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Riassunto esteso in italiano 

Il fattore di trascrizione eIF4E è fondamentale per molti processi fisiologici, 

ma la sua sovrapproduzione è stata collegata a diverse malattie come il cancro 

e patologie connesse allo spettro dell’autismo. Per questo motivo diversi gruppi 

di ricerca nel hanno sviluppando inibitori di diversa natura per bloccare questa 

proteina. Una delle molecole più promettenti da questo punto di vista è il 4EGI. 

Il nostro gruppo di ricerca guidato dal Prof. Daniele Di Marino in 

collaborazione con un altro gruppo di ricerca dell’Università Federico II di 

Napoli, guidato dal Prof. Francesco Saverio Di Leva, stanno svilupppando una 

serie di analoghi per migliorare l’attività farmacologica del 4EGI. Per far ciò 

una comprensione approfondita del legame tra 4EGI e eIF4E è essenziale.  

 

Il complesso eIF4E-4EGI è stato cristallizzato nel 2014 (PDB id 4TPW), ma la 

caratterizzazione dinamica dell’interazione tra il ligando e la proteina  non è 

mai stata eseguita. Nel 2021 un altro cristallo della struttura dell’eIF4E legato 

ad un’altra molecola è stato rilasciato (PDB id 7MEU). Nel nuovo cristallo la 

proteina eIF4E è stata cocristallizzata con  una molecola che ha una struttura 

chimica simile al 4EGI (bifenile). A causa della similarità delle due molecole 

entrambi i binding mode potrebbero essere possibili e proprio per questo 
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motivo è necessario un esame approfondito della dinamica dei due complessi 

per comprendere quale sia il binding mode preferenziale.  

Inoltre,  negli ultimi anni diversi esperimenti volti a caratterizzare l’attività del 

4EGI sono stati effettuati e sono sorti alcuni dubbi riguardo alla struttura del 

complesso  descritta dal cristallo 4TPW. 

Al fine di semplificare questo scenario poco chiaro, diverse simulazioni di 

dinamica molecolare classica sono state portate avanti; infatti, in 

collaborazione con Vincendo Maria D’Amore, studente di dottorato presso 

l’università di Napoli, sono stati effettuati 2μs di simulazione di diversi sistemi: 

l’eIF4E non legato a nessuna proteina (PDB ID 1IPC), l’eIF4E legato al 4EGI 

(PDB ID 4TPW), l’eIF4E legato al bifenile (PDB ID 7MEU), il 4EGI dockato 

nella tasca di legame del bifenile.  

 

In questa tesi sono presentati 2μs della simulazione di dinamica molecolare 

effettuata sul complesso eIF4E-4EGI considerando il binding mode proposto 

nel cristallo pubblicato nel 2014. 

 

Dall’analisi dell’RMSD è emerso che la proteina risulta stabile nel tempo 

mentre il ligando (4EGI)  tende a fluttuare molto perdendo rapidamente il 

binding mode descritto nel cristallo. 
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Successivamente è stata effettuata un’analisi sul movimento dei centri di massa 

del ligando che ha permesso di sottolineare ancora come la molecola si muova 

nel tempo allontanandosi prima dalla tasca di legame e successivamente 

riavvicinandosi, senza tornare però alla posizione iniziale. Dall’analisi dei 

contatti del ligando rispetto alla proteina si nota ulteriormente come i contatti 

alla fine della simulazione vadano ad aumentare e non a diminuire 

confermando un ampio riarrangiamento del binding mode. Le ultime due 

analisi effettuate per confermare questo comportamento sono state la 

valutazione della distanza del ligando dalla tasca di legame, dove si vede come 

la molecola si allontani per poi riavvicinarsi, e l’RMSF dei residui, che mostra 

un’alta fluttuazione dei residui della tasca di legame.  

In fine sono state effettuate una cluster analisi, che mostra in successione le 

diverse pose acquisite dal ligando nel corso della simulazione, e un’analisi delle 

cavità che si genera intorno al ligando. Queste due analisi ci consentono di 

apprezzare in modo chiaro e diretto l’ampio riarrangiamento della posizione 

del ligando rispetto alla proteina con la conseguente formazione di una nuova 

tasca di legame all’interno della proteina. 

 

Altri studi saranno necessari sia sperimentali che teorici  per confermare i dati 

ottenuti fino ad ora ma è possibile affermare che i risultati emersi da questo 
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lavoro forniscono un nuovo punto di vista nella valutazione del binding 4EGI 

all’interno della cavità di legame della proteina eIF4E. 
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1. INTRODUCTION 

1.1 Summary of the thesis 

The translational initiation factor eIF4E is fundamental for several human 

physiological processes, but its up-regulation has been linked to a plethora of 

diseases, such as cancer and neurological disease of autism spectrum disorders.  

Due to its importance, different kind of inhibitors are being developed (small 

molecules, miRNA, peptides etc,) from different research group. One of the 

most promising small molecules is 4EGI.  

 

Our research group, led by Prof. Daniele Di Marino in collaboration with a 

research group from University Federico II of Naples, led by Prof. Francesco 

Saverio Di Leva, are developing a bunch of analogs molecules to improve the 

4EGI pharmacological activity. To do this a deep understanding of the binding 

mode of the lead compound (i.e., 4EGI) is crucial.  

 

The eIF4E-4EGI complex was crystalized in 2014 (PDB id 4TPW), but its 

structural and dynamical features were never examined. In 2021 a different 

crystal structure of eIF4E bound to another small molecule was released (PDB 

id 7MEU). The new ligand in the 7MEU structure is biphenyl, and it has a 

chemical structure similar to 4EGI. Due to the similarity between the two 
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molecules both binding modes could be possible and, for this reason, a deep 

investigation of the dynamic of the complex is necessary.  

 

In the last years several experiments have been performed on 4EGI and eIF4E, 

and some concerns have been raised on the stability of the binding mode 

observed in the crystal structure deposited in 2014.  

To unveil these concenters different molecular dynamics (MD) simulations  

have been carried out. 2μs of classical MD simulation of: I) eIF4E protein in 

the unbound conformation (PDB id 1IPC); II) eIF4E-4EGI complex (PDB ID 

4TPW); III) eIF4E-biphenyl complex  (PDB ID 7MEU); IV) eIF4E-4EGI bind 

complex in which the 4EGI molecule was docked into the biphenyl binding 

pocket. 

 

In this thesis is presented only the 2μs of MD simulation performed on the 

eIF4E-4EGI complex crystalized in 2014. 

 

All the analyses performed point out that the 4EGI binding mode in the 4TPW 

crystal structure published in 2014 is highly unstable rearranging its binding in 

a new orientation. The new binding mode of 4EGI observed thanks to the 

extensive MD simulation mimics the biphenyl binding mode observed in the 
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7MEU structure crystallized in 2021. Other experimental and theroetical 

studies are necessary  to confirm these preliminary data  but the results reported 

in this thesis give a new point of view in the evaluation of the binding between 

4EGI and eIF4E. 

 

1.2 eIF4E, why is it important? 

eIF4E stands for: Eukaryotic translation initiation factor 4E. It is one of the 

components of the eIF4F complex that is crucial for cap-dependent translation 

in cells. eIF4E recognizes and binds the 7-methylguanosine mRNA cap during 

an early stage of the initiation of protein synthesis. Moreover, it represents the 

quantitatively limiting factor, and consequently, it strongly influences the 

translation initiation rates (Duncan et al., 1987; Hiremath et al., 1985).    

 

In mammals, eIF4E is a 25 kDa protein that has been identified by affinity 

chromatography (Sonenberg et al., 1979). It is 217 amino acids long and it 

localizes in the nucleus (Dostie et al., 2000), in the cytoplasm (Dostie et al., 

2000; Shih et al., 2012), P-bodies (Ferraiuolo et al., 2005; James et al., 2010; 

Kamenska et al., 2014; Martínez et al., 2015) and in stress granules (Shih et al., 

2012).  
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The role of eIF4E in protein synthesis 

Gene expression involves the transcription of the genetic information encoded 

in the DNA into messenger RNAs (mRNAs), followed by translation of the 

mRNA into a polypeptide sequence (Figure 1). The translation process can be 

divided into four phases: initiation, elongation, termination, and ribosome 

recycling. Translation can be cap-dependent or cap-independent. Cap-

dependent translation requires the assembly of the eukaryotic Initiation Factor 

4F (eIF4F) complex and its binding to the mRNA 5’-cap, followed by the 

formation of the 43S preinitiation complex (43S PIC). The 43S PIC consists of 

the small ribosomal subunit 40S, eukaryotic translation initiation factors eIF1, 

eIF1A, eIF3, eIF5 and the eIF2-GTP-Met-tRNAi ternary complex (Merrick & 

Pavitt, 2018). The eIF4F complex then recruits the 43S PIC on the mRNA, 

leading to the formation of the 48S translation initiation complex (48S IC). The 

48S complex, the structure of which has been recently resolved (Querido et al., 

2020), scans the mRNA in the 5’-3’ direction until a start codon is found.  

 

eIF4F is a heterotrimeric complex composed by eIF4E, the DEAD-box helicase 

eIF4A and eIF4G (Santini & Klann, 2014). All eIF4G proteins bind eIF4E 

through a motif of sequence Y(X)4LF, where X is variable and F is 

hydrophobic (Altmann et al., 1997; Mader et al., 1995). Although the Y(X)4LF 
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motif may not be sufficient for full affinity binding of mammalian eIF4G to 

eIF4E, the fact that mutations in this sequence can abrogate binding indicates 

that it is necessary for this protein-protein interaction (Mader et al., 1995). 

 

The role of eIF4E is crucial for the translation of the so called “weak” mRNA. 

Indeed, under normal conditions, different mRNA species compete for the 

access to the eIF4F complex, which is limited by the availability of eIF4E (less 

than 0.1% of total proteins, the relative abundance of the different components 

can be read in the table below). “Strong” mRNAs have unstructured 5’ 

untranslated regions (5’-UTRs), and typically code for housekeeping genes, 

such as β-actin; these genes are efficiently translated even when the eIF4E 

levels are low (de Benedetti & Graff, 2004). On the other hand, “weak” mRNAs 

Figure 1. The cap-binding protein eIF4E is released by 4E-BPs as a result of its 
phosphorylation by mTORC1, allowing eIF4F complex formation and thus permitting 
translation of eIF4E-sensitive mRNAs. (Romagnoli et al., 2021) 
 



 6 

have structured 5’-UTRs and code for proto-oncogenes and growth regulatory 

proteins; weak mRNAs are more sensitive to eIF4E levels (de Benedetti & 

Graff, 2004). 

Table 1. Abundance of translation factors related to ribosomes measured in HeLa cells, rabbit reticulocytes and wheat 

germ. Ribosome concentrations in eukaryotic cells are in the order of 1 mM. 

Factor Factor/ribosome ratio 

eIF4A 3-5 copies 

eIF2, 3 and 4B 0.2-1 copies 

eIF2B, 4E and 5 0.01 – 0.1 copies 

 

eIF4E is also involved in the balance of the detention/degradation of specific 

mRNAs (Parker & Sheth, 2007; Ross Buchan, 2014). This is confirmed by its 

nuclear localization in the P-bodies (processing bodies), which promote 

translational repression (Cohen et al., 2001; Lejbkowicz et al., 1992; Parker & 

Sheth, 2007; Ross Buchan, 2014; Rousseau et al., 1996). 
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Structural characteristics of eIF4E 

The structure of eIF4E (Tomoo et al., 2002). consists of eight antiparallel beta-

strand, three main alfa-helix (H3, H6, H8), six other small helix and loops.  

Three main parts of eIF4E can be distinguished (Figure 3): 

- The ventral surface, where the cap-binding site is located. The interaction 

between eIF4E and the cap is primarily determined by the formation of 

cation-p bond stacking interactions between the 7-methylguanine, and 

two conserved tryptophanes located within the cap-binding pocket (Trp-

56 and Trp-102 in human eIF4E-1). This interaction is also stabilized by 

a hydrogen bond network involving a conserved glutamate residue (Glu 

103), the N1 and N2 atoms of the 7-methylguanine (Monzingo et al., 

2007; Tomoo et al., 2002) and several positively charged residues (Arg 

Figure 2. Crystal structure of eIF4E corresponding to the PDB code 1IPB. The protein is colored following the 
succession of residues, starting from blue N-terminal and ending with the red C-terminal. 
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157, Lys 159 and Lys 162) located in the β5-β6 loop, which interact with 

the α- and β-phosphate oxygen atoms of the cap. 

- The dorsal surface (Figure 3, blue), where the binding site of the 4E-BPs 

(eIF4E Binding Proteins) and eIF4G is located (Marcotrigiano et al., 

1997). eIF4G and 4E-BPs contain the consensus binding sequence 

YXXXXLΦ (where X is any residue and Φ is any hydrophobic amino 

acid) that adopts a conserved α-helical fold (Mader et al., 1995; 

Marcotrigiano et al., 1997, 1999). The interactions between eIF4E and 

the C:4E-BM (Consensus: eIF4E – Binding Motif) are particularly 

conserved: the hydroxyl group of the tyrosine side chain forms a 

hydrogen bond with the carboxyl oxygen of the proline within the 

backbone of the His-Pro-Leu conserved motif in elF4E and establishes 

van der Waals interactions with a valine of eIF4E. Moreover, the 

conserved residues (Val 69, Trp 73 and Leu 131) located on the dorsal 

surface of eIF4E are in contact with the hydrophobic amino acids of 

C:4E-BM (LΦ) at the C-terminus (Romagnoli et al., 2021). This 

consensus sequence can be extended with other conserved residues that 

contribute to the binding of eIF4E hiding hydrophobic surface areas: 

YX(R/K)X2LΦX2(R/K/Q) (Grüner et al., 2016; Lama et al., 2013, 2019; 

Peter et al., 2015). Another residue of eIF4E that is important in this 
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binding site is Glu 132, that makes a salt bridge with the arginine/lysine 

in position 3. 

