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ANTIVIRAL DRUG DEVELOPMENT

Accumulated Basic Knowledge <
fundamentally predictable principles for

3

Targets identification < Design <  Antivirals prognosis

Computer-Aided { Modeling / \ Synthesis e Realization of desired draggable
Detailing - Clarifying the \ / (Macro) molecular constructs

mechanisms & parameters for: e Stepwise pfeparation of
e Viral Target — Antiviral _ _ drug-candidate samples
interaction in QSAR aspects Bio Testing for (bio) evaluations

e Synthesis optimization | -
toward the desired Experimental verification of the

e Design & Modeling Prognosis efficiency or
discovery of unpredicted data as new objects for
analysis and reinvestigation

e Prospects of the synthesized test-variants for

Comments potential Antivirals for future

biomedical advancement

e It can be summarized by the scheme. From basic knowledge supported Design toward pilot synthesis — bio-testing, and computational modeling if it is relevantly helpful

structures of the Antivirals
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ANTIVIRAL DRUG
1. FUNDAMENTALLY PREDICTABLE BASIC P

Model. Synth.
CIPLES

Testing

Comments

® So, the Design and fundamentally predictable basic principles
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ANTIVIRAL DRUG DESIGN 2
1. FUNDAMENTALLY PREDICTABLE BASIC PRINCIPLES

1.1. Small and Macro Molecules

Molecular evolution of biological forms of Life

L )

to “Great”
Bio PonAmer Basis  of Cells:

Covalently polymerized chains & networks

-~ flexible, but stable self-organization
From “Small” 3 ~ 300 K (30°C) + 50

N Temperature & entropy stimuled dissociation & chaos

e Lipides -methylene motifs Membranes
e Proteins -peptides (amides) Strucguring
Functionali-

® Hydrocarbons '-saccharides (ethers)

zation

® Nucleic Acids -nucleotide (esters) Genome
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ANTIVIRAL DRUG DESIGN 3

1. FUNDAMENTALLY PREDICTABLE BASIC PRINCIPLES Q

Vi

g

1.1. Small and Macro Molecules '\‘;;\l\

_‘\////vi‘_kg

® ® ® ® N"
Molecular evolution of biological forms of Life
t L
Covalently polymerized chains & networks > 1o “Great” DS
flexible, but stable self-organization 0 rea
Extracellular Viral Particles = Bio PonAmer Basis  of Cells:
max compressed inter-bio-polymeric complexes |
|'_|_|V Proteins with lipid | captured from <« ----- ® Lipides E-methylene motifs Membranes
VIrion + enve|ope host cell : —
: P : : ructuring
RNA (2 copies) genome _ //7/0 Proteins : peptides (amides) -
Proteins replicated “~¢ /7 ® Hydrocarbons '-saccharides (ethers) F”nc'fc'.onal"
p66 RT . Yo | zation
100 nm & p?g IPE pol = )"/ ,”~e Nucleic Acids  !-nucleotide (esters) | Genome
\ Q/(\/l’ 5 P 7 c // ,///
- OoQ6\~ 324 ce\} gag”
. 5 p17 M ‘/'/
u ¥ ! .Y\
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ANTIVIRAL DRUG DESIGN 4
1. FUNDAMENTALLY PREDICTABLE BASIC PRINCIPLES

1.1. Small and Macro Molecules In view for counter intervention in Viral Life Cycle

Small Size Nano Scale Targets ‘l’
<=1 nm >2 =500 nm (\Stages
H Iv-1 . Proteins with ||p|d} captured from Priority for the POIY'AntiVirals
host cell : .
Extracellular Viral Particles (Virions) I VIRION ¢ envelope nano-intervention
y RNA (2 copies) genome ;
e Virions' surface e Virions’ surface . p Proteins replicated -
local points full scale 100 BB | 2 Sgg FNT}pol — | ;
Virions Entry into Cells, and Uncoating il @o\ o_ p1g, le I :
S p .< -
® Virion Spikes* e Virion Spikes 00Q9\~ 83‘7‘ '%\\}939 Viri R .
e Cell Receptors* e Cell Receptors ol 12r;m ) + %@@_ gg 13(1) w L irion
e Passage of e Cell membrane - ——
lon Channels Raft —domains Other virions’ scale varied 30-500 nm ~ Cell
Intracell Replication of Viral Species 1] and spikes 5-30 nm
e Metabolites e Nucleic Acids \ & S Renliéation :
e Enzyme Centers & complexes ENTRY e — >0 24 RELEASE
Vir K e Matura el adsorption ->* Il o Small;nqlecule metat::lulytes .gﬁ IV Maturation ->
irions Assenmbly, Maturation, Release 1V fusion -> uncoating ?n suzet-com]?ara e self-assembly ->
® Pre Assembling ® Assembling pre- 3 active centers of enzymes
points virion nano-units ~ Small molecule ﬁ Antiviral Drugs

o Celllmembrane iﬁ
Raft —domains i



Some Basic Principles/Criteria

toward

Poly-ANTIVIRALS

Design - Practical Synthesis
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ANTIVIRAL DRUG DESIGN

Synth.
1. FUNDAMENTALLY PREDICTABLE BASIC PRINCIPLES
1.1. Macro Molecules In view for counter intervention in Viral Life Cycle
-] T 1.2. Relevant Criteria for Macromolecular (Poly)Antivirals Synthesis
argets
2-500 nm N : . . .
e Solubility in aqua-based physiological media — hydrophilic O / N groups
,I, e Virions’surface <. _______-_, o Charge selectivity to Virions in competition with Cell’s Receptors — Poly Anions "
Virions (incl. Spikes) o7
ye e ,'I ~K-KK-K-K-K~ + 6+ Virus  ~A-A-A-A-A-A~
i ® Virion Spikes K Cyto / Bacteria TOXIC * %t Cyto SAFE but VIRUS NEUTRALAZING
V. Entry e Cell Receptors /I e ———
e Cell membrane ) #~ Cells (incl. Bacteria) ™\
Raft —domains /'/
® Fusion Mediators K
1] ;
Reblication * Nucleic Acids )
~eplealion & complexes /
Iv ® Assembling pre- /,

virion nano-units ¥

Assembly e Cell membrane

Raft —domains
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Virions
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V. Entry
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Assembly

ANTIVIRAL DRUG DESIGN
1. FUNDAMENTALLY PREDICTABLE BASIC PRINCIPLES

Synth.

