findings
such as adventitial thickening, medial smooth muscle cells (SMC) enlargement, and intimal
proliferation. The most prevalent subtypes of PAH are idiopathic and connective tissue disease-
associated PAH in the Western World; PAH is being diagnosed in an aging population with
comorbidities at an alarming rate [5]. The key characteristics of PAH set forth by World Health
Organization (WHQ) are pulmonary vascular remodeling in the small pulmonary arteries,
increased PAP, and elevated pulmonary vascular resistance (PVR). Breathlessness, exhaustion,

chest pain, abdomen fullness, lightheadedness, or syncope are the most frequent symptoms of PAH
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Chapter 1: Introduction

that increase with the severity of the disease. These symptoms and the high mortality rate are due
to decreased vascular compliance and an increase in PVR which lead to an increase in right
ventricular (RV) afterload and progressive RV dysfunction. The worst outcomes in PAH are RV
failure and morphological changes in RV [6]. With an incidence of 2.4 million per year, the
prevalence of all PAHSs is approximately 15-50 per million people. Although the outcomes of
different types of PAH vary, incident patients have a 15% risk of dying within a year and a 30%
risk of dying within 3 years [7]. The combination of different therapies is considered a potential
treatment for PAH. Additionally, the early use of a combination of therapies at the time of

diagnosis, especially in patients with severe disease represents the current paradigm of treatment.

1.1 PAH Pathogenesis:

Genetic mutation in BMPR2 and multiple pathways including potassium channels (KCNK3 and
ABCCS), and transcription factors (TBX4 and SOX17) can be involved in PAH susceptibility and
progression [8]. Elevated levels of cytokines, chemokines, and inflammatory mediators have been
linked in PAH patients. Vascular and parenchymal cells, such as endothelial, smooth muscle, and
fibroblasts, undergo phenotypic changes that alter their sensitivity to inflammatory triggers,
resulting in active secretion of cytokines and chemokines [9]. Understanding the interactions
between inflammatory mediators and vascular cells in PAH patients can be helpful for the
development of therapy for PAH treatment. The level of EYA3 is also associated with PAH
pathogenesis [10]. Renin Angiotensin Aldosterone System (RAAS) activation causes an increase
in collagen deposition that can result in myocardial stiffness. This study predicts a direct linkage
between RAAS activation and cardiovascular diseases [11]. RAAS activation promotes
vasoconstriction, vascular remodeling, inflammation, and endothelial dysfunction which

contribute to the pathogenesis of PAH.
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1.2 Renin Angiotensin Aldosterone System (RAAS):

RAAS regulates extracellular volume, arterial blood pressure, and plasma sodium concentration.
RAAS activation causes hypertension, cell proliferation, inflammation, and fibrosis, which affect
every organ [12]. The alteration in RAAS is a causative factor in the development of PAH. The
two main components of RAAS are renin and angiotensin as mentioned in Figure 1.2. Kidney
granular cells secrete renin [13]. Prorenin, the precursor of renin, is a 406 amino acid protein that
forms the active protein when processed [14]. Neuroendocrine convertase 1 (proprotein convertase
1) or cathepsin B can activate prorenin proteolytically in the kidney, while renin/prorenin receptor
can non-proteolytically activate prorenin in various organs. Renin has 396 amino acids in its active
form [15]. There are multiple isoforms of renin that have antagonizing functions [16]. Because of
its signaling functions, this enzyme is also regarded as a hormone [17]. Its expression is caused by
low sodium chloride, low arterial blood pressure, and sympathetic nervous system activity (beta-
1 adrenoceptor activation). The process starts with renin, released in response to low blood
pressure or blood volume. By acting on the bond between leucine (Leu) and valine (Val), it
hydrolyzes the a-2-globulin protein angiotensinogen, which is produced by the liver
(approximately 118aa, though the length can vary) to angiotensin | [18]. Angiotensinogen is a
potential enzyme inhibitor as a member of the serpin family (SERPINAS8) [19]. Corticosteroids,
estrogen, thyroid hormone, and angiotensin Il levels can all raise the plasma level of
angiotensinogen [18]. Renin cleaves angiotensinogen, produced by the liver, and converts it into
the inactive peptide angiotensin I. The endothelium-bound angiotensin-converting enzyme (ACE)
further cleaves the decapeptide angiotensin I in the kidney epithelial cells, lung capillaries, and
endothelial cells. Angiotensin I is converted into the peptide angiotensin Il by this enzyme, a

carboxypeptidase sometimes referred to as kininase 11, peptidyl-dipeptidase A, or CD143 [20]. To
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form angiotensin 11, two of the C terminal amino acids of angiotensin | are removed. Angiotensin
Il due to its intracrine, autocrine and paracrine roles, affects almost all system [21]. Angiotensin
Il constricts smooth muscles and has a vasoactive effect on all blood vessels. It elevates
prothrombotic potential by stimulating plasminogen activator inhibitor proteins PAI-1 and PAI-2
and boosting blood pressure and heart rate [22]. Moreover, it causes the adrenal gland cortex to
release aldosterone [23]. By stimulating the kidney's proximal tubules to promote sodium
reabsorption and so retain sodium while losing potassium, aldosterone preserves the sodium-
potassium balance [24]. Hypothalamus, an important component of the central nervous system is
stimulated by renin to trigger the thirst reflex (dipsogen) [25]. Osmoreceptors on the hypothalamus
detect thirst feeling [26]. Urinary loss is thus decreased by the release of antidiuretic hormone
(ADH)/vasopressin, a nonapeptide from the posterior pituitary gland [27]. Antidiuretic hormone
(ADH) regulates the secretion of adrenocorticotropic hormone (ACTH) by acting on vasopressin
receptors in the anterior pituitary. The cortisol production from the adrenal gland is regulated by
the hormone ACTH [28]. Angiotensin Il (Ang Il) causes the release of prostaglandins which
further results in renal vasoconstriction as shown in Figurel.l. PAH has been linked with the
increased level of Ang Il. Most of the functions of RAAS are facilitated by Ang Il which activates
angiotensin 1l type 1 receptor (AT receptor), leading to vasoconstriction (narrowing of blood
vessels), aldosterone release, and other functions that elevate blood pressure and induce

hypertrophy.
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Renal sympathetic activity .
Low intrarenal pressure Hypothalamus [ Thirst reflex

Kidneys Low Na+ level f
Renal glomerulus / CNS
i Angiotensi . .
Renin ’_> g1o en?mogen ’%ultary gland || Vasopressin/ADH
ACE N Angiotensin I v
Vasoconstrictor | / Reduced urinary loss
Raises BP Angiotensin II —> Adrenal cortex
; raelandi / /‘ - l Sodium retention
tostaglian ﬁl qAnglotensm 111 Aldosterone ﬂ BP high
ACE2

Blood and tissues

\ ‘ Renin-angiotensin-aldosterone system (RAAS) ‘ /

Figure 1.1: Schematic of the Renin-Angiotensin-Aldosterone System (RAAS) showing renin-
triggered conversion of angiotensinogen to angiotensin I, then to angiotensin Il by ACE, leading
to vasoconstriction and aldosterone release. ACE2 mitigates these effects by converting
angiotensin Il to angiotensin 111, while the pathway also regulates fluid balance via vasopressin
and thirst mechanisms. [12].

ATIR and Ang Il type 2 receptor (AT2R) are the primary receptors via which Ang Il mediates its
physiological effects [29]. AT1R controls blood pressure regulation, blood vessel contraction,
electrolyte balance, aldosterone production, and adrenal cortex release [30]. Both receptors have
different and opposite effects as AT1R mediates proliferation, vasoconstriction, fibrosis, and
inflammation while AT2R mediates anti-inflammation, anti-fibrosis, and vasodilation [31]. AT1R
and AT2R both are G-coupled protein receptors (GPCRs). They have a sequence identity of
approximately 30%, yet they have the same binding affinity for their main ligand, Ang 1l [32]. The
binding of Ang Il with AT1R is involved in the pathology of many diseases. AT1R promotes
activation of several signaling pathways that involve (ERK1/2), extracellular signal-regulated
kinases, mitogen-activated protein kinase (MAPK), nicotinamide adenine dinucleotide phosphate
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(NADPH) oxidase (NOX), nuclear factor k-light-chain-enhancer of activated B cells (NF-«xB), and
signal transducer and activator of transcription 1 (STAT1) pathways [33]. In the lungs, the
unbalanced signaling of ATI1R is linked with pulmonary hypertension, fibrosis, bronchial
hyperresponsiveness, and inflammation of the airways as shown in Figure 1.2 [34]. The Ang type
4 (AT4R) is widely distributed and can be found in many different organs, such as the kidney,
lung, heart, and adrenal gland. AT4R has a high-affinity binding site for Ang IV. Ang IV in the
kidney reduces Na+ transport in isolated renal proximal tubules and increases renal cortical blood
flow [35]. When AT4R binds with ATIR, it results in vasoconstriction, inflammation, and
thrombosis [36]. Angiotensin-converting enzyme 2 (ACEZ2) is responsible for cleaving Ang Il and
producing Ang (1-7) that activates the G protein-coupled Mas (mitochondrial assembly-1) receptor

producing vasodilation and lowering blood pressure.
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Figure 1.2: Angiotensin Il Receptors. Ang Il type 1 receptor (AT1R) and Ang Il type 2 receptor

Anti-remodelling effects
Anti-atherosclerotic effects

(AT2R) are the two main receptor isoforms for Ang 11 [37].

1.3 Angiotensin Converting Enzyme (ACE 2):

ACE 2 is the human homologue of ACE and it adds more complexity to RAAS. Since its discovery
in 2000, ACE2 has been identified as having a dual function in both healthy and pathological
states, especially in relation to illnesses like pulmonary arterial hypertension (PAH) and viral
infections like SARS-CoV-2. Upregulation of ACE2 expression is linked with therapeutic effects
for lung disorders, diabetes, and cardiovascular and renal diseases [38]. ACE2 balances RAAS
hypertensive actions by decreasing the overexpression of Ang | and 1l and acts as a natural ACE

inhibitor (ACEI) and Ang Receptor Blockers (ARBs). ACE2 inactivates Ang Il and negatively
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regulates RAAS. ACE2 converts Ang Il into Ang 1-7 [39]. However, the first crystal structure of
ACE2 was determined in native (apo) with PDB ID 14R2 and the inhibitor-bound state with PDB
ID 1RA4L in 2004 [40]. ACEZ2 is divided into two subdomains (S1 and S2). The movement of
subdomains depends upon the binding of the substrate. There are two confirmations of ACE i.e.
open or close. Hinge movement of S1 happens to close the gaps upon binding with the substrate
and adopts a closed conformation. In the closed conformational state, the protein's active site hides
from the external environment. Subdomains move apart from each other and adopt an open state
in the absence of any substrate [41]. ACE 2 counterbalances the detrimental effects of Ang II.
ACE2 can hydrolyze Ang Il and many other physiological substrates. As a type | integral
membrane protein, ACE2 is expressed in the majority of human tissues and cell types [42]. There
is highest expression level of ACE2 in the kidneys, testis, thyroids, heart, small intestine, and
adipose tissue, whereas the lungs, colon, liver, bladder and adrenal glands have the intermediate
level of expression and the blood, bone marrow, spleen, brain, blood vessels and muscles have the
lowest expression of ACE2 [43]. With 805 amino acids, ACEZ2 is a type | transmembrane protein.
Its structure consists of a C-terminal collectrin-like domain with an intracellular region and a
transmembrane helix, as well as an N-terminal peptidase domain (PD) as mentioned in Figure 1.3.
The zinc metallopeptidase domain of the PD, which catalyses the enzyme's action, has similarities
to that of other metalloproteases in the M2 family. The N-terminal peptidase domain of ACE2 has
seven possible N-linked glycosylation sites and has the characteristic HEXXH motif. There are
two structurally distinct forms of ACE2: a soluble form and a full-length membrane-bound
version. The membrane-bound form largely performs its enzymatic action at the cell surface.
Metalloproteases such as ADAM17 shed the extracellular domain, resulting in the soluble form

that circulates in the bloodstream while retaining its catalytic activity [44]. ACE2 has claw-like
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crystal structure, as revealed by X-ray crystallography. It binds to its substrates, angiotensin |1
(Ang 1) and angiotensin | (Ang 1), converting them into angiotensin-(1-7) and angiotensin-(1-9),

respectively [44]. ACE2 affects the RAAS pathway and its potential as a therapeutic target for the

treatment of PAH.
A NS0 N546
N&3 N103 N322 N432 N690
v R N ¥

v (C DIDEEE () O«

1 t
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Figure 1.3: Structural Overview of ACE2. (A) Schematic of ACE2 protein showing domains:
peptidase (PD) with a zinc-binding site, collectrin-like (CLD), transmembrane helix, and
intracellular segment, along with N-glycosylation sites. (B) 3D structure of ACE2 highlighting
the PD (orange), CLD (green), and transmembrane/intracellular regions (yellow), with the zinc-
binding site marked in magenta. [45].
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1.4 Role of ACE2 in RAAS:

The imbalance between angiotensin-(1-7) and Ang Il is a major determinant in the pathogenesis
of PAH. Increased pulmonary vascular resistance and pressure result from the promotion of
pulmonary vasoconstriction, inflammation, and fibrosis by Ang Il [46]. One of the main
characteristics of PAH is the overactivity of Ang Il, which aggravates the disease by causing
vascular remodeling and endothelial dysfunction. The enzymatic activity of ACE2 suppresses
these pathogenic processes. The activity of ACE2 in PAH has important therapeutic implications.
In experimental models, it has been demonstrated that recombinant ACE2 or increasing ACE2
activity can treat PAH symptoms. This treatment approach improves right ventricular function,
lowers pulmonary artery pressures, and prevents pulmonary vascular remodeling. Research has
indicated that pulmonary hemodynamics and vascular structure can be significantly improved by
ACE?2 overexpression or by using ACE2 activators. ACE2 efficiently lowers Ang Il levels while
boosting the advantageous effects of angiotensin-(1-7) by converting Ang 1l to angiotensin-(1-7)
[47]. This change in the pathway aids in reducing PAH symptoms. Recombinant ACE2 treatment,
for instance, has been shown to raise angiotensin-(1-7) levels, which in turn reduces pulmonary
artery inflammation and fibrosis. This therapy strategy emphasizes the possibility of treating PAH
by focusing on the ACE2/angiotensin-(1-7)/Mas axis. Angiotensin-(1-7) leads to vasodilation and

protects against endothelium damage and fibrosis by acting through the Mas receptor [46].

In short, ACE2 is essential to the pathophysiology of PAH by controlling the RAAS pathway.
ACE?2 aids in balancing the negative effects of Ang Il by converting it to angiotensin-(1-7), which
in turn promotes vasodilation, lowers inflammation and inhibits fibrosis. The therapeutic potential

of ACE2 in PAH is encouraging, providing opportunities for novel therapeutic approaches targeted
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at augmenting ACE2 activity or delivering recombinant ACE2 to slow down the advancement of

PAH.

1.5 Problem Statement:

Angiotensin Converting Enzyme 2 (ACE2 has shown potential in counteracting the detrimental

effects of Ang Il on the cardio-pulmonary system. However, there is a lack of comprehensive data

on the ability of ACE inhibitors to activate ACE2 and modulate its protective functions in the

context of PAH.

1.6 Objectives:

To collect and preprocess the existing data of the inhibitors of ACE.

To prepare the binding complexes of the ACE and ACE2 with the collected and
preprocessed data for the generation of the data matrix.

To perform the Molecular Docking guided attribute computation.

Development of ML models for the prediction of the activation potential of the ACE

inhibitors against ACE2.
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Chapter 2 Literature Review:

2.1 Detrimental effects of Ang I1:

The primary effector and naturally occurring hormonal peptide of the renin-angiotensin-
aldosterone system (RAAS), angiotensin Il (Ang 1), has both pathological and physiological
effects. It affects blood vessel function and influences the heart, kidneys, and brain. Ang Il
mediates these effects. It is essential for controlling sodium (Na+), blood pressure (BP), fluid and
sodium retention, inducing vasoconstriction, and encouraging cell division. On the other hand,
long-term stimulation of Ang Il causes damage to multiple organs through sympathetic overload,

increased secretion of aldosterone, fibrosis in the brain, and muscle hypertrophy.

Aldosterone is a steroid hormone with mineralocorticoid (MR) action that is released from the
kidney's adrenal cortex when Ang Il and endothelin-1 act on it. When MR receptors are
overactivated, this hormone can cause hypertension because it increases renal Na+ retention and
potassium (K+) excretion at the distal tubule [48]. Leading roles in the development of
cardiovascular diseases (CVDs), particularly hypertension, are played by both aldosterone and
Ang Il. Patients with pulmonary arterial hypertension (PAH) have been found to have elevated
levels of adrenocorticotropic hormone, Ang I, endothelin-1, and plasma K+, all of which promote
the synthesis of aldosterone. Research indicates that kidney and cardiovascular illnesses may be
influenced by Ang II's activation of MR receptors. Renal fibrosis, vascular remodeling, and heart
hypertrophy are all promoted by prolonged exposure to Ang Il. Several signaling pathways are
activated when abnormal RAAS activation enhances ACE, which in turn enhances Ang |1 levels.
Mitogen-activated protein kinases (MAPKS), for example, are activated by Ang II, and

extracellular signal-regulated kinase (ERK 1/2), JAK/STAT, platelet-derived growth factor
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(PDGF), and focal adhesion kinase (FAK) receptors which are MAP, tyrosine, non-receptor
tyrosine, and focal adhesion kinase receptors, respectively are stimulated by Ang-AT1R binding.
Furthermore, AT1R triggers the activation of NADPH oxidase, which results in the generation of
reactive oxygen species (ROS) and causes vascular inflammation, hypertension, and the activation

of protein kinase C (PKC), which increases the production of NADPH and ROS more [49].

2.2 Ang Il in PAH pathogenesis:

Numerous studies have focused on Ang Il significance in PAH. Usui et al. examined the impact
of neurohormonal variables in mice with PAH that were induced to produce monocrotaline (MCT).
In MCT-induced rats, the RNase protection assay showed elevated plasma levels of Ang Il and
noradrenaline. Biventricular hypertrophy was shown in these rats, although short-term survival
was greatly improved when ACE inhibitors such valsartan and carvingilol were administered [50].
In another study, Qiao et al. produced Ang Il and cell proliferation in rats to examine the impact
of Notch signaling inhibitors on Ang ll-induced pulmonary vascular resistance (PVR). Vascular
wall thickness and cell proliferation were markedly enhanced by Ang Il stimulation; however, the
effects of Ang Il were decreased when treated with DAPT inhibitor, indicating that Ang 1l
inhibition may be useful in lowering PVR [51]. Increased level of ACE2 counterbalances the
detrimental effects of Ang Il. In a study, recombinant ACE2 injections were injected to mice, and
it was observed that ACE2 inactivated Ang Il and negatively regulated RAAS. ACE 2 converts
Ang Il into Ang 1-7. Acute lungs injury causes reduction in ACE2 expression and increases Ang
Il level. Thus, recombinant ACE2 can be used as therapy for lung failure in mice [52]. Zhu et al.
did genetic analysis of 13 polymorphisms in study group. Association analysis of all biomarkers
with ACE concentration was performed and then ACE concentration and blood pressure level of

study group was measured. ACE polymorphism was observed to be associated with variation in
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ACE concentration and blood pressure level [53]. Various studies have demonstrated that the
pulmonary artery smooth muscle cells (PASMCs) that are involved in the pathophysiology of
hypoxia-induced PH are stimulated abnormally by ACE, leading to their proliferation and
displacement. In a study, Zhang et al. concluded that hyperoxia could result in upregulation of
ACE in hPASMCs, upregulation of ACE2 in early stages and downregulation of ACE2 later. HIF-
la, a transcripting factor activated during hyperoxia. HIF-1a caused the upregulation of ACE
protein expression. The reduction of ACE2 protein in later stages of hyperoxia may contribute to
pulmonary vascular remodeling in hypoxic pulmonary hypertension [54]. ACE2 expression plays
an important role in the therapeutics of cardiovascular diseases (CVDs). To evaluate the effects of
ACE2 on cardiovascular functions, Yamamoto et al. performed transverse aortic constriction
(TAC) on ACE2—-/y and WT mice. Some ACE2—/y mice received candesartan therapy.
Measurements of Ang Il content, left ventricular pressure, proximal aortic pressure, lung tissue
histology, gene expression and protein analysis were done. ACE2 deletion leaded to hypertrophy
and dysfunction in reaction to pressure overload by increasing conc. Of Ang II. ACE2—/y mice
experienced more congestion and high rate of cardiac death incidents under pressure overload
conditions. Thus, ACE2 plays an important role in reducing effects of pressure overload on heart
[55]. Diabetes may lead to cardiovascular diseases by increasing Ang Il level and lowering ACE2
expression. To predict association of diabetes and CVDs, Tonon et al. did case study that compared
33 Type-1 Diabetes (TID) patients to 30 controls. ACE and ACE2 gene expressions were
evaluated. Diabetes patients had higher level of Ang Il and ACE and lower level of ACE2. Thus,
diabetes results in upregulation of Ang Il and ACE level, and downregulation of ACE2 that may
lead to cardiovascular diseases [56]. ACE2 deficiency results in severe ventricular contractility

abnormalities and increased levels of Ang I, underscoring the enzyme's role in reducing Ang II's
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detrimental effects in cardiovascular disorders. Another study revealed that ACE2 deletion mice
were more susceptible to hypertension and renal diseases caused by higher Ang 11, highlighting
the protective role of ACE2 against the harmful effects of Ang Il [57]. Wysocki et al. observed in
a study that ACE2 deficiency increased the severity of kidney injury by decreasing Ang-(1-7)
levels and increasing Ang Il levels and it demonstrated the involvement of the ACE2 in
maintaining renal function [58]. High level of Ang Il leads to vasoconstriction and inflammatory

effects that further results in PAH.

