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Inhibitors of the proteases might be of the direct utility for the medical treatment 

aids as well as might serve as the protective shells for the other agents, which might 
be damaged due to the effect of blood proteases. The example is the delivery of the 
peptides, which might be antibiotics or the hormone type compounds, peptide type 
inhibitors of the viruses replication responsible enzymes, vasopressin or oxytocin. 
Previously (results are in press) there were leaded the experiments and included the 
general inhibitors of the proteases, such as urea, into the composition of the albumin 
nanoparticles It was detected  how stable these particles during the trypsinolyses over 
the 72 hours. We concluded, the general inhibitors were able to stand as the protective 
agents, preventing lyses of the micropartciles, made from albumin. Such formulations 
might serve as the wonderful carriers in blood stream for the transportation of medical 
compounds of the peptide or protein nature, antibiotics, inhibitors of the replicases of 
viruses, protecting them from the proteases of blood. 

Introduction

Proteases are the group of the enzymes, responsible for the 
cleavage of the proteins and peptides. Otherwise, they are called 
hydrolases. These groups of the compounds are ubiquitous and 
in the higher organisms they are encoded by the 2% of the genes. 
The best characterized proteinases are the mammalian digestive 
enzymes-trypsin, chymotrypsin, and pepsin and the lysosome 
enzymes-cathepsin B and cathepsin D. In physiological conditions 
these enzymes carry out the limited proteolysis of the numerous 
zymogen forms of the enzymes, responsible for blood clotting and 
lyse the fibrin clot [1]. 

Inhibitors of the proteases might be used in different fields: as 
the antimicrobial, antiviral compounds, as the protective shells for 
the peptide-types antibiotics etc. Numerous protease inhibitors 
were tested at the level of the “bench side” and many of them 
passed through the animal-based in vivo studies.  The main field 
of the applicability of the protease inhibitors is the medicine and 
treatment of the human beings against of the pathogen viruses, 
bacteria [2], against the development of the inflammation [2], 
cardiovascular diseases [3], respiratory related pathologies [2], 
neurodegenerative diseases, particularly Alzheimer’s disease [4]. 

However, just several protease inhibitors are accepted into 
the medical practice. The list of such inhibitors includes the ACE 
(angiotesine converting enzymes) inhibitors, HIV-1 protease 
inhibitors for treating HIV/AIDS, inhibitors of the thrombin for the 
treatment of the stroke and cardiovascular diseases as well as the 
elastases for the treatment of the Systemic Inflammatory Response 
Syndrome (SIRS).

The HIV protease, encoded in the 5’ end of the pol gene, is 
expressed as the part of the gag–pol polyprotein [5]. This gene 
encodes a 99-amino-acid protein. Homodimers of this protein 
have the aspartyl protease activity that is typical for retroviral 
proteases; monomers are enzymatically inactive [6]. The protease 
of HIV is targeting gag and gag–pol polyproteins, separating it 
into the several parts: large proteins, which are structure building 
responsible p24, p17, and p7 and small proteins, which are p6, p2, 
and p1, with undefined functions [7]. It is interesting, mammalian 
proteases are not efficiently cut the HIV proteins because the HIV 
proteases possess with the unusual space specify,  cleaving the 
bonds between phenylalanine-proline or tyrosine–proline [8]. 
After the cleavage of gag polyprotein the morphologic changes in 
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the virion occur and condensation of the nucleoprotein core might 
be formed [9]. In case, if the proteases transcription is defective the 
immature, noninfectious viral particles are formed [10]. 

The four inhibitors of aspartyl - proteases of HIV have the 
medicinal utility. Indinavir (Crixivan), nelfinavir (Viracept), 
ritonavir (Norvir), and saquinavir (Invirase and Fortovase) and 
the investigational protease inhibitor amprenavir are structurally 
related molecules. Most contain a synthetic analogue of the 
phenylalanine–proline sequence at positions 167 and 168 of the 
gag pol polyprotein that is cleaved by the protease [8].