Macro.Molecules In view for counter intervention in Viral Life Cycle

1.2. Relevant Criteria for Macromolecular (Poly)Antivirals Synthesis

5b

2-500 nm e : . . .
e Solubility in aqua-based physiological media — hydrophilic O / N groups
¢ Virions’surface  <..--------, e Charge selectivity to Virions in competition with Cell’s Receptors — Poly Anions "
(incl. Spikes) // )/
e / +
-7 - /I "K'K'K'K-K-K"' +.+ Vil’us ~e‘A-'A'E'IA-'A~
e Virion Spikes ) Cytol Bacteria TOXIC T ¥ Cyto SAFE but VIRUS NEUTRALAZING
e Cell Receptors /I - - )
e Cell membrane ) 7~ Cells (incl. Bacteria) ™\
Raft —domains /'/
® Fusion Mediators )/ e Ability to bind Targets via combinations of ionic + H-bonds simultaneously
/
/
e Nucleic Acids ! C=C in®, = g H>4 ey pH>O
& | / S - ¢ n  HOH_>uooc coon — HoOC coo" — ‘00¢ €00
compiexes /I oo 0“0 N0 . pH<3 pH<8
_ / H-bond capable « . H-bond incapabl
g Assembllng pre- /I \ Hz-o N Dual H-bond -+ anion active ne neapane
iri A . s . - d water-solubl
virion nano-units ¥ e Modifiability for said ngands and walermsoule

e Cell membrane [ - ;I
Raft —domains Ct* =00C CO_Z_G oZoXo



Basic Design

ANTIVIRAL DRUG DESIGN

Synth.
1. FUNDAMENTALLY PREDICTABLE BASIC PRINCIPLES
1.1. Macro Molecules In view for counter intervention in Viral Life Cycle
Targets 1.2. Relevant Criteria for Macromolecular (Poly)Antivirals Synthesis
2-500 nm Resulted Variant of some Basic Formulation for Synthetically Allowed Poly-Antivirals
I e Virions’ surface [Hcoc com [_-Tdc-tc:f)oc o gl-lm
Virions (incl. Spikes) _Z_e
N . Required Structural Determinants
Il ® Virion Spikes Combination Polymerization Succinic Units Co-monomer Side Chain
e Cell Receptors i degree lonizable H-bondable residue Ligands
V. Entry of Properties i
e Cell membrane " ct*00¢’  'cooH '20'"/ n
Raft —domains oN t T
e Fusion Mediators ano-competency eterminan
1] e Aqua-Solubility Co-factor Determinant Co-factor Co-factor
. . e Nucleic Acids . . . .
Replication & complexes e Bio-Selectivity Det. Vector Co-factor
e Non-Toxicity Variator Determinant Co-factor Co-factor
Iv ® Assembling pre-
virion nano-units e Anti-Viral Efficiency Variator Determinant Co-factor
Assembly | o Cell membrane Immune mediated Variator Determinant Co-factor Co-factor
Raft —domains
Directly Targeted Co-Vector Co-factor
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Te:t'{; 1. FUNDAMENTALLY PREDICTABLE BASIC PRINCIPLES
1.1. Macro Molecules In view for counter intervention in Viral Life Cycle
T 1.2. Relevant Criteria for Macromolecular (Poly)Antivirals Synthesis
argets
2-500 nm Resulted Variant of some Basic Formulation for Synthetically Allowed Poly-Antivirals
l e Virions’ surface .. CC o
Virions (incl. Spikes) deneidliy = -8 }[ °° °°°"' gc}%
Increasing the LDgq (mg/Kg) = decreasing the toxicity et In vivo, intraperitoneally (i.p.)
|| e Virion Spikes o o o
V. Entry ® Cell Receptors WQMW & (\‘p ~:ﬂ: Ucoou ““Q"“ :;;5—{:0: @ iPrO  OiPr
e Cell membrane < 196 = 170-300 < 386 =~ >400 < 1230 < 1415 < 1600 < >2000 ~ >2000
Raft —domains
e Fusion Mediators
1]

e Nucleic Acids

Replication
~eplealion & complexes

Iv ® Assembling pre-
virion nano-units

Assembly e Cell membrane
Raft —domains

® The next is history of pilot synthesis and selection of most prospective candidates in accordance with criteria of Non-toxicity & (next slide)
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Next slide

Synth.

ANTIVIRAL DRUG DESIGN /B

1. FUNDAMENTALLY PREDICTABLE BASIC PRINCIPLES

Macro Molecules In view for counter intervention in Viral Life Cycle

Targets
2-500 nm

e Virions’ surface
(incl. Spikes)

e Virion Spikes
e Cell Receptors
e Cell membrane

Raft —-domains
e Fusion Mediators

e Nucleic Acids
& complexes

® Assembling pre-
virion nano-units

e Cell membrane
Raft —domains

1.2. Relevant Criteria for Macromolecular (Poly)Antivirals Synthesis

Resulted Variant of some Basic Formulation for Synthetically Allowed Poly-Antivirals

Non Toxicity = f(Ct*) B gﬁ

~o0C,, COOH
Increasing the LDgq (mg/Kg) = decreasing the toxicity c In vivo, intraperitoneally (i.p.)
7T o
HOOC ~ COOH — D) s
-~ 1600 < >2000 = >2000
*kk "_

ct-i- = Cu++ Ni++ Zn++ K+ Ba++ H+ Pt++(NH3)2 I)(-'l-|-+(|\]|.|3)2 Sr++ Li+ NH4+ Ca++ Na+
% 25 25 25 50 25 100 25 25 25 50 50 25 50
LD;,= 90 190 470 >1000 1100 1600 1700 2000 >2000 >2000 >2000 >2000 >2000 mg/kg