- The lateral surface, in this region the binding site of the non-canonical 

binding motif of 4E-BPs is located. The affinity of 4E-BPs and eIF4G 

for eIF4E is strictly linked to this motif (Igreja et al., 2014), which 

interacts with a group of conserved amino acids on the lateral surface of 

eIF4E: Phe47, Ile63, Ile79.  

 

 

 

Figure 3. eIF4E (PDB: 1IPB), differentiation in regions, with details of residue that interact in the binding 
of cap and proteins. red: ventral surface, blue: dorsal surface, green: lateral surface. 
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Regulation 

eIF4E Binding Proteins (4E-BPs) 

4E-BP1, 4E-BP2 and 4E-BP3 are the main regulators of eIF4E activity, which 

are encoded by three eIF4E-BP genes, located on human chromosomes 8, 10 

and 5, respectively. These proteins are functionally similar but have different 

localization. 4E-BP1 is expressed ubiquitously but mainly in adipose tissues 

and pancreas (Tsukiyama-Kohara et al., 2001). 4E-BP2 is crucial in the 

regulation of the nervous system, indeed knock-out mouse model displays 

autistic-likes behaviors (Banko et al., 2005; Gkogkas et al., 2013; Wiebe et al., 

2019). 4E-BP3 is highest in skeletal muscle, heart, kidney, and pancreas, 

whereas there is a little expression in brain and thymus (Poulin et al., 1998).  

4E-BPs share the eIF4E canonical biding motif (C:4E-BM with eIF4G and thus 

can inhibit the binding of eIF4E to eIF4G in a competitive manner (Modrak-

Wojcik et al., 2013). The C:4E-BM folds in an α-helix structure interacting 

with the residues conserved in the dorsal surface. In addition to the consensus 

motif, two other sequences play a key role in the interaction with eIF4E: a non-

canonical motif (NC:4E-BM) that binds the lateral surface of eIF4E and a linker 

region, which connects the two binding motifs (Grüner et al., 2016). These two 

sequences increase the affinity for eIF4E and confer a competitive advantage 

compared to eIF4G (Igreja et al., 2014; Kinkelin et al., 2012). 
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4E-BPs are regulated via phosphorylation: when these proteins are 

phosphorylated, they are not able to bind eIF4E, which is then free to bind 

eIF4G.  

The phosphorylation of 4E-BPs is induced by the activation of the mTOR 

pathway, which is a part of PI3K/AKT/mTOR axis, in response to different 

stimuli: hormones (e.g., insulin), growth factors and amino acids (Gingras et 

al., 2001; Kimball, 2001). The serine/threonine kinase mTOR regulates most 

of the cellular processes, and in particular protein synthesis (Caron et al., 2010; 

Hay & Sonenberg, 2004; Laplante & Sabatini, 2012). 

There are at least seven phosphorylation sites in 4E-BP1 and 4E-BP2, four of 

which (Thr-37, Thr-46, Ser-65 and Thr-70) are regulated by the mTOR 

pathway (Gingras et al., 2001; Heesom et al., 2001; X. Wang et al., 2005). 

It has been reported that phosphorylation of T37 and T46 of 4E-BP2 induces 

folding of the protein into a four β-strand folded domain that sequesters the 

eIF4E binding motif (Bah et al., 2015).  

Notably, dysregulation of the eIF4E/4E-BPs interaction is a common feature of 

numerous diseases, such as cancer, neuropsychiatric and neurodevelopmental 

disorders (Amorim et al., 2018; Pelletier et al., 2015). 
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An interesting member of the family of the 4E-BPs is CYFIP1, which is largely 

studied for its importance in the Fragile-X syndrome, because it forms a 

trimeric complex with FMRP and eIF4E, which sequesters eIF4E (DeRubeis et 

al., 2013; Napoli et al., 2008). Moreover, it is involved in other neurological 

disorders like schizophrenia (SCZ) and autism (Amorim et al., 2018).  

 

A number of 4E-BPs do not harbor the C:4E-BM and NC:4E-BM motifs, but 

interact with eIF4E in different regions: examples are the proteins containing 

the Really Interesting New Gene (RING) domain (such as the promyelocytic 

leukemia protein and the arenaviral Z proteins) (Kentsis et al., 2001; Volpon et 

al., 2010), and a small group of viral proteins that interact through a non-

conserved motif (German-Retana et al., 2008; Michon et al., 2006). 

 

Ubiquitination  

When eIF4E is ubiquitinated by Chip (heat shock cognate protein 70-

interacting protein) an ubiquitin E3 ligase, but the all the protein involved 

remain unclear (Murata & Shimotohno, 2006). After the ubiquitination it can 

bind the cap, but noteIF4G, moreover it is possible to observe a reduction of 

phosphorylation (Murata & Shimotohno, 2006; Othumpangat et al., 2005). 

Interestingly, degradation of eIF4E is inhibited by 4E-BPs (Murata & 
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Shimotohno, 2006). Additionally, it has been demonstrated that the interaction 

of eIF4E with Hsp27 (heat shock protein 27; another regulator of eIF4E) 

decreases its ubiquitination/degradation (Andrieu et al., 2010). 

 

 

eIF4E significance in disease: cancer and neurological diseases 

eIF4E is a key factor in several disease: indeed, translation of weak mRNAs is 

highly dependent on eIF4E levels; overexpression of eIF4E (Avdulov et al., 

2004; Lazaris-Karatzas et al., 1990) can induce malignant transformation in 

mammalian cells and is implied in the changing of the synaptic plasticity in the 

central nervous system (Buffington et al., 2014; Hsieh & Ruggero, 2010). 

Examples of neurological conditions linked to eIF4E are: Fragile X-syndrome 

(FXS), schizophrenia and, more in general, the pathologies belonging to the 

Autism Spectrum Disorders (ASD) (Amorim et al., 2018; Gkogkas et al., 

2013).  

 

Cancer 

The overexpression or the dysregulation of eIF4E causes a rapid development 

of different types of cancer (Bhat et al., 2015; Siddiqui & Sonenberg, 2015) 

such as lung, bladder, colon, prostate, breast, head and neck cancer (Bhat et al., 
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2015; Carroll & Borden, 2013; Chu et al., 2016; de Benedetti & Graff, 2004; 

Siddiqui & Sonenberg, 2015).“Weak” mRNAs code for molecules such 

cytokines and growth factors that have antiapoptotic and/or mitogenetic 

activity, and their altered expression is linked to malignant transformation 

(Borden & Culjkovic, 2009).  

eIF4E not only promotes the export of mRNA encoding proteins required for 

cell cycle (Culjkovic et al., 2007), but also inhibits programmed cell death. 

Indeed, the activation of eIF4E and MYC promotes oncogenesis through the 

activation of anti-apoptotic proteins such as Bcl-xL (B-cell lymphoma-

extralarge) (Li et al., 2003), reducing RAS-induced autophagy (Elgendy et al., 

2011).  

The up-regulated expression of eIF4E has a critical role in the export of mRNAs 

related to malignancy, including mRNAs encoding cyclin D1, ODC (ornithine 

decarboxylase) (Rousseau et al., 1996), and survivin. Indeed, elevated eIF4E 

levels lead to an increase of the nucleocytoplasmic transport of these mRNAs 

and enhance their recruitment on ribosomes (de Benedetti & Graff, 2004). 

 

 

 

 



 15 

Neurological disease: focus on fragile X syndrome  

eIF4E has a central role in neurodegenerative disease such as Alzheimer, 

pathological processes such as Wolcotte-Rallison syndrome and fragile X 

syndrome (Couturier et al., 2010; de Rubeis & Bagni, 2011; Donzé et al., 1995).  

Fragile X syndrome is caused by the absence of the fragile X mental retardation 

protein (FMRP), which leadsto a deficit in synapse maturation and the 

consequentmental retardation. FMRP is an RNA-binding protein with roles in 

mRNA localization, translation (Bagni & Greenough, 2005), and stability 

(Zalfa et al., 2007; Zhang et al., 2007). Claudia Bagni et. al in 2008 

demonstrated that FMRP-mediated repression of translation requires an 

interaction with Cytoplasmic FMRP Interacting Protein CYFIP1 also known 

as Sra-1, which also binds the cap-binding factor eIF4E. According to their 

model, FMRP recruits CYFIP1 to mRNAs (Napoli et al., 2008). 

 The CYFIP1 region that interacts with eIF4E adopts the same “reverse L-

shape” typical of the canonical eIF4E binding Motif (Marcotrigiano et al., 

1999).  The interaction between eIF4E and CYFIP1 has been intensively 

studied in vitro (Napoli et al., 2008) as well as in silico via molecular dynamics 

approaches, in order to develop new eIF4E inhibitors due to its unique binding 

mode (Di Marino, et al., 2015).  
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Pharmacological approach to eIF4E inhibition 

During the years, several strategies to inhibit eIF4E have been developed. 

One of which involves to the inactivation of the mTOR pathway. mTOR is the 

core component of two functionally different multi-proteins complexes: mTOR 

complex1 (mTORC1) and mTOR Complex2 (mTORC2). mTORC1 plays a 

key role in the regulation of mRNA translation and cell growth thanks to its 

capacity to phosphorylate 4E-BP and S6K1 (Mabuchi et al., 2015; Sabatini, 

2006). When	phosphorylated	by	the	mTORC1	pathway,	the	affinity	of	4E-BPs	

for	 eIF4E	 decreases,	 facilitating	 translational	 initiation	 (Siddiqui & 

Sonenberg, 2015).	 Rapamycin	 (or	 Sirolimus),	 the first inhibitor discovered 

against mTOR,	 is	 a	 macrolide	 produced	 by	 Streptomyces	 hygroscopicus. 

Rapamycin has shown antineoplastic effects in several cancer cell lines and 

mouse models, but of its low water solubility makes it difficult to use in clinical 

practice (Laplante & Sabatini, 2012; Lu et al., 2016). Over the years several 

analogues of rapamycin have been developed. 

 

Another approach to block eIF4E is the use of ASOs (antisense 

oligonucleotides) and siRNAs(Wan et al., 2015). These molecules are under 

study in various cancer cell lines with promising effects (Duffy et al., 2016; 

Graff et al., 2007). 
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Peptides/peptidomimetics are an emerging class of molecules capable of 

inhibiting protein-protein interactions. A peptide composed by 49–68 of 4E-

BP1 attached to an analogue of the gonadotropin-releasing hormone (GnRH) 

has been used to target tumoral cells over-expressing the GnRH receptor (Song 

et al., 2009). This peptide mimics the binding site of eIF4E to eIF4G/4E-BP1 

and inhibits the formation of eIF4F.  

 

It is possible to inhibit eIF4E by abolishing its binding with the m7G mRNA 

cap. Indeed, a number of m7G analogs, such as ribavirin have been developed 

and showed to have antiproliferative activity on several cancer model (Jin et 

al., 2019; Shi et al., 2015). 

Indirect inhibitors of eIF4E are MNK1/2 phosphorylation inhibitors. As can be 

seen in previews paragraphs, MNK mediated phosphorylation of eIF4E in 

human. However, these molecules might have other off-target interactions 

(Kosciuczuk et al., 2016; Tschopp et al., 2000). 

  

Finally, an important molecule that is the subject of this thesis is the 4EGI, a 

small molecule that have an allosteric inhibition mechanism through eIF4E and 

that will be extensively threat in following chapters (Papadopoulos et al., 2014).  
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1.3 4EGI: an important small molecule 

In order to identify compounds that disrupt the interaction between eIF4E and 

the Y(X)4LF motif of eIF4G, the Wagner group has developed a high-

throughput fluorescence polarization (FP)-binding assay.  

The principle of the screening is to identify the compounds that displace a 

fluorescently labeled peptide from eIF4E by detecting the resulting decrease in 

FP. For the initial screening 16,000 compounds were used, from which 4EGI-

1 (for eIF4E/eIF4G interaction inhibitor) was identified (Moerke et al., 2007). 

	
4EGI-1 exists in two stable E and Z isomers (Figure 4) that bind both the cap-

bound and cap-free forms of eIF4E with equilibrium dissociation constants 

between 10 and 20 μM as determined in binding experiments. The Z isomer 

exhibits slightly higher affinity than the E isomer (Papadopoulos et al., 2014).  

