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Annotatsiya: Alkaloid metabolit sophoridine, endofitik bakterva Bacillus halotolerans
XJB-35 ning el asetatli ekstraktidan ajratib olindi. Bakteriya shtammi dorivor o simlik Vernonia
anthelmintica ning poyva gismidan ajratib olindi va [65 rRNK gen ketma keiligi orgali
identifikatsiva  gilindi.  Ajratib  olingan  metabolit  B16  sichgon  hujayralarida  melanin
sentezlanishiga va tirozinaza faolligi o rganildi.

Annomayun: Amcaroudnsii mematonum cohopudur NOIVEAIE U3 IMIAUEMAMHO20
axcmparma sndogumusx Gaxmepun Bacillus halotolerans XJB-35. Baxmepuaisnmi wmamm
ObLl  emderen M3 cmedas  aexapemeennozo  pacmenust  Vernomia  anthelmintica  u
udenmughuyuposan ¢ noMowslo  wemodos  cexsenuposanus  2ena 168 pPHK.  UYucmsii
BLIOCICHHBI GMOPUYHBIEL  MEMAGOINM  OYEHUBAIN N0 CHHMEIY MEIdHuHd N AKMUEHOCHU
MUPOIUHAIBE 6 MBIUHLIY Kiemrax B16.

Abstract: Alkaloid metabolite sophoridine was obtained from ethyl acetate extract of
endophytic bacteria Bacilfus halotolerans XJB-35. Bacterial strain was isolated from medicinal
plant Vernonia anthelmintica stem and identified by 168 rRNA gene sequencing technigues. The
pure isolated secondary metabolite evaluated for on melanin synthesis and tyrosinase activity in
murine B16 cells.

Kalit so’zlar: Bacillus halotolerans XJB-35, Vernonia anthelmintica, melanin migdori,
ikkifamehi merabolit, alkaloid.

Kmwueswe crosa: Bacillus halotolerants XJB-33, Vernonia anthelmintica, codepycanue
METAHUNA, GMOPUYHBLIT MEMADOIUM, AIKATOUO,

Keywords: Bacillus halotolerans XJB-33, Vernonia anthelmintica, melanin content,
secondary meiabolite; alkaloid.

Kirish
O'simlik endofitlari o'simlik to'gimalarida hech qanday kasallik belgilarini namayon

gilmasdan simbioz holda, koloniya hosil gilib yashaydi [1]. Biologik faol va tarkibiy jihatdan
vangi bakteriyal ikkilamchi metabolitlar dorilarni kashf gilish uchun potentsial manba hisoblanadi
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[2, 3]. Endofitik mikroorganizmlar hosil qilgan steroidlar, terpenoidlar, alkaloidlar, xinonlar va
fenolik birikmalar [4-7], kabi bioaktiv tabity birikmalar farmatsevtika va qishlog xo‘jaligida
muhim ahamiyat kasb etadi. Ushbu birikmalar orasida endofitlar tomonidan ishlab chigarilgan
alkaloid birikmalar funktsional va o'ziga xos strukturaviy xilma-xillikka ega bo'lgan kimyoviy
birikmalarning katta oilasidir [8]. Bundan tashgari alkaloidlar antmikrobial, saraton hujayralariga
garshi va boshqa bir qator farmakologik xususiyatlarni namayon qiladi [9]. Ushbu ish endofit
bacteriyva Bacillus halotolerans XJB-35 dan olingan ikkilamchi metabolit soporidinning ajratib
olish va idintifikatsiya gilinish hagida xabar beradi. Bundan tashqari, ikkilamchi metabolitning
B16 sichqon hujayralarida melanin sintezi va tirozinaz faolligiga ta’siri o rganildi.

Graphical abstract

I =

Isolation

=
{ =

Secondary metabolite

Vitiligo

callular malanin ca

Treatment

irm

Vitiligo discase Biological assay

Materiallar va usullar

Endofit bakterivaning ajratish va identifikatsiva gilish

O'simlik poyasi, o'simlikning tanasidan ajratib olinib 99.9% li etil spirit bilan 2 minut
davomida sterilizatsiya gilindi va undan keyin yana NaClO ni 10% eritmasiga va sterilllangan va
distillangan suv bilan yuvildi. Steril poya (10 g yvangi og'irlik) 3-4 sm bo'laklarga bo'linadi va
maydalandi [21]. Maydalangan to'gimadan (1 g) olib plastic tubikka ko childi va 9 ml stenl fosfat
buferli sho'r suv (PBS) (20 mM natriy fosfat, 150 mM NaCl, pH 7.4) qo’shib suyultirilib Vortex
Biosan B-1 yordamida 1 dagiga davomida chayqgatildi. Suyultirilgan eritmalardan (10'-10%) (100
mkl) Nutrient Agar plitalari (5 g/l pepton, 3 g/l xamirturush ekstrakti, 15 g/l agar, 5 g/l NaCl)
ustiga targaldi. 3-4 kun inkubatsiya qgilindi. DNK izolyatsiyasi uchun turli o'lchamdagi, shakldagi
va rangdagi vizual bir hil koloniyalar ishlatilgan.