Basic Design

ANTIVIRAL DRUG DESIGN

$ Synth.
Test‘i{:; 1. FUNDAMENTALLY PREDICTABLE BASIC PRINCIPLES
1.1. Macro Molecules In view for counter intervention in Viral Life Cycle
Targets 1.2. Relevant Criteria for Macromolecular (Poly)Antivirals Synthesis
2-500 nm Resulted Variant of some Basic Formulation for Synthetically Allowed Poly-Antivirals
I e Virions’ surface
.. ici = + &
Virions (incl. Spikes) SROIC Y f(et’) [ ouc cogH g‘c_“%
ct In vivo, intraperitoneally (i.p.)
i e Virion Spikes f o o
\/. Entr e Cell Receptors m pea
e Cell membrane 1600 < >2&)2 =
Raff_dom:!“s ct'= Cu” Ni** Zn* K* Ba™ H* Pt-mw.Pd~o:Sr~ Li* NH,” Ca** Na'
m S RLIUUSeIELCIE % 25 25 25 50 25 100 25 25 25 50 50 25 50
T LD.,,= 90 190 470 >1000 1100 1600 1700 2000 >2000 >2000 >2000 >2000 >2000 mg/kg
Replication e . .
& complexes Anti-Viral Efficiency  Immune mediated
Iv ® Assembling pre- IFN= <10 <10 <80 <320 <80 <80 <10 <40 <40 <40 <10 <80 <320 mg/kg
virion nano-units lg= -~ — 60 310 160 280 170 -- 60 ~ 190 360 mg/kg
Assembly e Cell membrane
Raft —domains

And Antiviral potency, at least, of an immune mediated mode
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ANTIVIRAL DRUG DESIGN

1. FUNDAMENTALLY PREDICTABLE BASIC PRINCIPLES

AN
ynth.
¢/
Testing
1.1.
Targets
2-500 nm
I e Virions’ surface
Virions (incl. Spikes)
i e Virion Spikes
V. Entr e Cell Receptors
e Cell membrane
Raft —domains
e Fusion Mediators
]|

e Nucleic Acids

Replication
~eplealion & complexes

Iv ® Assembling pre-
virion nano-units
e Cell membrane
Raft —domains

Assembly

® Finely we come to the displayed two copolymeric structures

1.2. Relevant Criteria for Macromolecular (Poly)Antivirals Synthesis

7d

Macro Molecules In view for counter intervention in Viral Life Cycle

Resulted Variant of some Basic Formulation for Synthetically Allowed Poly-Antivirals

Hed—,

Leaders for Non Toxicity + immune stimulation:
“00C COOH

@,

Na* n E_O_,_H n Ct In vivo, intraperitoneally (i.p.)
"'00C  COOH = "'00C  COOH o -
+ - at
Na*'00C  CooH DVE(SA)SA FSA 0 ST O
1600 < >2000
. *kk . "_
ct-i- = Cu++ N]++ Zn++ K+ Ba++ H+ Pt++(NH3)2 I)(-'l-|-+(|\]|.|,_‘)2 Sr++ Ll+ NH4+ Ca++ Na+
% 25 25 25 50 25 100 25 25 25 50 50 25 50
LD;,= 90 190 470 >1000 1100 1600 1700 2000 >2000 >2000 >2000 >2000 >2000 mg/kg
Anti-Viral Efficiency  Immune mediated 1
IFN= <10 <10 <80 <320 <80 <80 <10 <40 <40 <40 <10 <80 <320 mg/kg
Ig= -— -— 60 310 160 280 170 - 60 —— -— 190 360 mg/kg




Basic Design

ANTIVIRAL DRUG DESIGN

$ Synth.
Testi{; 1. FUNDAMENTALLY PREDICTABLE BASIC PRINCIPLES
1.1. Macro Molecules In view for counter intervention in Viral Life Cycle
Targets 1.2. Relevant Criteria for Macromolecular (Poly)Antivirals Synthesis
2-500 nm Resulted Variant of some Basic Formulation for Synthetically Allowed Poly-Antivirals
l e Virions’ surface
. . . . &<
Virions (incl. Spikes) Leaders for Non Toxicity + immune stimulation: [_-_ooﬁc—cﬂo n ‘Qj%
Na* n E_O_,_H n Ct In vivo, intraperitoneally (i.p.)
" e Virion Spikes ‘00C  COOH —N ‘00C  COOH
+ = a+ * ’ H
V. Entrv | ® Cell Receptors Nar00C - Coon DVE(SA)SA FSA in vivo, Protection, %
e Cell membrane TBV RbV EEEV
Raft —d i
° Fjsion I(\)/Irzz:::ors 65() 95(82)  65(99)
1 e
Reolication  ® Nucleic Acids In vivo evaluations were
& complexes Anti-Viral Efficiency  Immune mediated performed under the
A bl lethally hard conditions
® AsSsemblin re-
IV virion nanog-fnits up to 200 LDso of Viruses
Raft —domains PolyAntivirals + Vaccine )




Immune mediated Potency
+
Direct
Anti-Viral Targeting

Amplification
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ANTIVIRAL DRUG DESIGN