HIV-protease inhibitors prevent cleavage of gag and gag–
pol protein precursors in acutely and chronically infected cells, 
arresting maturation and thereby blocking the infectivity of nascent 
virions [11]. The main antiviral action of HIV-protease inhibitors is 
thus to prevent subsequent waves of infection; they have no effect 
on cells already harboring integrated proviral DNA. 

Translation of the replicase proteins in coronaviruses is 
initiated by the translation of ORF1a and, ORF1ab via a–1 
ribosomal frame-shifting mechanism [12]. Due to the proceeding 
of mentioned mechanism two large viral polyprotein, pp1a and 
pp1ab, that are further process by two virally encoded cysteine 
proteases, the papain-like protease (PLpro) and a 3-chymotrypsin-
like protease (3CLpro), which is sometimes referred to and is 
called as the main as main protease (Mpro) [13,14]. Processing 
of the viral polyprotein is required for the release and maturation 
of 16 viral proteins (non-structural proteins or nsps) involved in 
the formation of a membrane-associated, cytoplasmic enzyme 
complex, the replicase complex, which is responsible for directing 
the replication and transcription of the viral genome. It is thought 
that the establishment of viral replication sites is initiated by the 
recruitment of replicase proteins to host membranes, a process 
mediated by the several viral transmembrane domain-containing 

proteins such as the nsp3, nsp4 and nsp6 [15-17]. 

One of the best characterized drug targets among coronaviruses 
is the main protease Mpro, also called 3CLpro [18]. Inhibitors of the 
proteases might be of the direct for with the medical treatments 
aids as well as might serve as the protective shells for the other 
agents, which might be damaged due to the effect of the blood 
proteases. The example is the delivery of the peptides, which 
might be antibiotics or the hormone type compounds, peptide type 
inhibitors, responsible for the replication of the viruses vasopressin 
or oxytocin. 

Albumin is not just the protein of blood, which is supporting 
the oncotic pressure of it but also serving as the natural carrier 
for the medicines or organic compounds. In our experiments, 
glutaraldehyde was used for the polymerization of albumin. 
Determination of the particle size was performed by the light as well 
as phase contrast microscopies and analyzed by Pixcavator 6.0 and 
Image Tool programs. As a consequence of the experiments, the best 
formulation of glutaraldehyde ratio and albumin quantity as well as 
conditions for the formation of the smallest sized spheroidshaped 
particles were found for the further in vivo application [19].

Compared the to synthetic polymers, proteins possess several 
advantages: they might be degraded into the peptides by naturally 
occurring enzymes; in comparison with the chemically synthesized 
nanomolecules, which  accumulate in the body, particularly in the 
liver,  and result in toxic degradation products [20]. The scientists 
proceeded the computer-aided design, which led to the discovery 
of the cyclic urea inhibitors of the HIV protease. The group of the 
investigators found out, that studied DMP 450 has a significant 
advance within the cyclic urea class of HIV protease inhibitors 
due to its exceptional oral bioavailability. They psoposed, that an 
optimal cyclic urea will provide clinical benefit in treating AIDS 
[21].  

Figure 1: A. The electron microscopy picture representing formation of albumin nano and/or micro-scale particles. The lyses of 
the particles in the environments of water. After formation of the particles it was added trypsin. After 72 hour it was measured 
the quantity of the proteins in solution. The formation of the particles was performed by utility of glutaraldehyde. The results 
were accepted as the statistically significant, when p< 0,05. 
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During our experiments, we included the general inhibitors of 
the proteases, such as urea, into the composition of the albumin 
nanoparticles and detected  how stable these particles during the 
trypsinolyses over the 72 hours (results are in press, Figure 1). We 
concluded, the general inhibitors are able to stand as the protective 
agents, preventing lyses of the micropartciles made from albumin. 
Such formulations might serve as the wonderful carriers in blood 
stream for the transportation of medical compounds of peptide or 
protein nature, antibiotics, inhibitors of the replicases of viruses, 
protecting them from the proteases of blood. 
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