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Momusayus u yens: V3BeCTHO, YTO BHPOM KHIICYHHKA YEJIOBEKAa IIPEACTABICH
MPEUMYIIECTBEHHO OakTeprodaraMu, KOTOPBIE UTPAIOT BAKHYIO POJIb B JOPMUPOBAHUN
MHKPOOHBIX COOOIIECTB, PErYIUPYsl YUCICHHOCTh CBOMX OaKTepUaibHbIX X035¢B [1]. B
CBSI3U C 3TUM Bce 0olee IMUPOKYI0 paclipoCTPaHEHHOCTh IPUOOPETAIOT UCCIEIOBAHMS,
HarpaBJIeHHbIE HA CPaBHEHHE BUPOMa 3JIOPOBBIX JIIOAEH M MAIMEHTOB C Pa3iUYHBIMU
XPOHUYECKUMH 3a00JIEBAaHUSIMY KUIIICUHIKA, TAKIMHE Kak si3BeHHbIH kKomuT (S1K). Kpome
TOro, B TIOCIEAHEE BpeMs Bce OCTpee BCTaeT MpobiemMa  pacTyuien
AHTHOMOTHKOPE3UCTEHTHOCTH OaKTEPHid, IOATOMY aKTyalbHOHM TakxKe SBISETCS 3a/1a4a
MOVCKa HOBBIX IPOTUBOMUKPOOHBIX CPeACTB. TaKuMH aHTUOAKTEpUATLHBIMHU areHTaMHU
MOTYT SIBJISITHCSL SHAOJIN3UHBI — (pepMeHTHl OakTeprodaros, UCIOIb3yEMbIE BUPYCAMU
JUIS pa3pylieHdsl KJIETOYHOM cTeHKH Oakrepuu. Llenmpio gaHHOW paboTHl OBLIO
HCCIIeIOBaHNE KAIIEYHOTO BUPOMA 3/I0POBBIX JIroIeit 1 manmeHToB ¢ AK, a Taxke mouck
B HEM I'€HOB [TOTEHIIMATIBHBIX SHAOJIN3UHOB U OLIEHKA UX pa3HOOOpa3usl.

Memoowt u aneopummsi: Y13 17 06pasnos cryna (8 ot 3m0poBbIx A00poBombieB (31) n
9 ot marmentos ¢ SK) Obla oTneneHa odorameHHas BUPYCHBIMH YacTHIIAMH (DpaKmus,
M3 KOTOpOW B JaibHeiieM Oblia BbIIeJIeHa W cekBeHmpoBaHa ToTambHas J[HK.
[Tosry4eHHbIe TPOUTEHHs ObLIN OTGUITBTPOBAHBI 10 KAYECTBY C IIOMOLIBIO Trimmomatic
u cobpanbl de NOVO B koHTHrH ¢ momoinsio SPAdes. TloreHImanbHbIE TEHOMBI
OakteprodaroB M WX QparMeHThl OBLIM BBISBICHBI C IMOMOIIBIO MPOrPAMMHOTO
obecrnieuennst VIBRANT v.1.2.1 [2]. Cratuctuueckyto o0pabOTKy pe3yJbTaros,
MOJYYEeHHBIX TIPU CPaBHEHUH BBIOOPOK, MPOM3BOMIMN C ITOMOIIBIO KpuTeprss MaHHa—
Yutau. Takxke ¢ momomipio VIBRANT Obutn ompeneneHbl (¢ MCIOJNBb30BAHUEM
Prodigal) u annHoTupoBansl (¢ ucnonb3oBanueM 0a3 ganHbix KEGG, Pfam u VOG)
OTKPBITBIE PAaMK{ CUMTHIBAHMSA, COZICPXKAIIMECS B BBIABICHHBIX ITOTEHIHAIBHBIX
reHomax. Ha ocHOBaHWM IONYYCHHBIX aHHOTAIMK ObUta coOpaHa 0a3a JaHHBIX,
coJiepKalias aMHHOKHCIOTHBIE TOCIEA0BATEIbHOCTH MMOTEHIIMATBHBIX 3HIO0JIN3WHOB.
3arem ans ¢aroBbIX MOCIENOBATENBHOCTEH, COAEP)KAIIMX TEHBl 3HIOIHM3HUHOB,
OCYIIECTBISUIA ~ TPOTHO3MPOBAaHHE  OAaKTEPHAIBHBIX  XO35€B  C  IOMOIIBIO
MHTETPUPOBAHHON cpenpl MammHHOro o0ydeHus iIPHOP [3], xoropas oObeauuser
pas3In4Hble MHCTPYMEHTBI, UCIIONb3yEeMBbIe IJIs1 PEIICHHs 9TOH 3a/1aun: IOUCK CXOJCTBa
MeXIy TEHOMOM BHpYyca ¥ TeHOMOM X03s1Ha, aHanu3 CRISPR kaccer, ananu3 gactoT
BCTpeyaeMocTH K-MepoB, a Takke cpaBHeHHE C 0a30if JAHHBIX YKE H3YYECHHBIX
OakTeprodaroB ¢ U3BECTHHIMH X035€BaMH.