$ Synth.
. t/' 1. FUNDAMENTALLY PREDICTABLE BASIC PRINCIPLES
esting
1.1. Macro Molecules In view for counter intervention in Viral Life Cycle
Targets 1.2. Relevant Criteria for Macromolecular (Poly)Antivirals Synthesis
2-500 nm Resulted Variant of some Basic Formulation for Synthetically Allowed Poly-Antivirals
i e Virions’ surface e NEXT GENERATIONS [ n ‘/\;i
Virions (incl. Spikes) The( L -co-SAR-programmed C-t" =o0d (cozlr_nz_e -00¢  COOH %
directly against Viral Targets ctt o , <
f In vivo, intraperitoneally (i.p.)
i e Virion Spikes
V.Entry | © CellReceptors =t o T F @0 T X n Cremal in vivo, Protection, %
> (0] (o]
e Cell membrane ° | . | o TBV RbV EEEV
Raft —d . HZ | FSA -derived Cmenens moougurayuu B %
aft ~domains o x (L : 3 ( 65(-)  55(82) 65(95)
e Fusion Mediators MpucoenuHeHne CnupTos Mo n Lo-x.-/L Mo %
III (sTepuduraums) HOOC CO-0-X,- LO HOO |o o~ ko 100 n (] ﬂ
o HN-x - Ly L=< - :
.. e Nucleic Acids R o~ my > Na+ i D 100 o In vivo evaluations were
Replication & complexes ‘aTep:t:"aW) Hooe o by “ood TS 8 performed under the
MpucoeanHeHue soabl n-mg-ny, Na L O-H n-EmN % Ietha“ hard COI‘Id itiOl‘IS
e Assembling pre- (rwapona) g HOOC ~ COOH J L W
IV Virion nano-units @ up to 200 LDso of VViruses
Assembly | e cell membrane y;;o'e;JJ@J&E%E.':;ﬁilj}%cmééﬁ o 50( Card ‘oan R (in brackets — for combined:
Raft —domains “oo¢ o Na* ? PolyAntivirals + Vaccine )

DVE(SA)SA -derived
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1.1.

Virions
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V. Entry
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Replication
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Synth.

ANTIVIRAL DRUG DESIGN

10

1. FUNDAMENTALLY PREDICTABLE BASIC PRINCIPLES

Macro Molecules In view for counter intervention in Viral Life Cycle

Targets
2-500 nm

e Virions’ surface

(incl. Spikes) 2

4=
e Virion Spikes &= 2
c. 1.2

e Cell Receptors

e Cell membrane
Raft —domains ¢ém 5
® Fusion Mediators < 3.4

e Nucleic Acids

& complexes cC.1.2
® Assembling pre-

virion nano-units C. 6
e Cell membrane

Raft —domains = 5

1.2. Relevant Criteria for Macromolecular (Poly)Antivirals Synthesis

Resulted Variant of some Basic Formulation for Synthetically Allowed Poly-Antivirals

Next Generations

The( Lk ~co-SAR-programmed
directly against Viral Targets

e

Ct* "00C CO—Z—G

Ct*

V4

Hed—,

“00C COOH

@,

In vivo, intraperitoneally (i.p.)

in vitro, SI = CCsy/IC5p in vivo, Protection, %
N |-2- L) m/n
= HIV Infl. CMV | TBV RbV EEEV
1 2 No Side Ligands ) 0 10-100 <30 < 350 65(-)  55(82) 65(95)
[&]
2 & 7.0y 2 <080 >680 —10000 7500 18)
3 8.ZNb € 01-03 >3300 >2140 240 fn vivo evaluations were
o g performed under the
4 g -Z-Ad 3 0.1-0.3 =>1100 —10000 25 lethally hard conditions
— (7,] .
5 g -Z-Chol 8 <003 >220 5400 . up to 200 LDso of Viruses
‘g Cell Receptors o (in brackets — for combined:
6 = -Z-Pept E>, =0.02  —10000 ) . PolyAntivirals + Vaccine )
75 -Z-Pept Viral (HIV, MA) £ <0.01 + — Test-Samples are completed for bio evaluations




Modeling

the interactions between

Poly-ANTIVIRALS (of 1-4 generations)
and Viral Fusion mediated Proteins

gp41 (HIV), HA2 (Influenza), Gp2 (Ebola)
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Basic Design
ot 45 gsmh ANTIVIRAL DRUG DESIGN
;}; ti{; 2. MODELING the POLY-ANTIVIRALS < VIRAL TARGETS

2.1. Macro Molecular Products synthesized within the generations 1, 2, 3, 4

2500 nm A AL A

Next Generations l
C-—-C —-7—H
The ( L co-SAR-programmed [coc o ’_"Z_G ; 00  GOOH
directly against Viral Targets ct+
" e Virion Spikes 2 /
— Z — S
V. Entr e Cell Receptors 2 Ne | -2 L m/n in vitro, SI = CCs0/ICsq in vivo, Protection, %
e Cell membrane — HIV Infl. CMV TBV RbV EEEV
Haiimcomdins ] 1 No Side Ligands 0 10-100 <30 <350  65(-) 55(82) 65(95)
/@ Fusion Mediators mm 3 4
2 -Z-SO5 <0.80 >680 —10000 7500
3 -ZNb 0.1-0.3 >3300 >2140 240
4 -Z-Ad 0.1-0.3 =>1100 —10000 25

Strongly effective ® Antiviral protection + e Drug resistance prevention
fundamentally predicted
by virtue of the
e Polymer capacity for multipoint covering the viral Nano-Targets
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Model. <_1_> Synth.
T\thi{; 2. MODELING the POLY-ANTIVIRALS < VIRAL TARGETS
2.1. Small Macro Molecular Products synthesized within the generations 1, 2, 3, 4

D | AAL- QLA

Virus Entry

v

Amantadine, Rimantadine, Deitiforin, ...

Amino derivatives of Virus of Influenza type A but without any significant protection against other viruses

Adamantane (Ad), Norbornane (Nb) ® block the very small gate of ion (proton) channel
between 4 nano-scale molecules M2

N
) Objectively:

; “\I D r,% { \\I’ (\

{ ) /

are well known to be a fairly good inhibitors of some Influenza type A viruses,

Ga/1974 (GOCP) 1966 (Gl the small size — the highly limited effectiveness & applicability

1968/1974 (CCCP) 1966 (CLUA)
e within the only size adequate - very specific targets,

Hecr which can be not typical for other viruses

AAanpOMMH DABCO >

1987
\«Q‘N o
H*cr N
NH; ; NH,

TM Channel

® because of easily allowed Drug Resistance
— by simplest (one point) mutations of virus

e in virtue of an enhanced Permeability through
bio-protective barriers — resulted in
hardly controllable risks of toxicity

oe
uw \unom“"“
N H 2 '“_3

DeviTudopux
1989 (ccep
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Model_,{_'i_‘; - ANTIVIRAL DRUG DESIGN
2. MODELING the POLY-ANTIVIRALS < VIRAL TARGETS

Testing

2.1. Small Micro Molecular Products synthesized within the generations 1, 2, 3, 4

St:llge > HZ-- L —> AA£< @<M

Poly-Antivirals, Generations 3 and 4

Virus Entry CC ‘1‘
v < I:—-j—r] [_-TT:'

. . .. Ct* "00C CO—Z—O “00C COOH
Rimantadine + many variations ct*

HIV-1
Adamantane (Ad), Norbornane (Nb) Stage 1l Entry,

. & A Sub-Step Fusion of Vir. Envelope with Cell Membrane
NH, ger mediated by glycoprotein (gp41); = nano-Target?