Ikkilamchi metabolitning ekstraksiya gilish va ajratib olish

Inkubatsivadan so'ng bakteriva kulturasi etil acetateda ckstraksiva qilindi [10] va 4.5 g
umumiy ekstrakt olindi. Xom ekstrakt CombiFlash (Teledyne 1SCO, Inc., USA) yordamida ODS-
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A 120c ustuni bilan birlashtirilgan kolonkali xromatografiyaga fraksiyalangan. F1-F14 gacha
bo'lgan fraksiyalar olindi. F2 fraksiyasi (49,5 mg) preparativ HPLC SHIMADZU (XSELECT
CSHTM Prep C18, 5 mkm) yordamida asetonitril (MeCN) va suvning izogradient erituvchi tizimi
bilan (10 mg) alkaloid birikmasi tozalab olindi. Yuqgorida aytib o'tilganidik melanin tarkibi va
tirozinaz taolligi uchun tahlil o'tkazildi [8, 11].

Ikkilamchi metabolitening melanin sintezi va tirozinaz faolligi

Hujayra madaniyati.  Sichgondagi  Bl6 melanoma hujayralari Xitoy  Fanlar
Akademiyasidan (CAS), olingan. Ushbu huwjayralar Dulbecco tomonidan o'zgartirilgan Eagle
muhitida (DMEM, Gibco Life Technologies, Waltham, MA, AQSh) 10% issiglik bilan
inaktivlangan homila sigir zardobi (FBS) bilan to'ldirilgan.

Melanin tarkibi va tivozinaz faolligini tahlil gilish. Avval xabar gilingan metodlar asosida,
melanin tarkibi va tirozinaz faolligi tahlili o'tkazildi [, 11].

Matijalar va muhokama

Endofitik bakteriva Bacillus halotolerans XJB-35 ning ajratib  olish va
identifikatsiyasi

Oldingi ishimizda dorivor o*simlik V. anthelmintica ildizi bilan bog'lig bo*lgan endofitik
bakteriyalar va zamburug'larning biologik xilma-xilligi va ulaming xom ekstrakt
komponentlarining sinergik ta’siri hamda individual ikkilamchi metabolitlarning melanin sintezi,
saratonga va mikroblarga garshi ta’siri bo*yicha baholangan xossalari hagida ma’lumot bergan
edik [8, 12]. Ushbu ishda bakterial endofit Bacillus halotolerans XIB-35 V. anthelmintica
poyasidan ajratib olingan va 165 rRNK gen ketma-ketligi usuli bilan edintifikatsiva gilindi.
Shtamm 98% Racillus halotolerans o'xshash b’olib, MWE76143 nomer orgali GenBankda
ro'yvxatdan o'tkazilgan (www.nchi.nlm.nih.gov).

TGCTATACATGUAAGTOOA GOGGRACAGATHEOAGC T TGCTOCCTGATG T TAGOGGOGGACGGETOAG T AACACGTGHO TAACCTGOCT
GTAAGACTGGEATAACTOCGGGAAACCGGGGCTAATACCGGATGCTTGTTTGAACC GCATGGT TCAAACATAAAAGGTGGCTTCGGET
ACCACTTACAGATGRGACCOGUGHCGUATTAGCTAGT TGO TOAGGT AATGRCTCACCAAGGUAACGATROGTAGOUGACCT GAGAGGGT
GATCGGUCACACTGGGACTGAGACADGGCOCAGACTOCTACGGGAGGUAGUAGT AGGGAATCTTOOGUAATGGACGAAAGTCTGACG
GAGCAACGOOGOGTGAGTGATGAAGGT TTTCGGATOGTAAAGCTCTGT TGT TAGGGAAGAACAAGTACCGT TCGAATAGGGOGGTACT
TTGACGGTACCTAAC CAGAAAGUCACGGCTAACTACG TGO CAGEAGUDGUGGTAATACGTAGGTGGEAAGCGT TGTCOGGAATTATTG
AT TR AGAMNCACCRAGAG TOAA T TOCALU T AU DUAAA TR AGACA T T GOAGTUAALCAUUAL TOGUGANGCAOGA LU TCTCTG
GTUTGTAACTGACGOTGAG GAGCGAAAGUGTGGGHAGUGAAUAGGATTAGATACCUTGGTAGTUOUACGUUGTAAAUGATGAGTGUT AN
GTGTTAGGGGOT TTOOG O CCTTAGTGCTGUAGUTAACGUATTAAGUACTOOGOC TGGGO AGT ACGGTOGC AAGACTGAAACTCAAAG
GAATTGACGGGGR OO CACAAG OGO TOOAGCATO TGO TT TAAT TUGRAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGA
CAATOCTAGAGATAGGACGTCCCCTTOGGOGGCAGAGTHACAGG TGO TOCATGOTTGTCGTCAGCTCGTOTCGTGAGATG TTGGGTTAA
GTOCCGCAACGAGUGC AN CCTTGATCT TAGT TROCAGCATTCAGT TG GGCACTCTAAGG TGACTGOOGETOAC AAACCGGAGGANGT
TGOGGATEACGTCAAATCATCATGOCCCTTATGACCTGGHGCTACACACGTGUTACAATOGACACAACAAAGOGUCAGCGAAACCGOGAG
GTTAAGCCAATOCCACAAATCTGTTCTCAGTTOGGATCGCAGT CTGCAA CTOGACTGOGTGAAGCTGGAATOGCTAGTAATOGOGGATC
AGCATGOCGOGGTGAATACGT TOCCGGGUCT TG TAC ACACOGUOCGTCACACCACGAGAGT TTGTAACACCCGAAGT GG TGAGGTAA
CCTTTATEEAGOCAGCOGOOGAAGHTGEACAGA