 

4EGI-1[E] 4EGI-1[Z]

Figure 4. 4EGI isomers. Images created using Maestro by Schrödinger 
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4EGI-1 disrupts the eIF4E/eIF4G complex in vitro and in vivo, reduces 

viability, inhibits the proliferation of a broad spectrum of cancer cells, such as 

breast cancer (Chen et al., 2012; Moerke et al., 2007) and multiple myeloma 

(Descamps et al., 2012; Moerke et al., 2007; Tamburini et al., 2009). It also 

inhibits tumor growth in animal models of human cancers, such as acute 

myelogenic leukemia (Tamburini et al., 2009) and chronic lymphocytic 

leukemia (Willimott et al., 2013). 

 

Action mechanism  

The small-molecule inhibitor 4EGI-1 disrupts the eIF4E-eIF4G interaction, 

thus showing antitumor activity. Moreover, it seems to act as an allosteric 

inhibitor, because it binds eIF4E in a different site with respect to eIF4G. 4EGI-

1 causes structural rearrangements, including the unfolding of a short 310-helix 

(S82-L85, Fig. 5), and elongation of helix-α1 by one tour (H78-S82, Fig. 5): 

these prevents the binding of eIF4G. In addition, mutation of residues in the 

helix to more helix-inducing amino acids (N77E, H78E) destabilizes the 

eIF4EGII peptide binding and doubles the IC50 for 4EGI-1 (Papadopoulos et 

al., 2014). 



 20 

4EGI-1 was shown to inhibit the expression of regulatory proteins such as 

cyclin E, cyclin D1, c-myc and Bcl-2 without any apparent effect on the 

expression of housekeeping proteins (Chen et al., 2012). 

 

Figure 5. Structural rearrangement of eIF4E due to 4EGI. In light blue the structure of eIF4E bind to 4EGI-1 and MGP 
(PDB id 4TPW), in beige the eIF4E bound only to the 7mGTP, the two structures are superimposed. Highlighted with red 
is possible to see the 310 helix that unfold when 4EGI-1 binds eIF4E and with blue the tourn that acquire the helix α1 when 
there is the bind with 4EGI-1.  

 

Moreover, 4EGI-1 enhances the binding of 4E- BP1. Furthermore, when 4E-

BP1 is hyperphosphorylated and dissociated from eIF4E, 4EGI-1 replaces 4E-

BP1, hindering the eIF4G/eIF4E interaction. Thus, 4EGI-1 reinforces the 

translation inhibition function of 4E-BP1, providing an adjunctive tumor-

suppressive role.  
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Binding mode of 4EGI-1 

Papadopoulos et al. in 2014 obtained a crystal structure of eIF4E in complex 

with 4EGI-1, which is to date the only crystal structure available of the complex 

(Papadopoulos et al., 2014). They succeeded only to co-crystalize the 4EGI-

1[E] isomer, despite the Z isomer has been proved to bind strongly the eIF4E.  

4EGI-1 binds to a hydrophobic pocket of eIF4E between β-sheet2 (L60-T68) 

and α-helix1 (E69- N77), causing localized conformational changes mainly in 

the H78- L85 region (Papadopoulos et al., 2014). 

 

The o-nitro-phenyl group sticks into a pocket formed by the loop between 

strands-β1 and -β2 (residues 46–64 Fig.6 in blue), where the backbone forms 

the bottom of the pocket and the side chains of K49, K54, and R61 constitute 

the basic rim (Fig.6). The K49 side chain e-NH3 forms a salt bridge with the 

carboxylate of 4EGI-1[E], and the R61 side chain guanidino group engages in 

a cation-π interaction with the o-nitrophenyl group. The thiazolidine ring stacks 

flat onto the F47 side chain.  
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Recently a series of 4EGI-1 analogs have been developed in order to improve 

its affinity and effectiveness (Fischer et al., 2021); during these experiments a 

dimeric version of 4EGI-1 has been synthesised. One of the intermediate of this 

process is i4EG-BiP, a biphenylic version of 4EGI-1, which binds eIF4E with 

a IC50 value of 68 ± 2 μM and shows a different binding mode that has never 

been observed so far.  

 

i4EG-BiP engages eIF4E using hydrophobic interactions with residues L45, 

L75, I79, L93 and L134. Edge-to-face p-p interactions are formed between the 

biphenyl moiety and Y76, Y91 and W130. Hydrogen bonds are formed 

between the nitro group of i4EG-BiP and the amide side chain of Q80 as well 

Figure 6 (A) binding site of 4EGI-1 in eIF4E represented with a 3D view referring to the PDB code 4TPW (images obtained 
with Chimera) In blue the residue of interest of eIF4E. (B) 2D representation of the binding site (obtained with MAESTRO 
by Scrödinger). 

A B 
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as between the hydrazone NH of i4EG-BiP and the backbone carbonyl oxygen 

of Q80 (Figure 7 A, B, C). 

 

The effect of the binding of i4EG-BiP with the eIF4E are the same of 4EGI. 

Indeed, the α1-helix is extended by one turn (amino acids Q80, L81, S82 and 

S83), and the 310 helix between residues S82 and L85 melts. Moreover, the 

amount of eIF4G bound to eIF4E decreases with increasing concentrations 

ofi4EG-BiP, whereas the amount of 4E-BP1 increases (Fischer et al., 2021). 
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A 

B C 

Figure 7. Binding mode of i4EG-BiP with eIF4E. From the crystal structure with PDB id 7MEU. (A) 3D detail of the 
binding site. (B) 2D i4EG-BiP 2D molecule. (C) 2D representation of the binding mode. Images created using Chimera 
and Maestro (by Schrödinger).  
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1.4 How to understand the interaction between eIF4E and 4EGI: the 

importance of molecular dynamic 

Concerns about binding mode 

The two binding modes characterized by the two crystal structures described 

above raises some doubts due to the presence of two completely different 

biding modes for two small molecules with a very similar structure.  

Takrouri et al. in 2014 made an experiment where they measured the 

fluorescence intensity quenching of the eIF4E in the presence or absence of 

4EGI-1 (Murata & Shimotohno, 2006).  

The binding of eIF4E to 4EGI produced a change in the intrinsic tryptophan 

fluorescence intensity quenching of eIF4E. Tryptophan fluorescence quenching 

is a type of fluorescence spectroscopy used for binding assays. The assay relies 

on the ability to quench the intrinsic fluorescence of tryptophan residues within 

a protein that results from changes in the local environment polarity 

experienced by the tryptophan(s) upon the addition of a binding partner or 

ligand (Yammine et al., 2019). 

The change does not seem to be explainable by the biding mode of 4EGI and 

eIF4E, but it might be explained by the interaction with i4EG-BiP, because of 

the presence of one tryptophan (W130) and two tyrosine (Y76 and Y91) in the 

binding pocket, that contribute to the absorbance at 280 nm.  
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In latest years, Molecular Dynamics and other computational approach have 

become increasingly crucial in the characterization of the binding between 

proteins and their ligands. Moreover, research on PubMed using the keywords 

‘drugs’ and ‘molecular dynamics’ returns more than 800 papers published in 

the last ten years, and the annual rate of publication increases every year. MD 

is becoming a key step in the investigation of therapeutically relevant targets. 

In a recent review, several examples are provided of the possible use of 

molecular dynamics in different step of drug design studies (Mortier et al., 

2015). 

 

The main difference between information obtained with X-ray crystallography 

and MD analysis is that X-ray crystallography provides a static snapshot of a 

fully functional state; MD, on the other hand, is an in silico method that uses 

structural data gained experimentally to extrapolate the possible conformations 

of molecular systems and the different paths between each of them.  

 

History of Molecular Dynamics 

The first molecular dynamics simulation was performed by Alter and 

Wrainwright (Alder & Wainwright, 1957), in the ‘50s. They studied fluids with 

techniques that approximate the atoms as disk and rigid spheres. In 1964 
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Rahman and Verlet (Rahman, 1964), using more realistic potential functions, 

like Lennard-Jones interaction, described the atomic interaction of liquid argon.  

 

The simulation of biomolecules however dates back to the end of the ‘70s, and 

the excellent results obtained in these years provide the impetus for a great 

diffusion of MD approach in biochemical studies.   

 

The importance of MD is highlighted by the recent Nobel Prize in Chemistry 

2013, which was awarded to Martin Karplus, Michael Levitt and Arieh Warshel 

"for the development of multiscale models for complex chemical systems." 

Moreover, more and more research groups are investing money and time to 

develop computers suitable to perform molecular dynamics simulation and 

software that are able to manage complex systems. David Elliot Shaw founded 

in 1988 the D. E. Shaw & Co, a multinational investment management firm, 

and in 2001 he built Anton, a massively parallel supercomputer located in New 

York, and a special-purpose system for molecular dynamics simulations of 

proteins and other biological macromolecules.  

 

Nowadays molecular dynamics is used for structural and dynamics studies of 

gas, liquids, nucleic acids and proteins. In addition, it can be used to refine 
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structures obtained by homology modeling techniques, and to validate models 

obtained experimentally through X-ray, NMR and Cryo-EM. 

 

What is molecular dynamics? 

MD simulations are a numerical solution of Newton’s equations of motions: 

Fi = miai = - [δV(rN) / δri] 

mi= mass of atom i 

ai = acceleration of atom i  

fi = force acting on atom i given by the partial, spatial derivative of the potential 

energy function V, dependent on the positions r = r1, r2, r3 … rN of the N 

particles of the system.  

 

MD simulations generate a time series of configurations of a system, which 

allows studying dynamic processes. The time series can also be viewed as a 

statistical-mechanical ensemble of configurations. By averaging over this 

ensemble, thermodynamic properties of a system can be accessed.  

V can be calculated using the following equation: 

1/2 mv2 = 3/2 NKbT 
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Kb = Boltzmann constant, is the proportionality factor that relates the average 

relative kinetic energy of particles in a gas with the thermodynamic temperature 

of the gas. Value = 1,308 x 10-23 J * K-1 

N = atoms numbers 

T = temperature (K) 

 

With this formula we can understand how velocity is linked to absolute 

temperature. 

The new atoms positions and velocities are calculated through the resolution of 

the motion equation, using the previews velocities, positions, and accelerations. 

r(t + Δt) = ri (t) + vi (t)Δt + 1/2ai(t)t2 

vi (t+Δt) = vi(t) +ai(t)Δt 

 

When a simulation is started, an initial velocity is given to the system. From 

this velocity the acceleration can be derived. Another important thing to define 

is the integration step (Δt), which it must be in the order of femtoseconds, 

having a small Δt (0,5 - 2fs) is fundamental to allow all the system forces to 

remain virtually constant at every integration step.  
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Atoms’ interactions 

To have a correct simulation of the system it is fundamental to precisely 

describe all atoms’ interactions. Atom interactions can be divided into binding 

interactions and non-binding interactions. 

Binding interactions 

Table 2. Binding interactions 

Bond type Elements 
involved 

Energy contribution Legend  

Bond-
stretching 

2 bodies ! "!
2 	(&! −	&!,#)

$

%&'()
 ki = spring constant of bond 

l = bond length  

Bond-angle 3 bodies ! "!
2 	()! −	)!,#)

$

*'+,-)
 ki = spring constant of angle 

θ = angle between atoms  

Dihedral-angle 4 bodies  

! "!
2 	(1 +	cos(+, − .))

"#$%"&'()
 

VN = spring constant of 
dihedrals 
ω = Angle between planes 
 

Improper 
dihedral 

4 bodies ! "!
2 (*! −	*!,#)

$

!./0&/-0	
(!2-(0*,)

 
ki = spring constant of 
improper dihedrals 
ε = angle between planes 

 

- Bond stretching: the potential energy is minimum at the average distance 

between the two atoms and maximum at the extremes (Figure 8, A). 

- Bond bending energy: the potential energy is minimum at the average 

distance between the two atoms and maximum at the extremes (Figure 

8, B). 

- Torsional o Dihedral Term: proper dihedral angles are defined according 

to the IUPAC/IUB convention, with zero corresponding to 
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the cis configuration. The energy to deform dihedral is a sinusoid 

function (Figure 8, C). 

- Improper torsional term: is the energy required to deform a planar group 

of atoms from its equilibrium angle, usually equal to zero. Improper 

dihedrals are meant to keep planar groups (e.g. aromatic rings) planar, or 

to prevent molecules from flipping over to their mirror images (Figure 8, 

D). 

It is 

important to focus on the fact that these energies are described by the Hookeian 

A B 

C D 

Figure 8. Representation of energy functions of different binding interactions. (A) Bond stretching energy, (B) Bond 
Bending energy, (C) Improper torsional term. (D) Torsional or Dihedral term  

or 
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potential: they are described by a parabola, their behavior is the same of a 

spring. 

 

Non-binding interaction  

Table 3. Non-binding interactions 

  

- Van der Waals interactions (Lennard-Jones potential): van der Waals 

interaction forces between two atoms are represented by Lennard-Jones 

potential; this means that two interacting particles repel each other at 

very close distance, attract each other at moderate distance, and do not 

interact at infinite distance. 

Bond type Elements 
involved 

Energy contribution Legend  

 
Van der Waals 
interactions 
(Lennard-
Jones potential) 

 
 
2 bodies 

 
 

+34(,) = 4*	[	(0,)
5$ − (0,)

6] 

σ = distance that makes null 
the potential 
ε = energy at the minimum 
of the function   
r = distance between two 
interacting particles. 