)
PumaHTaguH  AMaHTaguH ®parmeHT ob6onoyku BUpyca
( CHR ~ 1.:“/

1968/1974 (CCCP) 1966 (CLLA)
(epat), ¥ ]

H*cr @ ?
X ides T
_a iil

Amino derivatives of

&

OO0

NH, (gp41)y

N
m

AnanpomMuH DABCO
1987 Bopobbes 0.H. 2020

H* CI"

NH’ SHC;_
Cell
Aeiitudopun | 6o, H*cr
1989 ccep) NH, cbparmeHT mMemOpaHs,

Comments

® That has been first demonstrated experimentally by our research group in relation to rimantadine resistant viruses of Influenza and HIV ® Particularly, the gp41, being key mediator of HIV fusion, was found could be the most
probable nano-target of anti-HIV protection by these Polyantivirals.. Extraction from literature data includes modelling works, and analysis these data lead us to NHR region of gp41, as a most probable target
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Model ‘/(—'1—¥ IKIJ II V II(AL DRUG DESIGN
el. Synth.

Testing

2.1. Small Micro Molecular Products synthesized within the generations 1, 2, 3, 4

. iz L > Aﬁﬂdfo<_@<ﬁ% DOCKING

Poly-Antivirals, Generations 3 and 4 \L
[ w Y Hed 3,

Virus Entry

;) \ CKt~00C co_z_e “00C COOH

Rimantadine + many variations Ct+

Amino derivatives of HIV-1, Stage Il Entry, Fusion, (gp41), , (NHR),*- cationic domain = nano-Target?
Adamantane (Ad), Norbornane (Nb)

Local attacks scattered in space & time Polymer chain — combines small

frer - precursors together, supporting:
4 NH,

&

PumaHTaguH AMaHTaguH

. o .
Mmoo multi-point cooperative attacks

N . . . .
&/:;’c'— ﬂN e mutual reinforcing in space & time
& ; H*cr
t . ' .
AnanpomuH DABCO e Polymer Charge-selective orientation
1987 Bopobbes 0.H. 2020

toward the cationic Target

H*cr ;&(
NH, | 40% H*cr-

) NH,
DeitTucpopuH | 49, H*er
1989 (ccep) NH,
J

Chain flexibility allows ligand-cooperating
adaptation to the Target

¥

X <20

£ kcal/mol

Unstable Binding Binding strongly Stabilized by Polymeric Chain



Basic Design 15

N @Symh. ANTIVIRAL DRUG DESIGN
2. MODELING the POLY-ANTIVIRALS < VIRAL TARGETS

Testing

2.1. Small Micro Molecular Products synthesized within the generations 1, 2, 3, 4

T (L A AL DA

Poly-Antivirals, Generations 3 and 4

Virus Entry

=

\g;Kt'OOC co_z_e ~00C COOH

2014 - 28(6):647-673;

Ct*
HIV-1, stage 11 Entry, Fusion, (gp41);, (NHR),* - cationic domain = nano-Target?
AL P A 2 /, f\'/
Viadimir B. Tsvetkov, Aw‘ [ Electrostatic H-bonding Lipophilic +»: i e
Alexander V. Serbin, Potential Sites Potential 2. £ & ';/
et al (EP) (HB) (LP) P 8 2
Buomexnonozus : b o B 3
—2012.— Ne I —C. 72-89: : A
Applied Biochem Microbiol 4 : 2 %r,’/*;la
—2012.-N9. - P. 723-739. T 215 &
J Comp-Aided Mol Design ) LK " Ve
2012 - 26(12):1369-1388 A
J Comp-Aided Mol Design }W ’%h N
3
l
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2. MODELING the POLY-ANTIVIRALS < VIRAL TARGETS

Testing
2.1. Small
Il
Virus Entry
A

Alexander V. Serbin,
et al.

buomexnonozus

—2012.— Ne . - C. 72-89:
Applied Biochem Microbiol
—2012.-N9.—P. 723-739.
J Comp-Aided Mol Design
—2012—-26(12):1369-1388
J Comp-Aided Mol Design
— 2014 —28(6):647-673;

Step 1

\ 251 nm

Mzicro Molecular Products synthesized within the generations 1, 2, 3, 4

Separate backbone unit or pendant anchor
(small molecule) models, e.g.

DOCKING

Y- Anc (1)
-Anc =
-16.6 -15.1 -16.8 -18.7 kcal/mol
Polymeric chain motifs o T i
L2 L3 # 60- 50- AGin
N 70% 60% (100%)
Y
(%) l
Step 3 | Extrapolation toward
>, - 1) n - 30-50

2) effective Anc > 9
(= 6-8% from all X)

Predicted AG,,;, <-200 kcal/mol

——————— >
minimum N = 3-4
optimum N = 5-6

minimumN z 4, + 2 Anc Z
optimumn = 9-12, + 3 Anc
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Model./<_'1_‘>\5ynth. ANTIVIRAL DRUG DESIGN
W 2. MODELING the POLY-ANTIVIRALS < VIRAL TARGETS

Testing
2.1. Small Mzicro Molecular Products synthesized within the generations 1, 2, 3, 4
i DOCKING
I —_ + MOLECULAR DYNAMICS
Virus Entry
r— >