Soforidin tetratsiklik xinolizidin alkaloidi bo'lib, hozirgacha bu tabiiy birikmalar ko'plab
dorivor o'simliklarning turli gismlaridan olingan. Bu birikma bir gator: saratonga, viruslarga va
mikroblarga qarshi biologik faollikni namayon giladi [13, 14]. Ushbu tadqiqotda Bacillus
halotolerans XJB-35 endofit bakteriyasidan ikkilamchi metabolit soforidin alkaloid birikmasi
birinchi marta ajratib olindi va sichqonning B16 hujayralarida melanin sintezi va tirozinaz faolligi
o'lchandi (2-rasm).
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Rasm 2 Bacillus halotolerans XJB-35 endofit bakteriyasidan ajratilgan soforidinning kimyoviy
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3. Soforidin birikmasining MASS spektri

Biologik faollik

Ikkilamchi metabolitning melanin sintezi va tirozinaz faolligi

Endofit bakteriya Bacillus halotolerans XJB-35 ning umumiy etil asetat ekstrakt
sichqonning B16 hujayralarida melanin sinteziga sinergetik ta'sir ko'rsatdi (206.13 50 pg/mL),
natija ijobiy nazorat 8-metoksilpsoralen bilan solishtildi (8-MOP) (129.99 £ 7.41% at 50 pg/mL)
(Figure 3.). Etil asetat ekstraktining gaysi birikmalan faolligi oshishini tushunish uchun biz Bl16
sichqon hujayralarida melanin sinteziga ajratilgan sof ikkilamchi metabolitning ta'sirini ham
o'rgandik. Davolash melanin sintezi bo'yicha musbat nazorat 8-MOP (128,76 + 4,45%) dan yuqori
faollik 143,66+ 6.67% ko'rsatdi. Keyinchalik soforidinda melanin sintezi va tirozinaz faolligi xar
xil konsentratsiyada (1, 10 va 50 mkg / mL) o'rganildi. Natija shuni ko'rsatdiki dozaga bog'lig
holda melanin sintezi va tirozinazni faolligi kuchaydi.
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Rasm 4 Ikkilamchi metabolitlarning B16 hujayralarida melanin ishlab chigarish va tirozinaz
faolligiga ta'siri. Melanin tarkibi tahlilini (A, B) va B16 hujayralarining tirozinaz faolligini (C)
ikkilamchi metabolit bilan rag'batlantirish (melanin tarkibi va tirozinaza faolligi uchun barcha

*4*4P qiymatlari). DMSO bilan ishlov berilgan nazorat bilan solishtirganda < 0,0001.
Tirozinaza faolligi uchun barcha *P-giymatlari < 0,05, **Tirozinaza faolligi uchun P-qiymatlari
esa DMSO bilan ishlov berilgan nazorat bilan solishtirganda < 0,01).

Xulosa

Endofit bakteriva Bacillus halotolerans XIJB-35 dorivor o‘simlik V. anthelmintica
poyasidan ajratib olindi va molekulyar edintifikatsi qilindi. Bacillus halotolerans XJB-35 ning etil
asetat ekstraktidan soforidin alkaloid birikmasini ajratib olindi.  Bundan tashqari, metabolit
sichgon B16 hujayralarida melanin sintezi va tirozinaz faolligi bo'yicha tekshiriladi. Alkaloid
birikmasi musbat nazorat 8-MOP (128,76 + 4,45) ga nisbatan [Cso qiymatlari 143,66+6,67% bilan
melanin sintezini faolligini oshirdi.

