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Identification of chemical compounds that act on human and virus proteins
involved in the HIV infection pathogenesis mechanisms

Purpose

Tasks
• Development of chemical and protein named entity recognition algorithm
• Identification of proteins and genes involved HIV-host interactions based on the developed

algorithm
• Search for chemical compounds that are known to affect key proteins in HIV infection

pathogenesis
• Representation of work results as graphical interaction networks



Chemical and protein named entity recognition algorithm

Annotated text corpora

CHEMDNER
• 10 000 abstracts
• Chemical named entity

annotations

DrugProt
• 15 000 abstracts
• Chemical and proteins

(genes) named entity
annotations

Tokenization

Chemical NER
• Punctuation marks and

word separators

Proteins and genes NER
• Punctuation marks

Token labeling

Chemical NER
• SOBIE

Proteins and genes NER
• SOBIE

CHEMDNER

DrugProt

S – Single

B – Begin

I – Inside

E – End

O - Out



Feature Type Meaning
word string Token
lower string Token (lower case)

isUpper Boolean Is token in the upper case
isTitle Boolean Is token a title (first character in the upper case)
isDigit Boolean Is token a digit

hasDigits Boolean Does token have digits

isNonSpecific Boolean Is token a non-specific term

isStopWord Boolean Is token a stop-word
hasSymbols Boolean Does token have symbols
word[n-3:n] string Last three characters of the token
word[n-2:n] string Last to characters of the token

firstChar string Token first character
length integer Number of characters in the token
posTag string Token part of speech tag

Algorithm: Conditional Random Fields (CRF)
Realization: Python 3.10
• NLTK
• Sklearn_crfcuite

Recognition accuracy

• Five-fold cross validation

• Manual analysis of recognition results on
a texts sample (100 abstracts)



Chemical named entity recognition Protein (gene) named entity recognition

Precision Recall F1-score

S 0,86 0,83 0,84

O 0,97 0,98 0,98

B 0,83 0,78 0,80

I 0,84 0,81 0,83

E 0,83 0,78 0,81

Avg 0,87 0,84 0,85

Five-fold cross-validation

Precision Recall F1-score

S 0,91 0,84 0,87

O 0,99 0,99 0,99

B 0,87 0,80 0,83

I 0,92 0,89 0,91

E 0,88 0,81 0,85

Avg 0,91 0,87 0,89

Five-fold cross-validation

Manual annotation (Test set) Manual annotation (Test set)

Precision Recall F1-score

CNE 0,83 0,94 0,88

Precision Recall F1-score

PNE 0,84 0,79 0,81



Identification of proteins and genes involved HIV-host interactions 
"Host-Pathogen

Interactions"[Mesh]
AND

Subheadings

"HIV"[Mesh]

1960 abstracts

Sentences

Protein and genes named entity recognition

Sentences with one protein named entity



1960 abstracts

1475 unique sentences with 2 or 
more protein named entities

~3000 unique interactions (within 
the abstract)

Interacting proteins

Organism

HIV Human

UniProt ID

Interacting pairs (TXT format) Interacting pairs (SIF format)

Example of SIF format. HIV and HS labels were used to mark HIV and 
human proteins, respectively
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The verification based on the prospective clinical study

HIV+ patients
(group of 10 individuals)

The longitudeness of 
HIV-infection

Under 1 year

More than 1 year

An analysis of 
differences in gene 

expression



Matching results of text analysis and clinical study

GENE SYNONIMS Gene Ontology PMIDs The associasion is 
known

CLEC5A C-type lectin domain family 5 member A Immune response 31867016 Нет

CXCL8 Interleukin-8, C-X-C motif chemokine 8, 
Emoctakin

Inflammatory response
Regulation of gene expression

27227934
33610024

Да

FCGR2A Low affinity immunoglobulin gamma Fc 
region receptor II-a, CD32, FcγRII

Immune response 25100508 Да

FPR1 fMet-Leu-Phe receptor, fMLP receptor Inflammatory response 32093694 Да

TLR2 Toll-like receptor 2,  CD282 Immune response
Inflammatory response
Regulation of gene expression

32093694
32516401
28730622

Да

NT5E 5'-nucleotidase Inflammatory response - Нет

CD14 Monocyte differentiation antigen CD14 Immune response
Inflammatory response

34211989
33487130

Да

CD86 T-lymphocyte activation antigen CD86 Immune response
Negative regulation of T cell proliferation

34630420 Да

NAMPT Nicotinamide phosphoribosyltransferase Autophagy - Нет



Antiviral compounds (HIV) that potentially act on the host proteins

Philip Mwimanzi, J. Virol., 2016

Micromolar inhibitors of HIV-1 replication;
Possibly mediates downregulation of HIV-1's 
entry receptor CD4 and reduce expression of 

tetherin.

SM111 HMA
Modulation of GAPDH by Omigapil

leads to dose-dependent inhibition of 
HIV, Dengue and Zika virus

Omigapil

Trevor V. Gale, J. Proteome Res., 2019

Fumagillin
Fumagillin suppresses HIV-1 infection of

macrophages through the inhibition of Vpr
activity

Nobumoto Watanabe, FEBS Lett., 2006

MEK1/2 selective allosteric inhibitor Trametinib reduces HIV-1 infectivity 
via the decrease in virion-incorporated ERK2 phosphorylation.

Trametinib

Takeo Dochi, Biochem Biophys Res Commun, 2018

Maraviroc

Maraviroc (MVC) is the only CCR5 antagonist currently approved by
the FDA. MVC has been shown to be effective at inhibiting HIV-1 

entry into cells and is well tolerated.
Shawna M Woollard, Drug Des Devel Ther., 2015
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