2.3 Ang Il Receptors:

Angiotensin Il (Ang I1) exerts its effects primarily through its receptors, Angiotensin Il type 1
receptor (AT1R), Angiotensin Il type 2 receptor (AT2R), Angiotensin Il type 3 receptor (AT3R),
and Angiotensin Il type 4 receptor (AT4R). These receptors mediate a variety of biological

functions and are members of the G-protein-coupled receptor (GPCR) family.

2.3.1 Angiotensin Il Type | Receptor (AT1R):

Most of the effects of Ang 11, such as vasoconstriction, aldosterone secretion, sodium reabsorption,
and sympathetic nervous system activation, are mediated by AT1R, a seven-transmembrane
GPCR. AT1R activates multiple intracellular signaling pathways upon binding to Ang I, including
phospholipase C, protein kinase C, and mitogen-activated protein Kinases (MAPKs [59]. The
regulation of cardiovascular and renal function depends on AT1R. It helps to keep the fluid-
electrolyte balance and blood pressure stable. Chronic activation of AT1R has been linked to
kidney disorders, heart failure, cardiac hypertrophy, and hypertension. In pathological conditions,
ATI1R also stimulates oxidative stress, fibrosis, and inflammation, which adds to organ damage
and vascular remodeling [60]. ARBs, such as candesartan, valsartan, and losartan, are

often prescribed medications for hypertension. By specifically blocking Ang II's effects at the

Page | 31



CHAPTER 2: Literature Review

ATI1R, these medications lower blood pressure and guard against kidney and cardiovascular
damage. Chronic kidney disease, heart failure, and hypertension have all been effectively treated

with ARBs [61].

2.3.2 Angiotensin Il Type 2 Receptor (AT2R):

Another seven-transmembrane GPCR, AT2R, exerts effects that are frequently in opposition to
those of AT1R. Vasodilation, anti-inflammatory, anti-fibrotic, and anti-proliferative actions are
often enhanced by AT2R activation. It promotes these actions using a variety of signaling
channels, such as nitric oxide synthesis, inhibition of MAPK pathways, and activation of protein
phosphatases [62]. AT2R plays a complicated role in both physiology and disease. Due to its high
expression during fetal development, AT2R may have a role in development and growth. Its
expression is elevated in pathological circumstances such as renal damage, heart failure, and
myocardial infarction in adults. By encouraging vasodilation, lowering oxidative stress, and
preventing cell division and inflammation, AT2R is thought to balance out the negative effects of
ATIR [63]. Research on the therapeutic potential of targeting AT2R is ongoing. The potential
benefits of compounds like C21, which selectively activate AT2R, are being studied for their
potential benefits in cardiovascular and renal disorders. By boosting AT2R protective functions
while avoiding the negative effects of AT1R activation, these AT2R agonists may present a novel

therapeutic approach.

2.3.3 Angiotensin Il Type 3 Receptor (AT3R):

AT3R is less well characterized compared to AT1R and AT2R. It is believed to play a role in Ang
Il signaling, but its exact physiological and pathological roles remain unclear. Some studies
suggest that AT3R may participate in the modulation of blood pressure and fluid balance, like

ATI1R and AT2R [64]. The specific functions of AT3R in the cardiovascular and renal systems are
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still under investigation. Preliminary research indicates that it may have roles in modulating
vasoconstriction and sodium reabsorption, although more studies are needed to elucidate its exact

mechanisms and effect [65].

2.3.4 Angiotensin Il Type 4 Receptor (AT4R):

AT4R or Insulin-regulated aminopeptidase (IRAP), is the enzyme that binds peptides produced
from Ang I1, including Ang IV. Its structure and function set it apart from AT1R and AT2R, mainly
impacting memory and cognitive functions [66]. In the brain, AT4R is abundantly expressed,
especially in regions linked to learning and memory. It has been investigated for a possible
involvement in neurodegenerative illnesses and is implicated in the control of cognitive
functioning. Although its functions in the cardiovascular system are not fully understood, AT4R
may also affect vascular function and blood flow [67]. Targeting AT4R may open new therapeutic
options for the treatment of certain cardiovascular diseases as well as cognitive problems.
Adjusting this receptor could improve learning and memory, providing chances for addressing

conditions like Alzheimer's disease.

2.4 Therapeutic Effects of ACE2:

ACE2 counterbalances the detrimental effects of Ang Il by converting it into Ang 1-7. Various
studies have demonstrated that increased level of ACE2 has therapeutic effects on cardiovascular
diseases. Batlle et al. examined the potential therapeutic advantages of soluble recombinant ACE2
(rhACEZ2) in mitigating the deleterious consequences of Ang 11, particularly in the context of acute
pulmonary damage. It was observed that administering rhACE2 efficiently raised angiotensin-(1-
7) levels and decreased Ang Il levels, hence offering protective effects against lung injury caused
by elevated Ang Il. According to the findings, rhACE2 may be a useful treatment for diseases like

COVID-19 and CVDs that are marked by increased Ang 11 [68]. Diminazene aceturate (DIZE) can
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be used as an ACE2 activator. In experimental animals, a study demonstrated that DIZE markedly
improved myocardial fibrosis and hypertension, decreased Ang Il levels, and boosted ACE2
activity. The results suggest that by modifying the ACE2/Ang-(1-7) axis, DIZE may prove to be a
useful therapeutic drug for the treatment of cardiovascular disorders [69]. In another study, the
effects of XNT (Xanthine Derivative), an ACE2 activator, on hypertensive rats were examined. It
was discovered that administering XNT increased ACE2 activity, decreased Ang Il levels, and
resulted in cardiovascular protection. The findings imply that by focusing on the ACE2/Ang-(1-7)
axis, XNT and related compounds may be created as novel antihypertensive medications [70].
Gurley et al. investigated the benefits of ACE2 activation on the cardiovascular system. In animal
models, it was discovered that ACE2 activators dramatically decreased Ang Il-mediated
hypertension and the problems associated with it. The research underscored the significance of
ACE?2 in preserving cardiovascular well-being and proposed that ACE2 activators may have
therapeutic utility in the management of hypertension and associated cardiovascular conditions
[71]. Thus ACEZ2 inhibitors can be used for treating hypertension and cardiovascular diseases.
ACE2 activation results in decreased Ang Il levels and improved cardiac function. ACE2
activators has potential to reduce hypoxia-induced right ventricular hypertrophy and pulmonary
hypertension and can be used as a new therapeutic approach for cardiovascular diseases [72].
ACE?2 activators have demonstrated potential as a defense against renal damage caused by Ang II.
Renal inflammation and fibrosis are reduced by ACE2 activators by decreasing Ang Il and
increasing Ang-(1-7). In diseases like diabetic nephropathy, where increased Ang Il causes kidney
damage, this preventive action is crucial. Ang-(1-7) has strong anti-inflammatory properties and
is produced when ACE?2 is activated. By lowering pro-inflammatory cytokine and chemokine

levels, ACE2 activators aid in the mitigation of chronic inflammation linked to increased Ang Il
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levels. Numerous inflammatory conditions, including cardiovascular and renal disorders, benefit
from this impact. There are different studies supporting Ang-(1-7) anti-fibrotic qualities. ACE2
activators reduce fibrosis in the kidneys, heart, and lungs by increasing ACE2 activity. This
therapeutic impact plays a critical role in treating diseases that cause scarring and tissue remodeling

[56].

2.5 Previously Discovered Drugs:

Prostanoid, endothelin receptor antagonists, and phosphodiester type 5 inhibitors are commonly
used medications for the treatment of PAH [7]. Prostanoids work by mimicking the effects of
prostacyclin which helps in vasodilation. Endothelin-receptor antagonists block the effects of
endothelin and reduce pulmonary arterial pressure. PDE-5 inhibitors inhibit the PDE-5, an enzyme
that cleaves cyclic guanosine monophosphate (cGMP), a molecule that dilates blood vessels. The
combination of ACEI and natural endopeptidase (NEP) is an effective medication for PAH, but
their combination can lead to angioedema. Serotonin, vasoactive peptides, oxidative stress,
tyrosine kinase, Rho-kinase, and metabolic pathways, as well as anti-inflammatory agents can be
used as therapy for treating PAH. Other already-developed drugs target endothelin-1, prostacyclin,
and nitric oxide pathways for PAH treatment. These drugs do not ensure quality of life for PAH

patients. PAH pathogenesis involves many molecular processes.

Genetic mutation in BMPR2 and multiple pathways including potassium channels (KCNK3 and
ABCCS), and transcription factors (TBX4 and SOX17) can be involved in PAH susceptibility and
progression [73]. Elevated levels of cytokines, chemokines, and inflammatory mediators have
been linked in PAH patients. Vascular and parenchymal cells, such as endothelial, smooth muscle,
and fibroblasts, undergo phenotypic changes that alter their sensitivity to inflammatory triggers,

resulting in active secretion of cytokines and chemokines [9]. Understanding the interactions
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between inflammatory mediators and vascular cells in PAH patients can be helpful for the
development of therapy for PAH treatment. As the first licensed activin signaling inhibitor therapy,
sotatercept is the first new treatment for PAH in over ten years. Activin signaling inhibitors are a
new family of medications that regulate vascular cell proliferation underlying PAH by enhancing
the balance between pro- and anti-proliferative signaling. Humbert et al. supported the efficacy
and long-term safety of the clinical benefits of stotarcept for PAH [74]. The level of EYAS3 is also
associated with PAH pathogenesis. The level of EYAS3 is elevated in pulmonary arterial smooth
muscle cells in PAH. EY A3 inhibitors were used as potential drugs for PAH treatment [10]. RAAS
activation promotes cardiovascular fibrosis and stiffness. RAAS activation causes an increase in
collagen deposition that can result in myocardial stiffness. Drugs targeting RAAS components
were used as a potential therapy for PAH treatment as available drugs are mentioned in Figure
2.1. Sex hormones, genetic abnormalities, elastase inhibition, metabolic dysfunction, cellular
therapies, and anti-inflammatory approaches can be alternative approaches for the treatment of
PAH [6]. Various studies have demonstrated that ACE inhibitors can be potential drug for the
treatment of PAH. To predict the effect of AT1R blocker on pulmonary arterial pressure in ethanol-
induced PAH model, Tanriverdi et al. administered ethanol to swine to induce PAH. Then losartan
(Ang 1l receptor blocker) was injected to test its impact on PAH and concentration of renin-
angiotensin system (RAS) ligands, oxidative stress levels, and P38 MAPK signaling were
measured in the pulmonary artery. Losartan partially inhibited the elevated pulmonary arterial
pressure and moderately reversed the pulmonary arterial remodeling in PAH. It worked by
inhibiting oxidative stress and P38 MAPK signaling. Losartan did not affect the gene expression
of AT2R [75]. Lisinopril, an ACE inhibitor is used as a therapy for PAH treatment. ACE Inhibitor

increases the level of Ang 1-7 and ACE2 mRNA expression while AT1 receptor blocker increases
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both levels of Ang 1-7 and Ang II. Their combined therapy has a similar effect to ACE inhibitors
alone with decreased ACE2 mRNA expression [76]. Drugs targeting BMPR2 mutations, apoptosis
of PAECs and proliferation of PASMCs, inflammation, epigenetic modifications, and metabolic

pathways are also used as potential therapies for the treatment of PAH [77].
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Figure 2.1: Schematic Overview of the Renin-Angiotensin System (RAS) and Therapeutic

Interventions. This diagram illustrates the key enzymatic reactions and regulatory pathways

within the RAS, highlighting the roles of ACE and ACEZ2 in converting angiotensinogen to
various angiotensin peptides [78].
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Figure 3.1: Overall workflow of research methodology. Step 1: Molecular Docking, Step 2:
PLIF Analysis and Step 3: Machine Learning Model Building.

3.1 Data Collection:

From the ChEMBL database, a set of 835 compounds of ACE with their biological activity (ICso)

values ranging from 0.029 nM to 100 mM was downloaded. The initial list of compounds was

reduced to 591 compounds after the preprocessing of dataset which involved removing duplicates

and excluding compounds with unclear potency values or a molecular weight (MW) of 200 or

below as mentioned in Appendix 1. An open-sourced software OpenBabel was used to generate

the three-dimensional (3D) structures of these compounds from their 2D SMILES representations

[79]. This process adjusted the atomic coordinates to represent the most energetically favorable
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conformations of the molecules., Principal Component Analysis (PCA) was performed to probe
the structural diversity within the dataset. PCA reduced the dimensionality of the data which
distills it into principal components that explain the majority of variance within the dataset. This
statistical approach clarified the underlying patterns in the structural data and aided in identifying

key features correlating with biological activity.

3.2 Protein Structure Collection and Preparation:

3.2.1 ACEZ2:

In molecular modeling, we selected the most recent structure as this foundation significantly
impacts the subsequent analyses. We used high-resolution structure of ACE2. We focused on the
ACE2 protein due to its relevance in SARS-CoV-2 research where it acts as a receptor for the virus
spike protein. The most recent structure of human ACE2 in the apo state was retrieved from the
PDB with an ID of 7lo4 and a resolution of 2.46A that highlights its clarity and detail [80]. The
structure was processed thoroughly to ensure the structural integrity and suitability of our model
by removing any heteroatoms or bound ligands. The 3D structure underwent energy minimization

using AMBER 99 forcefield to improve their conformation.

3.2.2 ACE:

The PDB’s most current X-ray crystallographic structure of human ACE (PDB ID: 6TT3) was
selected with a resolution of 1.70 A [81]. To ensure the reliability of this structural model for
further computational tasks, a series of preprocessing steps were performed. Initially, the ACE
structure was cleaned to remove any irrelevant bounded ligands that could interfere with
subsequent processes. Subsequently, the water molecules were removed from the structure.
Following this, the structure went through an energy minimization process to refine the

conformation towards a more energetically favorable state, ensuring the stability of the model.
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Energy was minimized by using AMBER 99 forcefield in Molecular Operating Environment
(MOE).

3.3 Molecular Docking:

Molecular docking was employed to predict the binding hypothesis of ACE inhibitors with ACE
and ACE2. The goal was to achieve optimized binding conformations and gain insights into the
protein-ligand interactions. Firstly, energy minimized ACE2 along with all preprocessed 591 ACE
inhibitors were imported to Genetic Optimization for Ligand Docking (GOLD suite v 5.3) to
perform molecular docking. GOLD utilizes a Genetic algorithm (GA) that allows for a partially
flexible receptor and full ligand flexibility [82]. The docking efficacy was assessed using the
GOLD fitness score which incorporates several energy parameters including internal and exterior
hydrogen bond energies (HB_int, HB_ext), Van der Waals forces (VDW_int, VDW_ext), and

internal torsion(TOR_int). The equation for GOLD fitness score is stated below:

GOLDScore = AG (HB._int) + AG (HB_ext) + AG(VDW _int) + AG (VDW._ext) + AG (TOR_int)

The binding pocket for docking was carefully chosen based on previous studies identifying key
residues in ACE2 that interact with bile acids [83]. The binding site was selected by including
residues that surround the hinge region which is situated between two subdomains as its the
previously noted site for ACE2 activator interaction as mentioned in Figure 3.2[84]. Docking
parameters were set to encompass this region that ensures that all significant residues are included.
Up to 10 genetic algorithm runs per ligand were executed. The results were analyzed in Molecular
Operating Environment (MOE) to perform pose analysis that ensures the selection of the most

suitable conformation for each ligand based on gold fitness score.
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Figure 3.2: Binding site of ACE2. The Binding site is located in the hinge region between two
subdomains.

Then the energy minimized ACE was imported in GOLD along with preprocessed ACE inhibitors.
The same docking parameters were selected for this protein. All the ACE inhibitors bind to zinc
ion present in the active site as mentioned in Figure 3.3. [85]. Ten GA runs per ligand were
generated. A correlation plot was created to compare the plC50 values, which represent the
inhibitory potency of the ligands, against their GOLD scores. This analysis aimed to establish a
relationship between the biochemical activity and the binding affinity of the ligands to ACE and

ACE2, providing a comprehensive view of how these inhibitors may modulate enzyme activity.
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Figure 3.3: Binding Site of ACE. All previously reported ACE inhibitors bind to the zinc ion
present in the binding site.

3.4 Protein-Ligand Interaction Fingerprint (PLIF):

Protein Ligand Interaction Fingerprint (PLIF) analysis is a computational technique used to detail
the interactions between a protein and various ligand’s conformations based on molecular docking
results. PLIF determines the presence or absence of specific types of interactions such as hydrogen
bonds, hydrophobic contacts and ionic bonds between protein residues and ligand atoms based on
docking results. PLIF was done by a python script using prolif library [86]. For conducting PLIF
analysis, computational environment was set up with all necessary tools and libraries. Initially,
several python libraries which are pivotal for our analysis were installed. This included netCDF4
for handling and storing scientific data, MDAnalysisTests and MDAnalysisData for molecular
dynamics analysis, prolif for generating protein-ligand interaction fingerprints, and rdkit, which is
essential for cheminformatics and machine learning applications in drug discovery. MDAnalysis
was used to handle and analyze molecular dynamics trajectories, pandas alongside numpy

facilitated data manipulation and numerical operations which are critical for handling the output
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from prolif. The core of our PLIF analysis involved processing the molecular structures of ACE
and ACE2 proteins and the ligands, using the prolif library. This library enabled us to identify and
record specific interactions such as hydrogen bonds, hydrophobic interactions, and ionic bonds,
between the ligands and the amino acids in the protein. The binary format used to encode each
interaction providing a detailed representation of the ligand binding patterns. Data generated from
the PLIF analysis forms a comprehensive dataset that captures the complex details of protein-
ligand interactions. This dataset is particularly suited for use in machine learning models as it
provides a rich feature set that describes how different ligands interact with specific residues within

the ACE and ACEZ2 proteins.

3.5 Machine Learning Models:
The dataset derived from PLIF analysis underwent a critical phase of preprocessing to optimize it
for subsequent analyses. This included normalizing the data, managing any missing values, and

converting categorical variables to a format suitable for machine learning algorithms.