Beenenmne

DHAOMHTEL pPacTeHHH KOIOHHIHPYIOT TKAHH JKHBBIX PAcTEHHH, HE BbI3LIBAA HABHBIX
cHMITOMOB 3aboneBaHHd [1]. bHolOrHYecKH aKTHBHBIE H CTPYKTYPHO HOBhIE OaKTepHANBHBIE
BTOPHYHBIC MeTaboIHTEL NpeicTapnsioT coboil NoTeHUHANBHBIH pecype IS OTKPBITHA JICKApCTB
[2, 3]. bnoakTHBHbIC PHPO/AHLIE COCAMHEHNS, TAKHE KAK CTEPOM/ILl, TEPICHONIbI, AIKaI0H/IbI,
XHHOHBI H  (eHONBHEIE coeluHeHHA [4-7], KoTopble NPOAVHUHPYWOT  SHAO(HTHBIE
MHKPOOPTraHH3MBI, TTOIB3YIOTCH MTOBLIIIEHHEIM CIIPOCOM B (papMalleBTHKE H CelTbCKOM X03AHCTRE.
CpelH 3THX aJIKaJOHI0B IPHPOIHBIC COCAHHCHHA, NPOIYIHPYEMBIC IHA0PHTAMH, NIPEACTABAAIOT
coboil Donbmoe cemelicTBO XHMHYECKHX COCAHHCHHH ¢ (PYHEUHOHANBHBIM H YHHEAIBHBIM
CTPYKTYPHEIM  pazHooDpazHem [8]. Kpome Toro, ankanodgkl NOpOABIAIH —HECKOIBKO
OHONIOrHYECKHX  AaKTHBHOCTEH, TAKMX KakKk [pPOTHBOMHKpPOOHBIE, MPOTHBOPAKOBEIE H
thapmakonornueckne cpoiictea [9). B mactosmeii pabore coolmacres o BBIICICHHH,
HACHTHHHKALMH H OLCHKS BTOPHYHBIX MeTaboIHTOB coopHIMHA, NOIYYCHHBIX W3 YHA0(QHTHBIX
baxtepuii Bacillus halotolerans XJB-35. KpoMe Toro, HaMepsaii BIHAHHE Ha CHHTE3 MEJIlaHHHA H
AKTHBHOCTE THPO3IHHAZRE! B MBEINIHHBIX KI1eTKax B16.

I'padmyeckan anHOTALNA
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Marepuaia n METOABI

Briaenenne n naenTHOHKAUIHA JHAOPHTHEIX DaKTEPHid

Crebenb pacTeHHA OTIACTAIIH H CTEpHIH30BaTH 99,9% 3TaHONOM B Te4eHHE 2 MHHYT H
10% NaClO u cHOBa NPOMBIBANH CTEPHILHON AHCTHINHPOBAHHOM BogoH. CTepHnbHbIH cTedelsb
(10 T ceiporo Beca) paspesalH Ha KYCOUKH pasMepoM 3-4 ¢M M MallepHpOBAIH ¢ TMOMOIIBIO
CTEPHIBHOMH CTYIKH ¢ necTHkoM [21]. Mauepuposannyio Tkaub (1 1) nepeHOCHIN B NIIACTHKOBLIS
NpodHpPKH, cofepxalie 9 mn crepuiasHoro gocarno-conesoro oypepa (PBS) (20 MM docdara
Hatpud, 150 mM NaCl, pH 7.4), 0 BcTpaxuBanu B TedeHHe | MHH ¢ Mcnoabk3oBaHHem Vortex
Biosan B-1. Anmksorsl (100 mxn) w3 passenenuid (101-105) pacnpenensin Ha dalkax c
MUTATENbLHLIM arapoM (5 r/n nenrona, 3 1/ AposckesBoro »kerpakra, 15 r/in arapa, 5 r/n NaCl).
[Nocne vero BeiepauBann 3-4 aua. Jlna seinenenna JJHK nenonssorany BH3yaIsHO OTHOPOIHEIE
KOJIOHHH pPasHOro paiMepa, (popMel H IBETA.

IKCTPAKUHA H BLIIETEHHE BTOPHYHBIX MeTaboIHTOB

bakrepuanbiyio KyaeTypy akcrparwposann EtOAc [10]. ¢ moayuyennem Beero 4.5 r
HEOUHIIEHHOTO  3KCTpaKTa. JKCTpakT  (ppakiMOHHpOBANH I8 KOJOHOWHOR  duiai-
xpomatorpatpin Ha CombiFlash (Teledyne ISCO, Inc., CIIIA) B coueTanuu ¢ kononkoii: ODS-A
120¢. Yrobel nonyunts gpakumio F1-F14, dpakuuio F2 (49,5 Mr) 1o00JHATENLHO OYHILAIH ©
HCnob3oBadieM npenapatusroil BOMX SHIMADZU (XSELECT CSHTM Prep C18, 5 MkM) ¢
H3OTPAJIHEHTHOH CHCTEMOH pacTBopuTencH auetoHuTpria (MeCN) u Boasl © nomyveHHem
coeqiHerHd 1 (10 mr). Aranns coepikaHHd MelaHHHA H AKTHBHOCTH THPO3HHAEI TIPOROIHITH,
Kak cooblanock padee [8, 11].

Cogepmanne METAHHHA H THPO3HHAZHAA AKTHBHOCTH BTOPHYHOIO MeTADOIHTA

Kyawmypa xiaemor. Knetkn MuimmHoii Menanomel B16, nonyuennsie ot Knradickoi
akajgemin Hayk (CAS), Knraid. DTH KIeTKH KyJIbTHBHpoBaIH B cpee Mria, moauguumposasHoii
Hynsbexko (DMEM, Gibeo Life Technologies, Yonrem, Maccauycere, CLLIA), ¢ nodasicHnem
10% TepMOMHAKTHBHpOBaHHOH heTanbHoi Tensubeil coiBopoTkh (FBS).
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Codepycanue Melauuna § o onpedeienue aKMUEHOCIE  MUPOIUHATH.  AHATH3
coJlepHatHA METaHHHA H aKTHBHOCTH THPO3HHAZE MPOBOIHIH, Kak coobianock panee [8, 11].

