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Abstract. Botulinum neurotoxin is one of the most potent biological toxins
known, capable of causing severe paralysis by blocking neurotransmitter
release. The use of botulinum neurotoxin (BoNT) has grown beyond its
traditional application for muscle overactivity disorders, now being explored
for the treatment of various chronic pain conditions such as chronic migraine
(CM) and painful diabetic peripheral neuropathy (PDPN). This article aimed to
assess the therapeutic potential of a newly engineered botulinum neurotoxin
molecule, el-iBoNT, in animal models of CM and PDPN pain. Utilizing the
innovative SpyCatcher-SpyTag protein conjugation method, we successfully
produced functional botulinum neurotoxin molecules with significantly reduced
paralytic effects compared to the native toxin. In both CM and PDPN models, a
single administration of el-iBoNT resulted in substantial pain relief, alleviating
both mechanical and thermal hypersensitivity. The findings demonstrate that
el-iBoNT holds promise as an effective therapeutic agent for managing chronic
pain in these conditions. Additionally, the reduced paralytic activity of el-iBoNT
suggests a safer profile compared to traditional BoNT therapies. Overall, this
research supports the potential of el-iBoNT as a novel treatment option for
chronic pain, offering a promising alternative to existing pain management
strategies, particularly those that rely on opioids, which often carry the risk of
dependency and severe side effects.
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A novel non-paralytic botulinum neurotoxin type A for chronic pain management in animal models

Introduction

Botulinum neurotoxin type A (BoNT/A) is the longest-acting serotype due to its unique
mechanism of action, involving the cleavage of the SNAP25 target protein (9 amino acids).
This results in prolonged inhibition (approximately 6 months) of SNARE complex function in
presynaptic nerve terminals [1-3]. In neuromuscular terminals, BONT/A blocks acetylcholine
exocytosis, leading to muscle relaxation. This property has found applications in cosmetic
procedures and the treatment of conditions such as strabismus, blepharospasm, and
hemifacial spasm [4-6]. When acting on sensory nerve endings associated with pain, BONT/A
exhibits additional mechanisms of action. These include inhibiting the release of nociceptive
neurotransmitters at peripheral terminals [7-8], modulating the expression of ion channels and
pain receptors [9], and exerting effects within the central nervous system [10-12].

Despite its therapeutic potential, the paralytic effects of native BONT/A limit its broader
application. To address this issue, several laboratories have developed modified, non-paralytic
botulinum molecules using advanced technologies. These include SNARE-stapling constructs
such as Binary Toxin (BiTox), Binary Toxin/AA (BiTox/AA), Tetanus Toxin (TetBot), Substance
P Toxin (SP-Bot), Dermorphine Toxin (Derm-Bot), and isopeptide-bonded molecules like iBoNT
and elongated iBoNT (el-iBoNT), developed using the SpyCatcher-SpyTag system [13]. This
study aims to evaluate the analgesic potential of the newly engineered el-iBoNT molecule as a
non-paralytic treatment for chronic pain in animal models.

Materials and research methods

Botulinum Preparations

The experiments utilized native incobotulinumtoxinA, Xeomin® (Merz Pharma GmbH
& Co. KGaA, Germany), and a novel non-paralytic botulinum toxin, el-iBoNT, prepared at the
University of Sheffield (Sheffield, UK). To produce el-iBoNT, represented as (1) Light chain-
Translocation domain-syntaxin 1A-SpyCatcher - (2) SpyTag-Heavy Chain, two recombinant
proteins - (1) and (2) - were expressed in the BL21(DE3) Escherichia coli strain. Competent
cell transformation was performed via heat shock using the pGEX-KG vector. Recombinant
proteins fused with glutathione S-transferase (GST) were purified on glutathione-Sepharose
beads (GE Healthcare, USA), followed by thrombin cleavage. Further purification was achieved
using affinity chromatography on a Superdex 200 10/200 GL column (GE Healthcare, USA). The
protein yield was approximately 200 pg per liter of bacterial culture. The el-iBoNT complex
was assembled by mixing LC-Td-syx-SpyCatcher and SpyTag-HC for 2 hours at 4°C in Buffer A.
Purified proteins were aliquoted and stored at -80°C for subsequent experiments.

Experimental Animals

The study subjects were sexually mature male laboratory rats bred and raised under the
controlled conditions of the academic and research laboratory facility at Al-Farabi Kazakh
National University (Almaty, Kazakhstan).