Once the data was preprocessed, it was analyzed to determine the percentage of interactions each
ligand had with both ACE and ACE2 proteins. This analysis was pivotal in establishing a
classification system for the ligands based on their interaction profiles. Ligands were categorized
based on their number of interactions as if a ligand exhibited a higher percentage of interactions
with ACE, it was labeled as '1' which indicated it was an ACE inhibitor. As if a ligand interacted
more frequently with ACE2, it was labeled as '0' which indicated it as an ACE2 activator. The
ligands were classified and labelled into two binary classes as 1 and 0. This binary classification
formed the foundation of the training dataset for the machine learning model. By applying this
labeling approach, we were able to clearly define two classes of compounds which the machine

learning model could then learn to predict. This approach not only leveraged the detailed
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interaction data to classify compounds accurately but also facilitated a streamlined and effective
methodology for predicting the potential therapeutic category of novel compounds based on their
molecular interaction profiles. This robust classification system enhances our ability to quickly
identify promising candidates for further drug development and therapeutic intervention. The
model performance was evaluated by precision, accuracy, recall and F1-score. The equations of

these parameters are stated below:

Precision = True positives/ (True positives + False positives)

Accuracy = (True positives + True Negatives)/ (True positives + True negatives + False

positives + False negatives)

Recall = True Positive / (True Positive + False Negative)

F1-score = 2 * (Precision * Recall) / (Precision + Recall)

3.5.1 Artificial Neural Network (ANN):

Pandas, a python data manipulation library was used to load the dataset containing interaction
frequencies between compounds and both ACE and ACE2 proteins. The features were labelled as
'Percentage (ACE)' and 'Percentage (ACE2)', and they were extracted along with the target variable
'Label'. Each compound is classified as an ACE inhibitor or ACE2 activator based on the
interaction frequency where a binary label of '1' indicates an ACE inhibitor and '0' an ACE2
activator.

The dataset was split into training and testing subsets with 80% of the data for training and 20%
for testing. The train_test split function from scikit-learn was used to accomplish this split,
guaranteeing that the model could be trained and then teston unseen data. To ensure

reproducibility of the outcomes, a random seed (random_state=42) was incorporated into the
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splitting procedure. To standardize the range of independent variables or features in the training
data, feature scaling was done. A StandardScaler from scikit-learn was used to normalize the
feature set, removing the mean and scaling to unit variance. This step is critical for many machine
learning algorithms and especially significant when using neural networks to ensure that the
gradient descent algorithm used in training converges more quickly.

Using the Keras API from TensorFlow, a sequential model with several layers designed to learn
from the dataset was built. Using the ReLU activation function, the first layer, which consists of
20 dense neurons, adds non-linearity to the model. A Dropout layer with a rate of 0.5 follows,
randomly setting input units to 0 during training to avoid overfitting. The pattern is continued by
an additional dense layer with 10 neurons and ReL U activation. An additional Dropout layer with
a rate of 0.5 helps to alleviate the overfitting issue even more. The last layer is a dense layer with
a single neuron that outputs a probability indicating the chance that the input is an ACE inhibitor
using a sigmoid activation function.

For binary classification tasks, the binary cross-entropy loss function and Adam optimizer were
used in the model's compilation. The training process of the model comprised 50 epochs with a
batch size of 10 which specify the number of training dataset iterations and the number of training
samples per gradient update. The overall accuracy along with precision, recall, and F1-score for
each class, was documented that provides insights into the model's ability to distinguish between

ACE inhibitors and ACE2 activators effectively.

3.5.2 Support Vector Machine (SVM):
Support Vector Machine (SVM) was built to categorize ligands as either ACE inhibitors or ACE2
activators based on their interaction frequencies with these proteins. Using the Pandas library, the

labelled dataset was first loaded where primary features included 'Percentage (ACE)' and
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'Percentage (ACE2)' and the target variable labeled compounds accordingly. To ensure robustness
in our dataset, missing values were addressed using a Simple Imputer from scikit-learn which
replaced missing entries with the mean of respective features. We also enhanced our feature set by
incorporating polynomial and interaction terms through the PolynomialFeatures function that
expands the linear feature space to capture more complex relationships between features.

To avoid biases and overfitting, the consistency of our dataset was carefully examined for
duplicates and constant features. We also evaluated our class balance to find any skewness that
could impact the model performance. We split feature set into training and testing subsets,
allocating 80% for training and 20% for testing, to build the SVM model. The reproducibility of
our results was ensured by using a fixed random state to control this split. Hyperparameter tuning
was a critical step to optimize the SVM's performance which was carried out by GridSearchCV,
that explored a range of values for parameters such as the penalty parameter C, kernel type, and
gamma. The best model from GridSearchCV was then thoroughly evaluated on the test set. To
evaluate the model's efficacy, performance measures including recall, accuracy, precision, and F1
score were computed. The comprehensive analysis of these matrices for both classes in the
classification report shed light on the model’s discriminative ability. Cross-validation was
performed on the entire feature set to validate the model's robustness that provides an unbiased
estimate of the model's performance across different subsets of the data. The efficacy of the model

was evaluated by different parameters.
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Chapter 4 Results:

4.1 Molecular Docking:

4.1.1 Molecular Docking of ACE2:

The binding site for ACE2 was carefully chosen for docking because of its previously
recognized significance in ACE2 activator interactions. The specific coordinates set for the
binding site were X=15.4040, Y=34.9380, and Z=-46.3260. This site encapsulates crucial residues
including Lys94, Leu95, GIn98, Tyr196, Tyr202, Asp206, Val209, Asn210, Pro565, and Trp566,
which are strategically located around the hinge region situated between two subdomains of the
protein. This region is known for its critical role in ligand interaction, making it a prime target for

docking studies aimed at exploring potential ACE2 activators [80].

A total of 591 ligands as mentioned in Appendix 1 were imported to the GOLD for docking with
each ligand generating 10 potential poses. This approach allowed for a comprehensive assessment
of how each ligand could theoretically interact with the binding site under different configurations.
The evaluation of these poses was based on their respective GOLD fitness scores. The docking
results were highly encouraging. The highest GOLD score observed among all poses was 93,
indicating a particularly favorable interaction between the ligand and the ACE2 binding site as
shown in Figure 4.1. All ligand poses achieved positive GOLD scores that suggest that each ligand
configuration presented a viable interaction with the protein. This uniform positivity across scores
signifies a broad potential for these ligands to act as effective ACE2 activators based on their
docking profiles. These findings provide valuable insights into the molecular dynamics at play
within the ACE2 binding site and highlight the therapeutic potential of these ligands in modulating

ACE?2 activity.
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Lys562

Lys94

Figure 4.1: Best pose conformation of ligand with ChEMBL id (CHEMBL273140) having plCso

value of 7.38
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Lys562

Figure 4.2: Second best pose conformation of ligand with ChEMBL id (CHEMBL10521)
having pICso value of 8.52.

4.1.2 Molecular Docking of ACE:

In a detailed docking study aimed at investigating the interaction of ACE inhibitors with the protein
binding site, a strategic approach was employed to identify potential binding efficiencies and
stabilities. The binding site for ACE was precisely defined by its coordinates, set at X=2.9413,
Y=-19.6702, and Z=-20.8413. This site includes critical residues that are integral to the ACE
functionality, including His491, Ala334, GIn259, Lys489, His331, Phe435, Tyr501, His365,
His361, Ser333, Phe490, Glu389, Arg500, Gly382, Pro385, and Thr496. These residues have been
previously identified in the literature as key components of the ACE binding site which notably
interacts with a zinc ion central to its catalytic mechanism.
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For the docking, each of the 591 ACE inhibitors were docked into ACE by generating 10 distinct
poses, utilizing ten Genetic Algorithm (GA) runs per ligand to ensure a thorough exploration of
potential binding configurations. This methodical approach allowed for an extensive evaluation of

how each inhibitor could engage with the binding site under various theoretical orientations.

The docking results were notably positive with the highest GOLD fitness score recorded at 83 that
indicates an exceptionally favorable interaction between an inhibitor and the ACE binding site as
shown in Figure 4.3. All generated poses across all ligands achieved positive GOLD fitness scores.
This consistent result highlights not only the potential efficacy of these inhibitors in targeting the
ACE enzyme but also underscores the robustness and relevance of the chosen binding site. The
high GOLD fitness scores suggest that many of the studied ACE inhibitors have the potential to
effectively interact with and potentially inhibit ACE activity which is crucial for developing

therapeutic strategies against cardiovascular diseases that involve the renin-angiotensin system.
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Glu381
Arg500

Figure 4.3: Best pose conformation of ligand with ChEMBL id (CHEMBL1233799) having
pICso value of 7.95.
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Glu362

Figure 4.4: Second best pose conformation of ligand with ChEMBL id (CHEMBL418959)
having pICso value of 6.383.
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4.2 PLIF Analysis:

The PLIF analysis shows the frequency of interactions between 591 ligands and certain ACE
protein residues. Comprehensive PLIF analysis was conducted to elucidate the interaction
dynamics between a set of ligands and protein residues. The analysis processed ligands across
binding residues of the protein that captures detailed interaction data such as hydrogen bonds,
hydrophobic interactions, and ionic bonds. The results of these interactions were compiled into an

Excel file that facilitates a structured exploration of interaction patterns.

4.2.1 ACE PLIF Analysis:

Several important residues that show notable interaction frequencies with the ligands have been
identified, indicating their crucial involvement in ligand binding and the enzymatic activity of
ACE. Arg500 stands out prominently with the highest interaction frequency at 51.4% that indicates
that more than half of the ligands interact with this residue. The interactions involve both Van der
Waals forces and hydrogen bonding, showcasing Arg500’s pivotal role in stabilizing ligand
binding through multiple non-covalent interactions. Arg500 constitutes sidechain hydrogen bond
acceptor, hydrophobic, and arene interactions. Asp336, His331, and other residues also show
notable interactions including Van der Wall contact, backbone acceptor, sidechain acceptor, and
arene interactions. Trp335 forms hydrogen backbone acceptor and arene interactions as shown in
Figure 4.5. These interactions might contribute to forming a binding pocket that is structurally

and electrostatically complementary to a wide variety of ligand structures.
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Figure 4.5: PLIF Analysis of ACE. Arg500 constitutes the highest frequency of interactions that
includes sidechain acceptor, hydrophobic and arene interactions.
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4.2.2 ACE2 PLIF Analysis:

GIn98 and His195 showed remarkably high contact rates compared to other residues. This implies
that these residues play a crucial role in the recognition and binding of ligands that possibly
enhances the stability and specificity of ligand-ACE2 complexes. GIn98 binds to ligands through
sidechain donor, sidechain acceptor, Van der Waals forces and arene interactions while His195
binds to ligands through backbone donor interactions and Van der Waals forces. The other
significant residues are Leu85 and Asn210 that show sidechain acceptor, backbone acceptor, VdW

contact and arene interactions as mentioned in Figure 4.6.

The Protein-Ligand Interaction Fingerprint (PLIF) analysis conducted on ACE2 has revealed
significant binding interactions between various ligands and specific residues within the ACE2
binding site. These interactions are not only crucial for understanding the molecular dynamics of
ligand binding but also hold therapeutic potential. The PLIF analysis identified that several ligands,
traditionally classified as ACE inhibitors, have binding affinities to critical residues within the

ACE2 binding site.
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Figure 4.6: PLIF Analysis of ACE2. His195 constitutes the highest frequency of interactions
that includes backbone donor and VVan der Wall contacts.

4.3 Machine Learning Model:

4.3.1 Artificial Neural Network (ANN):

The Atrtificial Neural Network (ANN) model was developed and evaluated throughout a series of
50 training epochs. The results demonstrated a steady increase in model accuracy and a drop in
loss values, indicating the model's ability to adjust and learn from the training data. Initially, the
model started with an accuracy of 76.4% and a loss rate of 0.5298. These results significantly
improved as training went on with the model lowering its loss to a negligible 0.0278 and attaining
its maximum accuracy of 98.69% by the 49th epoch. This consistent improvement shows that the
model's learning algorithm is both effective and capable of continuously improving its predictions.
When tested against a test set, the model provided 90.69% overall accuracy as mentioned in Table

4.1. The performance metrics were computed for two classes that reveals insights into the model's
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predictive strengths and weaknesses. With regard to Class 0, the model showed a precision of 0.87
that means that 87% of the predictions were accurate and a recall of 1.00 that means that the model
successfully and flawlessly detected every incident of Class 0. The resulting F1-score of 0.93 for
this class indicates that the model's predictions are very reliable and accurate.

On the other hand, the model's precision score of 1.00 for Class 1 indicates that it accurately
identified positive instances with perfect accuracy. A gap in the model's capacity to recognize all
real positive instances was highlighted by the recall for Class 1 which was comparatively lower at
0.76 and missed almost 24% of actual positives. An F1-score of 0.86 was obtained as a result that
indicates that although the predictions are very accurate but the model's sensitivity to Class 1 might

be increased.

Confusion Matrix
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Figure 4.7: Confusion Matrix of ANN.
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The difference in recall between the two classes highlights a critical area that needs more fine-
tuning. A more balanced and efficient model might result from increasing the model's sensitivity
especially for Class 1 without sacrificing the high levels of precision attained. ANN model has
shown promising capabilities in discriminating between ACE inhibitors (Class 0) and ACE2
activators (Class 1) with high accuracy and precision. The test evaluations demonstrated the
accuracy of the model in recognizing ACE inhibitors which attains an almost perfect recall.
However, the lower recall for ACE2 activators points to a critical area for further refinement.
Enhancing the model’s sensitivity to ACE2 activators without compromising the high precision

observed for ACE inhibitors could lead to a more balanced and effective predictive tool.

4.3.2 Support Vector Machine (SVM)s:

To categorize things as either ACE inhibitors (Class 0) or ACE2 activators (Class 1), the SVM
model underwent extensive training and testing on a dataset that had been preprocessed for best
results. The first stage was to use mean imputation to fill in the missing values and polynomial
transformation to enlarge the feature space to better capture non-linear interactions. The dataset
showed no constant features or duplicates that indicates strong data quality and variability
necessary for reliable machine learning model performance. Using GridSearchCV, the model's
hyperparameters were carefully adjusted with gamma, kernel type, and penalty parameter C being
the main areas of optimization. The optimal model employed a linear kernel with a regularization
value of C=1 and ' scale' for gamma indicating that a relatively simple model without complex
transformations provided the best results. This configuration achieved exceptionally high metrics
on the test set that reflects the model's ability to accurately classify and distinguish between the
two classes. Extensive performance measures demonstrated that the accuracy on the test set was

roughly 99.58% with precision, recall, and F1-score all closely matching this value as mentioned
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in Table 4.1. These high values indicate that the model performed remarkably well in detecting
ACE inhibitors and ACE2 activators without significant bias or error. With an average accuracy
of 99.66% and little variance, the cross-validation results supported these findings and further
demonstrated the stability and generalizability of the model across various data subsets. The
balanced class weights used in the SVM helped mitigate any potential bias due to this imbalance

that contributes to the model's high performance across metrics.

Confusion Matrix
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Figure 4.8: Confusion matrix of SVM.

The SVM model demonstrated outstanding capabilities in classifying compounds as ACE
inhibitors or ACE2 activators with high reliability and accuracy. These results confirm the
effectiveness of the selected machine learning techniques and model parameters and suggest the
model's potential applicability in clinical or pharmacological settings where precise classification

of such compounds is crucial

Page | 59



Chapter 4: Results

Table 4.1: Performance matrix of SVM and ANN.

Models Accuracy Precision F1-Score Recall
SVM 99.57% 99.58% 99.57% 99.57%
ANN 90.69% 91.91% 90.38% 90.6%
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Chapter 5 Discussion:

PAH is a serious disorder characterized by elevated blood pressure in the pulmonary arteries
leading to heart failure and reduced survival rate. An imbalance in the RAAS is the major cause
of the disorder. Specifically, the hyperactivity of the ACE raises the levels of Ang Il, which leads
to vascular damage and vasoconstriction. By converting Ang Il into vaso-protective peptides, the
ACE2 counteracts these effects, indicating that increasing ACE2 activity may be a novel treatment
strategy. ACE2 counterbalances the detrimental effects of Ang Il by converting into Ang (1-7) and
Ang | into Ang (1-9). Traditionally, ACE inhibitors are used to manage PAH by preventing the
conversion of Ang | to Ang Il that results in vasoconstriction and hypertension. However, these
inhibitors alone are not fully effective as Ang Il can also be produced through alternative, non-
ACE pathways. ACE inhibitors have the potential to activate ACE2 that offers a more
comprehensive approach to manage PAH. As no chemical data of ACE2 activators has yet been
discovered, therefore, ACE inhibitors’ data has been used to explore their potential to activate
ACE?2 for the development of new drugs. 835 ACE inhibitors from the ChEMBL database were
downloaded. After the preprocessing, including Principal Component Analysis (PCA) to reduce
data complexity, the data was shortlisted to 591 inhibitors based on their biochemical properties.

All the duplicates and missing values were removed.
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To investigate the binding potential of ACE inhibitors with  ACE and ACE2, docking
was performed. Each of the ACE inhibitors was docked into the active sites of ACE and ACE2
generating 10 poses to assess their binding affinities and interaction patterns, using the GOLD
software. For ACE2, the docking was performed by selecting binding site with key residues. These
residues are located around the hinge region, important for activator interaction. The highest
GOLD score observed among all poses was 93 which indicates a particularly favorable interaction
between the ligand and the ACE2 binding site. The highest GOLD score for ACE docking was 83
that suggests effective inhibition. These docking studies provide a deeper understanding of how
ACE inhibitors can potentially interact with and activate ACE2, while also effectively inhibiting

ACE.

Following the docking studies, PLIF analysis has been performed to further detail the interactions
between the ACE inhibitors and the active sites of both ACE and ACE2. This analysis was
important for understanding the specific molecular interactions. Using the prolif library, the PLIF
analysis identified various types of interactions such as hydrogen bonds, hydrophobic contacts,
and ionic bonds between the ligands and specific amino acids within the enzyme binding sites.
Each interaction was captured in a binary format that indicates the presence or absence of a specific
type of interaction within each ligand-protein complex. The binary interaction profiles generated
from this PLIF analysis provided ligand-binding patterns. By understanding these interaction
patterns, the analysis contributed to a deeper understanding of the potential for ACE inhibitors to
interact favorably with ACE2 that suggests pathways through which these inhibitors might exert

therapeutic effects beyond their traditional roles.
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On the interaction data provided by PLIF analysis, two advanced machine learning models, an
Acrtificial Neural Network and a Support Vector Machine were developed to classify compounds
as either ACE inhibitors or potential ACE2 activators based on their specific interaction patterns
with ACE and ACE2. The ANN model provided a good performance with an accuracy of 91%. It
was particularly effective in identifying ACE inhibitors, achieving a high precision of 0.87 which
indicates that 87% of the model's predictions for ACE inhibitors were correct. Furthermore, the
recall for the class 0 was 1.00 which means that it identified all true instances of ACE inhibitors
without any false negatives. The resulting F1-score of 0.93 for this class reflects the model's
reliability and accuracy that indicates a balanced combination of precision and recall. On the other
hand, the SVM model outperformed the ANN model in overall accuracy and precision. It achieved
a remarkable accuracy of nearly 99.58% on the test set, with precision, recall, and F1-score values
closely aligning with this high performance. These metrics not only indicate the SVM's ability to
correctly identify and classify both ACE inhibitors and potential ACE2 activators but also
highlight its effectiveness in handling the binary interaction data from the PLIF analysis without
significant bias or error. Both models demonstrated significant capabilities in predicting the
functionality of ACE inhibitors. The comparative accuracy of the SVM model demonstrated that
it can handle non-linear relationships more effectively. The results from this extensive study
strongly support the idea that ACE inhibitors have a dual role as they do not only inhibit ACE but
they also enhance the activity of ACE2. This dual action could lead to significant improvements
in treating PAH Dby better regulating RAAS. Furthermore, these insights pave the way for
developing new drugs that specifically use these mechanisms potentially leading to more effective

and personalized treatments for those suffering from PAH.
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CONCLUSION:

In this research, we have demonstrated the dual functionality of ACE inhibitors such as ligands
with ChEMBL ids, CHEMBL273140 and CHEMBL10521, showing that they can function both
as ACE inhibitors and ACE2 activators. These findings pave the way to new therapeutics for the
treatment of PAH which offers an approach to manage this complex condition by more effectively
modulating the Renin-Angiotensin-Aldosterone System. Molecular docking was performed to
examine interactions at molecular levels, detailed PLIF analysis to understand these interactions,
and machine learning models to predict and classify the dual behavior of the compounds. The
SVM model differentiated the ACE inhibitors and ACE2 activators with 99.57% accuracy,
showing the potential of ACE inhibitors to activate ACE2. This research has laid a solid foundation
for future studies that can aid value in developing new more effective treatments for patients
suffering from diseases associated with RAAS dysregulation like PAH by illustrating that ACE

inhibitors have the potential to activate ACE2 as well.
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APPENDICES:

Appendix 1: Smiles of all 591 ACE inhibitors data.