PesyapTarel n obcymaenmne

Boigenenne n uaeHTHpHEALEA SHA0DHTHLIX GakTepnil Bacillus halotolerans XJB-35

B nameii npeasiaymeii pabote Mbl coobmann o GnopazHoobpasiH sHA0GHTHEIX DakTepHii
H rpuboB, CBA3AHHEIX ¢ KOpPHEM JeKapcTBeHHoro pacteHusa V. amthelmintica, w ux
CHHepreTHyeckoM pdekTe KOMIOSHUHI HEOYHIICHHOIO SKCTPAKTa, a Tak#ke o cpoiicTBax
YHCTBIX BTOPHYHBIX MeTaboINTOB, OLCHCHHBIX 110 HX CHHTE3Y MEJaHHHA, TPOTHBOMHEPOOHBIM 1
NpOTHBOPaKOBad aKTHBHOCTL [8, 12].

B nactosmeii pabore Gaxtepuanehwii sHmodHT Bacillus halotolerans XJB-35 Owin
BBLICHCH W3 cTednd V. anthelmintica 0 naeHTHQHIMPOBAH METOIOM NMoc/eloBaTeIbHOCTEH IeHOB
1658 pPHK. Ilramm nokasan 98% cxomcrso ¢ Bacillus  halotolerans  XJIB-35,
japerucTppoBanHeiM B GenBank mon  permcrpaumonneiM  Homepom  MWS8T6143
(www.ncbi.nlm.nih.gov).

I TGCTATACATGCAAGTOGA GOGRGACAGATGGOAGCTTGUTCOCTGATGT TAGDGGOGG ACGGGTEAGTAACACGTGGHETAACCTGOCT I
T AMGAL TOGEA TAACTOCGRGEAAA CDGGGECTAATACCGOATGUT T T T TGEANCCGUA TGO T TCAAACATAAAANGG T GOCT TOGGCT
ACCACTTACAGATGGACCOGUGGOGUATTAGCTAGT TGO TGAGGTAATGGCTCACCAAGGUCAACGATGOGTAGOUGACCT GAGAGOGT
GATCOGCCACACTGEGACTOAGACACGHCOCAGACTOCTACGOGAGGCAGTAGTAGGEAATCTTOOGCAATHGACGAAAGTCTGACG
GAGCAACGOCGOGTOAG TRATGAAGGT TT TCGRATCGTAAAGCTCTGT TGT TAGOGGAAGAACAAGTACCGT TCGAATAGGGUGGTACT
TTGACGGTACCTAAC CAGAAAGOCACGGCTAACTACG TGO CAGEAGOCGUGGTAATACGTAGGTGGCAAGCGT TGTCOGGAATTATTG
GEOGTAMAGGGCTCGEAGGCGGT TCCTTAAGTCTGATGTGAAAGCCOCCGGCTCAACCGGLGGAGGGTCATTGEAMACTGGGGAACTTG
AGTGEAGAMAGGAGAGTGEAATTCCACGTGTAGUGGTGAAATGOGT AGAGATGTGGAGGAACACCAGTGGUGAAGGOGACTCTCTG
GICTGTAACTGACGCTEAGGAGCGAAAGOGTGGRGEAGCGAACAGEAT TAGATACOCTGGTAGTOCACGOCGTAAACGATGAG TGO T AN
GTGTTAGGGGGTTTOOGOCCCTTAGTGCTGCAGET AACGCATTAAGCACTOOGOC THGGHAGTACGHT OGCAAGACTGAAACTCAAAD
GAATTGACGEGGGOOCGCACAA GO GG T GGAGEATGTGGTTTAAT TOGAAGCAACGUGAAGAACCTTACCAGGTCTTGACATCCTCTGA
CAATOCTAGAGATAGGACGTOCCCTTOGRGHGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGOCTOG TG TCGTGAGATGT TGGGTT A
OO AA DA PO AN TIGEA TCT AT TR AGUA T TUAGTT TG AC TOTAMCO TG AL TOODHT TOA U AAAD DA AL
TGGGGATGACGTCAAATCATCATGOCCCTTATGACCTGGEC TACACACGTGOT ACAATGHACAGAACAAAGGGUAGUGAAACCGCGAG
GTTAAGCCAATOOCACAAATCTGTTCTCAGTTOGGATCGCAGT CTGUAACTOGACTGUGTGAAGCTGGAATOGCTAGTAATOGOGGATC
ALFUA DO DA DAL T OO GG OC T TG T AC ACADUGUUU L CAUACCACGAGALTTT IO TAACACUUGANCTTCGT DGACHTT A,
COTTTATGGAGOCAGOOGOOGA AGHTGGACAGA

