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PA3PABOTKA CHE/IOBHO¥ BAKITUHBI HA OCHOBE TOMATA

Iepmartos II1. , KamGyposa B. , Yemanos /. , Yoauayiiaesa X. , Bypues 3. ,
AbGaypaxmoHOB .

ITenmp eeromuxu u buouHgopmamuxu Akademuu Hayx Pecnybauxku Y3bexucmana
sshermatov@hotmail.com

B nacrosimee Bpemsa no manasiM BO3 gy mpodunaktuku COVID-19 omobpeno 11 BakIuH A1
HEOTPAHWYEHHOT0 UCHOJIb30BaHUA, 9 — /11 OTPAaHUYEHHOTO UCIIOJIb30BaHMA, 175 KaHANJATHBIX BAKIUH
HaXOATCS HAa CTaJU¥ KJIMHUYECKUX UCIIBITAHUH, U3 KOTOPBIX 11 — Ha cTauu 4 KIIMHNYECKUX UCITBITAHUH,
6 — Ha cTaauu 3 KIMHUYECKUX UCHbITAaHUH, 9 — Ha cTtaauu 2 u 2/3 KIMHUYECKUX UCIbITAaHUH, 45 — Ha
craguu 1 u 1/2 KIMHUYECKUX HCHBITAaHWH, U 199 — Ha cTaguu JOKJIMHUYECKHUX HCCaeqoBaHuu. Jia
paspaboTku BakiuH MpoTuB COVID-19 mpuMeHsIOTCS BCe BO3MOXKHBIE TJIaTGOPMBI, OJHAKO Hambosiee
YacTo UCHOJIb3ylTcsa BakiuHbl Ha ocHOBe JIHK, MPHK u 6enkoBbix cyObenuHul]. BosbIIMHCTBO
HCIIOJIb3YEMBIX U pa3pabaThIiBaeMbIX HA JIAHHBI MOMEHT BaKIIMH SBJISIETCS MHBEKIMOHHBIMH, a TaK)Ke
TpeOyIOT 0COOBIX YCJIOBHU TPAHCHOPTHPOBKU, XpaHEHHs W NMpUMeHeHus. HecMOTps Ha JJIUTETbHYIO
HUCTOPUIO TPUMEHEHUs, JaHHbIe CUCTEMbl UMEIOT BBICOKYIO CTOMMOCTh M HU3KYI O€30MacHOCTH IS
OKpY>KaloIllel cpesibl.

CHIKeHUEe HeJIOCTaTKOB IPOW3BOJCTBA W TPHUMEHEHUs PEKOMOWHAHTHBIX BaKIUH OT
KOPOHABHpYyCa MOKET OBITh JOCTUTHYTO 3a CUET HCIIOJIb30BAaHHUA TaK HAa3bIBA€MBIX PACTUTEbHBIX
CheIOOHBIX BakKIMH. K mpeuMylectBaM CheAOOHBIX BaKIMH OTHOCAT IIPOCTOTA IIPOM3BOJCTBA U
MacITabupyeMoCTd, yA00CTBO TPAHCIIOPTUPOBKY U XpaHEHUsI, IEPOPAJIbHBIHN cr1ocob ucoib3oBaHus. K
HEJIOCTaTKaM MOJKHO OTHECTH TOT (PaKT, UYTO /Ui CO3JAHHSA «CheTOOHON» BaKIMHBI HEOOXOUMO
WCIIOJIb30BaTh KYJIBTYPHI, yHOTpeOsseMble B Tuily 0e3 TeIwioBol 0OpabOTKU. YUUTHIBAsA
BBIIIIEN3JIOKEHHOE, B JAHHOW paboTe MpeAIPUHATA OMIBITKA pa3paboTaTh CheA0OHYI0 BaKIMHY IIPOTUB
COVID-19 nyrem TpaHcdopMaIiii TOMaTOB.

Jlansg mosiydeHUsT MMMYyHOT€HA JJIi WMMYHH3AIlUM MBIIIEH ObLI CKOHCTPYMPOBAH BEKTOD
aKcripeccurn PART27, KOAUPYIOIIUK II0CJIE/IOBATEIbHOCTh TeHa Sl, TOJydeHHas Ha OCHOBAaHUH
CEKBEHUPOBAHHBIX TeHOMOB SARS-COV-2, mUPKy/JIUPYIOIUX B y30ekckoul momysanuu. Co3/laHHbIM
reHeTUYeCKUM BeKTOpoM Oblta TpaHcdopmupoBanHa cycneHsus A. tumefaciens. Cesnekiuio
TpaHCHOPMUPOBAHHBIX arpoOaKTEpU OCYIIECTBJISIJIM Ha CEJIEKTUBHOM arapu3oBaHHOU cpene YEP,
cozepkaiiet aHtubuotuku kaHamunuH (50 mr/mn), pudavnunus (20 mr/n) u cnekruHomuiuH (50
mr/m). YcmemrHocTh TpaHcdopmaruu — arpobakrepuu  cocraBmwiaa  96%. lanmee  cycrieH3uen
TpaHcHOPMUPOBAaHHBIX arpobaKkTepuii ObLIa OCYIIECTBIIEHA arpONH(MUIbTPAIU II0A0B ToMaTa. In fruit
TpaHcOpManui TOMATOB OCYILIEeCTB/IAIN 0 MoAUGUIIMPOBAaHHBIM MeTozaM Yasmeen et al. (2021) u
Orzaez et al. (2006), ucnosbsysa mramm LB4404 A. tumefaciens. IIpu 3ToM IpoBe/ieHUE WHBEKIIUU
IUIOZIOB TOMATa Yepe3 BEPXYIIKY CTOJIONKa MIPUBOAMIIO K HAKOIUIEHUIO HHMUIBTPAITMOHHOTO PacTBOpa B
IEHTPAJIbHOM IJITACTUHKE, TJIAIEHTE ¥ OKOJIOIIOAHUKE. [1oTydyeHHbIE U3 TTOBEPTHYTHIX TPaHCHOpMAITUN
ceMsH IIPOPOCTKH ObLIM IPOBEPEHbI Ha IpUCyTcTBUE B TreHoMe PART27 BekTopa, cozaep:Kauiero
rocsieioBaTesibHOCTh reHa S1 SARS-CoV-2. IIpu sToM 6bUI0 BBIABIIEHO, uTO U3 405 npopocrkos ITI[P-
MOJIOKUTEILHBIMU OKa3aJIuch 46.