Molecule | Index | Smiles IC50 (nM)
ChEMBL

ID

CHEMBLS8 NC1CCCCCN(CC(=0)0)C1=0 440000
4966 1

CHEMBL1 O=C(/C=C\S)C1CC[C@@H](C(=0)0)C1 650
28223 2

CHEMBL3 O=C(O)[C@@H]1C=CCN1C(=0)CCS 645.65
06556 3

CHEMBL5 CC(C)CI[C@H](N)C(=O)N[C@@H](C)C(=0)O 309029.54
41207 4

CHEMBLY9 NC(=0)CC[C@H](N)C(=O)NCC(=0)O 7413102.41
0670 5

CHEMBL3 NCC(=O)N[C@@H](CCC(N)=0)C(=0)O 7079457.84
30038 6

CHEMBLY9 NCCCC[C@H](N)C(=O)NCC(=0)O 3235936.57
1561 7

CHEMBLA4 NCCCC[C@H](NC(=O)CN)C(=0)O 5370317.96
20061 8

CHEMBL3 O=C(O)[C@H]1CCCN1C(=0)CCS 200
05938 9

CHEMBL1 O=C(O)[C@@H]1CCCN1C(=0)CCS 1800000
0962 10

CHEMBL3 O=C(O)C1CCC(=0O)N1CCCSs 1000000000
23051 11

CHEMBL1 O=C(O)CN1CCCC(CS)C1=0 1000
1707 12

CHEMBLA4 O=C(O)[C@@H]1CCC(=0O)N1CCCS 645654.23
42750 13

CHEMBL4 N[C@@H](CCC(=0)O)C(=0O)NCC(=0)0O 10000000
21361 14

CHEMBL1 C[C@H](NC(=0O)[C@@H](N)CC(=0)O)C(=0)O 3801893.96
7503 15

CHEMBL3 NCC(=O)N[C@@H](CCC(=0)0)C(=0)0 5370317.96
14532 16

CHEMBLY7 CC(C)[C@H](NC(=0)CCS)C(=0)O 1584.89
8812 17

CHEMBL3 CSCC[C@H](NC(=0)CN)C(=0)0O 1412537.54
30552 18
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CHEMBLY9 CSCC[C@H](N)C(=O)NCC(=0)O 4786300.92
0972 19

CHEMBLS O=C(O)C[C@H](NC(=0)CS)C(=0)0O 77624.71
0242 20

CHEMBL3 CC(S)C(=O)N[C@@H](CS)C(=0)O 7943.28
09914 21

CHEMBL3 O=C(CCS)N[C@@H](CS)C(=0)0O 67608.3
09333 22

CHEMBLY9 NCC(=O)N[C@@H](Cclcnc[nH]1)C(=0)O 3090295.43
3127 23

CHEMBLY9 N[C@@H](Cclc[nH]cnl)C(=O)NCC(=0)O 6309573.44
0452 24

CHEMBL4 CC(O)[C@H](N)C(=O)N1CCC[C@H]1C(=0)O 416869.38
39762 25

CHEMBL1 C[C@H](N)C(=O)N1C(=O)N(C)C[C@H]1C(=0)0O 10000
02044 26

CHEMBL3 O=C(O)CCC(=0O)N1CCC[C@H]1C(=0)O 33113.11
10578 27

CHEMBL3 CC(CO)[C@H](NC(=0)CCC(=0)0)C(=0)0 1096478.2
10764 28

CHEMBLY9 C[C@H](NC(=O)[C@@H](N)CCCCN)C(=0)O 380189.4
3178 29

CHEMBL1 C[C@H](CS)C(=O)N1CCC[C@H]1C(=0)O 9
560 30

CHEMBL1 C[C@H](CS)C(=0)N1CCCC1C(=0)O 23
62360 31

CHEMBLY7 C[C@@H](CS)C(=O)N1CCC[C@@H]1C(=0)O 10964.78
6577 32

CHEMBLY9 C[C@H](NC(=0O)[C@@H](N)CCC(=0)0O)C(=0)O 10000000
0074 33

CHEMBLA4 NC(CS)C(=O)N1CCC[C@H]1C(=0)O 63.1
12666 34

CHEMBL?2 NCC(=0O)N[C@@H](Cclcccecl)C(=0)O 602559.59
99889 35

CHEMBLS CC(C)(S)C(=O)N[C@@H](CS)C(=0)O 7244359.6
0830 36

CHEMBLY9 CC[C@H](C)[C@H](N)C(=O)N1CCC[C@@H]1C( 128824.96
4119 37 =0)0

CHEMBL1 CC[C@H](C)[C@H](N)C(=O)N1CCC[C@H]1C(= 128824.96
807684 38 0)O

CHEMBL?2 O=C(O)CCCC(=0O)N1CCC[C@H]1C(=0)O 70000
77919 39

CHEMBLY7 C[C@H](CC(=0)0)C(=0O)N1CCC[C@H]1C(=0)O 10232.93
8805 40

CHEMBL3 O=C(CS)N[C@@H](Cclc[nH]cn1)C(=0)O 257039.58
11102 41
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CHEMBLY7 O=C(O)[C@@H]1CCCN1C(=0)C1CCC1S 48.98
8435 42

CHEMBL1 O=C(O)C1CCCN1C(=0)C1CcCC1s 158.49
06193 43

CHEMBL?2 O=C(CCC(=0O)N1CCCC1C(=0O)O)NO 50000
91381 44

CHEMBL3 CC(C(=0)0O)c1cceecec(es)c1i=0 52.48
11988 45

CHEMBL3 CC(C)C[C@H](NC(=0)CCC(=0)0)C(=0)0 616595
09782 46

CHEMBLY7 CCC(C)[C@H](NC(=0)CCC(=0)0)C(=0)0 1047128.55
9008 47

CHEMBL3 O=clcc(N2CCOCC2)oc2cccecl? 13400
67315 48

CHEMBLY9 NCC(=0O)N[C@@H](CCCN=C(N)N)C(=0)O 3235936.57
6806 49

CHEMBL3 C[C@H](CS)C(=0)N1C(=0O)CC[C@H]1C(=0)O 8.913
11525 50

CHEMBL1 CC(=0)SCC1CCN(CC(=0)0)C1=0 33000
1783 51

CHEMBL1 CC(CS)C(=0O)N1C(=0)CCC1C(=0)O 31.62
10375 52

CHEMBLA4 CC(C)(S)C(=O)N[C@@H](CC(=0)O)C(=0)O 3467368.5
46407 53

CHEMBL5 CC(CS)C(=0)N1CCc2ccccc2Cl 48000
9354 54

CHEMBLY7 C[C@@H](N)C(=O)N[C@@H](Cclccceel)C(=0)0 190546.07
8953 55

CHEMBL5 C[C@H](N)C(=O)N[C@@H](Cclccceel)C(=0)0 190546.07
7338 56

CHEMBLS Cclccc(N(CC(=0)0O)C(=0)C(C)N)ccl 2570.4
0240 57

CHEMBL?2 O=C(O)[C@@H]1CCCN1C(=0)CP(=0)(0)O 8317.64
63556 58

CHEMBL3 CC(=0)SCC(C)C(=0O)Nclcceccl 2000
22069 59

CHEMBLS N[C@@H](Cclccec(O)ecl)C(=0)NCC(=0)0 1995262.31
9956 60

CHEMBL5 NCC(=0O)N[C@@H](Cclccec(O)ccl)C(=0)0 208929.61
3400 61

CHEMBL3 O=C(0O)C1C=CCn2c(=0)n(CS)c(=0)n21 2511.89
22291 62

CHEMBLS O=C(O)[C@@H]1C=CCn2c(=0)n(CS)c(=0)n21 707.95
0939 63

CHEMBLY7 C[C@H](CCC(=0)0)C(=0O)N1CCC[C@H]1C(=0) 4900
8780 64 O
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CHEMBL1 CC(CCC(=O)N1CCC[C@H]1C(=0)0O)C(=0)O 260000
52188 65

CHEMBL?2 CC(CCC(=0O)N1CCCC1C(=0)0)C(=0)O 260000
93213 66

CHEMBL6 C[C@@H](CCC(=0)0O)C(=0)N1CCCC1C(=0)O 4900
2678 67

CHEMBL3 O=C(CCS)N[C@@H](Cclc[nH]cn1)C(=0)O 229086.77
11239 68

CHEMBLA4 O=C(O)[C@@H]1CCCN1C(=0)C1ccccels 64.57
31983 69

CHEMBL3 O=C(O)C1CCCN1C(=0)Cc1ccceceis 125.89
21012 70

CHEMBL3 C[C@@H](NCC(=0)0O)C(=O)N1CCC[C@H]1C(=0 2400
58439 71 )O

CHEMBL6 C[C@H](NCC(=0)O)C(=0O)N1CCC[C@H]1C(=0) 2398.83
5423 72 O

CHEMBL1 CC(=0)SCC1CCCN(CC(=0)0)C1=0 100000
1795 73

CHEMBL5 CCC(C)C1CC(Cc2cceec2)SC1=0 2300
5103 74

CHEMBL3 O=C(O)[C@@H]1CCCN1C(=0)CCP(=0)(0)O 47863.01
12550 75

CHEMBLA4 O=C(O)C1c2ccccc2CN1C(=0)CCS 58000
17226 76

CHEMBL3 CC(=0)SCC(C)C(=0O)NCclcceecl 500000
26801 77

CHEMBLY9 C[C@H](N)C(=O)N[C@@H](Cclccc(O)ccl)C(=0) 87096.36
4016 78 O

CHEMBL3 C[C@H](NC(=O)[C@@H](N)Cclccc(O)ccl)C(=0) 457088.19
16103 79 O

CHEMBL2 O=C(O)CNC(=0O)[C@@H](CS)Cclcccecl 140
98827 80

CHEMBL3 O=C(CCS)N[C@@H](Cclccececl)C(=0)0 426.58
12094 81

CHEMBL1 O=C(O)CNC(=0)C(CS)Cclcccecl 316.23
0247 82

CHEMBL3 O=C(O)CC(=0)NC(CS)Cclcccecl 1000000000
8405 83

CHEMBLS O=C(CCS)0OC(Cclcceecl)C(=0)0 707.95
0667 84

CHEMBL3 O=C(0O)Cn1c(=0)n2n(c1=0)C(C(=0)0O)C=CC2 3.162
26902 85

CHEMBL?2 O=C(CN1Cc2c(Cl)cccc2NC1=0)NO 90000
98647 86

CHEMBL1 CC(N[C@H](C)C(=O)N1CCC[C@H]1C(=0)O)C(= 90
52758 87 0)0O
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CHEMBL1 CC1(CS)C(=0)N2CCCC(C(=0)O)N2C1=0 3162.28
05790 88

CHEMBL3 O=C(O)C1CCCN2C(=0)CC(CS)C(=0O)N12 125.89
25544 89

CHEMBL4 CC(=0)SCC1CCCN(C(C)C(=0)0)C1=0 35000
16339 90

CHEMBL3 CC(C)(C)OC(=0)[C@@H]1CCCN1C(=0)CCS 38904.51
11316 91

CHEMBL1 O=clc2cc(0)c(O)cc2oc2cc(O)cc(0)cl2 530800
87265 92

CHEMBLA4 O=clc2ccc(0)c(0O)c2oc2c(0)c(O)cecl2 238500
77921 93

CHEMBLA4 O=clc2cc(0)c(O)cc2oc2c(0O)c(O)cecl2 35400
77740 94

CHEMBL1 O=clc2cc(0)c(O)cc2oc2cc(0)c(O)ccl2 769000
2700 95

CHEMBLA4 O=clc2ccc(0)c(O)c2oc2cc(O)cc(0)cl2 69200
48040 96

CHEMBL?2 NCC(=O)N[C@@H](Cclc[nH]c2cceecl12)C(=0)0 30199.52
99759 97

CHEMBL3 N[C@@H](Cclc[nH]c2cccec12)C(=0)NCC(=0)0 5888436.55
27588 98

CHEMBLA4 C[C@H](CS)C(=0O)N1C[Si](C)(C)C[C@H]1C(=0) 43
248427 99 O

CHEMBLS CC(C)[C@H](N)C(=O)N[C@@H](Cclccceecl)C(=0 52480.75
486 100 |)O

CHEMBL1 CC(NP(=0)(0)0O)C(=0)C1ccceceic(=0)o 5.012
10870 101

CHEMBLS O=C(O)CCC(=O)N[C@@H](Cclcccecl)C(=0)0 549540.87
0101 102

CHEMBL6 CC(CS)C(=0O)N1Cc2ccccc2C1C(=0)0 14000
2203 103

CHEMBL?2 CC(CS)C(=0O)N1c2cceecc2CCLC(=0)0 12.59
3849 104

CHEMBL6 C[C@@H](CS)C(=0)N1c2ccccc2C[C@H]1C(=0)0O 3.7
11148 105

CHEMBLY7 C[C@H](NP(=0)(0)0)C(=O)N1CCC[C@H]1C(=0) 776.25
8443 106 O

CHEMBL5 CCC(C)C(CC(S)Cclcceecl)C(=0)0 4000
3141 107

CHEMBL3 O=C(O)CCclcc(O)c2n(c1=0)[C@H](C(=0)O)CC2 457.09
08267 108

CHEMBL1 O=C(O)CCclcc(0O)c2n(c1=0)C(C(=0)0O)CC2 31.62
07635 109

CHEMBL3 CC(S)C(Cclcceecl)C(=0)NCC(=0)0 11000
66937 110
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CHEMBLS CN(C(=0)CCS)[C@@H](Cclcceecl)C(=0)0 30902.95
0657 111

CHEMBL1 O=C(O)CCNC(=0)C(CS)Cclcccccl 32000
96902 112

CHEMBLY9 CC(C)CI[C@H](NC(=O)[C@@H](N)Cclc[nH]cnl) 3235936.57
0260 113 C(=0)0O

CHEMBL3 O=C(0O)CCn1lc(=0)n2n(c1=0)[C@H](C(=0)0O)C=C 1
10750 114 C2

CHEMBLY7 C[C@@]1(CCS)C(=O)N2CC=C[C@@H](C(=0)0O) 100
8903 115 N2C1=0

CHEMBLY9 NC(N)=NCCC[C@H](N)C(=O)N1CCC[C@@H]1C 181970.09
0575 116 (=0)O

CHEMBLY7 C[C@H](NC(=0)CCS)C(=0O)N1CCC[C@H]1C(=0) 2570.4
9016 117 O

CHEMBLY7 CC[C@@H](C)[C@H](C)C(=O)N[C@@H](Cclccc 933254.3
8971 118 ccl)C(=0)0

CHEMBL5 CC(=0)SCC(C)C(=0O)N1CCc2ccccc2Cl 49000
7202 119

CHEMBL3 O=C(CS)N[C@@H](Cclc[nH]c2cceec12)C(=0)0 758.58
12120 120

CHEMBLY9 CCI[C@H](C)[C@H](N)C(=O)N[C@@H](Cclcccee 933254.3
1330 121 1)C(=0)0

CHEMBL2 CC(CS)C(=0)N1Cc2ccccc2CC1C(=0)0 18
79737 122

CHEMBLY7 C[C@H](CS)C(=0O)N1Cc2ccccc2C[C@H]1C(=0)0O 19.95
9189 123

CHEMBL6 CC(CS)C(=0O)N1CCc2ccccc2C1C(=0)0 58000
1916 124

CHEMBLY9 CC(CO)[C@H](N)C(=O)N[C@@H](Cclccc(O)ccl)C 21877.62
0069 125 (=0)O

CHEMBL1 O=C(O)CCCNCP(=0)(0O)CCclcccecl 100000
14552 126

CHEMBL?2 CCCCC(CC(=0O)NO)S(=0)(=0)clcceecl 81000
63501 127

CHEMBL1 CCCC[C@H](CC(=0O)NO)S(=0)(=0)clcccecl 34000
788203 128

CHEMBLY7 C[C@H](NC(CCN)C(=0)0O)C(=O)N1CCC[C@H]1 323.59
9212 129 C(=0)0O

CHEMBL4 CCCC(C(=0)O)N1cccece(csc(c)=0)Cc1=0 30000
16706 130

CHEMBL4 C[C@H](N)C(=O)N1C(=0)N(Cc2ccccc2)C[C@H]1 1500
21581 131 C(=0)0O

CHEMBLS O=C(O)CN(CCN(CC(=0)0O)CC(=0)0)CC(=0)0 14000
58 132

CHEMBL3 CC(S)C(=O)N[C@@H](Cclc[nH]c2cceecl2)C(=0) 64.57
09799 133 O
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CHEMBL6 CC(=0)SCCC(=0O)N1Cc2ccccc2C1C(=0)0 22000
1137 134

CHEMBLY9 CCI[C@H](C)[C@H](N)C(=O)N[C@@H](Cclccc(O 3715.35
1090 135 | )ccl)C(=0)0

CHEMBL3 CC(C)CIC@H](N)C(=O)N[C@@H](C)C(=O)N1CC 2300
40119 136 C[C@@H]1C(=0)O

CHEMBL3 CCCCI[C@H](N)C(=O)N[C@@H](C)C(=0)N1CCC 700
40152 137 [C@@H]1C(=0)O

CHEMBLS6 O=cloc2c(0)c(O)cc3c(=0)ocsc(O)c(O)cclcac23 5000000
246 138

CHEMBL3 N[C@@H](CCN[C@@H](CCN1CC[C@H]1C(=0) 18700
581907 139 0)C(=0)0)C(=0)0

CHEMBLY9 CC(O)[C@H](N)C(=O)N[C@@H](Cclc[nH]c2ccce 1584.89
1777 140 | ¢12)C(=0)O

CHEMBL1 O=C(CCC(=0)N1CCCC1C(=0)0)CCclcccccl 2600000
39523 141

CHEMBLS C[C@H](NCCCclcccecl)C(=O)NICCC[C@H]1C(= 5754.4
0147 142 | 0)O

CHEMBLY7 CC(CS)C(=O)N[C@@H](Cclc[nH]c2cceecl2)C(=0 33113.11
8489 143 |)O

CHEMBLS CC(C)(S)C(=O)N[C@@H](Cclc[nH]c2cccecl2)C(= 38018.94
0981 144 0)O

CHEMBL3 N=C(N)NCCC[C@H](NC(=0)C1CSSC1)C(=0)O 113000
581908 145

CHEMBL5 CC(=0)SCC(C)C(=0O)N1Cc2ccccc2C1C(=0)0 24000
7200 146

CHEMBL1 CC(C)CC(S)CC(=0O)NC(Cclcceecl)C(=0)0 10000
73287 147

CHEMBL3 O=C(OC1O[C@H](CO)[C@@H](O)[C@H](O)[C@ 347000
581909 148 H]10)C1CSSC1

CHEMBL3 C[C@H](N[C@H](C(=0)O)[C@@H]1CCCN1)C(= 700
037879 149 O)N1CCC[C@H]1C(=0)O

CHEMBL1 O=C(0O)C1CSC(c2cccecc20)N1IC(=0)CCS 19.95
10444 150

CHEMBL3 O=C(O)[C@@H]1CS[C@H](c2ccccc20)N1C(=0)C 3.715
09962 151 CS

CHEMBLA4 C[C@H](CS)C(=0)N[C@@H](CSCclccceecl)C(=0 34
51209 152 |)O

CHEMBLY7 CC(C)CCC(N[C@@H](C)C(=O)N1CCC[C@H]1C( 2.57
8340 153 =0)0)C(=0)0

CHEMBL1 CC(C)CCC(NC(C)C(=0O)N1CCcCce1Ic(=0)0)C(=0) 7.943
08606 154 O

CHEMBL5 CC[C@H](C)[C@H](N)C(=O)N[C@@H](Cclc[nH] 1995.26
6923 155 c2cceccl2)C(=0)0