CrpyRTypHAs XapakTepHCTHRA BBUIEJEHHOT0 COEIHHEHHN

Coopuans npeacragnser coboil TeTpauHKIHYeCKHi XHHOMHIHIMHOBLI aIKanona, 10
CHX TOp 3TH NMPHPO/IHBIE COEJHHEHHA MOMYYAIIH H3 PA3IHYHBIX YacTel MHOTHX JIEKapCTBEHHBIX
pactennii. Hanpumep, Mo#eT oTodpamaTbcs HECKOIBKO BHAOB OHONOTHYECKOH aKTHBHOCTH:
IPOTHBOPAKOBAA, NPOTHBOBUPYCHAs H NpoTHBOMUKpoOHa [13, 14]. B nactosieM necie1oBaHHH
BTOPHYHBIE METADOIHTHI WIKAIOHIHOIO COCAMHEHHA CoQOpHAHHA ObUIH BLUICICHBI  H3
sHnohHTHEIX Ddaktepuii Bacillus halotolerans XJB-35 u BnepBeie H3MepeHBl CHHTE3: MENaHHHA H
AKTHBHOCTE THPO3HHA3K! B KneTkax B16 (pucyHok 2).

O

Pucynok 2 Xumuueckas cTpyKTypa coopuinHa, BblICICHHOI0 H3 dH10puTHRIX DakTepHii
Bacillus halotolerans XJB-35.
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Pucynox 3 Mhﬁs-cnv:mp cOeIMHEHUSA cohopHIInHA.

buonornyeckan oueHka

Copepaanne MeJIAHHHA H THPO3HHAZHAS AKTHBHOCTE BTOPHYHOrO MeTaboanTa

OO SKCTPAKT ITHIOBOTO alleTata snodurnoi daxrepun Bacillus halotolerans XJB-
35 Kasal CHHCPreTHYCCKOC BO3ACHCTBHE Ha CHHTES MellaHHHA B KIeTkaX MeIH B16 (206.13 50
ug/mL), pesynsTar OB CONOCTABIEH C NOJOMKHTENLHEIM KOHTPOIEM 8-MeTOKCHANCOpaieHa (8-
MOP) (12999 £ 7.41% at 50 pg/'mL) (Pucynok 3). HroDbl NOHATE, KAKHE COEIWHEHHA M3
ATHIALCTATHOTO 3RCTpakTa o0ONanawT NOBRINIEHAOH AKTHEHOCTRIO, MBI TAKKE HIMEPHITH BIHAHHE
H30JIMPOBAHHOTO YHCTOIO BTOPHYHOID MeTaDONHTA HA CHHTE3 MEJIAHHHA B MBLILHHBIX KISTKAX
B16. Jlevenne nokazano Gosee BRICOKYHO aKTHBHOCTR 143,66 + 6,67%, weM nonowuTENbHBIH
kouTpoae B-MOP (128,76 + 4,45%) B OTHOWIEHHH cHHTe3a MenaHHHa. B jnaneHeHimem
codpopHIHH OB HCCIEI0BAH HA CHHTE3 MEJAHHHA H AKTHBHOCTL THPO3SHHA3LI NIPH Pas/MYHbIX
koHuenTpauuax (1, 10 u 50 mxr/mi). CoeqMHeHHe TakKe YBEIHUHBAIO CHHTE3 MEIaHHHAa W
THPO3IHHAZL! B 3ABHCHMOCTH OT JI03BI.
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Pucynok 4. BiusHie BTOPHYHBIX META0OMHTOB HA NPOIYKLIMID METAHHHA H AKTHBHOCTh
THPO3HHA3EI B KneTkax B16, cTuMynauns aHanusa cojaepxannd Menanina (A, B) W akTHBHOCTH
THpo3HHAa3k! kKneTok B16 (C) rTopHyHBIM MeTabonuToM (Bee 3HaueHHA ****P nns conepaanms
MEJIaHHHA W THPO3HHA3HAA aKTHBHOCTE < 0,0001 1o cpasHenHIo ¢ KOHTpoieM, 00paboTanHbiM
AMCO. Bee * 3nauenus P 1na THposHHa3HOH akTHBHOCTH cocTaBnaioT < 0,05, B To BpeMA Kak
** P-3naueHns JU1d THPO3HHAZHOH aKTHBHOCTH cocTaBnaoT < 0,01 no cpaBHeHHID C KOHTpOIEM,

obpaboTanieiM JIMCO).

Beisoa

DunodmtHeie  Oaktepun  Racillus  halotolerans  XJB-35 0w BeIIEIEHBI H
HIEHTHQHUIHpOBaHE! W3 cTebnd KHTAHCKOro fnekapcTBeHHOro pactends V. anthelmintica.
DunanetatHeiii akctpakt Bacillus haloiolerans XJB-35 napan ankanoMIHOE COCTHHCHHE
cotpopHanH. KpoMe Toro, MeTaboMHT MoJABEpraiaci CKpHHHHIY Ha CHHTES MEllaHHHA H AKTHBHOCTh
THPO3HHA3EI B MBIIIHHBIX KIeTkax B16. AnkanowHoe coe/IHHEHHE CHIBHO YBEIHYHBAIIO CHHTES
MeaHHHa co sHadeHMsaMH 1Cse 143,6626,67%, dYeM NONOKHTENBHBIH KoHTpoabs X-MOP
(128,76+4.45).