JLH. 'ymunes amuindarsl Eypasus yammuik ynusepcumeminiyy XABAPIIBICBL. Buo102usifAblK FolablMOap cepusicel N21(150)/ 71
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2025
BECTHHK Espasuiickozo HayuoHa1bHo20 yHUsepcumema umenu J1.H. ['ymusesa. Cepust 6uosozudeckue HaQyKu



A.K. Zhantleuova, A.S. Karimova, B.A. Davletov

Chronic Pain Models

A nitroglycerin (NTG)-induced chronic migraine model was established via five intraperitoneal
NTG injections (10 mg/kg) administered every two days over nine days (Figure 1A) [14]. A
streptozotocin (STZ)-induced model of diabetic peripheral neuropathic pain was created using
a single intraperitoneal STZ injection (45 mg/kg) (Figure 1B) [15].

Figure 1. Timeline of behavioral testing: (a) CM model; (b) DPNP model

Behavioral Tests

The Rat Grimace Scale (RGS) was used to quantify pain by assessing specific facial features
across four distinct action units: orbital tightening, nose/cheek flattening, ear changes, and
whisker changes. Each action unit was scored on a 3-point scale (0 = no change, 1 = moderate
change, 2 = obvious change) [16]. The von Frey Test involved placing rats in plexiglass chambers
on an elevated grid and allowing them to acclimatize. Following acclimatization, the plantar
surface of the paw was stimulated with a von Frey filament (BioSeb, France). The pain threshold
was defined as the force (in grams) at which the rat withdrew its paw. The Hargreaves Test
involved placing rats in plexiglass chambers on an elevated platform. After acclimatization, the
plantar surface of the paw was stimulated with a heat beam (Hargreaves Apparatus, Ugo Basile,
[taly). The pain threshold was defined as the time (in seconds) before the paw was withdrawn.

Injections

In the NTG model, prophylaxis was performed via bilateral periorbital injections of 2.5 U
Xeomin®/10 ng el-iBoNT seven days before the first induced migraine episode. In the STZ model,
pain control was administered on day 28 following STZ injection. This involved plantar injections
of 5 U Xeomin®/20 ng el-iBoNT. Additionally, el-iBoNT (50 ng, 100 ng, and 150 ng) was injected
into the gastrocnemius muscle to visually assess the in vivo paralytic activity of the molecules.
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Statistical Analysis
Statistical analyses were performed using Prism 10.1.1 (GraphPad Software, La Jolla, CA,
USA) and IBM SPSS Statistics for Windows, Version 29.0.1.0 (Armonk, NY, USA).

Results

The non-paralytic botulinum neurotoxin el-iBoNT differs from the native toxin in its structural
characteristics (Figure 2). The length and mass of el-iBoNT are 22.8 nm and 182,255 Da, respectively,
which are higher than those of the native toxin, which measures 12.5 nm and 149,425 Da.

Figure 2. SDS-PAGE of el-iBoNT

It was demonstrated that when up to 150 ng of the new preparation was injected into the
right gastrocnemius muscle of the rat, no motor dysfunction symptoms were observed, and the
rats maintained normal mobility (Figure 3). However, rats exposed to 20 U of BONT /A showed a
characteristic response: the toes of the ipsilateral paw were clenched, the leg was extended, and
the rat could not bear its weight. The animals exhibited jumping movements and had difficulty
balancing while standing on their hind legs.

4

L¥5)

Number of rats with signs of
paralysis
2

BoNT/A.20U el-iBoNT.50ng  el-iBoNT, 100 ng el-iBoNT, 150 ng

Figure 3. Histogram showing the number of rats affected by botulinum neurotoxin injections (n = 3)
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The CM model involved 24 animals, which were divided into 4 groups (6 animals in each
group) depending on the administered substances: 1. CTRL (n=6): saline + saline; 2. CTRL-NTG
(n=6): saline + nitroglycerin (NTG), 10 mg/kg; 3. BONT-NTG (n=6): botulinum toxin type A
(BoNT/A), 5 U + NTG, 10 mg/kg; 4. ELI-NTG (n=6): modified botulinum toxin (el-iBoNT), 20 ng
+ NTG, 10 mg/kg.

A total of 144 images were obtained, which were evaluated by two independent researchers
using the rat grimace scale. Representative photographs are shown in Figure 4. The overall
Cronbach’s alpha coefficient was 0.81, with the highest score for orbital narrowing (0.93).