CHEMBL?2 C[C@H](NC(=0)CCclcccccl)C(=O)N1CCC[C@H] 330000
370859 156 1C(=0)O
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CHEMBL1 C[C@H](CS)C(=0O)N1Cc2[nH]c3ccececc3c2CCLC(=0 500
48616 157 )O

CHEMBL?2 N[C@@H](Cclcceecl)C(=0)NCC(=O)N1CCC[C@ 20000
7560 158 H]1C(=0)O

CHEMBLS O=C(0O)CN1CCC(NC(CCc2ccccc2)C(=0)0)C1=0 12000
6891 159

CHEMBL5 O=C(CC(S)C(F)(F)F)NC(Cclcccccl)C(=0)0 830
60685 160

CHEMBLY9 NC(N)=NCCC[C@H](N)C(=O)N[C@@H](Cclcccc 229086.77
2255 161 c1)C(=0)O

CHEMBL?2 N=C(N)NCCC[C@H](NC(=O)[C@@H](N)Cclcccc 912010.84
91636 162 c1)C(=0)0O

CHEMBL5 CC(=0)SCC(C)C(=0O)N1Cc2ccccc2CC1C(=0)0 130
8720 163

CHEMBL1 CC(=0)SCC1CCCN(C(C(=0)0O)c2cceec2)C1=0 19000
2006 164

CHEMBL3 O=CIN[C@H](C(=0)0O)CCCCCc2ccccc2C[C@@H 8000
42091 165 | J1CS

CHEMBL1 O=CIN[C@@H](C(=0)0)Cc2ccccc2CCCCC[C@@ 6000
48140 166 H]1CS

CHEMBL3 O=C(O)[C@@H]1CCCCCc2ccccc2C[C@@H](CS) 2000
57311 167 C(=O)N1

CHEMBL1 O=C(O)[C@@H]1CCCCCc2cccc(c2)C[C@@H](CS 1400
48840 168 | )C(=O)N1

CHEMBL1 O=CIN[C@H](C(=0)0O)CCCCCc2cccc(c2)C[C@@ 4
47185 169 H]1CS

CHEMBL5 C[C@H](S)C(=O)N[C@H]1CCc2ccccc2N(CC(=0) 24
0480 170 0)C1=0

CHEMBL?2 CC(C)C[C@H](S)[C@H](Cclcccecl)C(=O)N[C@ 10000
110258 171 @H](C)C(=0)O

CHEMBL1 CC(C)CC(9)[C@H](Cclcccecl)C(=O)N[C@@H](C 4000
73919 172 )C(=0)0O

CHEMBL1 CC(C)C[C@@H](S)[C@H](Cclccececl)C(=0O)N[C 5000
74237 173 @@H](C)C(=0)O

CHEMBL5 CC(C)CC(S)C(Cclcceecl)C(=0)NC(C)C(=0)0 12000
5286 174

CHEMBL?2 CC(C)C[C@H](S)[C@@H](Cclccececl)C(=0O)N[C 16100
110347 175 @@H](C)C(=0)O

CHEMBL4 Cclccc(CSC[C@H](NC(=0O)[C@H](C)CS)C(=0)0) 240
59960 176 ccl

CHEMBL1 CC(NC(=0)C1CCCCCls)C(=0)N1cceeceic(=0)o 10
07700 177

CHEMBL4 C[C@H](CS)C(=0O)N[C@@H](CSCclccc(F)cecl)C( 100
67755 178 =0)0O

CHEMBL?2 C[C@H](NC(=O)[C@@H](N)Cclccccecl)C(=0O)N1 1400
8361 179 CCC[C@H]1C(=0)O
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CHEMBL1 C[C@H](NC(=0)[C@@H](N)Cclcccccl)C(=0)N1 4200
28399 180 CCC[C@@H]1C(=0)0O

CHEMBLA4 CCC[C@H](N[C@H]1CCc2ccccc2N(CC(=0)0)C1 6
4139 181 =0)C(=0)0O

CHEMBL3 O=C(0O)CN1CCCC(NC(CCc2ccccc2)C(=0)0)C1=0 430
14706 182

CHEMBLY7 CCCCC(CC(=0O)NO)S(=0)(=0O)clccc2ecccc2el 12400
8001 183

CHEMBL3 O=C1IN[C@H](C(=0)0O)CCCCCCc2cccc(c2)C[C@ 175
57584 184 @H]1CS

CHEMBL1 O=C1IN[C@H](C(=0)0)Cc2ccccc2CCCCCC[C@@ 725
47755 185 | H]1CS

CHEMBL1 O=C(O)[C@@H]1CCCCCCc2cccc(c2)C[C@@H]( 118
47526 186 CS)C(=0O)N1

CHEMBL1 O=CIN[C@@H](C(=0)0)Cc2ccccc2CCCCCC[C@ 470
49367 187 @H]1CS

CHEMBL5 O=C(CC(S)C(F)(F)F)NC(Cclccc(O)ccl)C(=0)0 160
40674 188

CHEMBL4 C[C@H](CS)C(=O)N[C@@H](CSCclccc(C#N)ccl) 300
57796 189 C(=0)O

CHEMBL5 O=C(CC(S)C(F)(F)F)NC(Cclccc(F)ccl)C(=0)O 300
51145 190

CHEMBLA4 C[C@H](CS)C(=O)N1[C@@H](SCc2ccccc2)CC[C 2.4
98798 191 @H]1C(=0)0O

CHEMBL5 CCclccc(CSC[C@H](NC(=0)[C@H](C)CS)C(=0) 21
11184 192 O)ccl

CHEMBL1 C[C@H](NC(=0O)[C@@H](N)CCCN=C(N)N)C(=0 16000
29432 193 | )NICCC[C@@H]1C(=0)O

CHEMBL5 COclcec(CSCIC@H](NC(=0O)[C@H](C)CS)C(=0) 100
11344 194 O)ccl

CHEMBL1 CC(NC(=0)clcccccl)C(=0)CCC(=0O)N1CCC[C@H 300
72913 195 | J1C(=0)O

CHEMBLS C[C@H](NC(CCclcccecl)C(N)=0)C(=0O)N1CCC[C 25703.96
0193 196 @H]1C(=0)0O

CHEMBL1 O=C(SC1CCCC1C(=0)N1ccccei1c(=0)0)clceececl 63.1
11578 197

CHEMBL4 C[C@H](CS)C(=O)N[C@@H](CSCclccc(Cl)ecl)C 250
44474 198 | (=0)O

CHEMBL4 CC(C)C[C@H](N[C@H]1CCc2ccccc2N(CC(=0)0) 45
0806 199 C1=0)C(=0)0O

CHEMBL5 C[C@H](N[C@@H](CCclcccecl)C(=0)O)C(=0O)N 2.9
77 200 1CCC[C@H]1C(=0)O

CHEMBL3 C[C@H](NC(CCclcceecl)C(=0)0O)C(=0O)N1CCCIC 1.202
9538 201 @H]1C(=0)0O

CHEMBLS O=C(0O)CN1CCCCC(NC(CCc2ccccc2)C(=0)0)C1= 700
5175 202 O
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CHEMBLA4 CCCC[C@H](N[C@H]1CCc2ccccc2N(CC(=0)0O)C 5
1985 203 1=0)C(=0)0

CHEMBL?2 CC(OC(CCclcceecl)C(=0)0)C(=0)N1CCCcCiIc(= 110
85897 204 0)O

CHEMBLY7 C[C@@H](NC(=0)C(S)Cclcccecl)C(=O)N1CCCI 50.12
7556 205 C@H]1C(=0)0O

CHEMBL?2 C[C@H](NC(=O)[C@@H](S)Cclcccecl)C(=0O)N1 30
87896 206 CCC[C@H]1C(=0)O

CHEMBL?2 O=C(O)CN1CCCC[C@H](NC(=O)[C@@H](S)Cc2 22
99169 207 cceec2)C1=0

CHEMBL4 O=C(O)CNINCCC[C@H](NC(=0)[C@@H](S)Cc2 60
17034 208 cceec2)C1=0

CHEMBL5 CclccecclCS[C@H]1CCIC@@H](C(=O)O)N1C(= 2.3
00408 209 O)[C@H](C)CS

CHEMBL4 Cclccec(CS[C@H]2CC[C@@H](C(=0)0O)N2C(=0) 0.9
99612 210 [C@H](C)CS)cl

CHEMBL5 C[C@H](CS)C(=0)N1[C@@H](SCCc2ccccc2)CC 0.18
26298 211 C@H]1C(=0)O

CHEMBL3 C[C@H](NP(=0)(O)CCclcccecl)C(=0O)N1CCC[C 7.079
09601 212 @H]1C(=0)0O

CHEMBL6 CC(NP(=0)(O)CCclcceecl)C(=0)N1CCCCLC(=0) 25.12
2955 213 O

CHEMBL5 CL.NC(Cclcccecl)C(=0O)CCC(=0O)N1CCC[C@H]1C 25000
56775 214 (=0)O

CHEMBL3 CC(=O)N1CCCCIC(NC(C)C(=0O)N1CcCcce1Ic(=0) 94
42652 215 0)C(=0)0

CHEMBL4 CCCclccc(CSC[C@H](NC(=0)[C@H](C)CS)C(=0 210
61021 216 | )O)ccl

CHEMBL4 CC(C)clecc(CSCI[C@H](NC(=0O)[C@H](C)CS)C(= 300
61022 217 0)O)ccl

CHEMBLA4 O=C(NNC(=S)Nclccc(Cl)c(Clhcl)cleceeclO 0.7
476621 218

CHEMBLY7 C[C@H](NP(=0)(0)OCclcccecl)C(=0)N1CCC[C 40.74
9131 219 @H]1C(=0)0O

CHEMBL4 C[C@H](CS)C(=0)N[C@@H](CSCclccc(N(C)C)ee 520
57317 220 1)C(=0)O

CHEMBL5 CC(NC(=0)C(Cclcceecl)CC(S)cleccecl)C(=0)0 3500
4942 221

CHEMBL4 CCOclccc(CSC[C@H](NC(=0)[C@H](C)CS)C(=0 340
57571 222 )O)ccl

CHEMBL4 C[C@H](CS)C(=O)N[C@@H](CSCclccc([N+](=0) 320
56278 223 [O-])ccl)C(=0)0

CHEMBL3 N[C@@H](Cclcceecl)C(=0)NICCC[C@H]1C(=0) 78000
38446 224 N1CCC[C@@H]1C(=0)O

CHEMBL5 CSclcec(CSCIC@H](NC(=0O)[C@H](C)CS)C(=0)0 300
11849 225 | )ccl
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CHEMBL5 O=C(CC(S)C(F)(F)F)NC(Cclc[nH]c2ccceel2)C(=0 400
51622 226 | )O

CHEMBL1 CC(=O)NC(Cclcceecl)C(=0O)CCC(=O)N1CCC[C@ 330
72917 227 H]1C(=0)O

CHEMBLY9 NC(N)=NCCC[C@H](N)C(=O)N[C@@H](Cclc[n 15848.93
1160 228 H]c2cccecl12)C(=0)0

CHEMBL?2 COC(=0)[C@H](CC(C)C)N[C@H]1CCc2ccccc2N( 1000
90328 229 CC(=0)0)C1=0

CHEMBL3 C[C@@H]1CCCC(NC(CCc2ccccc2)C(=0)0)C(=0) 3.02
11363 230 N1CC(=0)O

CHEMBL1 CC1CCCC(NC(CCc2ccccc2)C(=0)0)C(=0)N1CC( 10
10439 231 =0)0O

CHEMBLS8 O=C(O)CN1CCCCCC(NC(CCc2ccccc2)C(=0)0)C1 1700
6518 232 =0

CHEMBL?2 O=C(O)CN1CCCCC[C@H](N[C@@H](CCc2ccccc 2
114219 233 2)C(=0)0)C1=0

CHEMBL3 O=C(O)CN1CCCCC[C@@H](N[C@H](CCc2ccccc 92
350294 234 2)C(=0)0)C1=0

CHEMBL?2 C[C@H](N[C@](C)(CCclcceeecl)C(=0)0)C(=0O)N1 1.2
304318 235 CCC[C@H]1C(=0)O

CHEMBLA4 C[C@H](N[C@@H](CCclccceccl)C(=0)0)C(=0O)N 35
31052 236 1C(=0)NC[C@H]1C(=0)O

CHEMBLA4 NCCCC[C@H](N[C@H]1CCc2ccccc2N(CC(=0)0) 7
30554 237 C1=0)C(=0)0

CHEMBL5 CCC(C)C(CC(S)Cclceeecl)C(=0O)N1CCCCLIC(=0) 2800
5613 238 O

CHEMBLY7 C[C@H](NC(CCclccc(0O)ccl)C(=0)O)C(=0O)N1CC 2.818
8726 239 C[C@H]1C(=0)O

CHEMBL2 C[C@H](NC(=0)[C@@H](CS)Cclcccccl)C(=O)N 4
99181 240 1CCC[C@H]1C(=0)O

CHEMBL2 CCCC[C@H](S)C(=O)N[C@H]1CCc2ccccc2N(CC( 54
99875 241 =0)0)C1=0

CHEMBLA4 CC(C)C[C@H](S)C(=O)N[C@H]1CCc2ccccc2N(C 6.3
15932 242 C(=0)0)C1=0

CHEMBL1 CC(SC(CCclcceecl)C(=0)0)C(=0O)N1CCC[C@H]1 580
907762 243 C(=0)O

CHEMBL6 CN1CCC[C@H](NC(=0O)[C@@H](S)Cc2ccceec2)C( 16
3001 244 =0O)N1CC(=0)O

CHEMBL4 CSCC[C@H](N[C@H]1CCc2ccccc2N(CC(=0)0)C 6.5
16979 245 1=0)C(=0)0O

CHEMBL4 C[C@H](CS)C(=O)N1[C@@H](SCCCc2ccccc2)CC 0.029
43353 246 [C@H]1C(=0)O

CHEMBL?2 CC(C)CN(C[C@H](O)C(=0)O)C(=O)N[C@@H](C 60
70576 247 clcee(O)ecl)C(=0)0

CHEMBL1 CCC[C@H](N[C@@H](C)C(=O)N1[C@H](C(=0) 15
581 248 O)C[C@@H]2CCCC[C@@H]21)C(=0)OCC
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CHEMBL4 C[C@H](CS)C(=O)N[C@@H](CSCclccc(C(C)(C) 130
63320 249 C)ccl)C(=0)0

CHEMBL4 CC(C)clcec(C(C)SCI[C@H](NC(=0O)[C@H](C)CS) 200
58238 250 C(=0)0O)ccl

CHEMBL5 O=C(CC(S)C(F)(F)C(F)(F)F)NC(Cclcccecl)C(=0) 1010
58146 251 O

CHEMBL5 CC(NC(=0)C(Cclcccecl)C(S)CCceleccecl)C(=0)0 4000
4601 252

CHEMBL5 O=C(O)CCNC(=0)C(Cclcccccl)CC(S)Cclecccecl 3500
4477 253

CHEMBL2 CC(NC(=0)C(Cclcceecl)CC(S)Celeccecl)C(=0)0 3800
93794 254

CHEMBLY9 CC(C)[C@H](NCP(=0)(0)O)C(=O)N[C@@H](CC 100
3562 255 clcceecl)C(=0)0

CHEMBL4 CCCCCCCI[C@H](N)C(O)C(=O)N[C@@H](C)C(= 460000
172457 256 O)N[C@H](C(=0)O)C(C)C

CHEMBLY7 O=C(O)C(CCclcccccl)N[C@H]1CCN2CCCI[C@@ 56.23
7446 257 H](C(=0)O)N2C1=0

CHEMBLA4 CN1C(=0)/C(=N\C(=S)NCc2cc3ccccc3cc20)c2ccce 22.3
163389 258 | c21

CHEMBL?2 CCCC(N[C@@H](C)C(=O)N1[C@H](C(=0)O)C[C 30
442646 259 @@H]2CCCC[C@@H]21)P(=0)(0)O

CHEMBL5 CCOC(=0)[C@H](CCclccccc)N[C@@H](C)C(=0 1.2
78 260 | )NICCC[C@H]1C(=0)O

CHEMBLS O=C(O)CN1CCCCCCC(NC(CCc2ccccc2)C(=0)0) 8.1
6915 261 C1=0

CHEMBL4 CCCCI[C@H](N[C@H]1CCc2ccccc2N(CC(=0)0)C 2600
0709 262 1=0)C(=0)0CC

CHEMBL2 C[C@H](NC(CNC(=0)clcceecl)C(=0)0O)C(=0)N1 40
111941 263 CCC[C@H]1C(=0)O

CHEMBLY9 C[C@H](N[C@@H](CCclccceccl)C(=0)0)C(=0O)N 1.7
9701 264 1C(=0)N(C)C[C@H]1C(=0)O

CHEMBL?2 C[C@H](N[C@@H](CNC(=0)clccececl)C(=0)0)C 17
112767 265 (=O)N1CCC[C@H]1C(=0)O

CHEMBL?2 CCOC(=0)C(CCclcccecl)OC(C)C(=0)N1CCcceLIc 220
84494 266 (=0)O

CHEMBL6 O=C(N[C@H]1CCCN2CC[C@@H](C(=0)O)N2C1 12
6254 267 =0)[C@@H](S)Cclcccecl

CHEMBL1 CC1(C)CCCC(NC(=0O)[C@@H](S)Cc2cccec2)C(=0 12
14658 268 | )N1CC(=0)O

CHEMBL1 CCCclcnc(N2C[C@H](S)CC2CNCc2cc(F)ccc2F)ne 31500
94651 269 1

CHEMBL3 CN1C(=0O)CC[C@H](NC(=0O)[C@@H](S)Cc2cccce 16
04881 270 2)C(=0)N1CC(=0)0O

CHEMBLA4 C[C@H](CS)C(=0)N[C@@H](CSCclccc(C(F)(F)F 340
59961 271 | )ccl)C(=0)0
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CHEMBL4 CC(C)clcec(CS[C@@H]2CC[C@@H](C(=0)O)N2 3.3
99305 272 C(=0)[C@H](C)CS)ccl

CHEMBL4 CC(C)clcec(CS[C@H]2CCIC@@H](C(=0)O)N2C( 8.4
49792 273 =0)[C@H](C)CS)ccl

CHEMBL2 O=C(O)CN1C(=0O)[C@@H](N[C@@H](Cc2ccccc2 8.5
90802 274 | )C(=0)0O)CCc2ccccc2l