Introduction

Plant endophytes are colonizing living plants tissues without causing apparent symptoms
of disease [1]. Biologically active and structurally novel bacterial secondary metabolites constitute
a potential resource for drugs discovery [2, 3]. Bioactive natural compounds such as steroids,
terpenoids, alkaloids, quinones and phenolic compounds [4-7], which produced endophytic
microorganisms are in high demand in the pharmaceuticals and agriculture.

Among these alkaloids natural compounds, which produced by endophytes are a large
family of chemical compounds with functional and unique structurally diversity [8]. Moreover
alkaloids displayed several biological activities as antimicrobial, anticancer and pharmacological
properties [9]. The present work reports the isolation and identification and evaluation of
secondary metabolites sophoridine was obtained from endophytic bacteria Bacillus halotolerans
XJB-35. In addition, measured effect of on melanin synthesis and tyrosinase activity in murine
B16 cells.

Graphical abstract
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Material and methods

Isolation and identification of endophytic bacteria

The stem of the plant was separated and sterilised with 99.9% ethanol for 2 minutes, and
10% NaClO and rinsed with sterile distilled water again. The sterile stem (10 g fresh weight) were
cut into 3-4 cm pieces and macerated using a sterile mortar and pestle [21]. The macerated tissue
(1 g) was transferred into plastic tubes containing 9 mL sterile phosphate buffered saline (PBS)
(20 mM sodium phosphate, 150 mM NaCl, pH 7.4) and shaken for 1 min using Vortex Biosan B-

1. Aliquots (100 pL) from dilutions (10 [ [}5} were spread on Nutrient Agar plates (5 g/L. Peptone,
3 g/l yeast extract,15 g/L agar, 5 g/L. NaCl). After than incubated 3-4 days. Visually homogenous
colonies of different sizes, shapes, and colours were used for DNA isolation.

Extraction and Isolation of secondary metabolites

The bacterial culture was extracted with EtOAc [10], to give total 4.5 g of a crude extract.
The extract was fractionation to flash column chromatography by CombiFlash (Teledyne ISCO,
Inc., USA) combined with the column: ODS-A 120¢. To get fraction F1-F14. Fraction F2 (49.5
mg) was further purified using preparative HPLC SHIMADZU (XSELECT CSH™ Prep C18, 5
um) with isogradient solvent system of acetonitrile (MeCN) and water, to afford compound 1 (10
mg). The assay for melanin content and tyrosinase activity was carried out, as previously reported
[8, 11].

Melanin content and tyrosinase activity of secondary metabolite

Cell Culture. Murine B16 melanoma cells obtained from Chinese Academy of Sciences,
(CAS), China. These cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM, Gibco
Life Technologies, Waltham, MA, USA) supplemented with 10% heat-inactivated fetal bovine
serum (FBS).

Melanin contenis and tyrosinase activity assay. The assay for melanin content and
tyrosinase activity was carried out, as previously reported [8, 11].

Results and discussion
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Isolation and identification of endophytic bacteria Bacillus halotolerans XJB-35

In our previous work, we have reported the biodiversity of endophytic bacteria and fungi
associated with the medicinal plant V. amthelmintica root and their synergetic effect of crude
extract compositions, as well as properties of the pure secondary metabolites evaluated on their
melanin synthesis, antimicrobial and anticancer activity [8, 12].

In the present work, bacterial endophyte Bacillus halotolerans XJB-35 was isolated from
the stem of V. anthelmintica and identified by 165 rRNK gene sequences method. The strain
exhibited 98% similarity to Bacillus halotolerans XJB-35, registered in GenBank whith acsossion
number MW876143 (www.nchi.nlm.nih.gov).