Note: 1 - ear change, 2 - orbital narrowing, 3 - smoothing of nose/cheeks, 4 - vibrissae change
Figure 4. Representative images of rat grimaces

Groups CTRL and CTRL-NTG showed significant differences in the intergroup comparison
of grimace scale (GS) and orbital narrowing (ON) on Days 0-8. No significant differences were
found between the groups CTRL-NTG and BONT-NTG throughout the experiment. Significant
differences between groups CTRL-NTG and ELI-NTG were observed in most cases (Days 2-8 for
GS, Days 0-8 for ON). Animals in the ELI-NTG group also showed statistically significantly lower
scores compared to BONT-NTG (Days 2, 6 for GS, Day 6 for ON; Figure 5).

On the days of nitroglycerin injection (10 mg/kg, i.p.), the animals developed mechanical
hypersensitivity measured as a decrease in the mechanical threshold on the hind paws.
Extracranial injections of el-iBoNT (20 ng) five days prior to CM induction maintained the
mechanical threshold at levels comparable to native animals (Figure 6A). On the fourth,
sixth, and eighth days of nitroglycerin injections, animals developed thermal hypersensitivity,
measured by a decrease in the latency period in response to heating the medial surface of the
hind paw. Extracranial injections of BONT/A and el-iBoNT maintained the thermal threshold at
levels comparable to native animals only on Day 8 (Figure 6B).
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Note: B - baseline, DO - session 1, D2 - session 2, D4 - session 3, D6 - session 4, D8 - session 5; CTRL
(n=6), CTRL-NTG (n=6), BONT-NTG (n=6), ELI-NTG (n=6); asterisks indicate intragroup differences.
*p<0.05, *p<0.01, **p<0.001, ****p<0.0001.

Figure 5. Intergroup comparison of orbital narrowing: (a) CTRL vs CTRL-NTG;
(b) CTRL-NTG vs BONT-NTG; (c¢) CTRL-NTG vs ELI-NTG; (d) BONT-NTG vs ELI-NTG

Note: -7 - seven days before CM induction, 0, 2, 4, 6, 8 - days of CM induction; CTRL (n=6), CTRL-NTG
(n=6), BONT-NTG (n=6), ELI-NTG (n=6); asterisks indicate intragroup differences compared to baseline
levels. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

Figure 6. Changes in (a) mechanical and (b) thermal hypersensitivity NTG model
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The PDPN model involved 26 animals, which were divided into 4 groups as follows: 1. CTR
(n=6): saline + saline; 2. STZ-CTR (n=6): streptozotocin (STZ), 45 mg/kg + saline; 3. STZ-BONT
(n=7): STZ, 45 mg/kg + BoNT/A, 5 U; 4. STZ-ELI (n=7): STZ, 45 mg/kg + el-iBoNT, 20 ng.

The average blood glucose level in the STZ group was above 410 mg/dl (non-fasting)
throughout the experiment. Other signs of diabetes were observed in this group, including
weight loss, polydipsia, polyuria, and polyphagia (data not provided). In these animals, a single
unilateral injection of BONT/A (5 U) or el-iBoNT (20 ng) into the hind paw significantly reduced
both mechanical (Figure 7A) and thermal hypersensitivity (Figure 7B).

Note: -2 - 7 days before the induction of diabetes, 0, 3, 7, 14, 21, 28, 25, 42 - days after STZ injection;
CTR (n=6), STZ-CTR (n=6), STZ-BONT (n=7), STZ-ELI (n=7); asterisk indicates within-group differences
compared to baseline levels. *p<0.05, **p<0.01, **p<0.001, ****p<0.0001.

Figure 7. Changes in (@) mechanical and (b) thermal hypersensitivity in the PDPN model
Discussion
Attempts to develop non-paralytic variants of botulinum neurotoxin have been made
previously. The protein stapling technique was used to generate BiTox [17, 18], BiTox/AA [19],

TetBot [20], SP-Bot [21, 22], and Derm-Bot [21, 23]. However, the stapling method required the
assembly of three polypeptides, and pain relief was only achieved at high nanogram doses, which
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raises concerns about potential immune responses upon repeated administration. Moreover,
the non-covalent nature of the stapling process means that dissociation of the components
cannot be ruled out [24].