 
 
Electrostatic 
interaction  

 
 
2 bodies 

 
 

2 =! ! 3!37
44*#,!7

8

79!:5

8

!95
 

qiqj = electrical charges 
rij = distance between 
electrical charges 
5

;<=!
  = Coulomb constant 

ε0 = electrical permittivity of 
free space. Value = 8,854 * 
10-12 F/m 
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- Electrostatic interaction between two atoms is represented by Coulomb 

Law, which states that the magnitude of the electrostatic force of 

interaction between two-point electrical charges (q1, q2) is directly 

proportional to the scalar multiplication of the magnitudes of electrical 

charge and inversely proportional to the square of the distance (r) 

between them. The Coulomb force acts along the straight line joining 

them. If the two electrical charges have the same sign, the electrostatic 

force between them is repulsive; if they have different signs, the force 

between them is attractive. 

 

Systems and boundary conditions  

In MD simulations it is possible to have different types of system depending on 

their thermodynamics characteristics: 

Figure 9. Graphical representation of non-binding energy functions. 
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- Microcanonical ensemble (NVE), characterized by constant number of 

particles (N), volume (V) and energy. 

- Canonical ensemble (NVT), particles (N), volume (V) and temperature 

(T) are constant. But the energy can change. 

- NPT ensemble, particles (N), pressure (P) and temperature (T) are 

constant, but volume can change.    

A key point that has to be considered in a simulation is the problem of boundary 

conditions. Usually, a system is simulated in vacuum, but this leads to some 

deformation of the system due to the fact that molecules tend to minimize their 

surface. In order to avoid this, the boundary with vacuum is blocked (extended 

wall region), with harmonic potential while the inner part of the system respects 

the normal dynamics (Berkowitz & McCammon, 1982). In practice, periodic 

conditions are used, where molecules are in a cubic box that is surrounded by 

other 26 identical images of itself obtained by a translation of the same length 

of the side of the cube in the three directions x, y and z. The interactions taken 

into consideration are only the ones of the central box with their nearest 

neighbors. Moreover, to avoid anisotropy of the cubic box a spherical cutoff is 

applied, which must be shorter than the shortest side of the box, overwise one 
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atom interacts simultaneously with another atom and its periodic image 

(Figure10). 

 

Resolution of simulations 

Simulation systems can be described in different ways. Molecules are described 

as: 

- nuclei and electrons in Quantum-Mechanical (QM) simulations; 

- atoms in classical MD simulations;  

- coarse-grained (CG) beads, multiple atoms are described by a single 

particle. 

Figure 10. Representation of periodic boundary conditions 
and cutoff radius. 
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The different methods to describe molecules are listed above in an order that 

see the computational demand decreases and the accessible time and length 

scale increases.  

All his resolution levels can be used in different situations and are relevant for 

drug design. For example, QM/MM simulations allow the study of enzymatic 

reactions, reaction pathways, energy barriers and proton and electron 

reshuffling in larger systems, where the active site is treated quantum-

mechanically while the other parts of the system can be simulated at the atomic 

level (Bakowies & Thiel, 1996; Field et al., 1990; Gao et al., 2003; Gogonea et 

al., 2001; Warshel & Levitt, 1976). QM can also be used to parametrize ligands 

that do not have torsionals in perimetry libraries.  

Coarse-graining of atomic models is a popular technique to access longer time 

scales in MD simulations. By embedding multiple atoms in a single CG bead, 

the number of particle–particle interactions to be calculated can be reduced 

considerably. It must be taken into account that this strategy leads to a loss of 

information, and therefore is frequently used in drug design. 
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Key points of molecular dynamics 

In the following points it is possible to see briefly the key points of a MD 

simulation. Explanations of algorithm used, and detailed workflow will be 

explained in the “Material and Methods” chapter. 

1. determination of initial conditions and coordinates 

What is needed to start a simulation is a coordinate file, usually 

developed experimentally via X-Ray, Cryo-EM or NMR, or computed 

by homology modeling or docking in the case of a ligand. From this file 

a force field is chosen, and a topology file is built.  It is crucial to build 

a correct topology file, because it contains all the components of the 

system: proteins, ligands, physical properties of atoms and how they 

interact to each other. Classical MD strongly depends on the initial 

positions, so this step is crucial. 

2. minimization of the system  

Once the box is built it is filled with water molecules and ions. By using 

algorithms that bring the system to its minimum energy (steepest descent 

and conjugate gradient). In this phase water molecules creep into the 

cavities of the system and the side chains change their position to avoid 

clashes and to interact with the solvent.   

3. equilibration of the system 
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It is not possible to start a simulation of a system directly at 300K, 

because the amount of energy given to the system would be too much 

and the system would collapse.  The protein is first blocked by position 

restraint and the water is free to move and a solvation shell is created. 

The initial temperature is usually 50K and it raises gradually to reach 

300K. Every time the temperature is risen, it is considered constant for 

some time to give time to the system to rearrange. Then it is increased 

again by a small ΔT. These short simulations are made first in NVT than 

in NPTs, so the system gradually changes its temperature and pressure 

and it can increase its energy avoiding the collapse. 

4. production and analysis of trajectories 

After the equilibration it is possible to run the production at the pressure 

and temperature wished. After the trajectories are computed they are 

connected, the solvent is eliminated, periodic boundary condictiones are 

resolved and it is possible to make several analyses on it.  

 

1.5 Previous simulations performed on eIF4E with ligands  

Investigation of the literature 

As can be seen from the Table 4, none of the simulations present in literature 

of eIF4E with peptides were performed with 4EGI. 
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Table 4. List of simulations performed of eIF4E with ligands. 

Article Ligand  Leght of the 
simulation 

Conformational ordering of intrinsically disordered peptides 
for targeting translation initiation. (Brown et al., 2021)  

Peptides of IDRs 
region of eIF4G  

1 μs for each 
systems 

Emetine suppresses SARS-CoV-2 replication by inhibiting 
interaction of viral mRNA with eIF4E.(Kumar et al., 2021)  

Emetine + eIF4E, 
and eIF4E + m7G. 

200 ns 

Deciphering the mechanistic effects of eIF4E 
phosphorylation on mRNA-cap recognition. (Lama & 
Verma, 2020) 

Cap analogs   3 triplet of 
100 ns, total 
3,6 μs 

Water-bridge mediates recognition of mRNA cap in eIF4E.  
(Lama et al., 2017) 

eIF4E bound to 
H2O  

- 

A unique binding mode of the eukaryotic translation 
initiation factor 4E for guiding the design of novel peptide 
inhibitors. (di Marino, D’Annessa, et al., 2015) 

CYFIP1− 
NCKAP1 
heterodimer  

135 ns  

MD and docking studies reveal that the functional switch of 
CYFIP1 is mediated by a butterfly-like motion. (di Marino, 
Chillemi, et al., 2015) 

8 simulations with 
different ligands 
(not 4EGI)  

50-100 ns 
and 1,6 μs 

A conserved motif within the flexible C-terminus of the 
translational regulator 4E-BP is required for tight binding to 
the mRNA cap-binding protein eIF4E. (Paku et al., 2012)  

eif4e/4EBP-2 N 
and C terminal 

3 ns C-
terminal and 
10ns N-
terminal  

Importance of C-terminal flexible region of 4E-binding 
protein in binding with eukaryotic initiation factor 
4E.(Mizuno et al., 2008) 

Peptides of 4B-
BP2 

3 ns 

Effect of N-terminal region of eIF4E and Ser65-
phosphorylation of 4E-BP1 on interaction between eIF4E 
and 4E-BP1 fragment peptide. (Tomoo et al., 2006)  

Peptide del 4EBP-
1, Pro47-Pro66, 
with pSer65 

50 ns 

Structural basis for mRNA cap-binding regulation of 
eukaryotic initiation factor 4E by 4E-binding protein, 
studied by spectroscopic, X-ray crystal structural, and 
molecular dynamics simulation methods.(Tomoo et al., 
2005) 

eIF4E - 4E-BP1 
peptide 
m7Gp-eIF4E-4E-
BP1 complex. 

5 ns 

Structural features of human initiation factor 4E, studied by 
X-ray crystal analyses and molecular dynamics simulations. 
(Tomoo et al., 2003) 

eiF4E with 
pSer209 with and 
without m7G. 

800 ps, 2 ns. 
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Simulation performed on Crystal structure 4TPW 

In 2016 a research group analyzed the conformations that the eIF4E assumes 

before and after the binding of 4EGI-1, however they could not observe how 

the ligand behaves. 

It should be noted that: “Due to the lack of optimized force fields for the N7-

methylated nucleotide and for 4EGI-1, ligands were removed from the PDB 

structure and simulations performed using the peptide chains only”.  

There was no indication of significant structural changes on a μs-ms time scales 

because the characteristic line broadening due to conformational dynamics 

occurring on these time scales was not detected. So, a first simulation of the 

“free-like” conformation was performed, which included three 100 ns 

trajectories at 5°C (one starting at 0 ns, another at 50 and the last at 100 ns), 

with randomly distributed atomic velocities. The second simulation was set like 

the first one but with the “bound-like” conformation.  

Comparison of the simulations showed that 4EGI-1 increases the flexibility of 

eIF4E throughout its sequence, and particularly in regions adjacent to the 4EGI-

1 binding site: the loop between β1 and β2, part of helix α1 and the loop 

between the extended α1 and β3 (Salvi et al., 2016). 
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Despite these simulations allowed to understand the differences between the 

bound-like and free-like form of the protein, the lack of ligands makes the 

binding mode still to be investigated.  

 

1.6 Aim of the thesis 

After literature research and an analysis of the structures available, the 

investigation of the binding mode of 4EGI and eIF4E was considered 

interesting, in order to allow the development of 4EGI analogs, thanks to the 

detailed knowledge of the binding mode.  

It is fundamental to understand the behavior of 4EGI-1 in the crystalized 

conformation (PDB 4TPW) and to investigate the possibility of an analogous 

binding mode in the position of i4EG-BiP in the crystal structure with eIF4E 

(7MEU).   

 

Having regard to the above consideration (paragraph: “4EGI: an important 

small molecule”) on the doubts that lie on the binding mode presented on the 

crystal 4TPW, the aim of this thesis is to confirm or confute the stability of 

4EGI-eIF4E binding mode characterized by the crystal structure 4TPW. 

Indeed, as it has been previously stated, two different binding modes of two 

such chemically similar molecule in the same small protein is unusual. With 
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the simulations several analyses will be performed to understand deeply the 

binding mode and the evolution in time of the binding (2μs). 
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2.1 MATERIALS AND METHODS 

2.1 Molecular dynamics workflow and system preparation 

MD simulation workflow 

Figure 11. Schematic representation of MD simulation workflow. 
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Preparation of the molecule  

The PDB file used for the simulations was downloaded from Protein Data Bank 

(PDB, www.rcsb.org) and it correspond to the code 4TPW. 

  

The protein was prepared using UCSF Chimera (Pettersen et al., 2004): water 

molecules were removed; the integrity of the structure was verified, and the 

alternative conformations of residues were analyzed. 

 

 4EGI ligand parametrization through quantomechanics  

Parametrization of ligands is a crucial part of the study. Indeed, if the 

parameters are not optimized for the ligand, some artefacts may arise. 

 

Antechamber 

Antechamber is a set of auxiliary programs for molecular mechanic (MM) 

studies. It is an accessory module of AmberTools package, and it can generate 

input automatically for most organic molecules in a database. 

Antechamber is designed to be used with the "general AMBER force field 

(GAFF)"(J. Wang et al., 2004). This force field was specifically designed to 

cover most pharmaceutical molecules (can handle a higher range of atom types) 

and is compatible with the traditional AMBER force fields. The current 
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implementation of the GAFF force field consists of basic atom types and 

special atom types. The charge methods used can be HF/6-31G* RESP (Bayly 

et al., 1993) or AM1-BCC (Jakalian et al., 2000). 

 

The coordinates of 4EGI were obtained by the coordinate file of the complex 

eIF4E-4EGI crystal 4TPW (in the PDB file of the complex it is noted with the 

name “33R”).  

. Then the molecule was converted in mol2. 

antechamber -i 33R.pdb -fi pdb -o 33R.mol2 -fo mol2 -c bcc  

 

-c bcc option tells antechamber to use the AM1-BCC charge model to calculate 

the atomic point charges. 

 

33R.mol2 file contains the definition of the 33R residue including all the 

charges and atom types that will be loaded into LEaP to when creating prmtop 

and prepi files. 

It is possible that some combination of bonds or dihedrals have not been 

parameterized. Missing parameters must be specified before the creation of the 

topology.  

It is possible to use the utility parmchk to test if all the parameters required are 

available. 
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parmchk -i sustiva.mol2 -f mol2 -o 33R.frcmod 

 

This command will produce a file called 33R.frcmod. This is a parameter file 

that can be loaded into LEaP in order to add missing parameters. In this case, 

all bonds and angles were parametrized; nonetheless, dihedrals’ parameters are 

ones of the most problematic, so it is important to verify them.  

 

Evaluation of dihedrals and manual parametrization  

Verification consists of two different passages: a quantomechanics analysis of 

torsional is performed to obtain the potential energy profile linked to the phases, 

and its comparison to the profile obtained by the force field.  

If the two energy plots are comparable, the GAFF generated parameters are 

use, unless they are replaced with the computed ones. 