TGCTATACATGCAAGTOGA GUGGACAGA TEGGAGCT TG TCCCTGATGTTAGUGGOGGA CGGGTGAGT AACACGTGHGTAACCTGUCT |
CF L AALEAL TOEA T AN TOUTHRGAMA COGLCHEC TAA TACCGCA TOC LT T T GANCCHUA TG0 T TUAAACA TAAANGC ]GO TOGGCT
ACCACTTACAGATGGACCOGUGGUGCATTAGCTAGT TGGTGAGGTAATGGCTCACCAAGGCAACGA TEOGT AGUDGACCTGAGAGHGT
GATCGOCCACACTGOGACTGAGACADGHOOCAGACTOCTADGGGAGGUCAGCAGT AGGOAATCTTOOHCAATGGACGAAAGTCTGACG
GAGCAACGOCGOGTOAC TRATGAAGGT TT TCGRATCOG TAAAGCTCTGT TOT TAGGGAAGAACAAGTACCGT TCGAATAGG GGG TACT
TTGACGGTACCTAAC CAGAAAGOCADGECTAACTACGTOC CAGCAGUCGCGOTAATACGTAGGTGOCAAGC GTTGTOOGHAATTATTG
GGOGTAAAGGGCTCGCAGGCGGT TCCTTAAGTCTOATGTGAAAGCCOCCGGCTCAACCGGOGAGGGTCATTGRAAACTGOGGAACTTG
AGTGCAGAAGAGGAGAGTOGAATTCCACGTGTAGUGGTGAAATROGTAGAGATGTOOAGGAACACCAGTGGCOANGGORACTCTCTG
GTCTGTAACTGACGCTGAGGAGC GAAAGOGTGRGEAGCGAACAGGATTAGATACOCTGGTAGTOCACGOCGT AAACGATGAGTGUTAA
GTGTTAGGGGGT TTOCGOOCCTTAGTGCTGCAGCTAACGCATTAAGCACTOOGOCTGGOG AGTACGGTOGCAAGACTGAAACT CAANG
GAATTGACGGHGECOCGCACAAGC GO TGGAGEATGTGGTT TAATTOGAAGCAACGUGAAGAACCTTACCAGGTCTTGACATCCTCTGA
CAATOCTAGAGATAGGACGTCCCCTTOGGGGGUAGAGTEACAGGTGGTGCATGGTTGTOGTCAGCTOGTGTOGTGAGATGTTGGGTTAA
GTOCCGUAACGAGOGCAAMCCCTTGATCTTAGT TGO AGCATTCAGTTGGGUACTCTAAGGTGAC TG OOGHTGAC AAACCGGAGGAAGT
TGGEGGATGACGTCAAATCATCATGOOCC TTATGAC CTGHGUTACACACGTGUTACAATGRACAGAACAAAGGGCAGCGAAACOGOGAG
GITAAGCCAATOOCACAAATCTGTTCTCAGTTOGGATCGCAGT CTGRCAACTCGACTGOGTGAAGUTGGAATOGCTAGT AATOGOGGATC
AGCATGROCGOGGTGAATACGT TOCC GLGGCCT TG TACACACOGUCCGTCACACCACGAGAGT TTGTAACACCOGAAGTCGGTGAGG TAA
COTTTATGGAGOC AGOOGOOGAAGGTGHACAGA

Structure characterization of the isolated compound

A sophoridine is a tetracyclic quinolizidine alkaloid, until now this natural compounds have
been derived from ditferent parts of many medicinal plants. It can be displayed several biological
activities for examples: anti-cancer, antiviral and antimicrobial [13, 14]. In the present study
secondary metabolites of alkaloid compound sophoridine was isolated from the endophytic
bacteria Bacillus halotolerans XJB-35 and measured melanin synthesis and tyrosinase activity in
B16 cells, for first time (Figure 2).

O

Figure 2 Chemical structure of sophoridine, isolated from the endophytic bacteria Baciflus
halotolerans XJB-35.
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Figure 3 MASS spectrum of compound sophoridine

Biological evaluation

Melanin content and tyrosinase activity of secondary metabolite

The ethyl acetate extract of endophytic bacteria Bacillus halotolerans XJB-35 has been
showed synergetic effects on melanin synthesis in murine B16 cells (206,13 50 pg/mL), compared
with positive control 8-methoxylpsoralen (8-MOP) (129.99 + 7.41% at 50 pg/mL) (Fig.3.). In
order to understanding which compounds from the ethyl acetate extract increased on activity,
therefore we have also measured isolated pure secondary metabolite effect on melanin synthesis
in murine B16 cells. The treatment exhibited higher activity 143,66+ 6.67%, than positive control
8-MOP (128.76+ 4.45) on melanin synthesis. In further sophoridine investigated melanin synthesis
and tyrosinase activity with deferent concentration (1, 10 and 50 pg/mL). Compound also
increased melanin synthesis and tyrosinase with dose-dependent.

(LTS TR P R P T R TPR T

{% of cantal]
Tproasinsas Aculaiy Aaasy
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Figure 4 Effect of secondary metabolites on melanin production and tyrosinase activity in B16
cells, Stimulation of melanin content assay (A, B) and tyrosinase activity of B16 cells (C) by
secondary metabolite (All ****P values for melanin content and tyrosinase activity are < 0.0001,
compared with the DMSO treated control. All *P-values for tyrosinase activity are < 0.05, while
**P-values for tyrosinase activity are < 0.01, compared with the DMSO treated control).

Conclusion

The endophytic bacteria Bacillus halotolerans XJB-35 was isolated and identified from the
stem of Chinese medicinal plant V. anthelmintica. An ethyl acetate extract of Bacillus halotolerans
XJB-35 yielded alkaloid compound sophoridine. Moreover, metabolite screened on melanin
synthesis and tyrosinase activity in murine B16 cells. Alkaloid compound strongly increased
melanin synthesis with 1Cso values 143,66+ 6.67%, than positive control 8-MOP (128.76+ 4.45).
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