-63.0 £ 9.7 kcal/mol

Anc — target
" distance, A

Viadimir B. Tsvetkov, =
Alexander V. Serbin,

et al.
buomexnonoeusn
_20]2. o jv;o ]' o C_ 72—89,' 0 20 40 G?imey ?‘g - 59-1 i12-5 kcal/mOZ
Applied Biochem Microbiol &y
—2012.-N9. —P. 723-739. el A,
J Comp-Aided Mol Design 20 A
—2012—-26(12):1369-1388
J Comp-Aided Mol Design i o AR - el R
—2014—28(6):647-673; i RN RN U7 AT e a -
Comments ( ) 0 20 40 60 80 %‘?‘m 61.8 +14.5 kcal/mol
time, ns Ons 2.4ns 3 80,0 ns

e The studies were completed by molecular dynamics, particularly, of n=11 oligomer equipped by 3 anchofs imally positioned to be well capable both for axial and belting types binding
This model demonstrated good binding energy nearly 60 kcal/mol, sufficient for stable while dynamically adapteple fixation on the target
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Testing

2.1. Small Micro Molecular Products synthesized within the generations 1, 2, 3, 4

Small Molecules

Il Hz— L T L << Lﬂﬂﬁﬁt @ <M o DOCKING

AE kcal/mol <[-12.7] <[-13.8]---[-15.6] <[-16.7] <[-18.4] Binding Energy

Virus Entry

N 5 Antiviral Sl No detectable and statistically significant anti-HIV activity
Poly-Antivirals : : 8 : ' " . . E n

wd Nor o Nor wwd Y o Yer wpd 0r el Ner wd Y el N —-Tr]m
e LY & B O ‘ Ct* ~00C co_z-e ~“00C COOH
J ct+
4

Antiviral Sl <10 — 900 — 1100 — 6000

P

» ]
Vladimir B. Tsvetkov, 4@‘ AE kcal/mol 2[(50 — 70)], if n29-12 and m23 Binding Energy
Alexander V. Serbin, — 2[-200...], when n=30-35 and m=9
et al.
buomexnonozcusn

Binding Mode Regulation:
—2012.— MNe [. - C. 72-809:

Applied Biochem Microbiol A — Axial

—2012.-N9.-P. 723-739. n 2 4-6, m-—20
J Comp-Aided Mol Design B _ Belti

2012 — 26(12):1369-1388 © n”194 2 me2.3
J Comp-Aided Mol Design - ~ et
— 2014 — 28(6):647-673; C - Combined

nz30-50 m=z=29



Polymeric Chain Synthesis

Molecular Mass - Size

regulation

Comments

e n view of important role of the polymerization degree, related to molecular mass, the next task of special modeling was oriented toward the problem of the mass control under practical synthesis of precursors for polymeric chains
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3.1. Providing the MM and MIMD of Polymeric Basis required for the purposed bioactivity

The widely used methods for control of MM and MMD required in practical synthesis:

n S (MM) — Molecular Mass and their distribution (MMD)
. n — degree of polymerization <> the Polymeric Chain’s length / size
MA
| Initiator (4IBN) Free-radical cyclo-copolymerization
. Chain transfer e
| | (e "B g0 S
irreversible reversible s

@»W

Serbin A., Karaseva E., Chernikova E., et. al . Graft and RAFT Reactive Macro Reagents: ... Macromol Symp, 2010, 296 (1):80-91
Serbin A. V., Karaseva E. N., Dunaeva l. V., et al Controlled Free-Radical Copolymerization ... Polym Sci, B, 2011, 53 (3-4):116-124...

(9
|: o |: o
i m
o7 0 o’ 0
o o
o
| | o M1 11 2

No special control CT(THF) control RAFT control



Basic Design

Model. / \ Synth.
N

Testing

3.1. Providing the MM and MIMD of Polymeric Basis required for the purposed bioactivity

. L

DVE

2n
L4 ]

l

AlA

ANTIVIRAL DRUG DESIGN

N - degree of polymerization

Initiator (AIBN)

3. POLY-ANTIVIRALS SYNTHESIS CONTROL FOR CHAIN SIZE

|

.-l.'
RAFT pol / BTC 1 o w0,
#
2 A o e o w } Aato
o0o,” * .5
m.- rd
S el
15 4 ﬁol.r"# 4 . w
« ¥ @s } MEK
10 1 § 7 B HNMR E
C . - - Theoretically
5 1 {.»§ predicted
7 Conversion
ﬂ' 1
1

d
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Model. (-i_) Synth.
;};tli{; 3. POLY-ANTIVIRALS SYNTHESIS CONTROL FOR CHAIN SIZE
3.1. Providing the MM and MIMD of Polymeric Basis required for the purposed bioactivity
_ _ _ _ _ _ DOCKING
The control required for Practical Synthesis: Modeling the possible bio consequences: + MD
~ 1. “Irreversible” chain transfer (IRT) —agents: ooy Lo ol fo e oo e e poo W g el g e
™ T- | Polymeric chain |_ H 0 ° ° 0 0 ° :
Monomer(s)
O—r _ .
+In N 2. “Reversible” chain transfer (RAFT) —agents:
Se_S-Y
bith—>joeSterS s S5 Polymeric chain -Y
5 y |
Y—S\"/S—Y X
?’j‘hiocarbonastes
Y- Polymeric chain |-S\'rs—| Polymeric chain | -Y

S

Reverse corrections
for the Synthesis methodology
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ANTIVIRAL DRUG DESIGN 2l
3. POLY-ANTIVIRALS SYNTHESIS CONTROL FOR CHAIN SIZE
3.1. Providing the MM and MIMD of Polymeric Basis required for the purposed bioactivity
S
With RAFT b o - MD
residues o PR

L L L L L I L .
10 20 30 40 50 60 70 80
Bpemsi (B HAHOCEKYH/1AX)