 

Quantum mechanics is fundamental to understand at atomistic level how 

molecules interact to each other. Quantum dynamics deals with the motions, 

and energy and momentum exchanges of systems whose behavior is governed 

by the laws of quantum mechanics. It is not used for all the calculation because 

in spite of its accuracy, these methods are unfeasible due to the large of atoms 

to consider and the sheer complexity of the calculation. 
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Force Fields such GAFF considers a small amount of compound which 

parameters has been obtained with QM calculation and they try to extrapolate 

general rules for all the possible cases: this imply that parametrization has to be 

verified, this is especially true in torsion angle parameterization of ligands with 

π	 electron conjugated systems, where quantum (ligand-specific) effects are 

particularly important in defining the correct molecular conformation. 

 

Ligand parametrization 

Firstly, was performed a geometry optimization using the QM Software 

Gaussian (M. J. Frisch et al., 2009), using increasing basis set complexity (2-

31G and 6-31G, respectively), where a Hartree-Fock calculation was requested, 

followed by a Møller-Plesset correlation energy correction truncated at the 

second order (MP2) (Gordon et al., 1982; Møller & Plesset, 1934; Petersson et 

al., 1988). 

 

Once obtained the optimized structure, a population analysis with Hartree-Fock 

was performed to produce charges considering the electrostatic potential at 

points following the Merz-Singh-Kollman scheme. The output file was post-

processed by the Restrained Electrostatic Potential (RESP) method to obtain 

the partial charges per atom (Bayly et al., 1993). 
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Finally, the new ad hoc topology was produced by taking as a template the 

parameters from GAFF and modifying the dihedral angle. The ad hoc 

parameters were obtained by means of a “Scan” calculation using the settings 

of the second geometry optimization process. Such procedure involves several 

energy minimization calculations in which the dihedral angle of interest is 

restrained in a specific conformation and relaxing the rest of the molecule.  

 

Once obtained the energy profile for the dihedral angle under investigation 

through QM calculations, the parameters that reproduced the QM potential 

energy function are resolved using the Amber dihedral formula: 

Edih		 = 	k	(1	 + 	cos	(nφ	 − 	ψ)) 

k: spring constant for the dihedral angle 

n: period 

φ: the angle 

ψ: phase. 

 The function that best reproduced the QM behavior was computed with an in-

house genetic algorithm and it is a combination of two torsional angles that has 

the equation: 

Edih	 = 2.4(1 + cos(2φ − π)) + 1.0(1 + cos(4φ)) 
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Ligand conformational analysis 

The simulations with the all-atom FFs were performed using well- tempered 

metadynamics (MetaD) (Barducci et al., 2008), using the torsional angle of 

interest and compared the obtained energy profiles with that from QM 

calculations. The MetaD calculations were run using Amber14 patched with 

Plumed-2.3.3 (Tribello et al., 2014), setting a low value as height of the 

metadynamics Gaussian functions (i.e., 0.1kJ/mol for CGenFF and the ad hoc 

topology and 0.05 kJ/mol for GAFF and GAFF2), a sigma of 0.05 radians, a 

biasfactor of 15, and a deposition rate of 1,000 steps. All simulations were 

carried out in vacuum and converged within 100 ns. 

 

MGP ligand parametrization 

Due to the similarity of MGP to nucleotides, the parameters were extrapolated 

from the DNA and RNA Amber Force Fields (OL15, OL3). The charges were 

verified through quantomechanics as described above.  

Topology and simulation box  

The topology is the description of the molecules in terms of bonds and 

connections. The software computes this information through a force field 

designed.  
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Here, the topology was built using Amber18, force field used were: ff14SB 

(protein force field), tip3p (water model with associated atomic ions force field) 

and gaff2 (general force field for organic molecules like ligands). 

 

To build the topology the software used was Amber18 (Case et al., 2005), more 

precisely the LEaP program. After the loading of libraries and ligand 

parameters, the protein was solvated in a cubic box, with minimum distance 12 

at each direction with TIP3P water and neutralized with Na+ ions. The topology 

was built using the ff14SB FFs and finally converted in the GROMACS 

topology file. 

 

Before starting the minimization, it is important to add the position restraint. 

Every molecule must have its position restraint file and restraint will be 

modified at each step of the system preparation process.  

 

 

2.2 Minimization  

It is important to minimize the system to start the simulation at the lowest 

energy possible. The system is minimized in vacuum with no coupling of 
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temperature or pressure. This passage is crucial to permit the correct adjustment 

of solvent around the system, clashes are solved and correct interaction between 

molecule and water are established. If this passage is not made correctly, the 

system might collapse when the temperature and the pressure are set. 

 

In this phase steepest descent algorithm was used, it is not the most efficient 

algorithm for searching, but it is robust and do not require a high amount of 

calculation resources. In this algorithm is used to calculate the new position of 

each atom through an energy gradient. The vector r is the vector of 

all 3N coordinates. Initially a maximum displacement h0 (e.g., 0.01 nm) must 

be given. 

First the forces FF and potential energy are calculated. New positions are 

calculated by: 

5012 =	50 +	
60

max	(|60|)
	ℎ0 

where hn is the maximum displacement and Fn is the force, or the negative 

gradient of the potential V. The notation max(|Fn|) means the largest scalar 

force on any atom. The forces and energy are again computed for the new 

positions 

If (Vn+1<Vn) the new positions are accepted and hn+1=1.2hn 

If (Vn+1≥Vn) the new positions are rejected and hn=0.2 hn 



 52 

The algorithm stops when either a user-specified number of force evaluations 

has been performed (e.g., 100), or when the maximum of the absolute values 

of the force (gradient) components is smaller than a specified value ϵ.  

 

In these simulations the minimization phase consists of two steps, with different 

tolerance for the convergence (emtol, pN/mol). 

First one, consists of a minimization with emtol = 100, and with position 

restraint = 5000 (em1.mdp). The system is blocked and only the water can move 

around it. Second one, consists of a minimization with emtol = 1, and without 

position restraint (em2.mdp). Now both the system and the solvent can move 

and adjust considering their interactions.  

The two option files used for this phase can be found in Appendix. 

 

After the setting of the parameters and options, the commands to perform the 

productions on GROMACS are: grompp, that combine all the file given in a 

single file with all the informations (.tpr file) and mdrun, to submit the job. 

gmx grompp -f em1.mdp -c eif4e-MGP_solv.gro -r eif4e-MGP_solv.gro  
-p eif4e-MGP.top -n index.ndx -o mini_1.tpr -maxwarn 1 
 
gmx mdrun -deffnm mini_1 -nb gpu -ntmpi 1 

 

As can be seen in the example, grompp need the option file (.mdp), the 

coordinate file (.gro), the topology file (.top), and the index file (.ndx). 
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The index file is not always necessary, indeed in this case the system is divided 

in two groups: “protein and ligand” and “water and ions” (as can be read in the 

.mdp file in the appendix). This permits a more precise computation of the 

interactions.  

 

The mdrun command need the flag -deffnm to define the prefix to all the files 

that it generates (it has been the same of .tpr unless it has to be specify), and 

with the flag -nb gpu and -ntmpi we indicate to GROMACS that the short range 

calculations have to be performed on gpu. 

 

2.3 Thermalization  

Thermalization is the process of physical bodies reaching thermal equilibrium 

through mutual interaction. In general, the natural tendency of a system is 

towards state of equipartition of energy and uniform temperature that 

maximizes the system’s entropy.  

In a MD simulation Thermostat and Barostat are implied to ensure that the 

average temperature of a system is constant.  

In these simulations, the Beredsen thermostat and V-rescale thermostat were 

used.  

 



 54 

Berendsen thermostat 

Berendsen thermostat is an algorithm that rescale velocities of particles in MD 

simulations to control the temperature.  

The system is coupled with a heat bath with fixed temperature T0, the 

thermostat suppresses fluctuation of the kinetic energy of the system. The 

temperature of the system is corrected such that the deviation exponentially 

decays with some time constant τ (Hünenberger, 2005). 

34
35 =	

4>64
7   à  ∆= = 	 857 [=9 − =(?)] 

Through calculation, not shown, is possible to obtain the value of the new 

temperature:  

=:(?) = 	AB1 +	
C?
D 	E

=9
=(?) − 1F

G 	=(?) 

 

In the .mdp file the reference temperature will be set at the field “ref-t”, and the 

time constant τ at “tau-t”. If there are groups to couple separately, there are 

specified in “tc-grps” field.  

It is not very precise and accurate, but it requires few computational resources 

and at low temperature the error is considered acceptable.  

 

V-rescale thermostat 
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Temperature coupling using velocity rescaling with a stochastic term. This 

thermostat is similar to Berendsen coupling, with the same scaling using “tau-

t” field, but the stochastic term ensures that a proper canonical ensemble is 

generated. The random seed is set with “ld-seed”. This thermostat works 

correctly even for tau-t = 0.  

This thermostat is more precise unless it requires higher computational 

resources.  

 

Pressure 

 In the case of pressure what change is the volume. The weak coupling is used 

to maintain the pressure constant. It is possible to modify the motus equation 

to archive is a first-order relaxation to the system through the set value P0. 

HI(?)
H? = 	

I9 − I(?)
D;

 

For a molecular system, the intramolecular forces and kinetic energy 

contribution can be omitted. The component of the pressure on the axis x, y and 

z is defined as the component of diagonal element of the tensor P. The 

isothermal compressibility (βT) is linked to the pressure that change at constant 

temperature and at variable volume with the relation:  

∆I(?) = 	−	
∆J(?)
K4	J(?)
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Through calculation on the equation terms, it is possible to obtain: 

H5<(?)
H? = 	L<(?) −	

K4
3D;

	 [I9 − I(?)]5<(?) 

The second term of the equation define the relaxation of P(t) through P0, the 

velocity of the relaxation is controlled by the ratio between isothermal 

compressibility (βT) and the time of relaxation of the pressure (τp) chosen. 

τp has to be enough small (strong coupling) to permit the equilibration of the 

pressure, but enough wide (weak coupling) to avoid interfering with system 

properties. 

 

Parrinello-Rahman barostat 

Extended-ensemble pressure coupling where the box vectors are subject to an 

equation of motion and the equation of motion for the atoms is coupled to this. 

No instantaneous scaling takes place. The time constant tau-p (τp) is the period 

of pressure fluctuations at equilibrium. This is one of the most used and reliable 

method for pressure coupling.  

 

Thermalization steps 

As can be read in the workflow of the simulation. The thermalization phase 

consists of five steps: 
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1. 500 ps of NVT simulation (N: particles, V: volume, T: temperature is 

constant), at 100K with Berendsen thermostat. Integration step was set 

at 2 fs (0,002 ns), number of steps = 250000 with position restraint at 

200. File: nvt1.mdp 

2. 500 ps of NVT simulation at 200K with Berendsen thermostat. 

Integration step was set at 2 fs (0,002 ns), number of steps = 250000 with 

position restraint at 100. File: nvt2.mdp 

3. 500 ps of NVT simulation at 300K with Berendsen thermostat. 

Integration step was set at 2 fs (0,002 ns), number of steps = 250000 with 

position restraint at 50. File: nvt3.mdp 

4. 1000 ps (1 ns) of NPT (N: particles, P: pressure, T: temperature are 

constant) at 300K, with V-rescale thermostat and Parrinello-Rahman 

barostat. Integration step was set at 2 fs (0,002 ns), number of steps = 

500000 with position restraint at 25. File: npt1.mdp 

5. 5000 ps (5 ns) of NPT at 300K, with V-rescale thermostat and Parrinello-

Rahman barostat. Integration step was set at 2 fs (0,002 ns), number of 

steps = 2500000 with position restraint at 15. File: npt2.mdp 

 

With this protocol it is possible to gradually increase the temperature, and 

gradually decrease position restraints. In every step the system has the time to 
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stabilize and relax, the graphical output of this phase should be like three steps 

of a staircase (three NVT steps) and finally a plateau corresponding to the two 

NPT step. Mdp file can be found in Appendix. 

 

Integration algorithm 

Both in the thermalization and the run production, the algorithm used is the 

leap-frog algorithm, specified in the .mdp file with the acronym “md”. 

This algorithm is obtained by the approximation of the equation of motion with 

on degree of freedom with Euler method.  

 

This permit, starting to initial points x0 and v1/2 continue it is possible to continue 

with x and v leapfrogging over each other as shown in Figure 12, following the 

integration formulas: 

N012 =	N0 +	ℎ012/> 

L01?/> =	L012/> +	ℎ6(N012) 

 

Figure 12. Schematic structure of leap frog algorithm 
cite (Young, 2009) 
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On GROMACS the command to submit the run are the same of the 

minimization (grompp, mdrun). 

 

2.4 Run production  

After the thermalization phase is possible to start the production of the 

simulation.  

 

The trajectories were calculated at 300K, with leapfrog integration algorithm, 

position restraints were completely delated, and each trajectory had a length of 

50 ns, integration step 2 fs (0,002 ns) number of steps 25000000.  

 

On GROMACS the command to submit the run are the same of the 

minimization (grompp, mdrun). The mdp file can be found in Appendix. 

 

 

2.5 Analysis  

Calculation of RMSD 

RMSD stands for Root Mean Square Deviation, and it is the measure of the 

average distance between a set of atoms. In this case the RMSD is calculated 
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for every frame of the simulation. The calculation has been performed with 

GROMACS, using the command ‘gmx rms’. 