Unlike these stapled molecules, el-iBoNT was designed using a different approach: isopeptide
bonding. Notably, the novel elongated botulinum neurotoxin has only been investigated
in one study to date, where it was shown to treat nerve injury pain without causing muscle
paralysis [24]. This technique allows for the spontaneous covalent linkage of the two botulinum
components upon mixing, ensuring molecular stability. The results of our study show that el-
iBoNT effectively reduces mechanical and thermal hypersensitivity in animal models of chronic
migraine and painful diabetic peripheral neuropathy.

One of the most notable advantages of el-iBoNT is the lower required dosage for effective
pain relief. For example, while BiTox required hundreds of nanograms for analgesic effects [18],
el-iBoNT was effective at 20 ng, suggesting improved potency. Moreover, SP-Bot and Derm-
Bot [21] target specific neuronal populations (NK1R and p-opioid receptors, respectively),
whereas el-iBoNT retains a broader mechanism of action, making it applicable to multiple pain
conditions.

Another key advantage of el-iBoNT is its significantly reduced paralytic activity compared
to both native BoNT/A and other engineered variants. While traditional BoNT/A blocks
neurotransmission at both sensory and motor nerve terminals, leading to pain relief but also
muscle paralysis, el-iBoNT was specifically designed to avoid neuromuscular toxicity while
maintaining analgesic effects. This distinction is particularly evident when comparing el-iBoNT
with iBoNT. Electromyographic analysis has shown that animals injected with iBoNT exhibited
significant motor deficits, whereas el-iBoNT-treated animals retained normal motor function.
Furthermore, immunohistochemical studies demonstrated thatiBoNT caused stronger cleavage
of SNAP25 in neuromuscular junctions, whereas el-iBoNT had minimal activity at these sites,
explaining its lack of paralytic effects [24].

While the full mechanisms underlying the analgesic effects of el-iBoNT remain to be
elucidated, recent findings suggest that it may share common pathways with BoNT/A. The
analgesic effects of BONT/A are believed to involve inhibition of neurotransmitter release
(CGRP, Substance P, glutamate), modulation of nociceptive ion channels (TRPA1, TRPV1, P2X3),
and retrograde transport to central pain-processing areas [25, 26]. [t was demonstrated that el-
iBoNT shares at least some of the key features of BONT/A action. Firstly, Leese et al. confirmed
that el-iBoNT cleaves SNAP25 in TRPV1-positive sensory fibers, further supporting its role in
modulating nociceptive transmission via ion channel regulation. Additionally, el-iBoNT has
been shown to suppress microglial activation in the dorsal horn, which may contribute to its
central antinociceptive effects [24].

Taken together, these findings confirm that el-iBoNT retains the key analgesic mechanisms of
BoNT/A while offering a potentially improved safety profile due to its reduced paralytic activity.
Further studies are warranted to explore its long-term effects on neurotransmitter release, ion
channel expression, and microglial function to fully define its therapeutic potential. In addition,
clinical trials will be necessary to confirm the safety and efficacy of el-iBoNT in human patients.
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While we demonstrated the absence of paralysis, additional studies are required to evaluate
potential off-target effects.

Conclusion

The new findings presented here can be divided into several key conclusions. First, it was
demonstrated that the SpyCatcher-SpyTag protein conjugation approach allows for the creation
of a functional botulinum neurotoxin. This method represents a safe approach to producing
botulinum molecules for therapeutic use. Second, it was shown that the el-iBoNT molecule
exhibits significantly lower paralytic activity compared to the native toxin, highlighting the
importance of structure in the action of molecules derived from BoNT/A. Third, el-iBoNT
effectively alleviates pain induced by systemic administration of nitroglycerin in the NTG-
induced chronic migraine model. Fourth, the effectiveness of el-iBoNT in pain therapy was
demonstrated in the STZ-induced diabetic peripheral neuropathy pain model. Together, our
study suggests that the engineered el-iBoNT molecule could become a new therapeutic agent
for individuals suffering from chronic migraine and diabetic peripheral neuropathy. This is
crucial given the currently limited therapeutic options for treating chronic pain, which are often
ineffective, cause intolerable side effects, and contribute to the opioid crisis.
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KanyapsiapablH aybIpChIHY YJ/ITiIepiHAeri coO3bl/IMaJIbl aybIPChIHY/ABI eM/eyre apHaJIFaH
A TinTi )kaHa GOTY/IMHHIH Iapauy eMec MoJIeKy/a/Iapbl

A.K. ’KantneyoBa?, A.C. Kapumoga’, b.A. /laB/ieToB?
19a-Papabu amviHdarsbl Kazak yammulK yHusepcumemi, Aamamol, Kazakcmat
’llle¢pgpund ynusepcumemi, lllecppund, ¥avi6pumarus