CHEMBL3 NCCC[C@H](NC(=O)[C@@H](N)Cclccscl)C(=0) 600
83507 275 N1CCC[C@H]1C(=0)O

CHEMBLA4 CC(C)clcec(C(C)(C)SC[C@H](NC(=0O)[C@H](C)C 260
56723 276 S)C(=0)O)ccl

CHEMBL4 CCC(SC[C@H](NC(=0O)[C@H](C)CS)C(=0)0)clcc 340
58447 277 c(C(C)C)ccl

CHEMBLS8 C[C@H](NC(CCclcccccl)P(=0)(0)O)C(=0O)N1CC 51.29
0646 278 C[C@H]1C(=0)O

CHEMBL?2 CC(C)CN(C[C@H](O)C(=0)O)C(=O)N[C@@H](C 23
58278 279 clcece(0O)c(0)cl)C(=0)0

CHEMBL4 CCN(CC)clccc(CSCIC@H](NC(=O)[C@H](C)CS) 4600
57795 280 C(=0)O)ccl

CHEMBL1 CCCCCCCC[C@H](N[C@@H](C)C(=O)N1C(=0) 1.6
01360 281 N(C)C[C@H]1C(=0)0)C(=0)O

CHEMBL1 CCCCCCCCIC@H](N[C@H](C)C(=O)N1C(=0O)N( 2400
00966 282 C)C[C@H]1C(=0)0)C(=0)0O

CHEMBL5 CSclccc(CS[C@H]2CC[C@@H](C(=0)O)N2C(=0 4.1
25967 283 | )[C@H](C)CS)ccl

CHEMBL3 C[C@H](NC(=O)[C@@H](S)Cclcccecl)C(=0)N(C 14
00016 284 C(=0)0O)clcceecl

CHEMBLA4 C[C@H](CS)C(=O)N1[C@@H](SCc2ccc3ceecc3c?) 4.2
99610 285 CC[C@H]1C(=0)O

CHEMBL5 C[C@H](CS)C(=O)N1[C@@H](SCc2cccc3ccecc23) 3.2
26896 286 CC[C@H]1C(=0)O

CHEMBL4 C[C@H](CS)C(=O)N[C@@H](CSCclccc(- 280
63520 287 c2ccecc2)ccl)C(=0)0

CHEMBL3 O=C(NC1CCC[C@H]2CCC[C@@H](C(=0)O)N2C 5
25056 288 1=0)[C@@H](S)Cclccceel

CHEMBLY7 C[C@H](NC(CCC(=0)Nclccececl)C(=0)0)C(=0O)N 5.248
8731 289 1CCC[C@H]1C(=0)O

CHEMBL?2 CC(C)CN(C[C@H](O)C(=0)O)C(=O)N[C@@H](C 103
55568 290 clc[nH]c2cccecl12)C(=0)0

CHEMBL3 O=C(N[C@H]1CCC(=0O)N2CC[C@@H](C(=0)0) 20
05108 291 N2C1=0)[C@@H](S)Cclccceccl

CHEMBL4 CCOC(=0O)[C@H](CCCCN)N[C@H]1CCc2ccccc? 40
17169 292 N(CC(=0)0)C1=0

CHEMBL3 NCCC[C@H](NC(CCclcccecl)C(=0)0)C(=0O)N1C 2.188
09308 293 CC[C@H]1C(=0)0O

CHEMBL6 O=C(N[C@H]1CCCN2CCC[C@@H](C(=0)O)N2C 8
5545 294 1=0)[C@@H](S)Cclccceel
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CHEMBL4 C[C@H](CS)C(=O)N[C@@H](CSCclccc(S(C)(=0) 300
58237 295 =0)ccl)C(=0)0

CHEMBL5 C[C@H](CS)C(=O)N[C@@H](CSCclccc(Br)ccl)C 280
13671 296 (=0)0

CHEMBL3 O=C(O)C(CCclcccccl)N[C@H]1CCCC2SC[C@@ 0.6
40528 297 H](C(=0)O)N2C1=0

CHEMBL3 O=C(0)C(CCclcccccl)NCICCC[C@H]2sC[Ca@ 0.6026
12224 298 H](C(=0)O)N2C1=0

CHEMBL3 O=C(0)C(CCclcccecl)NCICCCC2SCC(C(=0)O)N 1.995
22266 299 2C1=0

CHEMBL3 O=C(0)C(CCclcccccl)N[C@H]1CCC[C@H]2SC[C 0.6
47755 300 @@H](C(=0)O)N2C1=0

CHEMBL?2 CCOC(=0)C(CCclccceccl)SC(C)C(=0O)N1CcCcCeic( 2900
5996 301 =0)0O

CHEMBL6 CCCNI1CCCIC@H](NC(=O)[C@@H](S)Cc2ccccc2 6
1566 302 )C(=0)N1CC(=0)O

CHEMBL3 O=C(N[C@H]1CCCSC2CCC[C@@H](C(=O)O)N2 5
72307 303 D[C@@H](S)Cclcccecl

CHEMBL5 CCC(C)C(S)CC(C(=O)NC(Cclcce(O)ecl)C(N)=0) 4000
3621 304 C(C)CC

CHEMBLA4 C[C@H](CC(CCclcccecl)C(=0)0)C(=0O)N1c2ccce 4.786
19649 305 c2C[C@H]1C(=0)O

CHEMBL5 CCC(C)C(S)CC(C(=0O)NC(Cc1cce(0)ecl)C(=0)0) 3400
3678 306 C(C)CC

CHEMBL5 CC(C)clecc(CCS[C@H]2CC[C@@H](C(=0)O)N2 19
25948 307 C(=0)[C@H](C)CS)ccl

CHEMBL5 C[C@H](CS)C(=O)N[C@@H](CSCclccc(C2CCCC 4000
12941 308 C2)cc1)C(=0)0

CHEMBL5 C[C@H](CS)C(=O)N1[C@@H](SCc2ccc(C(C)(C)C 410
00409 309 )cc2)CC[C@H]1C(=0)0

CHEMBL5 CC(NC(CCclcceecl)C(=0)0)C(=0)N1Cc2cccec2C 3.1
8480 310 1C(=0)0O

CHEMBLS O=C(0O)CN1C(=0O)C(NC(CCc2ccccc2)C(=0)0)CCc 1.698
0906 311 2cceec21

CHEMBLY9 CC(C)[C@H](NCP(=0)(O)O)C(=O)N[C@@H](Cc1 240
2949 312 c[nH]c2cccecl2)C(=0)0

CHEMBL5 C[C@H](CS)C(=O)N[C@@H](CSCclccc(OC(F)(F) 260
15834 313 F)cc1)C(=0)0O

CHEMBL5 O=C(0)C1CCCN1C(=0)C(Cclcccecl)CC(S)Celcece 3600
4457 314 ccl

CHEMBL4 CC(C)cleecc(C(SC[C@H](NC(=0O)[C@H](C)CS)C(= 430
58451 315 0)0O)C(C)C)ccl

CHEMBL4 CCCC(SC[C@H](NC(=0O)[C@H](C)CS)C(=0)0)c1 420
58450 316 cce(C(C)C)ecl

CHEMBLY7 COP(=0)(O)C(CCclccececcl)N[C@@H](C)C(=O)N1 436.52
8385 317 CCC[C@H]1C(=0)O
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CHEMBLS C[C@H](NC(CCclcccc2ecececl2)C(=0)0)C(=0O)N1 1.096
0779 318 CCC[C@H]1C(=0)0O

CHEMBL1 CC(NC(CCclccec2eccccl2)C(=0)0O)C(=0O)N1CCC 3.162
05971 319 C1C(=0)O

CHEMBL4 O=C(O)CN1C(=0)[C@@H](NC(=O)[C@H](S)Cc2 284
22944 320 cceec2)CCc2cceec2l

CHEMBL?2 O=C(O)CN1C(=0O)[C@@H](NC(=O)[C@@H](S)C 12
99639 321 c2ccecc2)CCce2ccecc2l

CHEMBL5 O=C(O)CN1C(=O)[C@H](NC(=O)[C@@H](S)Cc2 306
0315 322 cceec2)CCe2cceec2l

CHEMBL5 O=C(0O)CN1Cc2ccccc2C[C@H](NC(=0)[C@@H]( 33
1576 323 S)Cc2ccccc2)C1=0

CHEMBL1 CCCCCCCCIC@H](N[C@@H](CC)C(=O)N1C(=0 2.4
00063 324 )N(C)C[C@H]1C(=0)0)C(=0)0O

CHEMBL5 O=C(O)CN1C(=0O)[C@@H](NC(=O)[C@@H](S)C 28
4036 325 c2ccecc2)COc2ccccc2l

CHEMBL?2 NCCC[C@H](NC(=0)CCclnc2ccccc2[nH]1)C(=0) 10000
04944 326 N1CCC[C@H]1C(=0)O

CHEMBL4 CC(C)CN(C[C@H](O)C(=0)O)C(=O)N[C@@H](C 110
09920 327 clcecec2eccccl2)C(=0)0

CHEMBLA4 CC(C)CN(C[C@H](O)C(=0)O)C(=O)N[C@@H](C 52
50935 328 clcecc2ccccc2cl)C(=0)0

CHEMBLY7 C[C@H](NC(CCclcccecl)C(=0)0O)C(=0O)N1CC2C 2.188
8346 329 CCCC2[C@H]1C(=0)O

CHEMBL2 C[C@H](N[C@@H](CCclccceccl)C(=0)0)C(=O)N 260
079670 330 1C2CCCCC2C[C@H]1C(=0)0O

CHEMBLA4 CC(=0)N1C(=0)/C(=N\C(=S)NCc2cc3cccec3cc20) 10.67
167651 331 c2cccec2l

CHEMBLA4 CCCN1C(=0)/C(=N\C(=S)NCc2cc3cccec3cc20)c2c 11.8
171024 332 ccee2l

CHEMBL?2 O=C(O)CN1C(=0)[C@@H](NC(=0O)[C@@H](S)C 22
99438 333 C2CCCCC2)CCc2ccccc21

CHEMBL3 CCOC(=0O)[C@H](CCclccececl)N[C@@H](C)C(=0 9900
17094 334 JN1C(=O)N(C)C[C@H]1C(=0)O

CHEMBLY9 CC(C)C[C@H](N[C@@H](C)C(=O)N1C(=O)N(Cc 2.1
9798 335 2ccecc2)C[C@H]1C(=0)0)C(=0)0

CHEMBL6 O=C(N[C@H]1CCC(=O)N2CCC[C@@H](C(=0)0) 7
6481 336 N2C1=0)[C@@H](S)Cclccceccl

CHEMBL1 NCCCC[C@H](N[C@@H](CCclccceccl)C(=0)0)C 4.7
237 337 (=0O)N1CCC[C@H]1C(=0)O

CHEMBL1 NCCCCC(NC(CCclcccecl)C(=0)0O)C(=0O)N1CCC 3.981
05890 338 C1C(=0)O

CHEMBL5 C[C@H](CS)C(=O)N[C@@H](CSCclccc(Oc2ccece 370
14268 339 2)cc1)C(=0)0

CHEMBLY9 C[C@H](NCP(=0)(0)0O)C(=O)N[C@@H](Cclccc(- 660
1218 340 c2ccecc2)ccl)C(=0)0
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CHEMBL1 N[C@@H](CC(=0)N1CCn2c(nnc2C(F)(F)F)C1)Cc 11000
422 341 1cc(F)c(F)cclF

CHEMBL6 CCCN1C(=O)CC[C@H](NC(=0O)[C@@H](S)Cc2cc 10
2417 342 ccc2)C(=0)N1CC(=0)O

CHEMBL4 CC(C)CN(CP(=0)(0)O)C(=O)N[C@@H](Cclccc2e 29
42455 343 cccc2c1)C(=0)0

CHEMBL?2 O=C(N[C@H]1CCS[C@H]2CCC[C@@H](C(=0)O 2
89556 344 )N2C1=0)[C@@H](S)Cclcccecl

CHEMBLA4 CC(C)clccc(CCCS[C@H]2CC[C@@H](C(=0)O)N 15
99611 345 2C(=0)[C@H](C)CS)ccl

CHEMBL1 C[C@H](N[C@@H](CCclcccecl)C(=0)O)C(=0O)N 280
733 346 1Cc2ccccc2C[C@H]1C(=0)0

CHEMBLS6 CC(NC(CCclcceecl)C(=0)0)C(=0)N1CCc2ccccec2 5.8
1811 347 C1C(=0)0O

CHEMBLY9 C[C@H](CS)C(=O)N1C[C@H](NC(=0)C(CS)Cc2c 18
1623 348 cccc2)C[C@H]1C(=0)0

CHEMBL3 C[C@H](CS)C(=O)N1C[C@@H](NC(=0)C(CS)Cc 87
28327 349 2ccecc2)C[C@H]1C(=0)0

CHEMBL2 CC(OC(CCclcceecl)C(=0)0)C(=0)N1Cc2ccccc2C 86
6226 350 C1C(=0)0O

CHEMBL1 CCOC(=0)C(CCclcceecl)SC(C)C(=0O)N1ICSCIC@ 4800
907759 351 @H]1C(=0)0O

CHEMBL5 CCCCC(SC[C@H](NC(=0O)[C@H](C)CS)C(=0)0)c 3600
05067 352 1ccc(C(C)C)ccl

CHEMBLA4 O=C(O)CN1C(=0O)[C@@H](N[C@@H](COCc2ccC 10
2683 353 cc2)C(=0)0)CCc2ccccc2l

CHEMBL1 O=C(NC(Cclcccecl)C(=0)CCC(=O)N1CCC[C@H] 1.4
72262 354 1C(=0)0O)clcccol

CHEMBLY9 CC(C)[C@H](N[C@@H](C)C(=0)O)C(=O)N[C@ 23
2632 355 @H](Cclcce(-c2cceec2)ccl)C(=0)0

CHEMBL3 CCI[C@H](C)C(NCC(=0)O)C(=O)N[C@@H](Cclc 65
28737 356 cc(-c2ceecc2)ecl)C(=0)0

CHEMBL3 O=C(O)CCN1C(=0O)[C@@H](NC(=O)[C@@H](S) 36
01364 357 Cc2ccccc2)CCce2ccccc2l

CHEMBL5 O=C(O)CN1C(=0)[C@@H](NC(=0O)[C@@H](CS) 4.8
1498 358 Cc2ccccc2)CCce2ccccc2l

CHEMBL5 O=C(O)CN1C(=O)C(NC(=0O)[C@@H](S)Cc2ccccc 25
0814 359 2)CCCc2ccccc2l

CHEMBLA4 CC(S)(Cclcceecl)C(=O)N[C@H]1CCc2ccccc2N(C 63
8534 360 C(=0)0)C1=0

CHEMBL3 CCCCCCCC[C@H](N[C@@H](C)C(=O)N1C(=0) 5100
16865 361 N(C)C[C@H]1C(=0)0)C(=0)0CC

CHEMBL3 CC(NC(C(=0)0O)C1CCCNI1C(=0O)NCC(=0)O)C(=0 6
42373 362 )N1CCCC1C(=0)O

CHEMBL5 C[C@H]10c2ccccc2N(CC(=0)O)C(=0)[C@H]1INC 13
3879 363 (=0)[C@@H](S)Cclcceecl
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CHEMBL2 O=C(O)CN1C(=0)[C@@H](NC(CCc2ccccc2)C(=0 3
90284 364 )O)CSc2cccec2l

CHEMBL5 O=C(O)CN1C(=0)[C@@H](NC(=0O)[C@@H](CS) 4.4
1389 365 Cc2ccecc2)COc2ccecc2l

CHEMBL5 C[C@@H]10c2ccccc2N(CC(=0)0)C(=0O)[C@H]1 36
0559 366 NC(=0O)[C@@H](S)Cclcccecl

CHEMBL3 O=C(O)CN1C(=0O)[C@@H](N[C@@H](CSc2ccccc 4
8613 367 2)C(=0)0)CCc2ccccc2l

CHEMBL3 O=C(O)CCN1C(=0O)[C@@H](NC(=O)[C@@H](S) 31
01751 368 Cc2ccccc2)COc2cceecc2l

CHEMBL1 CC(C)CC(S)C(Cclcceecl)C(=0O)NC(Ccelecc(O)ecl) 710
71850 369 C(=0)O

CHEMBL1 CC(C)C(C(=O)NC(Cclccc(0O)ccl)C(=0)0)C(S)CCc 4500
72787 370 1cccecl

CHEMBL3 CC(C)Oclccc(C[C@H](NC(=0O)[C@@H](NCP(=0) 92
28030 371 (0)O)C(C)C)C(=0)0O)ccl

CHEMBL3 O=C(CCC(=O)N1CCC[C@H]1C(=0)O)C(Cclcccee 20
68784 372 1)NC(=0)C1CCCO1

CHEMBL?2 CC(C)(C)CN(C[C@H](O)C(=0)O)C(=O)N[C@@H 191
73142 373 ](Cclccc2eccec2cl)C(=0)0

CHEMBL1 CCOC(=0)[C@H](CCclccccc)N[C@@H](C)C(=0 4
168 374 )N1[C@H](C(=0)O)C[C@@H]2CCC[C@@H]21

CHEMBL?2 O=C(O)CN1C(=0)[C@@H](NC(=0O)[C@@H](S)C 13
08388 375 c2ccecc2)CSc2ccccc2l

CHEMBL3 C[C@H](NC(C(=0)O)C1CCCN1C(=0)clcccecl)C( 2.884
12431 376 =0O)N1CCC[C@H]1C(=0)O

CHEMBL3 CC(NC(C(=0)0O)C1CCCN1C(=0)clcceecl)C(=O)N 2.9
35997 377 1CCCC1C(=0)0O

CHEMBLA4 CC(=0)CN1C(=0)/C(=N\C(=S)NCc2cc3cccce3cec2 112
159339 378 O)c2cceec2l

CHEMBLS Cclccc(CSC[C@@H](NC(=0)[C@@H](CS)Cc2ccc 460
0055 379 cc2)C(=0)0)cclC

CHEMBL4 O=C(0O)CN1C(=0)/C(=N\C(=S)NCc2cc3cccce3cec2 2.846
174467 380 O)c2cccec2l

CHEMBL4 CC(C)CC[C@H](N[C@@H](C)C(=O)N1C(=O)N(C 3.3
30689 381 c2ccccc2)C[C@H]1C(=0)0)C(=0)0

CHEMBL3 CCCCNI1C[C@@H](C(=O)O)N(C(=0)[C@H](C)N[ 6.7
17304 382 C@@H](CCc2ccccc2)C(=0)0)C1=0

CHEMBL1 CC(SC(CCclcccecl)C(=0)0O)C(=0O)N1c2CcCcccee2 140
907755 383 C[C@H]1C(=0)0O

CHEMBL3 COclccc(CSC[C@@H](NC(=O)[C@H](CS)Cc2ccc 290
10200 384 cc2)C(=0)0)ccl

CHEMBL1 CN1CCN(c2ccee3nc(CN(C)[C@H]4CCCcheeench4) 193
242210 385 c(CO)n23)CC1

CHEMBL4 O=C(O)CN1C(=0)[C@@H](N[C@@H](Cc2c[nH]c 13
4077 386 3cceec23)C(=0)0)CCc2cccec2l
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CHEMBL3 NC(=0)[C@@H]1CCCN1C(=0)CCC(=0)C(Cclccc 150
68640 387 cc1)NC(=0O)clcccecl

CHEMBL5 C[C@H](CS)C(=O)N1[C@@H](SCc2ccc(C3CCCC 280
02817 388 C3)cc2)CC[C@H]1C(=0)0

CHEMBLA4 O=C(N[C@@H](Cclccccel)C(=0)CCC(=0O)N1CC 12
35360 389 C[C@H]1C(=0)0O)clcccecl

CHEMBLA4 O=C(NC(Cclcccccl)C(=0)CCC(=O)N1CCC[C@H] 70
16147 390 1C(=0)0O)clcccccl

CHEMBL1 O=C(NC(Cclcccccl)C(=0)CCC(=0O)N1CCCC1C(= 10
0465 391 0)O)clceeecl

CHEMBL1 CCCCclnc(Clhc(CO)n1Cclcec(-c2ccecc2- 19
91 392 c2nnn[nH]2)ccl

CHEMBL3 O=C(N[C@@H](Cclcccecl)C(=0O)NCC(=0O)N1CC 9400
2032 393 C[C@H]1C(=0)O)clcccecl