The trajectory was prepared by managing the Periodic Boundary Condition and 

it was roto-fitted in order to avoid artifacts.  

The trajectory used for the RMSD calculation was the one obtained by the run 

without skipping it, it has 100.000 frames every one of 20 ps, for a total amount 

of time of 2 μs.  

Every analysis was performed two time, the first fitting on the structure before 

the thermalization and the second on the structure after the thermalization. The 

three RMSD analysis are: 

1. Fitting and calculation performed on the backbone atoms of the protein; 

2. Fitting and calculation performed on the secondary structure elements 

(alpha helix and beta sheet) of the protein;  

3. fitting performed on the secondary structure and the calculation 

performed on the ligand.  

 

Evaluation of 4EGI COM and contacts with protein 

The analysis were performed only after the equilibration phase, in order to 

characterize the movement of the ligand through the simulation time.  
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The calculation of the Center of Mass (COM) coordinates of the ligand respect 

to the protein COM, was performed with GROMACS, with the command gmx 

traj. The analysis was made on a skipped trajectory with 100ns per frame, in 

order to have a clear graphical representation of the movement through time. 

After that, the contacts of the 4EGI with the protein in the simulation time were 

calculated, in this case was used a skipped trajectory with frame length of 200 

ps. Another contacts analysis was performed taking into consideration only the 

contacts with the residues of the binding pocket of the crystallized pose, in this 

time was used the same skipped trajectory (frame of 200ps). The contacts’ 

counts were performed using GROMAS, with the command gmx mindist.  

 

Analysis of biding pocket residues 

In order to analyze deeply the changing of the biding mode other two analysis 

were performed: 

- Calculation of the minimum distance between the center of mass of the 

biding pocket and the one atom of the ligand, performed with 

GROMACS, with the command gmx pairdist. 

- Calculation of RMSF (Root Mean Square Fluctuation) of the protein 

residues, focusing on the pocket residues to investigate their fluctuation 
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through the simulation time. This calculation was carried out with 

GROMACS, command gmx rmsf. 

The trajectory was skipped in order to have one frame every 200 ps. 

 

Cluster and cavity analysis 

Finally, a cluster analysis and an evaluation of the variation of the cavity 

volume were performed.  

The cluster analysis was carried out using GROMACS, with the command gmx 

cluster, using gromos and a cutoff of 1,8 Å. The trajectory was skipped in order 

to have one frame every 2 ns.  

Gromos use algorithm as described in Daura et al. (Daura et al., 1999). Count 

number of neighbors using cut-off, take structure with largest number of 

neighbors with all its neighbors as cluster and eliminate it from the pool of 

clusters. Repeat for remaining structures in pool. 

 

The cavity analysis was performed using POVME 3.0 (Wagner et al., 2017), 

through a simulation that was skipped in order to have one frame every 10 ns. 

The cavity was calculated every time using the POVME mode 

‘DefinePocketByLigand’ and the ‘ConvexHullExclusion’ was set to ‘max’.  
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Graphs and images  

Graphis were obtained with gnuplot (Williams & Kelley, 2010). Images were 

obtained using ChimeraX (Pettersen et al., 2021) and Maestro suite (Halgren et 

al., 2004). 
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3. RESULTS 

3.1 Molecule preparation 

The molecule was prepared as described in “Material and Methods” section. 

Here are presented only the results of the ligands’ parametrization, 

minimization and thermalization of the system are not shown. 

 

Ligand parametrization 

As previously stated in “Materials and Methods” section, ligands were 

parametrize using GAFF2 and the complex was  built using antechamber.  

To have reliable parameters, the 4EGI was tested with QM methods, with 

particular attention to the torsional angles. The bonds taken into consideration 

can be observed below (Figure 13.A): circled in red the bond between the 

thiazole with the two nitrogens (S-C-N-N), circled in green the thiazole with 

the dichlorobenzene ring. The first calculation of the energetic profile obtained 

with GAFF2 compared to the one obtained with Gaussian, shows a local 

minimum at π, that is not present in the energy profile obtained by Gaussian.  

A correction has been applied in order to homologate the GAFF2 parameters 

to the QM energy profile, to do this ad hoc parameters were created (Figure 

13.B). 
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Regarding the MGP, the difference between the GAFF2 energy profile and the 

one obtained with Gaussian was lower than 1 kcal/mol, the original parameters 

were considered reliable, and no corrections were made.  

 

3.2 Binding modes  

The two complexes taken into consideration are eIF4E-4EGI (crystal 4TPW) 

and eIF4E-biphenyl (crystal 7MEU).  The biding modes were described in the 

“Introduction” section.  

In Table 5 are shown the residues’ numbers of the biding pocket of the complex 

eIF4E-4EGI (structure 4TPW) and of the complex eIF4E-biphenyl (complex 

7MEU). In the same table are reported the corresponding residues in the 

complex obtained with Amber for the simulation, indeed in the crystal 

structures the amino acids count start from 32, while in the complexes amino 

A B 

Figure 13. Ligand parametrization. A. 4EGI and bonds taken into consideration for the QM analysis. B . Profile 
representation of torsional circled in red. In purple QM profile obtained with Gaussian. In green GAFF2 profile. 
In light blue ad hoc parameters energy profile. 
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acids count starts from 1. In Figure 14 are shown the two binding modes, both 

the 3D structure (Fig14 A and C) and the 2D diagrams of the binding modes 

(Fig.14 B and D). 

Table 5. Binding pocket residues 

Crystal 4TPW Complex 4EGI-eIF4E Crystal 7MEU Complex 
biphenyl-eIF4E 

Phe 47 Phe 15 Leu 75 Leu 43 

Lys 49 Lys 17 Tyr 76 Tyr 44 

Ser 83 Arg 29 Ile 79 Ile 47 

Ile 79 Ile 47 Gln 80 Gln 48 

Ser 83 Ser 51 Tyr 91 Tyr 59 

  Arg 123 Arg 91 

  Trp 130 Trp 98 

 Figure 14, Binding modes. (A) 4EGI (in red) in the crystal structure of eIF4E (PDB 4TPW). (B) 2D 
ligand diagram of the 4EGI in the structure A. (C) Biphenyl (in blue) in the crystal structure of eIF4E 
(PDB 7MEU). (D) 2D ligand diagram of the biphenyl in the structure C. 
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3.3 RMSD analysis 

As previously stated into “Material and Methods” section, three different 

RMSD analyses were performed, the plotted results can be observed in Figure 

15. 

In the first two graphs (Fig.14 A, B), the red lines represent the RMSD 

calculated fitting on the non-thermalized complex, while the black lines 

represent the RMSD calculated fitting on the thermalized complex. 

The first figure (Fig14 A) represents the RMSD of the trajectory calculated 

considering the protein backbone. As reported the RMSD has a high level of 

fluctuation, particularly at the three peaks: (I) at 0,5774 μs, RMSD of 2,616 Å; 

(II) at 1,1284 μs, RMSD of 1,858 Å; (III) at 1,8226 μs 2,808 Å.  

  

In the second graph (Fig14, B) is presented the RMSD of the trajectory 

calculated on the secondary structure of the protein (alpha helix and beta sheet). 

As expected, the variation is significantly lower than the previews graph.  

The latest graph represents the RMSD of the ligand, the different poses 

acquired by the ligand over simulation time can be observed in the four 

representations of the 3D structures below the graph. The structures are the 

average structures computed in four different windows, one every 0,5 μs. 
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Figure 15. Evaluation of RMSD. (A) RMDS calculated between the trajectory and the protein backbone pre- and post-
thermalization (in red and black respectively), conformations at peaks are shown above the plot. (B) RMDS calculated 
between the trajectory and the backbone of secondary structures pre- and post-thermalization (in red and black 
respectively). (C) RMSD calculated between the ligand through the trajectory and the backbone of secondary structure 
of the protein. The trajectory has been divided in four windows of 500ns and the average structure is shown below the 
plot. The time corresponding to the equilibration time is shadowed in the three plots (0-900ns). 
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The shadowed region (0-0,9 μs) in the three graphs represents the equilibration 

time. Indeed, the production phase considered for the next analyses starts from 

0,9 μs, hence the analyzed trajectory is 1,1 μs. 

 

3.4 Analyses of 4EGI Center of Mass (COM) distances form the binding 

pocket and the number of contacts with protein 

In Figure 16 is reported the analysis of the Center of Mass (COM) distances of 

the ligand from the binding pocket and the number of contacts between the 

ligand and the residues composing the binding pocket. 

 

As previously stated into  “Material and Methods” section in the first figures 

(Fig 16 A) eleven points are considered (frame length: 100ns). On the left there 

is the 3D plot of the center of mass colored with gradient (from black to yellow) 

depending on time, the colors are respected in the images at the right, where 

can be observed the whole protein with the COMs and a zoomed region with 

the fluctuation of the ligand COM.  

The drift of the center of mass over simulation time can be followed in the 

zoomed region where the path is represented as yellow dashed lines and 

numbers near the spheres.  
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The distances between the centers of mass are written partially in the zoomed 

region and entirely in the table below (Table 6).  

Table 6. Distances of Center of Mass 

Center of mass Distances Å 

C1-C2 4,43 

C2-C3 2,68 

C3-C4 6,33 

C4-C5 5,73 

C5-C6 5,55 

C6-C7 15,51 

C7-C8 6,23 

C8-C9 1,43 

C9-C10 2,22 

C10-C11 2,88 

C11-C12 2,82 

 

In the Figure 16 B are presented the plotted data of the number of contacts of 

the 4EGI with the protein over the production phase (1,1 μs). Below the graphs 

represented the complex eIF4E-4EGI (protein as ribbon and surface, ligand in 

red), it is possible to observe the different position acquired by the ligand at the 

starting position, the one at 0,5532 μs with the minimum value of contacts (109) 

and the ending position. 
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Figure 16. Evaluation of 4EGI COM and contacts. (A) Plot of COM of the ligand every 100 ns for 1,1 μs, graphical 
representation of COM with zoom of the ligand region. (B) Plot of the contacts between ligand and protein through 
time, below are presented the starting conformation, the ending one and the one at the minimum. (C) 3D 
representation of the changing of number of contacts through time regarding the residue of the binding pocket of 
the crystallized pose (pdb 4TPW) The data has been reconsidered from a Cauchy function. 
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La last 3D image (Fig16 C) represents the contacts of the 4EGI with the binding 

pocket residues of the structure 4TPW. They are represented in a 3D plot where 

x is the time, y the residue name and z the contacts’ number.  

The fluctuation of contacts is represented in this graphs as peaks and valleys, 

with a color gradient depending on the contacts’ number (0-50 blue, 50-100 

light-blue, 100-150 green, 150-200 yellow, 200-250 red).  

 

3.5 Analysis of biding pocket residues 

In Figure 17 are reported the analysis performed on the residues of the binding 

pocket (crystalized complex eIF4E-4EGI structure 4TPW). In Figure 17 A the 

residues of interest are presented with ball and stick colored in blue in the 3D 

ribbon structure of the eIF4E.  

 

The second graph (Fig.17B) represents the distances of the 4EGI from the 

center of mass of the biding pocket over production time. Above the graph can 

be observed three poses of the ligand: (I) starting time; (II) maximum distance  

(0,46 μs, distance 7,26 Å); (III) ending time of the simulation. The ligand is 

represented in red, and the protein in grey with ribbon and surface, with the 

residues of interest in blue.  
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Figure 17. Evalutation of the biding pocket residues. (A) Representation of the biding pocket residues 
(PDB 4TPW) (B) Distance between the COM of the biding pocket and the ligand, above are presented 
the starting pose, the one at the maximum and the ending one. (C) Plot of RMSF through 1,1 μs, in blue 
are highlighted the binding pocket residues. 
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As reported, ligand firstly is near the biding pocket, in the middle of the 

production it tends to move away from it and came nearer at the end of the 

simulation time.  

 

The last graph of Figure 17 is the RMSF of the residues of eIF4E through 

simulation, in blue are highlighted the residues of the binding pocket. In this 

analysis the C-terminal portion (from amino acid 1 to 8) was remove, to have 

more comparable measurements, indeed the fluctuation of these residues was 

significantly higher than the one of other amino acids.  

 

3.6 Cluster and cavity analysis 

In Figure 18 is presented the cluster analysis over production time. In the first 

image (Fig.18 A) as dots is presented the distribution of clusters, the 

equilibration phase is shadowed.  

From the analysis over the entire simulation time, 40 clusters arose. The most 

significative for our analyses were the first twelve cluster, and the size of each 

cluster is reported in Table 7. 

As can be observed in the graph, the cluster 1,2,4 and 5 are the more abundant 

in the shadowed region, while the 1,8,9,7,3,6,12 and 11 arise in the production.  
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Figure 18. Cluster and cavity analysis. (A) Cluster through time. (B) Detailed representation of cluster, only most 
significative the cluster after 900 ns (equilibration time) are presented, they are presented in chronological order, it is 
presented the ligand pose. 
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In the second part of the panel are reported the structures with the smallest 

average distance to the others member of the cluster (Figure 8 B), with the 

correspondence figure of the cavity analysis performed with POVME3. The 

cavity analysis underline the volume region taken by the ligand. 