Sum = |-50-70| kcal/mol

Comments

No comment, illustration only

STYNHO# pacTBop

J
90

Coulomb + hydration

Sum

kcal/mol

van-der-Waals

30 40 50 60
Bpewms (B HaHOCEKyH1aX)

Sum = |-20-30]| kcal/mol



Polymeric Chain Synthesis

Isomerism

regulation

Comments

The second unique problem of the practical synthesis appeared as polymeric chain isomerism
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3. POLY-ANTIVIRALS SYNTHESIS CONTROL FOR CHAIN|ISOMER ISM

Testing

3.2. Clearing mechanisms and conditions of Synthesis for chain isomers (< bio activity?)

4 routs *® 2 stereo isomers = 256 isomeric variants of chin backbone units?

e om ol o

AB3 (D) | MA (A)
. nHuymartop*® ~
Synthesis I 11 ! ITI IV
of the Parent D.S. Breslow (1976) G.B. Butler MapIupyThl pacCMOTPEHBI
Polymeric backbone, }Ri S?m:elsl (91;;77) (1958-2000) ... BIICpBBIC
[-DVE(MA)-MA-], e (5 | O . SE
. : 5
which is reactive for the a 56 040)‘= o
following conversions HF(*
toward Poly-ANTIVIRALS o -7-

Controlled portion aminolysis (L'= COOH, CONHR), esterification (L'= COOH, COOR) final hydrolyzis (L'= COOH«COO™+H");

BIO ACTIVE \L
Poly-ANTIVIRAL GENERATIONS < 0 x £ O /* si
[1,2,3,4,5,6,7, presented above] 2 H ; :L4 L4 % w 3 e
4 * #*
L L! L2
IDER DER DER . IV'DER
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Testing

3.2. Clearing mechanisms and conditions of Synthesis for chain isomers (< bio activity?)

ﬁ Quantum chemical investigation of chain isomerism regulation Polymer 2018, 146, 429-445
ﬁ‘ = l Methods Approbation and selection of known Methods in search for Lsfk e
) CPU_tlme SaVIng, but st journal homepage: www.slsevier.comilacatalpalymer
Boris D. Bolshchikov e precisely adequate to estimation of the K, and AH, PR s e
Ale>;ander V. Serbin, in reference to experimental data about related reactions 2ol it o losnpmedabion b i sk
E’tc?h./mer kJ/mol § -
: mo __E_ o} o,
2018. 146, 429-445, T e s WP L B
Biomed Chem (Russia). w | 3
2019, 65 (2) 133-151J 3 E,
Macromolecular 01 o——t————————— o — — —— —_ 1
Chemistry and Physics. 0
2019, V. 220, Issue 23,
1900389, p. 1-20 20
-40 Q;,,\‘}Q
-60
-80
-100

Experiment»
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3. POLY-ANTIVIRALS SYNTHESIS CONTROL FOR CHAIN|{ISOMER ISM

3.2. Clearing mechanisms and conditions of Synthesis for chain isomers (< bio activity?)

Stepwise sub-Reactions Map

ﬁ Quantum chemical investigation of chain isomerism regulation
R
'-5- Stepwise sub-Reactions’ energy (the E, and AH,) Map

. . OJ\:X& ____ M”“”‘”amp .\/o\/. N comononumepusauus MA a4 h LWkana 3Heprum | 5o
Boris D. Bolshchikov MA, smekTporo-axmenTop (A) _/— “\ )133 DEKTPOHO-IOHOPHHIH MoHOMep (D) { :\. aTansbl \ Kx/Monb
. - ol o %
A Ie);ander V. Serbin, e \\ a5 N 4 o1, ods
et al. //{;\3‘ .0 2R/S +D 2omononumepusayus BB Y _zh _________________ 0
iA H H _ a
POZymer. p2 T A. ~D,* ~]u)p.' TASN 02 D, Dg* &axaz-mpauc 6-3Hdo 3,4-TpaHc BEJ i +D sowononuepusaiin B3
2018. 146, 429-445. o —- D! | Nz | 50
B . d Ch (R . ) ) Pervo-ceneKkTuBHbIi X - 2 ! H SRR i ATY 3.5, | 1+A SR, RR
ome em ussia). &L ! KOHTpOnb PP H =| g | m— . 3026
$OPMMPOBAHNA LMKIOB ," \ 52 l: az
2019, 65 (2) 133'151.] pasiM4yHoro TMNa 'I' "5-0'(303’4.“"’" 1 . -100
Macromolecular % DAT DAt forse
. . 1
Chemistry and Physics. 168/5 /" AV =
L -150
2019, V. 220, Issue 23, If
: RRSR
]900389, p. 1-20 . o RRSS
’ 32 R/S Q. “ + --200
g»f o . SRRR
T o (o] tA
o|°D -250
4 _____________ DyoA* = A 5 D* CUR 4 6
@A =
- i SRRS RRRR 300
o & b RRSR SRRR RRRS
o o, +_ RRSS W— =7
obpbis uenu DypA® g ; D ﬁ%° DA | -350
rae Py + Py + Py + Py < 1 — cymMMa HapuuaibHEIX BEPOATHOCTEH (ABI(MA)-4ep-MA], ° o ° o

JIB3:MA =1:2 me- 1l -6m 1l -7- IV

obpazosanus B nienm JIBOMA nzomepusrx npoxynenTos I, 1L 111 u IV mapmpyros
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3.2.

)

-
Boris D. Bolshchikov

Alexander V. Serbin,
et al.

Polymer.