CHEMBL1 O=C(NC(Cclccencl)C(=0)CCC(=0O)N1CCC[C@H] 5.7
76688 394 1C(=0)O)clcceccl

CHEMBLA4 C[C@H](CS)C(=O)N[C@@H](CSC(C)(C)clccc(C2 3000
56045 395 CCCCC2)ccl)C(=0)0

CHEMBLS CCOC(=0)[C@H](CCclcceeccl)N[C@H]1CCc2ccce 1.7
38 396 c2N(CC(=0)0)C1=0

CHEMBL3 CCN(C[C@H](CCc1cccecl)C(=0)0)C(=0O)N1Cc2c 6.457
11471 397 cccc2C[C@H]1C(=0)0O

CHEMBLY7 C[C@H](NC(CCclcccecl)C(=0)0)C(=0O)N(CC(=0 39.81
8341 398 )O)C1Cc2ccccc2Cl

CHEMBL2 CCOC(=0)[C@H](CCclccccc)N[C@@H](C)C(=0 44
115478 399 )JN1Cc2ccccc2[C@H]1C(=0)0

CHEMBL3 C[C@H](CS)C(=O)N1C[C@@H](NC(=O)NC(CS)C 147
30316 400 c2ccccc2)C[C@H]1C(=0)0

CHEMBLY9 CCI[C@H](C)C(N[C@@H](C)C(=0)O)C(=O)N[C@ 22
4173 401 @H](Cclcce(-c2cceec2)ccl)C(=0)0

CHEMBL4 NCCCCC(N)C(=O)N[C@H](CCC(=O)N1[C@H](C( 12.02
30630 402 =0)O)C[C@@H]2CCCC[C@@H]21)C(=0)0O

CHEMBL5 O=C(O)CCN1C(=0O)[C@@H](NC(=O)[C@@H](CS 36
1438 403 )Cc2ccccc2)CCc2cccec2l

CHEMBL3 CC(C)C[C@H](S)C(=O)N1CCC[C@H]1C(=O)N1C 640
954917 404 CC[C@H]1C(=O)N(C)[C@@H](C)C(=0)O

CHEMBL4 CC(C)CN(C[C@H](O)C(=0)O)C(=O)N[C@@H](C 35
09720 405 clcce(-c2ceecc2)ccl)C(=0)0

CHEMBL?2 O=C(O)CN1C(=0)[C@@H](N[C@@H](CSCc2ccc 2.9
89267 406 cc2)C(=0)0)CCc2ccccc2l

CHEMBL5 C[C@H]10c2ccccc2N(CCC(=0)0)C(=0)[C@H]1N 18
2733 407 C(=0)[C@@H](S)Cclcceecl

CHEMBL5 CCC(C)C(S)CC(Cclcceecl)C(=0O)NC(Ccicec(O)ec 3500
4796 408 1)C(N)=0

CHEMBL3 CN[C@@H](Cclc[nH]c2cceecl2)C(=0O)N[C@@H] 10000
78864 409 (CCCN)C(=O)N1CCC[C@H]1C(=0)O
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CHEMBL3 C[C@H](CSC(=0O)clcccccl)C(=O)NIC[C@@H](Sc 0.4
31378 410 2ccecc2)C[C@H]1C(=0)0

CHEMBL5 CCC(C)C(CC(S)Cclcceecl)C(=0O)NC(Ccicec(O)ec 800
5583 411 1)C(=0)0O

CHEMBL5 CCC(C)C(S)CC(Cclcccecl)C(=O)N[C@@H](Cc1c 4400
5721 412 cc(0)ccl)C(=0)0

CHEMBL5 CCC(C)C(S)CC(Cclcceecl)C(=0)N[C@H](Cc1cece( 8000
5520 413 O)ccl)C(=0)0

CHEMBL5 O=C(O)CN1C(=0)[C@@H](NC(=O)[C@@H](CS) 17
1780 414 Cc2ccccc2)CSc2ccecc2l

CHEMBL1 CCOC(=0O)[C@H](CCclccececl)N[C@@H](C)C(=0 0.93
519 415 | )N1[C@H](C(=0)O)C[C@H]2CCCC[C@@H]21

CHEMBL?2 O=C(O)CCN1C(=0O)[C@@H](NC(=O)[C@@H](S) 14
99441 416 Cc2cccec2)CSc2ccccc2l

CHEMBL?2 CCOC(=0O)[C@H](CCclccececcl)N[C@@H](C)C(=0 100
079671 417 JN1C2CCCCC2C[C@H]1C(=0)0O

CHEMBL3 NCCC[C@H](NC(=0)[C@@H](N)Cclc[nH]c2ccc( 4000
81557 418 0)ccl12)C(=0)N1CCC[C@H]1C(=0)O

CHEMBL?2 CCOC(=0)C(CCclcccecl)OC(C)C(=0O)N1IC(C(=0) 24
84898 419 O)CC2Cccce2l

CHEMBL5 CC(C)clecc(C(SC[C@H](NC(=0O)[C@H](C)CS)C(= 1700
16325 420 0)O)c2cccec2)cecl

CHEMBLS CC(C)[C@H](NCP(=0)(0O)O)C(=O)N[C@@H](Cc1 25
9563 421 cce(-c2cecec2)ccl)C(=0)0

CHEMBL3 C[C@H](NC(CCCNC(=0)OCclcccecl)C(=0)0)C( 2.884
11268 422 =0O)N1CCC[C@H]1C(=0)O

CHEMBL3 C[C@H](O)[C@H](NCP(=0)(0)O)C(=O)N[C@@H 665
27799 423 ](Cclcce(-c2ccecc2)ccl)C(=0)0

CHEMBL1 CclcceeclC(=0)NC(Cclcceccl)C(=0)CCC(=0)N1 46
73376 424 CCC[C@H]1C(=0)0O

CHEMBL1 COC(=0)[C@@H]1CCCN1C(=0)CCC(=0)C(Cclc 82
77394 425 ccccl)NC(=O)clcecccl

CHEMBL1 O=C(NC(Cclcccccl)C(=0O)CCCC(=0O)N1CCCIC@ 42
72783 426 H]1C(=0)O)clcccecl

CHEMBL3 C[C@@H](CC(=0)[C@@H](Cclccceccl)NC(=0)cl 3200
28537 427 cccecl)C(=0)N1CCC[C@H]1C(=0)0

CHEMBLY C[C@H](CC(=0O)[C@H](Cclcccecl)NC(=0)clcece 1
5564 428 c1)C(=0)N1CCC[C@H]1C(=0)O

CHEMBL3 C[C@H](CC(=0)[C@@H](Cclcccccl)NC(=0)clce 3.02
09941 429 cccl)C(=0)N1CCC[C@H]1C(=0)O

CHEMBL2 C[C@H](NC(=O)[C@H](Cclccceccl)NC(=0)clcecece 2700
370854 430 c1)C(=0)N1CCC[C@H]1C(=0)O

CHEMBL?2 O=C(NC(Cclcccccl)C(=0)CCC(=0O)N1CCCC1IC(= 1600
74553 431 O)NO)clcceecl

CHEMBL1 C[C@@H](NC(=O)[C@H](Cclcccecl)NC(=0)clee 3.2
31552 432 cccl)C(=0)N1CCC[C@H]1C(=0)0O
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CHEMBL3 O=C(NC(Cclcccccl)/C(CCC(=0O)N1CCC[C@H]1C 1200
66727 433 (=0)0)=N/O)clcccecl

CHEMBLA4 0O=C1/C(=N\C(=S)NCc2cc3ccccec3cc20)c2cceec2N1 18.97
167252 434 clcceecl

CHEMBL2 C[C@H](NC(CCclcccccl)P(=0)(0)O)C(=0O)N1[C 40
442647 435 @H](C(=0)0O)C[C@@H]2CCCC[C@@H]21

CHEMBL1 O=C(NC(Cclccc(O)ccl)C(=0)CCC(=0O)N1CCC[C 4.7
73822 436 @H]1C(=0)0O)clcceecl

CHEMBL1 O=C(NC(Cclcccccl)C(=0)CCC(=0O)N1CC(O)C[C 540
72600 437 @H]1C(=0)0O)clcceecl

CHEMBL?2 CCOC(=0O)[C@H](CCclccececl)N[C@@H](C)C(=0 6100
115288 438 )JN1Cc2ccccc2C[C@@H]1C(=0)0O

CHEMBL1 CCOC(=0O)[C@H](CCclccececcl)N[C@@H](C)C(=0 8.3
592 439 )JN1Cc2ccccc2C[C@H]1C(=0)0

CHEMBL?2 CCOC(=0)[C@@H](CCclccceccl)N[C@@H](C)C( 200
114322 440 =0)N1Cc2ccccc2C[C@H]1C(=0)O

CHEMBL1 O=C(N[C@H]1Cc2ccccc2C2CCC[C@H](C(=0)0) 0.11
98316 441 N2C1=0)[C@H](S)Cclcccccl

CHEMBL5 C[C@H](N[C@@H](CCclcccecl)C(=0)O)C(=0O)N 0.8
79 442 1CC2(C[C@H]1C(=0)O)SCCS2

CHEMBLA4 C[C@H](CS)C(=O)N[C@@H](CSCclccc(l)ccl)C(= 140
59959 443 0)O

CHEMBL1 C[C@H](N[C@@H](Cclcceecl)C(=0)0)C(=0)N1 11
01409 444 C(=O)N(Cc2cccec2)C[C@H]1C(=0)0

CHEMBL2 CCOC(=0)C(CCclcceecl)OC(C)C(=0O)N1Cc2ccecce 14
5782 445 2CC1C(=0)0

CHEMBL3 CC(C)C[C@H](S)C(=O)N1CCC[C@H]1C(=O)N1C 49000
960222 446 CC[C@H]1C(=O)N1CC[C@H](C(=0)0O)C1

CHEMBL3 CC(C)C[C@H](S)C(=O)N1CCC[C@H]1C(=O)N1C 12000
932740 447 CC[C@H]1C(=0O)N1CCC[C@@H]1C(=0)O

CHEMBL3 NCCCC[C@H](OP(=0)(0O)CCCCclcccccl)C(=0O)N 36.31
6503 448 1CCC[C@H]1C(=0)O

CHEMBLY9 CC(C)[C@H](NCP(=0)(O)O)C(=O)N[C@@H](Cc1 122
3167 449 ccc(C2CCCCC2)ccl)C(=0)0

CHEMBL4 O=C(O)CN1C(=0)[C@@H](N[C@@H](CSCCc2cc 7
2976 450 ccc2)C(=0)0)CCc2ccccc2l

CHEMBL?2 O=C(O)[C@@H]1CC2(CN1C(=0O)CP(=0O)(O)CCC 3.981
77270 451 Cclcceccl)SCCS2

CHEMBL1 O=C(0)C1CC2(CN1C(=0)CP(=0)(O)CCCCclcccee 12.59
08988 452 1)SCCS2

CHEMBL5 CCC(C)C(CC(S)CCclcceeecl)C(=0O)NC(Celecec(O)e 2900
4823 453 c1)C(=0)0

CHEMBL3 NC(Cclcceecl)C(=O)N[C@H](CCC(=O)N1[C@H]( 100
10869 454 C(=0)O)C[C@@H]2CCCC[C@@H]21)C(=0)O
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CHEMBL3 N[C@@H](Cclccceccl)C(=O)N[C@H](CCC(=0O)N1 218.78
10139 [C@H](C(=0)O)C[C@@H]2CCCC[C@@H]21)C(=

455 0)O
CHEMBL1 O=C(NC(Cclcccccl)C(=0)CCC(=0O)N1CCCC1lclnn 22000
0973 456 [nH]n1)clcceecl
CHEMBL1 CCOC(=0)C(CCclcccccl)SC(C)C(=0O)N1C2CCcCcC 2000
907760 457 C2C[C@H]1C(=0)O
CHEMBLY9 CC[C@@H](C)[C@H](NCP(=0)(0)O)C(=O)N[C@ 50
0545 458 @H](Cclcce(-c2cceec2)ccl)C(=0)0
CHEMBL3 CCCCI[C@H](NCP(=0)(0)O)C(=O)N[C@@H](Cc1 731
13419 459 cce(-c2ceecc2)ccl)C(=0)0
CHEMBLY7 CC(NC(=0)OCc1cccecl)C(=O)N[C@H](CCC(=0) 389.05
8996 460 N1CCC[C@H]1C(=0)0)C(=0)O
CHEMBL2 CCOC(=0)[C@H](Cclc[nH]c2cccecl2)N[C@H]1C 540
96331 461 Cc2ccccc2N(CC(=0)0)C1=0
CHEMBL1 O=C(NC(Cclcccccl)C(=0)CCC(=0O)N1CCC[C@H] 240
76970 462 1C(=0)0)O0Cclcccecl
CHEMBL1 C[C@H](N[C@@H](CCclccceccl)C(=0)0)C(=0O)N 1.7
00413 463 1C(=0O)N(Cc2ccccc2)C[C@H]1C(=0)0O
CHEMBL1 C[C@@H](N[C@@H](CCclcccccl)C(=0)0)C(=0) 2400
00586 464 N1C(=0O)N(Cc2ccccc2)C[C@H]1C(=0)0
CHEMBL4 Cclccc(CSC[C@@H](NC(=0O)[C@H](CS)Cc2ccc3c 3100
30431 465 ccce3c2)C(=0)0)ccl
CHEMBL1 CCOC(=0)C(CCclcceecl)SC(C)C(=0O)N1Cc2ccece 460
907754 466 2C[C@H]1C(=0)0O
CHEMBL3 NCCCC[C@H](OP(=0)(0O)CCCCclcccccl)C(=0O)N 15.85
5419 467 1C[C@@H](O)C[C@H]1C(=0)O
CHEMBL3 NCCCC[C@H](OP(=0)(0O)CCCCclcccccl)C(=0O)N 0.871
3025 468 1C[C@H](O)C[C@H]1C(=0)0O
CHEMBL4 CC(C)C[C@H](S)C(=O)N1C[C@@H](F)C[C@H]1 68000
110944 C(=O)N1CCC[C@H]1C(=O)N1CC[C@@H](C(=0)

469 0)C1
CHEMBL1 O=C(NC(Cclcccccl)C(=0)CCC(=0O)N1CCCCIP(= 100000
0690 470 0)(0)O)clcceecl
CHEMBL3 O=C(NC(CCclcccccl)P(=0)(O)CC(=0O)N1CCC[C 72.44
09798 471 @H]1C(=0)0O)clcceecl
CHEMBL3 O=C(NC(Cclcccccl)CP(=0)(0O)CC(=0O)N1CCC[C 10
10841 472 @H]1C(=0)0O)clcceecl
CHEMBL1 CCCCCCCC[C@H](N[C@@H](C)C(=O)N1C(=0) 1.5
01469 473 N(Cc2ccccc2)C[C@H]1C(=0)0)C(=0)0
CHEMBL4 CC(C)(C)OC(=O)NCCCC[C@H](N[C@H]1CCc2cC 4
0420 474 ccc2N(CC(=0)0)C1=0)C(=0)0O
CHEMBL3 O=C(NC(Cclccc(0)ccl)C(=0)O)C(Ccleccecl)CC( 2400
01703 475 S)Cclcceecl
CHEMBL1 CCOC(=0)C(CCclcccecl)[S+]([O- 220
907752 476 | ])C(C)C(=0)N1C2CCCCC2C[C@H]1C(=0)0O
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CHEMBL1 0O=C(0)C(Cclccc(O)ccl)NC(=0)C(Ccleceecl)C(S) 1600
75110 477 CCclcccecl

CHEMBLA4 0O=C1/C(=N\C(=S)NCc2cc3ccccec3cc20)c2cceec2N1 8.841
163792 478 C(=0)clcccecl

CHEMBLA4 CCOC(=0)C(CCclcccccl)NC(C)C(=O)N1Cc2cccecc 440
12893 479 2CC1C(=0)0CC

CHEMBL1 CC[C@H](N[C@@H](CCclcccecl)C(=0)0)C(=0) 2.3
00826 480 N1C(=0O)N(Cc2ccccc2)C[C@H]1C(=0)O

CHEMBL?2 C[C@H](N[C@H](C(=0)O)[C@H](Cclcceecl)NC( 7.7
112769 481 =0)clcccecl)C(=0)N1ICCCIC@H]1C(=0)0

CHEMBL?2 C[C@H](N[C@@H](C(=0)0)[C@H](Cclccceccl)N 1400
111942 482 C(=0)clcccecl)C(=0)NICCC[C@H]1C(=0)0

CHEMBLA4 COclccc(N2C(=0)/C(=N/C(=S)NCc3cc4cccecacce3 9.82
175518 483 O)c3ccccc32)ccl

CHEMBLA4 O=C1/C(=N\C(=S)NCc2cc3cccce3cc20)c2ccccc2N1 411
160421 484 CCBr

CHEMBL5 COclcc2c(cc1OC)CN(C(=0)C(C)NC(CCclccececcl) 3
8042 485 C(=0)0)C(C(=0)0)C2

CHEMBL?2 C[C@H](C[Si](O)(O)[C@H](Cclcceecl)NC(=0)cl 3.8
097001 486 cceecl)C(=0)N1ICCC[C@H]1C(=0)0

CHEMBL3 C[C@@H](C[Si](O)(O)[C@@H](Cclcceecl)NC(= 72
28814 487 O)clcccecl)C(=0)N1CCC[C@H]1C(=0)0

CHEMBLA4 O=C1/C(=N\C(=S)NCc2cc3ccccec3cc20)c2ccccc2N1 15.11
163798 488 clcceeclCl

CHEMBL2 O=C(N[C@@H](CCclcccccl)CP(=0)(0)CC(=0)N 12
153745 489 1CCC[C@H]1C(=0)O)clcceecl

CHEMBL3 O=C(CCC(=0)C(Cclcccccl)NC(=0)clcccccl)N[C 28
66455 490 @H](Cclcceecl)C(=0)0

CHEMBL3 CC(C)CC(S)CC(=0O)NC(Cclcceecl)C(=0)NC(Cclc 2800
67174 491 cc(0)ccl)C(=0)0

CHEMBL1 CC(C)C(NC(=0)C(Cclcceecl)C(C)S)C(=0)NC(Ccl 1300
76960 492 ccc(0)ccl)C(=0)0

CHEMBL?2 Cclcce(S(=0)(=O)N[C@@H](Cc2cccec2)C(=O)NC 67000
9031 493 C(=0O)N2CCC[C@H]2C(=0)O)ccl

CHEMBLS O=C(N[C@H](CCC(=O)N1CCC[C@H]1C(=0)O)C 2511.89
0503 494 (=0)O)C1CCCN1C(=0)OCclcccecl

CHEMBL3 CCCCCCCCI[C@H](N[C@@H](CC)C(=O)N1C(=0 2.1
28378 495 | )N(Cc2cccec2)C[C@H]1C(=0)0)C(=0)0

CHEMBL?2 NCCCC[C@H](OP(=0)(0O)CCCCclcccccl)C(=0O)N 1.072
84345 496 (CC(=0)0O)clcceccl

CHEMBL3 CN[C@H](C(=O)N[C@@H](Cclcccecl)C(=O)N[C 220
264007 497 @@H](Cclcce(O)ccl)P(=0)(0)0)C(C)C

CHEMBLA4 Cclcee(C(=0O)N2C(=0)/C(=N\C(=S)NCc3cc4ccceeca 24.22
166152 498 cc30)c3ccecc32)ccl