The clusters are presented in chronological order considering they arise time in 

the first graph (Fig18 A), it is possible to observe the movement of the ligand 

through time with the different poses acquired in  each cluster.  
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Table 7. Cluster size 

Cluster  Size Cluster  Size 

1 395 21 6 

2 99 22 5 

3 60 23 5 

4 51 24 5 

5 49 25 4 

6 48 26 4 

7 40 27 3 

8 33 28 2 

9 30 29 2 

10 25 30 2 

11 20 31 1 

12 20 32 1 

13 17 33 1 

14 12 34 1 

15 12 35 1 

16 12 36 1 

17 9 37 1 

18 8 38 1 

19 7 39 1 

20 6 40 1 
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3.7 Pose comparison 

Finally, it is presented a comparison of the poses acquired by the ligand in the 

cluster 12 (the cluster that arose only in the last part of the simulation) and the 

complex eIF4E-biphenyl (crystal structure 7MEU). 

In Figure 19 A is reported  in detail the three residues that interact with the 

4EGI in common with the biphenyl binding pocket (all biding pocket residues 

in Table 5): Tyr 59, Trp98, Ile47 (following the enumeration of the cluster 

structure).  

In Figure 19 B is presented the superimposition of the two structures, with 

emphasis on the three residues described above. The 4EGI is presented in red 

and the biphenyl in blue.  
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Figure 19. Comparison between pose of 4EGI in cluster 12 and biphenyl. (A) Representation of 4EGI in the 
pose of cluster 12, in green are presented three residue of the biphenyl binding pocket that make contacts with 
the 4EGI. (B) Superimposition of the cluster 12 and the crystal 7MEU. 
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4.  DISCUSSION 

4.1 Stability of the complex  

As already reported in the “Introduction” section and in Figure 14, it is quite 

unusual that two molecules with a similar chemical structure such as 4EGI and 

biphenyl, can bind with the same efficiency and stability the eIF4E in two 

completely different binding modes.  

To open the way at the development of analogs that can improve the activity of 

the 4EGI as a promising drug, the stability of the complex has been investigated 

analyzing several structural and dynamical features  that were reported in the 

previews section. 

 

The evaluation of the RMSD evolution of the protein backbone over the 

simulation time was the first analysis performed (Fig. 15A). The RMSD shows 

a high level of fluctuation due to the presence of several loops (Fig. 15A, red 

structures).  

This observation was confirmed by the RMSD calculated only on the backbone 

of the secondary structure elements of the protein (Fig. 15B) showing a 

significant low degree of fluctuations over the simulation time. These results 

are also confirmed  for the equilibration phase (from 0 to 0,9 μs) being from 
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0,9 μs to 2 μs the simulation time taken into consideration for all the remaining 

analyses.   

In light of the RMSD results, it is possible to affirm that the protein is stable 

for the entire simulation time.  

 

The ligand shows a peculiar behavior since its RMSD profile is characterized 

by high fluctuations as reported in figure 15C for both equilibration and 

production phases.  

To have a structural representation of this variation the average structure of the 

four windows (0-05 μs, 0,5-1 μs, 1-1,5 μs, 1,5-2 μs) can be observed below the 

graph, and the ligand seems to acquire different poses in the simulation time.   

 
 
4.2 Ligand shift into the binding pocket  

To deeply describe the ligand shift into the binding pocket over the production 

phase (i.e., last 1,1 μs) several analyses were carried out and reported in the 

“Result section”.  

 

First, to understand the drift of the 4EGI, the path of different positions acquired 

by its center of mass respect to the protein center of mass was tracked (Fig 

16A). As reported in the zoomed part of the structural representation (Fig 16A), 
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the ligand tends to quickly change its pose, especially in the first 0,700 μs (from 

point 1 to point 8) where the maximum distance between points is 15,51 Å 

(from point 6 to 7), while it seems to move less in the last 0,4 μs (point 8 to 12) 

where the maximum distance between points is only 2,88 Å (point 10 to 11). 

The decreased distances between last points suggest a more stable position that 

can be due to the formation of new interactions builds by the ligand with 

residues near the ones contacted at the start of the production time.  

 

To understand better the behavior of the ligand, contacts analyses were carried 

out represented from graphs in Figure 16B and C.  

The analyses that involves all the protein residues (Fig 16B) underlines that the 

ligand progressively loses contacts till the minimum reached at 0,5532 μs, then 

there is a turnaround and contacts start to increase.  

This trend of the contacts’ number  finds a correspondence with the shift of 

center of mass, indeed the minimum is in a middle position from point 5 and 6, 

that are the farthest, then the sudden increase (0,6-0,8 μs) correspond to the 

shift between 6, 7 and 8 and the final plateau of the increased contacts confirm 

the hypothesis that in the final position of COMs (from 8 to 12) the ligand 

develops more interactions with the protein. 
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Another evidence of the changing of contacts is the last 3D plot (Fig 16C), 

where was presented the changing of the number of contacts concerning only 

the residue of the binding pocket detectable on the crystal structure (4TPW). 

At the production starting time the ligand was not in the pocket, because it 

moved during thermalization and equilibration phase, but except for Lys17 that 

never acquired again the contacts, the other residues changed their interactions 

with the ligand though the production time. It is noteworthy that from 0,4 μs 

and 0,8 μs the graph has valleys followed by peaks in particularly in Phe15, 

Ile47 and Ser51. This can be compared with the general graph of contacts, 

where there is an increase of contacts in the same time frame.  

Particularly attention has to be taken to the ending part of the graphs, where is 

possible to observed an increase of number of contacts of Phe15, Ile47 and 

Ser51 this underlines that the ligand comes back in a region near the initial 

biding pocket, but it does not contact the same residues.  

 

The distance between the ligand and the biding pocket of the crystallized pose 

was measured (Fig 17 B). The residues considered for the calculation were 

reported with labels in Figure 17 A and in 3D structure (Fig 17 B) with the 

same surface color.  
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From the plot of distances, it is possible observe again that the ligand moved 

away from the initial binding pocket region, especially between 0,4 and 0,6 μs, 

that correspond to the center of mass positions labelled with 5, 6 and 7. 

Moreover the pose acquired by the ligand at the end of the simulation time 

showed that the ligand is further from the surface area of the Lys17 and Arg29 

respect to the other residues, this confirms the behavior seen in the 3D plot of 

contacts of the biding pocket (Fig 16 C).  

 

The last analysis performed on the biding pocket residues was the RMSF. A 

low RMSF is expected from bound residues, instead the RMSF calculation (Fig 

17C) of the binding pocket residues was high, suggesting rearrangement events 

of the residues over production time. 

 

 
4.3 Evolution of the complex  

To have an idea of the principal poses acquired by the ligand over simulation 

time, a cluster analysis was performed (Fig 18).  

It is clear from cluster distribution that in the equilibration phase there is a high 

variability of clusters, indeed the membership of structures to cluster 1, 2 and 

4 exchanges very quickly. At the production starting time (last 1,1 μs) the 

situation seems to be more stable.  
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Considering the succession of 3D structures reporting ligand poses and cavity 

variation (18B), the ligand seems to follow a precise path over production time. 

Indeed, the o-nitro-phenyl group tends to move up (cluster 8 and 9), to permit 

the movement of the diclorobenzene group into a region between alpha helix 3 

and beta sheet 2 that over the simulation time become a cavity (cluster 7-3-6).  

 

Unless the last conformations belong to cluster 11, that is poorly present in the 

first 0,2 μs of the simulation, cluster 12 and 6 seem to be the representative 

models of the new biding mode acquired by 4EGI. Indeed, as can be observed 

(Fig 18B) they differ only for the rotation of the o-nitro-phenyl group, but the 

diclorobenzene tends to maintain the same interactions in the two clusters.  

 

In cluster 12 the ligand tends to arrange contacts with the pocket of biphenyl. 

Indeed, the diclorobenzene ring enter a cavity where there are the Tyr59, Trp98 

and Ile47 (Figure 19A), that are residues that also take part to the biding of the 

biphenyl.  

To point out the position of 4EGI pose in cluster 12 and the biphenyl biding 

mode, a superimposition of the two structures was performed (Figure 19B) and 
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it is even clearer the tendency of the diclorobenzene ring to interact with the 

same interaction residues of the biphenyl benzene linked to the tiazoline ring. 
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5. CONCLUSIONS 

5.1 Conclusion of the study  

Collecting all results, it is possible to conclude that the binding mode of the 

4EGI that was cocrystalized with the eIF4E in 2014 (Papadopoulos et al., 

2014), is not a stable binding mode.  

The high drift of the ligand position into the eIF4E binding pocket and the 

changing of the orientation into the eIF4E binding pocket over the simulation 

time suggest that the pharmacological activity of the 4EGI could not be 

explained by this binding mode, that although it is possible, it is not stable and 

maybe it was created by the crystallization conditions.  

 

The MD simulations of the 7MEU crystal structure and the eIF4E-4EGI 

complex in which the 4EGI was docked into the biphenyl biding pocket were 

conducted in parallel to the previous MD simulation confirming that the by 

binding pocket observed for the biphenyl molecule could be suitable also for 

the interaction of 4EGI. 

 

5.2 Perspectives 

Next steps to validate the theoretical results obtained so far, some specific point 

mutations of the keys residues identified into the eIF4E biphenyl binding 
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pocket will be designed and experimentally tested. The binding activity of 

eIF4E to 4EGI and biphenyl will be evaluated for the mutants giving a wider 

view of the binding mechanism of both ligands.  Based on the results obtained 

for the mutants we will proceed in the development of 4EGI analogs in order 

to increase the 4EGI pharmacological activity.  

  



 II 

Appendix 

.mdp file 

em1.mdp 

100title = EM1  
define = -DPOSRES5000 
constraints = none 
integrator = steep 
dt = 0.002 ; ps ! 
nsteps = 10000 
nstlist = 10 
ns_type = grid 
;pbc = xyz 
rlist = 1.3 
periodic_molecules  = no 
cutoff-scheme                  = Verlet 
verlet-buffer-tolerance        = 0.005 
coulombtype                    = PME 
coulomb-modifier               = Potential-shift 
rcoulomb-switch                = 1 
rcoulomb                       = 1.2 
vdw-type                       = Cut-off 
vdw-modifier                   = Potential-shift 
rvdw-switch                    = 1 
rvdw                           = 1.2 
fourierspacing = 0.12 
pme_order = 4 
ewald_rtol = 1e-5 
optimize_fft = yes 
; 
; Energy minimizing stuff 
; 
emtol = 100.0 
emstep = 0.01 
nstxout                        = 1000 
nstvout                        = 1000 
nstlog                         = 500 
nstfout                        = 0 
nstxout-compressed             = 500 
compressed-x-precision         = 1000 

 

em2.mdp 

title = EM2  
constraints = none 
integrator = steep 
dt = 0.002 ; ps ! 
nsteps = 50000 
nstlist = 10 
ns_type = grid 
;pbc = xyz 
rlist = 1.3 
periodic_molecules  = no  
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cutoff-scheme                  = Verlet 
verlet-buffer-tolerance        = 0.005 
coulombtype                    = PME 
coulomb-modifier               = Potential-shift 
rcoulomb-switch                = 1 
rcoulomb                       = 1.2 
vdw-type                       = Cut-off 
vdw-modifier                   = Potential-shift 
rvdw-switch                    = 1 
rvdw                           = 1.2 
fourierspacing = 0.12 
pme_order = 4 
ewald_rtol = 1e-5 
optimize_fft = yes 
; 
; Energy minimizing stuff 
; 
emtol = 1.0 
emstep = 0.01 
nstxout                        = 1000 
nstvout                        = 1000 
nstlog                         = 500 
nstfout                        = 0 
nstxout-compressed             = 500 
compressed-x-precision         = 1000 

 

nvt1.mdp 

title = NVT1  
; Input file 
; 
define              =  -DPOSRES1000 
; integrator and time step 
integrator          =  md  
nsteps              =  250000  
dt                  =  0.002 
; 
; removing CM translation and rotation 
comm_mode           =  Linear  
nstcomm             =  100 
; 
; output control  
nstlog                   = 500 
nstenergy                = 500 
nstxout                  = 500 
nstvout                  = 500 
nstfout    = 500 
nstxtcout                = 1000 
; 
; neighbour searching 
nstlist             = 10 
ns_type             = grid 
pbc                 = xyz 
rlist               = 1.3  
; 
; electrostatic 
cutoff-scheme                  = Verlet 
rcoulomb            = 1.2  



 IV 

rcoulomb_switch     = 0.0 
coulombtype         = PME       
 
 
; 
; Ewald 
fourierspacing      = 0.1  
pme_order           = 4 
; 
; vdw 
vdw-type                 = Cut-off 
rvdw-switch         = 0.00 
rvdw                = 1.2  
 
; 
; constraints 
constraints              = all-bonds 
constraint-algorithm     = lincs 
lincs_iter               = 1 
lincs_order              = 4 
; 
; temperature 
;Tcoupl              = no 
Tcoupl              = berendsen  
tc_grps             = water non-water      
tau_t               = 0.1 0.1  
ref_t               = 100 100 
; 
; pression 
Pcoupl              = no 
;Pcoupl              =  berendsen 
;Pcoupltype          =  isotropic 
;tau_p               =  0.5 
;compressibility     =  4.5e-5 
;ref_p               =  1.0  
; 
; initial velocities 
gen_vel             = yes 
gen_temp            = 0 
gen_seed            = -1 