2018. 146, 429-445.
Biomed Chem (Russia).
2019, 65 (2) 133-151J
Macromolecular
Chemistry and Physics.
2019, V. 220, Issue 23,
1900389, p. 1-20

2021 Ph.D. Dissertation
100% s—a— oo
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3. POLY-ANTIVIRALS SYNTHESIS CONTROL FOR CHAIN|{ISOMER ISM

O~ 0, .
N7
Fd 5.5 5-k30 25.4
la’;h/ 4 £ O .‘Xlg'o
= £ .
4 °~D‘j\. Y 5.6 6-3H00- 31.7 l_];o 07 ~°*Rsm
4 R e O (o] "R.
~D.A" 6.6 6-3xk30- 41.3 0 =y
15,6 : = 50.6
b o \67 O -
o 0 ~R*
E o 751 { o Rsm g H
-3HO0- -58.1 a A"
07 Ne? 0 s kk/mone  kw/monb
o} o 0 "'R._7_

®/0

80%
60%
40%
20%  B//Bgqrrrem=2.0
0%
0 7

M// ME(IE FPCM)=2.0
lgC(ABD :5MAH)

-5

-3

298. 15K
-1

Quantum chemical investigation of chain isomerism regulation

Clearing mechanisms and conditions of Synthesis for chain isomers (e bio activity?)

+ Kinetics Modeling

I — ~ 0 0, =~ ]
2631 % L CH CHy— —CHy=g ‘#~CHr—
_CH;, CH L — RRSS yau P4 SSRR
< o [~ (0] 0
o7 "p” "o |- L 0
m5m T o2019% T —CHp—( y=CHy— —CHy g e—CH,—
S —> o |— =% Rsrs wau SRSR
Q © 0"’Lo (o} o o
< 0- - ep- ! PR { S 1
11 o 27-3% o, ||38-34% —CH,—= —CHy—( ; ofio o) 0)'*0
N P SRRR UIU -8 RSSS /
S
—CH» v § 0”0 OAOXO
= = O-o—
oo Fo | = 26-22% —CH,—s —CHp=( ;
2% < o SRRS  UAU e—@RSSR
m6— o | 3631% o‘x bY
s L (o 0] oo _J n
~ - O-s o =
o | 13-18% L P RE
< ] Rk s :}:
1-3%_ = o o o o
e O (1] (0.52-0)n [11] 048 -1y n
13-17 % o W mcHz-S(. E>
R R” Se—ws
o O’LD/\*O
. . J
%-52% 0% DVE(MA)MA
54-48 % *100% formula of the polymeric chain computed
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3.2. Clearing mechanisms and conditions of Synthesis for chain isomers (« bio activity?)
ﬁ Quantum chemical investigation of chain isomerism regulation DOCKING
» + MD
& ® Pyranose-like cyclo- isomerism = Polysaccharide — related mimicry

Boris D. Bolshchikov
Alexander V. Serbin,
et al.

Polymer.

2018. 146, 429-445.
Biomed Chem (Russia).
2019, 65 (2) 133-151J
Macromolecular
Chemistry and Physics.
2019, V. 220, Issue 23,
1900389, p. 1-20

2021 Ph.D. Dissertation

@ Furanose-like cyclo- isomerism = Nucleic Acids — related mimicry

Comments In parallel, the different capacity to bind the viral target depending on furan / pyran related isomeric content was found
An ability to regulate proportions between pyranose and furanose like intrachain mimicry is very interesting from bio functional aspect of view.

e The firs variant may imitates polysaccharide chains, while e second one — the nucleic acid backbone. e The last opportunity can be favorable factor for an enhanced IFN inducing activity, at least, but e pyranose related similarity —
for imitation of some virus-responsible cell receptors.
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Priority for the Poly-Antivirals
nano-intervention

~G +

Virion' -

-~
Other virions' scale varied 30-500 nm ~

\a‘nd spikes 5-30 nm
“ ° 2 = 1 + v A ’
ENTRY f oncg —> Replication L, g7 RELEASE
adsorption ->* | I Smal:‘g\qieculememytes s’ IV Maturation ->
fusion -> uncoating A S g e self-assembly ->

- Cell
e

active centers of enzymes
~ Small molecule f Antiviral Drugs

| e Virions’ surface
(incl. Spikes) = 2
Virions
e Virion Spikes &= 2
| e Cell Receptors cC. 12
V. Entry e Cell membrane
Raft —domains ¢ 5
e Fusion Mediators ¢mm 3,4

e Nucleic Acids

& complexes 12
Replication
e Assembling pre-
IV virion nano-units c. 6
Assembly | e Cell membrane
Raft —domains =5

ANTIVIRAL DRUG DESIGN

Poly-Antivirals

Hed 3

Hed 1,

27

Ct* “00C CO—Z- “00C COOH
o -
in vitro, SI = CCsy/IC5p in vivo, Protection, %
Ne |—Z- |:/ m/n
HIV Infl. CMV TBV RbV EEEV

1 2 No Side Ligands @ 0 10-100 <30 < 350 65(-) 55(82) 65(95)
2 & 2:505 2 <080 >680 —10000 | 7500 1T
3 & .ZNb 2 0103 >3300 >2140 | 240 In vivo evaluations were

o o performed under the
4 & -Z-Ad 3 0.1-0.3 =1100 —10000 25 lethally hard conditions

2 4 .
5 g -Z-Chol T <003 >220 5400 . up to 200 LDso of Viruses

'§' Cell Receptors > (in brackets — for combined:
6 = -Z-Pept E>, =0.02  —10000 ) . PolyAntivirals + Vaccine )
75 -Z-Pept Viral (HIV, MA) £ <0.01 + — Test-Samples are completed for bio evaluations
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Poly-Antivirals

[<e]e]

SI = 40-3300 ——> 20-10000 > ??? > 2?7
Influenza Ebola CORONA

% ?'
5 Tody ey

‘w‘K vr?\ b o @

Comments

e Current groundwork opens wide horizon for future advancing, including inhibition of other danger viruses
Especially concerning the viruses with similar biomolecular mechanisms of entry into cells, where viruses can be stopped at the very initial stage
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Ebola HIV Influenza COVID ... Hepatitis B ...

HA2 spike spike

A MHV 2HR Gp2 gpal MMLV TM tBHA2

EEE etc. EEE

Ky 2004 5t Eckert DM 2001 Mec...  Fan X 2020 Cryo...

Comments

® Current groundwork opens wide horizon for future advancing, including inhibition of other danger viruses
Especially concerning the viruses with similar biomolecular mechanisms of entry into cells, where viruses can be stopped at the very initial stage



Thank you for your attention
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