Anparna. BoTy/uH/[iK HEUPOTOKCUH - HEHPOTPAaHCMUTTEpPJIepAiH, 66/iHyiH 6ereil OTHIPHIN, aybIp
caJilaHy/Ibl TYZbIPAThIH €H KYIITi 6MOJOTHSJIBIK TOKCUHIePAiH 6ipi. BoTynuuaik HelipoTokcuH (BoNT)
JOCTYpJii TYp/ie OYJIIIBIKET F'MIIEPAaKTUBTIJIITIH eM/ley/ie KOJIIAaHbLIbII KeJITeH, a/laiijja Kasipri yakpiTTa
0J1 PTYPJii CO3bLIMAJbI AybIPCHIHY Kaf/AalJapblH, OHBIH illiHAe co3blIMasibl Murpedb (CM) skaHe
ayblp nuabeTTik nepudepusibik HeriponaTus (PDPN) cusgkThl aypysiap/ibl eMAey YIIiH KOJITaHbLIbIIT
KeJsieZli. bys 3epTTey »kaHA WHXUHUPUHITeJreH OGOTYJUHAIK HEUpPOTOKCUH MoJieKyJsachl, el-iBoNT,
OHBIH, CO3blJIMaJjibl MUIPEHb MeH ayblp JUabeTTik nepudepUsblK HelponaTuss MojesfepiHferi
TepaneBTiK ajeyeTiH 6aFranayabl MakcaT eTTi. SpyCatcher-SpyTag aKyb13/ibl 6allJIaHBICTBIPFBILT 9iCiH
naijajaaHa oThIphbi, 6i3 PyHKLHOHAN bl GOTYJAUH/IK HEHPOTOKCUH MOJIeKYJlaJlapblH COTTI OHAIpPAIK,
onap OacTamKbl TOKCUHTe KapaFaH/Ja alTapJ/iblKTail TeMeH MapajJUTHUKaJbIK OesceHJinikke ue.
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A novel non-paralytic botulinum neurotoxin type A for chronic pain management in animal models

CM »xaHe PDPN mopenbaepinge el-iBoNT 6ip peT eHrisiiireHHeH KeliH aybIpChIHYAbI alTap/bIKTal
KeHUIZIeTill, MeXaHUKaJIbIK >KoHe TEepMUAJIBbIK TIuIllepce3iMTaJAbIKThl TeMeHJeTTi. bys 3eprrey
HoTKesepi el-iIBoNT-TiH co3blIMalibl aybIpChIHY/Ibl 6AaCKapy YILUiH THiIMAI TepaneBTiK areHT peTiH/e
KOJIJTaHbLJIAThIHBIH KepceTe/i. CoHbIMeH KaTap, el-iBoNT-TiH TeMeH mapaluTHKaJbIK OGeJjCeHAiiri
oHbIH, JacTypJi BoNT TepanusiapbeiHa KaparaH/a Kayincis ekeHzirin kepceteni. XKanmbl, 6yJ1 2kyMbIc
el-iBoNT-Ti aHa eMzey HycKachl peTiHJle JaMbITY/lblH MYMKIH/JITiH KOJJal/ibl, 6y CO3bLIMaJibl
aybIPCBIHYABI KEHUIJETyre KoHe JICTYpJii ayblpChbIHY[bl eMJey CTpaTervsjapblHa, OHbIH ILIiHJe
oNHOoUATapFa TOYEJAIMIKTI a3aliTyFa MYMKiH/IK 6epei.

TyiiiH ce3aep: napaTuTHKAJIBIK eMec 60TYJINH/iK HeUpOTOKCHH, el-iBoNT, co3bliiMasbl MUTpPeHbB, aybIp
AuabeTTik nepudepursiblK HelponaThs, MeEXaHUKaJbIK Ce31MTalAbIK, TEMIIEPATYPaJIbIK Ce3iMTaNbIK,
ereyKyMpbIKTap/iblH, 6€T-aJIIeTi HKaaachl

HoBblii Hemapa/JIMTH4YeCKHI GOTYIMHUYeCKMH HEMPOTOKCUH TUIIA A AJIA JiedeHUs XPOHUYEeCKOH
60JI1 B ’)KHBOTHBIX MO/JEJIAX 6011