 

nvt2.mdp 

title = NVT2  
; Input file 
; 
define              =  -DPOSRES500  
; integrator and time step 
integrator          =  md  
nsteps              =  250000  
dt                  =  0.002 
;ppp 
; removing CM translation and rotation 
comm_mode           =  Linear  
nstcomm             =  100 
; 
; output control  
nstlog                   = 500 
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nstenergy                = 500 
nstxout                  = 500 
nstvout                  = 500 
nstfout    = 500 
nstxtcout                = 1000 
; 
; neighbour searching 
nstlist             = 10 
ns_type             = grid 
pbc                 = xyz 
rlist               = 1.3  
; 
; electrostatic 
cutoff-scheme                  = Verlet 
rcoulomb            = 1.2  
rcoulomb_switch     = 0.0 
coulombtype         = PME       
 
 
; 
; Ewald 
fourierspacing      = 0.1  
pme_order           = 4 
; 
; vdw 
vdw-type                 = Cut-off 
rvdw-switch         = 0.00 
rvdw                = 1.2  
; 
; constraints 
constraints              = all-bonds 
constraint-algorithm     = lincs 
lincs_iter               = 6  
lincs_order              = 6 
; 
; temperature 
;Tcoupl              = no 
Tcoupl              = berendsen  
tc_grps             = water  non-water    
tau_t               = 0.1 0.1  
ref_t               = 200 200 
; 
; pression 
Pcoupl              = no 
;Pcoupl              =  berendsen 
;Pcoupltype          =  isotropic 
;tau_p               =  0.5 
;compressibility     =  4.5e-5 
;ref_p               =  1.0  
; 
; initial velocities 
gen_vel             = no  
 
continuation = yes 

 

nvt3.mdp 

title = NVT3  
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; Input file 
; 
define              =  -DPOSRES250  
; integrator and time step 
integrator          =  md  
nsteps              =  250000  
dt                  =  0.002 
; 
; removing CM translation and rotation 
comm_mode           =  Linear  
nstcomm             =  100 
; 
; output control  
nstlog                   = 500 
nstenergy                = 500 
nstxout                  = 500 
nstvout                  = 500 
nstfout    = 500 
nstxtcout                = 1000 
; 
; neighbour searching 
nstlist             = 10 
ns_type             = grid 
pbc                 = xyz 
rlist               = 1.3  
; 
; electrostatic 
cutoff-scheme                  = Verlet 
rcoulomb            = 1.2  
rcoulomb_switch     = 0.0 
coulombtype         = PME       
 
 
; 
; Ewald 
fourierspacing      = 0.1  
pme_order           = 4 
; 
; vdw 
vdw-type                 = Cut-off 
rvdw-switch         = 0.00 
rvdw                = 1.2  
; 
 
; constraints 
constraints              = all-bonds 
constraint-algorithm     = lincs 
lincs_iter               = 6 
lincs_order              = 6 
; 
; temperature 
;Tcoupl              = no 
Tcoupl              = berendsen  
tc_grps             = water  non-water     
tau_t               = 0.1 0.1  
ref_t               = 300 300 
; 
; pression 
Pcoupl              = no 
;Pcoupl              =  berendsen 
;Pcoupltype          =  isotropic 
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;tau_p               =  0.5 
;compressibility     =  4.5e-5 
;ref_p               =  1.0  
; 
; initial velocities 
gen_vel             = no   
 
continuation             = yes 

 

npt1.mdp 

define                   = -DPOSRES50 
 
; RUN CONTROL PARAMETERS 
integrator               = md 
; Start time and timestep in ps 
tinit                    = 0 
dt                       = 0.002 
nsteps                   = 500000 ;10000ps 
simulation_part          = 1 
init_step                = 0 
comm-mode                = Linear 
nstcomm                  = 100 
comm-grps                = water non-water          
 
; LANGEVIN DYNAMICS OPTIONS 
; Friction coefficient (amu/ps) and random seed 
bd-fric                  = 0 
ld-seed                  = -1 
 
; OUTPUT CONTROL OPTIONS 
nstxout                  = 10000 
nstvout                  = 10000 
nstfout                  = 0 
; Output frequency for energies to log file and energy file 
nstlog                   = 500 
nstenergy                = 500 
; Output frequency and precision for xtc file 
nstxtcout                = 10000 
xtc-precision            = 1000 
xtc-grps                 = 
energygrps               = 
 
; NEIGHBORSEARCHING PARAMETERS 
cutoff-scheme            = Verlet 
nstlist                  = 20 
ns_type                  = grid 
pbc                      = xyz 
periodic_molecules       = no 
rlist                    = 1.3 
 
; OPTIONS FOR ELECTROSTATICS AND VDW 
; Method for doing electrostatics 
coulombtype              = PME 
rcoulomb-switch          = 0 
rcoulomb                 = 1.2 
epsilon-r                = 1 
epsilon_rf               = 0 



 VIII 

vdw-type                 = Cut-off 
rvdw-switch              = 0 
rvdw                     = 1.2 
 
DispCorr                 = EnerPres 
table-extension          = 1 
fourierspacing           = 0.12 
fourier_nx               = 0 
fourier_ny               = 0 
fourier_nz               = 0 
 
; EWALD/PME/PPPM parameters 
pme_order                = 4 
ewald_rtol               = 1e-05 
ewald_geometry           = 3d 
epsilon_surface          = 0 
optimize_fft             = no 
 
 
; OPTIONS FOR WEAK COUPLING ALGORITHMS 
; Temperature coupling 
Tcoupl                   = v-rescale 
; Groups to couple separately 
tc-grps                  = water non-water      
; Time constant (ps) and reference temperature (K) 
tau-t                    = 0.1 0.1 
ref-t                    = 300 300 
; Pressure coupling 
Pcoupl                   = parrinello-rahman 
Pcoupltype               = isotropic 
; Time constant (ps), compressibility (1/bar) and reference P (bar) 
tau-p                    = 5 
compressibility          = 4.5e-5  
ref-p                    = 1  
; Scaling of reference coordinates, No, All or COM 
refcoord_scaling         = com 
; Random seed for Andersen thermostat 
andersen_seed            = 815131 
 
 
; GENERATE VELOCITIES FOR STARTUP RUN 
gen_vel                  = no 
gen-temp                 = 50 
gen-seed                 = -1 
 
; OPTIONS FOR BONDS 
constraints              = all-bonds 
; Type of constraint algorithm 
constraint-algorithm     = lincs 
; Do not constrain the start configuration 
continuation             = yes 
; Highest order in the expansion of the constraint coupling matrix 
lincs-order              = 6 
lincs-iter               = 6 
lincs-warnangle          = 30 
morse                    = no 

 

 



 IX 

npt2.mdp 

define                   = -DPOSRES15  
 
; RUN CONTROL PARAMETERS 
integrator               = md 
; Start time and timestep in ps 
tinit                    = 0 
dt                       = 0.002 
nsteps                   = 2500000 ;10000ps 
simulation_part          = 1 
init_step                = 0 
comm-mode                = Linear 
nstcomm                  = 100 
comm-grps                = water non-water          
 
; LANGEVIN DYNAMICS OPTIONS 
; Friction coefficient (amu/ps) and random seed 
bd-fric                  = 0 
ld-seed                  = -1 
 
; OUTPUT CONTROL OPTIONS 
nstxout                  = 10000 
nstvout                  = 10000 
nstfout                  = 0 
; Output frequency for energies to log file and energy file 
nstlog                   = 500 
nstenergy                = 500 
; Output frequency and precision for xtc file 
nstxtcout                = 10000 
xtc-precision            = 1000 
xtc-grps                 = 
energygrps               = 
 
; NEIGHBORSEARCHING PARAMETERS 
cutoff-scheme            = Verlet 
nstlist                  = 20 
ns_type                  = grid 
pbc                      = xyz 
periodic_molecules       = no 
rlist                    = 1.3 
 
; OPTIONS FOR ELECTROSTATICS AND VDW 
; Method for doing electrostatics 
coulombtype              = PME 
rcoulomb-switch          = 0 
rcoulomb                 = 1.2 
epsilon-r                = 1 
epsilon_rf               = 0 
vdw-type                 = Cut-off 
rvdw-switch              = 0 
rvdw                     = 1.2 
 
DispCorr                 = EnerPres 
table-extension          = 1 
fourierspacing           = 0.12 
fourier_nx               = 0 
fourier_ny               = 0 
fourier_nz               = 0 
 



 X 

; EWALD/PME/PPPM parameters 
pme_order                = 4 
ewald_rtol               = 1e-05 
ewald_geometry           = 3d 
epsilon_surface          = 0 
optimize_fft             = no 
 
 
; OPTIONS FOR WEAK COUPLING ALGORITHMS 
; Temperature coupling 
Tcoupl                   = v-rescale 
; Groups to couple separately 
tc-grps                  = water non-water      
; Time constant (ps) and reference temperature (K) 
tau-t                    = 0.5 0.5 
ref-t                    = 300 300 
; Pressure coupling 
Pcoupl                   = parrinello-rahman 
Pcoupltype               = isotropic 
; Time constant (ps), compressibility (1/bar) and reference P (bar) 
tau-p                    = 5 
compressibility          = 4.5e-5  
ref-p                    = 1  
; Scaling of reference coordinates, No, All or COM 
refcoord_scaling         = com 
; Random seed for Andersen thermostat 
andersen_seed            = 815131 
 
 
; GENERATE VELOCITIES FOR STARTUP RUN 
gen_vel                  = no 
gen-temp                 = 50 
gen-seed                 = -1 
 
; OPTIONS FOR BONDS 
constraints              = all-bonds 
; Type of constraint algorithm 
constraint-algorithm     = lincs 
; Do not constrain the start configuration 
continuation             = yes 
; Highest order in the expansion of the constraint coupling matrix 
lincs-order              = 4 
lincs-iter               = 1 
morse                    = no 

 

run.0.mdp 

define                   =  
 
; RUN CONTROL PARAMETERS 

integrator               = md 
; Start time and timestep in ps 
tinit                    = -50000 
dt                       = 0.002 

nsteps                   = 25000000 ;10000ps 
simulation_part          = 1 



 XI 

init_step                = 0 

comm-mode                = Linear 
nstcomm                  = 100 
comm-grps                = water non-water          
 
; LANGEVIN DYNAMICS OPTIONS 

; Friction coefficient (amu/ps) and random seed 
bd-fric                  = 0 
ld-seed                  = -1 
 
; OUTPUT CONTROL OPTIONS 

nstxout                  = 10000 
nstvout                  = 10000 
nstfout                  = 0 
; Output frequency for energies to log file and energy file 
nstlog                   = 500 

nstenergy                = 500 
; Output frequency and precision for xtc file 
nstxtcout                = 10000 
xtc-precision            = 1000 
xtc-grps                 = non-water 

energygrps               = 
 
; NEIGHBORSEARCHING PARAMETERS 
cutoff-scheme            = Verlet 
nstlist                  = 20 

ns_type                  = grid 
pbc                      = xyz 
periodic_molecules       = no 
rlist                    = 1.3 
 

; OPTIONS FOR ELECTROSTATICS AND VDW 
; Method for doing electrostatics 
coulombtype              = PME 
rcoulomb-switch          = 0 
rcoulomb                 = 1.2 

epsilon-r                = 1 
epsilon_rf               = 0 
vdw-type                 = Cut-off 
rvdw-switch              = 0 

rvdw                     = 1.2 
 
DispCorr                 = EnerPres 
table-extension          = 1 
fourierspacing           = 0.12 

fourier_nx               = 0 
fourier_ny               = 0 



 XII 

fourier_nz               = 0 

 
; EWALD/PME/PPPM parameters 
pme_order                = 4 
ewald_rtol               = 1e-05 
ewald_geometry           = 3d 

epsilon_surface          = 0 
optimize_fft             = no 
 
 
; OPTIONS FOR WEAK COUPLING ALGORITHMS 

; Temperature coupling 
Tcoupl                   = v-rescale 
; Groups to couple separately 
tc-grps                  = water non-water      
; Time constant (ps) and reference temperature (K) 

tau-t                    = 0.5 0.5 
ref-t                    = 300 300 
; Pressure coupling 
Pcoupl                   = parrinello-rahman 
Pcoupltype               = isotropic 

; Time constant (ps), compressibility (1/bar) and reference P (bar) 
tau-p                    = 5 
compressibility          = 4.5e-5  
ref-p                    = 1  
; Scaling of reference coordinates, No, All or COM 

refcoord_scaling         = com 
; Random seed for Andersen thermostat 
andersen_seed            = 815131 
 
 

; GENERATE VELOCITIES FOR STARTUP RUN 
gen_vel                  = no 
gen-temp                 = 50 
gen-seed                 = -1 
 

; OPTIONS FOR BONDS 
constraints              = all-bonds 
; Type of constraint algorithm 
constraint-algorithm     = lincs 

; Do not constrain the start configuration 
continuation             = yes 
; Highest order in the expansion of the constraint coupling matrix 
lincs-order              = 4 
lincs-iter               = 1 

morse                    = no 



 XIII 
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