Ina moxarBep:kaeHus 5GGEKTUBHOCTU BCTPAMBAHUSA KOHCTPYKIIMM B TE€HOM TOMaTa ObLI
HccyIeIoBaH ypoBeHb sKkcrpeccuu reHa S1 SARS-CoV-2 y ITI[P-10/10KUTETBHBIX 00pa3IioB IPOPOCTKOB
tomara. IIpu stom ObLTO OOHapykeHO, uto u3 8 IIIP-mosiokuTeIbHBIX 00Opas3ioB y 6 00pasmoB
HabJTIoaJICA 3HAYUTEIbHBIN ypOBeHDb aKcnpeccuu reHa S1 SARS-CoV-2, 4To m03BOJIAET MPEATION0KUTH
HaJINYUEe CUHTE3a aHTUTEeHHOTO Oeska. J{Jisi MoATBEP KAEeHHS TPEAOJIOKEHHA O CHHTe3e MMMYHOTEeHa B
KJIeTKax ToMaTa Obu1 mpoBesieH UDA-ananus. Pe3ysibTaThl aHAIM3a TOKA3aJIH, YTO B 00pasIiax, B KOTOPHIX
HabJo/1a1ach sKcnpeccus reHa S1 SARS-CoV-2, ObLT BhIsABIIEH cUHTe3 Oeska S1 B kosimuectBe oT 3,55
MKr/mi 1o 14,1 Mxr/mil.

Takum o00Opa3oM, IOJydYeHHbIE Pe3yJIbTaThl CBHIETEJIBCTBYIOT 00 yCHENTHOW TpaHchopMaIiuu
IJIOZIOB TOMAaTa BeKTOpoM PART27, comep:kaiuM nocjieqoBaTesbHOCTh reHa S1 SARS-CoV-2.
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According to the World Health Organization, there are currently 11 COVID-19 vaccines approved
for unrestricted use, 9 approved for restricted use, and 175 candidate vaccines in various stages of clinical
trials. Among these, 11 are in Phase 4 trials, 6 in Phase 3, 9 in Phase 2 and 2/3, 45 in Phase 1 and 1/2, and
199 in preclinical stages. All available vaccine platforms are being utilized, with DNA, mRNA, and protein
subunit vaccines being the most common. Most vaccines in use and development are injectable and require
specific conditions for transport, storage, and administration. Despite their long history, these systems are
expensive and pose environmental safety concerns.

To mitigate the drawbacks associated with recombinant coronavirus vaccines, the use of so-called
plant-based edible vaccines could be a viable alternative. The advantages of edible vaccines include ease of
production and scalability, convenience in transportation and storage, and oral administration. However,
a significant challenge is that edible vaccines must be produced using crops that can be consumed raw.
This study aims to develop an edible vaccine against COVID-19 through the transformation of tomatoes.

An expression vector, pART27, encoding the S1 gene sequence derived from the genomes of SARS-
CoV-2 circulating in the Uzbek population, was constructed for generating the immunogen. This genetic
vector was used to transform an Agrobacterium tumefaciens suspension. Selection of the transformed
Agrobacterium was performed on selective YEP agar medium containing kanamycin (50 mg/1), rifampicin
(20 mg/1), and spectinomycin (50 mg/l), achieving a transformation efficiency of 96%. Subsequently, the
transformed Agrobacterium suspension was used for agroinfiltration of tomato fruits. Tomato
transformation was carried out using modified methods from Yasmeen et al. (2021) and Orzaez et al.
(2006) with the LB4404 strain of A. tumefaciens. Injection through the tomato fruit apex led to the
accumulation of the infiltration solution in the central placenta and pericarp.

Seeds from the transformed tomatoes were germinated and analyzed for the presence of the
pPART27 vector containing the S1 gene sequence. Out of 405 seedlings, 46 were PCR-positive. To confirm
the integration of the construct into the tomato genome, the expression level of the SARS-CoV-2 S1 gene
was assessed in PCR-positive seedlings. Among the 8 PCR-positive samples, 6 showed significant levels of
S1 gene expression, suggesting antigenic protein synthesis. Enzyme-linked immunosorbent assay (ELISA)
was performed to verify the synthesis of the immunogen in tomato cells. Results indicated that in samples
expressing the S1 gene, the S1 protein was synthesized at concentrations ranging from 3.55 pg/ml to 14.1
png/ml.

These results demonstrate the successful transformation of tomato fruits with the pART27 vector
containing the SARS-CoV-2 S1 gene sequence.
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