A.K. ’Kantneyosa?, A.C. Kapumoga’, b.A. /laB/ieToB?
"Kazaxckull HayuoHabHblll yHUBepcumem uM. aab-Papabu, e. Aamamsi, KasaxcmaH
Ille¢pgpundckuti yHusepcumem, e. lllepgpuao, Beaukobpumanusi

AHHOTanusA. BoTyTuHUYecKUH HEUPOTOKCHUH — OJMH M3 CaMbIX MOILHBIX GMOJOrHYECKUX TOKCHHOB,
CIOCOOHBIA BbBI3BIBATH TSKEJbIA MNapasuy, OJOKHUPYs BbICBOOOXKZAEHHE HEWPOTPAHCMUTTEPOB.
HUcnosib3oBaHue 6OTYIMHUYECKOTO HellpoTokcrHa (BoNT) paciivpsieTcs 3a npefiesibl TPaJUIIMOHHOTO
IpUMMeHeHUs1 [/ JledeHUsl pPacCTPOWMCTB TUIepCOKpallleHWs MBI, U aKTUBHO HCCJIeAyeTcs A
JledeHUs pas3/IMYHbIX XPOHUYECKHX 00JIeBbIX COCTOSIHMM, TaKUX, KaKk XpoHHUYecKass MUrpeHb (XM) u
6osieBasi guabeTudeckass nepudepuyeckas Hedponatusa (BJIH). Lleablo gaHHOro McciefoBaHUA
ObLJIO OLEHUTh TepaleBTHUYEeCKUH MOTeHLMaJl HOBOM MOJIEKY/bl GOTYJIMHUYECKOTO HEHMPOTOKCHUHA,
el-iBoNT, B Mozesnsix 6oseBoro cuHgpoma npu XM u B/IIIH. HUcnosib3yss MHHOBALMOHHBIA MeTO[,
KoHbloranuu 6enkoB SpyCatcher-SpyTag, Mbl ycnemHo co3fanu (YHKIMOHAIbHYI MOJIEKYJLY
O60TYJIMHUYECKOI'0 HEHPOTOKCUHA C CYLIeCTBEHHO CHHWXXEHHOH NapajJUTHYeCKOM aKTHBHOCTBIO IO
CPaBHEHMIO C HAaTUBHBIM TOKCHMHOM. B o06enx Mogensax mocje ofHOKpaTHoro BBefeHud el-iBoNT
HabJII0]aI0Ch 3HAYUTEJNbHOEe oGJierdeHre 60JIM, YTO NMPOSBUJIOCh B CHIXKEHHU KaK MeXaHU4YeCKOH,
TaK U TEeMIEepPaTypHOW THUIEepPYYBCTBUTEJNbHOCTU. JTU Pe3y/AbTaThl AeMOHCTPUPYIOT, 4TO el-iBoNT
npejacTaBJsieT co6oil 3GdeKTUBHBIA TepaneBTUUYECKHUM areHT /i JieYeHUS XPOHUYECKOU 60Jiu
npu XM u B/I[TH. Kpome Toro, cHWxeHHasi napajdThyeckass akTUBHOCTb el-iBoNT mpepamnosiaraet
ero 6oJiee 6e30nacHbI¥ NpoQUIb [0 CPAaBHEHHUIO C TpaJULMOHHBIMU npenapatamMu BoNT. B nesom
JIaHHOEe KCC/e/loBaHue NoATBepaaeT noteHIMan el-iBoNT kak HOBOHM Tepanuu XpOHUYECKOH 60J1H,
npejiarasl MepcleKTUBHYIO aJbTEPHATHBY CYyLIeCTBYIOIUM CTpaTerusM Jed4eHHUs 00JIM, 0COOEHHO
TeM, KOTOpble OCHOBaHbl Ha NIPUMEHEHUH ONUOUJ0B, YACTO CONMPSIKEHHBIX C PUCKOM 3aBUCUMOCTH U
cepbe3HbIX MO60YHBIX 3P PEKTOB.

Kinio4yeBble c/i0Ba: HemapajUTHYeCKUM OGOTYJIMHUYECKUM HeWpoTokcvH, el-iBoNT, xpoHudeckas
MUTpeHb, 60JsieBas AuabeTHyeckas nepudepudyeckas HelponaTus, MeXxaHU4ecKasd 4yBCTBUTEbHOCTD,
TeMIlepaTypHas Y4yBCTBUTEJIbHOCTD, IIKaJ/Ia FPUMAcC KPbIC
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