CHEMBL?2 C[C@H](N[C@@H](C[C@H](Cclcccecl)NC(=0)c 3
112768 499 1cceeecl)C(=0)0)C(=0O)N1CCC[C@H]1C(=0)0O
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CHEMBL2 C[C@H](N[C@H](C[C@H](Cclcccecl)NC(=0)clc 4.8
111940 500 ccccl)C(=0)0)C(=0)N1CCC[C@H]1C(=0)O
CHEMBL3 CCOC(=0)[C@H](CCclccececl)N[C@@H](C)C(=0 7900
28847 501 )N1C(=O)N(Cc2cccecc2)C[C@H]1C(=0)0
CHEMBLA4 COclccc(CN2C(=0)/C(=N\C(=S)NCc3ccaccccc4ce 7.64
174072 502 30)c3ccccc32)ccl
CHEMBLY9 O=C(O)[C@H](Cclccc(- 117
3180 c2ccecc2)ccl)NC(=0)[C@H](Cclcceccl)NCP(=0)(

503 0)O
CHEMBL1 COclcec(CC(NC(=0)c2ccecc2)C(=0)CCC(=0)N2C 1.4
73849 504 CC[C@H]2C(=0)O)cc10C
CHEMBL?2 NCCCC[C@H](OP(=0)(0O)CCCCclcccccl)C(=0O)N 0.2951
85935 505 (CC(=0)0O)C1ccececl
CHEMBL5 O=C(CC(S)C(F)(F)F)NC(Cclcccecl)C(=O)NC(Cc1 280
60409 506 ccc(0)ccl)C(=0)0
CHEMBL3 CC[C@H](C)[C@H](NC(C)=0)C(=O)N[C@@H](C 76
264009 507 C(C)C)C(=O)N[C@@H](Cclcce(O)ccl)P(=0)(0)O
CHEMBLA4 CS[C@H]1C[C@@H](C(=0)O)N(C(=0O)[C@H](CC 1.905
33442 508 CCN)OP(=0)(0)CCCCc2ccccc2)Cl
CHEMBL?2 CS[C@@H]1C[C@@H](C(=0)O)N(C(=0)[C@H]( 0.5248
89022 509 CCCCN)OP(=0)(0O)CCCCc2ccccc2)Cl
CHEMBL1 CCC(C)C(NC(=0)C(Cclcceecl)C(C)S)C(=0)NC(C 300
72978 510 clcece(O)ccl)C(=0)0
CHEMBL1 CCCCC(NC(=0)C(Cclcccecl)C(C)S)C(=0O)NC(Ccl 6100
74066 511 ccc(0)ccl)C(=0)0
CHEMBLS C[C@H](CS)C(=0O)N1C[C@@H](NC(=0)C(CS)Cc 696
9547 512 2ccce(-c3ccece3)cc2)C[C@H]1C(=0)0
CHEMBL1 CC(OP(=0)(0O)C(CCclcccccl)NC(=0)cicccecl)C(= 39.81
09178 513 O)N1CCCC1C(=0)0O
CHEMBL3 O=C(O)[C@H](Cclccc(- 385
30507 c2ccecc2)ccl)NC(=0)[C@H](Cclcces1)NCP(=0)(O

514 |)O
CHEMBL?2 NCCCC[C@H](OP(=0)(0O)CCCCclcccccl)C(=0O)N 0.2951
84734 515 1c2ccecc2C[C@H]1C(=0)0
CHEMBL3 CCCCCCCC[C@H](N[C@@H](C)C(=O)N1C(=0) 2200
28811 516 N(Cc2ccccc2)C[C@H]1C(=0)0)C(=0)0CC
CHEMBL3 CN[C@H](C(=O)N[C@@H](Cclccc(O)ccl)C(=0) 54
264008 517 N[C@@H](Cclccc(O)ccl)P(=0)(0)O)C(C)C
CHEMBL?2 NCCCC[C@H](N[C@@H](CCclcccecl)C(=0)0O)C 0.5
95690 518 (=0)N1CC2(C[C@H]1C(=0)0)SCCS2
CHEMBLY9 CclccecclC[C@H](NCP(=0)(0)O)C(=O)N[C@@H 498
1399 519 ](Cclcce(-c2cccec2)ccl)C(=0)0
CHEMBLY9 C[C@H](N[C@@H](Cclccececl)C(=O)N[C@@H]( 44
2126 520 Cclccce(-c2ccecc2)ccl)C(=0)0)P(=0)(0)O
CHEMBL3 C[C@H](clcccecl)[C@H](NCP(=0)(0O)O)C(=0O)N[ 138
29530 521 C@@H](Cclcce(-c2cceec?)ccl)C(=0)0
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CHEMBL4 O=C(O)CN1C(=0O)[C@@H](N[C@@H](CCCCNC( 13
32689 522 =0)0OCc2ccccc2)C(=0)0)CCc2ccccc2l
CHEMBL3 CCOC(=O)[C@H](CCclccceccl)N[C@@H](C)C(=0 90000
350318 523 | )N1Cc2cc(OC)c(OC)cc2C[C@@H]1C(=0)0
CHEMBL2 CCOC(=0)[C@@H](CCclccceccl)N[C@@H](C)C( 1100
115075 524 =0)N1Cc2cc(OC)c(OC)cc2C[C@H]1C(=0)0
CHEMBL1 CCOC(=0O)[C@H](CCclccceccl)N[C@@H](C)C(=0 2.6
165 525 )JN1Cc2cc(OC)c(OC)cc2C[C@H]1C(=0)0
CHEMBL1 CC(NC(C(=0)0)C1CCCNI1C(=0O)NC(Cc1ccecel)C( 54
36312 526 =0)O)C(=0)N1CCCC1C(=0)O
CHEMBLA4 NCCCCC(NC(=0)OCclcccecl)C(=O)N[C@H](CC 12.02
20391 527 C(=O)N1CCC[C@H]1C(=0)0)C(=0)O
CHEMBLY9 COclccccclC[C@H](NCP(=0)(0)O)C(=O)N[C@@ 160
3785 528 H](Cclcce(-c2cceec2)ccl)C(=0)0
CHEMBL1 O=C(NC(Cclccencl)C(=0)CCC(=0O)N1CCC[C@H] 15
72015 529 1C(=0)OCclccececl)cleccecl
CHEMBL3 NCCCC[C@H](OP(=0)(0O)CCCCclcccccl)C(=0O)N 0.1318
5309 530 1C[C@@H](c2cccec2)C[C@H]1C(=0)0
CHEMBL?2 NCCCC[C@H](OP(=0)(0O)CCCCclcccccl)C(=0O)N 338.84
84272 531 1C[C@H](c2cccec2)C[C@H]1C(=0)0
CHEMBL3 O=C(O)[C@H](Cclccc(- 473
29464 c2ccecc2)ccl)NC(=0)[C@H](Cclcec(Cl)ccl)NCP(=

532 0)(0)O
CHEMBLS C[C@H](NC(CCC(=0O)Ncicce(l)cecl)C(=0)0)C(=0 0.2291
0665 533 | )NICCC[C@H]1C(=0)O
CHEMBL1 CC(NC(CCC(=0O)Nclcce(l)eecl)C(=0)O)C(=O)N1C 0.7943
10925 534 CCC1C(=0)O
CHEMBL3 CC[C@H](C)[C@H](NC(C)=0O)C(=O)N[C@@H](C 7
264010 clceceecl)C(=O)N[C@@H](Cclcec(O)ccl)P(=0)(0)

535 O
CHEMBL4 Cclcee(S(=0)(=0O)N(C)NC(=0O)C2C[C@@H](S)CN 14600
25383 536 2S(=0)(=0)c2ccc3ccccc3c2)ccl
CHEMBL3 NCCCC[C@H](OP(=0)(0)CCCCclcccecl)C(=0O)N 0.1148
5561 537 (CC(=0)0)clcec2c(c1)0C02
CHEMBL?2 NCCCC[C@H](OP(=0)(0O)CCCCclcccccl)C(=0O)N 3.236
87518 538 1C[C@H](C2CCCCC2)C[C@H]1C(=0)O
CHEMBL?2 NCCCC[C@H](OP(=0)(0O)CCCCclcccccl)C(=0O)N 0.4898
86339 539 1C[C@@H](C2CCCCC2)C[C@H]1C(=0)O
CHEMBL4 CCOC(=0O)[C@H](CCclccececcl)N[C@@H](CCCC 200
15881 540 N)C(=O)N1CC2(C[C@H]1C(=0)O)SCCS2
CHEMBL2 O=C(O)[C@@H](O)CN(Cclccc2e(cl)Cclecececl- 150
56895 541 2)C(=O)N[C@@H](Cclccc2cccec2cl)C(=0)0
CHEMBL?2 CCOC(=0O)[C@H](CCCCNC(=0)OCclccceccl)N[C 15
89618 542 @H]1CCc2ccccc2N(CC(=0)0O)C1=0
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CHEMBL3 O=C(O)[C@H](Cclccce(- 147
28463 c2ccccc2)ccl)NC(=0)[C@H](Ccleeec2c(cl)OCO2)N

543 CP(=0)(0)O
CHEMBL3 C[C@H](OCclcccecl)[C@H](NCP(=0)(0)O)C(=0 656
66503 544 IN[C@@H](Cclcce(-c2cceec2)ccl)C(=0)0
CHEMBL6 CCOC(=0)C(CCclcceecl)NC(C)C(=0O)N1Cc2cc(O 520
0702 545 C)c(0C)cc2CC1C(=0)0OCC
CHEMBL1 CclccecclC(=0O)NC(Cclcccecl)C(=0)CCC(=0)N1 1600
76729 546 CCC[C@H]1C(=0)OCclcccecl
CHEMBL4 CCCCCCCIC@H](N)[C@H](O)C(=O)N(O)[C@@ 31000
161811 H](CC[S+](C)[O-

547 ]))C(=O)N[C@@H](Cclccc(O)ccl)C(=0)0O
CHEMBL1 O=C(NC(Cclccc(OCc2cccec2)ccl)C(=0)CCC(=0) 10
72801 548 N1CCC[C@H]1C(=0)O)clcccccl
CHEMBLY7 O=C(N[C@H](CCC(=O)N1[C@H](C(=0)O)C[C@ 15.14
8353 @H]2CCCC[C@@H]21)C(=0)O)C1CCCN1C(=0)

549 OCclcccececl
CHEMBL?2 NCCCC[C@H](OP(=0)(0O)CCCCclcccecl)C(=0O)N 0.8913
84843 550 1C[C@@H](Cc2ccececc2) C[C@H]1C(=0)0
CHEMBL3 NCCCC[C@H](OP(=0)(0O)CCCCclcccecl)C(=0O)N 0.631
4650 551 1CC2(C[C@H]1C(=0)O)SCCS2
CHEMBLY9 O=C(O)[C@H](Cclccc(- 53
2326 c2ccccc2)ccl)NC(=0)[C@H](Cclcecc2ceecec2cl)NC

552 P(=0)(0)O
CHEMBLA4 CSC1(SC)C[C@@H](C(=0)O)N(C(=0O)[C@H](CC 2.57
45561 553 CCN)OP(=0)(0O)CCCCc2ccccc2)C1
CHEMBL1 CC[C@H](C)[C@H](NC(C)=0)C(=O)N[C@@H](C 11
233799 clcee(O)ecl)C(=O)N[C@@H](Cclcce(O)ccl)P(=0)

554 (0)O
CHEMBL3 COclccc(N(CC(=0)0)C(=0)[C@H](CCCCN)OP(= 0.2884
5682 555 0)(0)CCCCc2ccccc2)cclOC
CHEMBL2 O=Cl1c2ccccc2- 39
58130 c2ccc(CN(C[C@H](0)C(=0)O)C(=O)N[C@@H](C

556 c3cccdcccccdc3)C(=0)0)cc2l
CHEMBL1 COC(=0)clcccccINC(=0O)CN(C)C(=O)CIC[C@@ 36600
77000 557 H](S)CN1S(=0)(=0)clccc2ccecc2cel
CHEMBLS C[C@H](N[C@@H](CCclcccccl)C(=0)0)C(=0O)N 253
8328 1C[C@H](NC(=0)C(CS)Cc2ccccc2)C[C@H]1C(=0

558 |)O
CHEMBL3 C[C@H](N[C@@H](CCclcccecl)C(=0)O)C(=0O)N 42
12918 1C[C@@H](NC(=0)C(CS)Cc2ccccc2)C[C@H]1C(

559 =0)0
CHEMBL4 CC(C)CC(NP(=0)(O)OC10C(C)C(O)C(O)Cc10)C(= 5.012
1289 560 O)NC(Cclc[nH]c2cceecl12)C(=0)0
CHEMBL4 NCCCC[C@H](OP(=0)(0O)CCCCclcccccl)C(=0O)N 0.7762
31707 561 1C[C@H](Sc2ccecc2)C[C@H]1C(=0)0
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CHEMBL3 NCCCC[C@H](OP(=0)(0O)CCCCclcccecl)C(=0O)N 0.5248
4832 562 1C[C@@H](Sc2ccecec2) C[C@H]1C(=0)0
CHEMBL3 NCCCCC(NC(=0)OCclcceccl)C(=O)N[C@H](CC 2511.89
10624 563 C(=0O)N1c2ccccc2C[C@H]1C(=0)O)C(=0)0
CHEMBL3 C[C@H](N[C@@H](CCclcccecl)C(=0)0)C(=O)N 43
29801 1C[C@@H](NC(=O)NC(CS)Cc2ccccc2)C[C@H]1C

564 (=0)O
CHEMBLA4 C[C@H](N[C@@H](CCclcccecl)C(=0)0)C(=0O)N 506
22419 1C[C@H](OC(=0O)NC(CS)Cc2ccccc2)C[C@H]1C(=

565 0)O
CHEMBL4 O=C(O)[C@H](Cclccce(- 414
18959 c2ccccc2)ccl)NC(=0)[C@H](Cclccec(-

566 c2ccecc2)ccl)NCP(=0)(0)0
CHEMBL3 NCCCCC(NC(=0)OCclcceccl)C(=O)N[C@H](CC 3.467
11757 C(=O)N1[C@H](C(=0)O)C[C@@H]2CCCC[C@@

567 H]21)C(=0)0O
CHEMBL3 O=C(CCC(=0)C(Cclcccccl)NC(=0)clececcl)NC( 180
69590 568 Cclcceecl)C(=0)OCclccecccl
CHEMBL3 CCC(=0)0[C@@H](O[P@](=0O)(CCCCclcccecl)C 1
039598 C(=O)N1C[C@H](C2CCCCC2)C[C@H]1C(=0)0)

569 C(C)C
CHEMBL2 O=C1c2ccccc2C(=0)c2cc(CN(C[C@H](0)C(=0)0) 40
73140 570 C(=O)N[C@@H](Cc3cccacceecac3)C(=0)0)ccc2l
CHEMBL2 O=C(O)[C@@H](O)CN(CCN1C(=0)c2ccce3ccecc(c 1980
71718 23)C1=0)C(=O)N[C@@H](Cclccc2cceec2cl)C(=0

571 |)O
CHEMBL2 C[C@H](NC(=0)[C@H](Cclccceccl)NC(=0O)[C@H 50
370850 J(CCCCN)NC(=0)[C@@H]1CCC(=0O)N1)C(=O)N1

572 CCC[C@H]1C(=0)O
CHEMBLY7 O=C(NC(Cclcccccl)C(=O)N[C@H](CCC(=O)N1c2 0.2512
8629 573 cccec2C[C@H]1C(=0)0O)C(=0)0)OCclccccecl
CHEMBL4 C[C@H](N[C@@H](CCclcccecl)C(=0)O)C(=0O)N 158
067185 1C[C@@H](NC(=O)C[C@H](N)Cc2cc(F)c(F)cc2F)

574 C[C@H]1C(=0)O
CHEMBL3 CC(C)(C)OC(=0)[C@@H]1CCCN1C(=0)CCC(=0) 8600
69809 575 C(Cclccc(OCc2cceec2)ccl)NC(=0)cleccecl
CHEMBL5 CCOC(=0)C(CCclccececcl)NC(C)C(=O)N1Cc2cc(O 300
8340 576 C)c(OC)cc2CCLC(=0)OCclccececl
CHEMBLA4 CC[C@H](N[C@@H](CCclcceecl)C(=0)0)C(=0) 8.6
086264 N1C[C@@H](NC(=O)C[C@H](N)Cc2cc(F)c(F)cc2

577 F)C[C@H]1C(=0)O
CHEMBL4 CC(NC(C(=0)0O)C1CCCNIC(=0O)NC(CCCCN)C(= 8.5
34617 578 O)N1C(=0)CCC1C(=0)0)C(=0)N1CCCC1C(=0)O
CHEMBLA4 CCC[C@H](N[C@@H](CCclcccecl)C(=0)0O)C(=0 51
078112 INIC[C@@H](NC(=O)C[C@H](N)Cc2cc(F)c(F)cc2

579 F)C[C@H]1C(=0)O
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CHEMBL2 C[C@H](NC(=0O)[C@H](Cclc[nH]c2cccccl2)NC(= 730
64538 O)[C@H](CCCCN)NC(=0O)[C@@H]1CCC(=0O)N1)
580 C(=O)N1CCC[C@H]1C(=0)O
CHEMBL1 O=C(NC(Cclccc(OCc2cccec2)ccl)C(=0)CCC(=0) 86
72356 581 N1CCC[C@H]1C(=0)OCclcccecl)cleccecl
CHEMBL4 CCCCI[C@H](N[C@@H](CCclcccecl)C(=0)0)C(= 279
090635 O)N1C[C@@H](NC(=O)C[C@H](N)Cc2cc(F)c(F)c
582 c2F)C[C@H]1C(=0)O
CHEMBL3 C[C@H](NC(=O)[C@H](Cclc[nH]c2cceec12)NC(= 60
27401 O)[C@H](CCCCN)NC(=O)[C@@H](N)CCC(=0)O
583 | )C(=0)N1CCC[C@H]1C(=0)O
CHEMBL4 O=C(O[C@@H]10[C@@H]2COC(=0)c3cc(0)c(0) 3700000
49392 c(O)c3-
c3c(cc(0)c(0)c30)C(=0)O[C@H]([C@H]10)[C@
584 @H]20)clcc(0)c(O)c(O)cl
CHEMBL?2 NCCCCC(NC(=0)C1CCC1)C(=O)NC(Cclcceccl)C 7
74550 585 (=0)CCC(=0)N1CCCC1C(=0)0.0=C(O)C(F)(F)F
CHEMBL?2 CC(NC(C(=0)O)C1CCCN1C(=0O)NC(Cclccceel)C( 2.9
63460 =O)NC(Cclccececl)C(=0)0)C(=0)N1CCCCLC(=0)
586 O
CHEMBL1 CC(CC(=0)C(Cclcccccl)NC(=0)C(CCCCN)NC(= 3
0521 O)C1CCC1)C(=0)N1CCCC1C(=0)0.0=C(O)C(F)(
587 F)F
CHEMBL?2 NCCCCC(NC(=0)C1CCC1)C(=O)NC(Cclcceccl)C 11
75702 (=0)CCC(=0)N1CCCC1C(=0)NO.O=C(O)C(F)(F)
588 F
CHEMBLA4 CS(=0)(=0O)N[C@@H](CCCCN)C(=O)N[C@@H]( 2.5
3370 Cclcceecl)P(=0)(O)CCL(C(=O)N[C@@H](Cc2c[n
589 H]c3ccccc23)C(=0)0)CCCC1L
CHEMBLA4 O=C(N[C@H]1CCS[C@H]2CCC[C@@H](C(=0)O 2200
294217 JN2C1=0)[C@H](Cclccccel)SS[C@@H](Ccleccece
1)C(=O)N[C@H]1CCS[C@H]2CCC[C@@H](C(=0
590 |)O)N2C1=0
CHEMBL5 O=C10O[C@H]2[C@@H]30C(=0)c4cc(0)c(0)c(0) 400000
06069 c4-
c4c(cc(0)c(0)c40)C(=0)OC[C@H]20[C@@H](O
C(=0)c2cc(0)c(0)c(0)c2)[C@@H]30C(=0)c2cc(O
)c(0)c3c2[C@@H]2C1=CC(=0)[C@](0)(03)C2(0)
591 O
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