Peszynomamur: B BUpoMax, moirydyeHHbIX U3 00pa3uoB oT 3/, MeaunaHHOe KOJIMYECTBO
BBISIBJICHHBIX (haroBbIX ITOCIIC0BATEIBHOCTEH COCTaBUIIO 71, IPH 3TOM pacIpeae/ieHue
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1o obpasmam ObLI0 He paBHOMEPHBIM — OT 10 10 261. B 00pasnax ot namuentos ¢ K
MEIMaHHOE KOJIMYECTBO (haroBhIX MOCeA0BaTeIbHOCTeH cocTaBmiio 115 (ot 13 mo 195),
4YTO OKa3alloch JOCTOBEpHO BhIme, deM mis 3J (p-value < 0.05). Kpome Ttoro,
KOJINYECTBO BBISIBIICHHBIX MOJHBIX KOJIBIEBBIX TEHOMOB 0aKTepHO(aroB OBLIO TaKKe
JIOCTOBEPHO BbINIE B BEIOOPKE manueHToB ¢ K, yem 3] (Menuannoe 3Hauenue 0.5 s
31, 5 misa maruenToB ¢ K, p-value < 0.05), 4To MOKET OOBACHATHCSA O0JIee BEICOKHM
MOKPBITUEM, ITOTYYCHHBIM B pe3ybTaTe COOpKH KOHTHTOB. Ha OCHOBaHWM MOTyYeHHBIX
¢ mnomompio  VIBRANT aHHOTammii Bcero B BHpPOMax OBUIO  BBISBICHO
134 nocneioBaTENbHOCTH TMOTCHIIMATBHBIX JHIOIM3MHOB, 85 W3 KOTOPHIX — V
narerToB ¢ SK, 49 — y 3/1. Uro kacaeTcss MpeArnoNoKUTEIbHBIX OaKTepHaTbHBIX
X0351€B MOTEHIMATBHBIX 0aKTepHO(aros, MOIHbIC WA YaCTHYHBIE MTOCIE0BATEILHOCTH
KOTOPBIX  COAEP)KaIM TEHBl OSHAONM3WHOB, s BbiOopku 3]  Haumboiee
pacnpocTpaHEeHHBIMH —OKa3aiauch mpeicraButenu ¢umyma Bacteroidota, kmacca
Bacteroidia, kotopsie coctaBuiu 54.5 % 0T 001Ier0 KOJTMIECTBA X035€B, OMPEICTCHHBIX
C BBICOKOH CTENEHBIO JOCTOBEPHOCTH. B OCHOBHOM 3TO OBLIM OaKTEepHH POJOB
Bacteroides, Phocaeicola, Prevotella. BropbiM pacnpocTpaHeHHBIM TaKCOHOM
Oakrepuii okazaics kmacc Clostridia, otaocsuiics k ¢uaymy Bacillota (39.5 %),
MPECTaBICHHBIN OOBIITHNM KOJHYECTBOM POIOB. CTOUT OTMETHTD, YTO HPEACTABHUTEIN
JIByX JTaHHBIX KJIACCOB COCTABISIOT IOAABIISIONIYI0O YacTh 3JI0POBOM MHKPOOHUOTHI
KHIIEYHNKA YenoBeka. Uto kacaercs maruenToB ¢ SIK, Hanboee pactpocTpaHeHHBIMU
X035ieBaMU  OaKTepro(aroB y HHUX OKA3aIHCh TaKXKe TMPEICTABUTEIN KIAacCOB
Bacteroidia u Clostridia (36.4 u 34.5 % cOOTBETCTBEHHO), OJHAKO OOpaIaeT Ha ceos
BHUMAaHHE CHIDKEHHE OTHOCHTEIBHOM J0yM mepBoro. [Ipu 3TOM y MalueHToB ObUIH
TAaKXKe BBIABJICHBI TOTCHIMANbHBIC (aru, 3apaxamone OaKTepUH  KIacCOB
Actinomicetia (a umenno pon Bifidobacterium) u Gammaproteobacteria. Yro kacaetcs
CTPYKTYpPHl  BBISIBICHHBIX  DHIOJH3HMHOB, HAHOOJNiee YacTO BCTPEUYAFOIIAMHUCS
KaTanutuaeckumu gomeHamu Obutn Glyco_hydro 25 u Glucosaminidase, kotopsie
0oJsiee XapaKTepHBI IS SHI0JIM3MHOB (DaroB rpaMIOIOXKHUTEIbHBIX OAKTEpU, a TaKKe
Phage_lysozyme wu Muraidase, ©Oomee  xapakTepHble JUISI  OHIOJHU3UHOB,
BO3JICHCTBYIOIINX HAa TPAMOTPHIIATENIbHbIE OaKTepHu. TakKe 4acTo BCTPEUAOIIUMHUCS
ot momensl Amidase 2 u Peptidase M23, BhISBISIONIMECS B DHAOIM3HMHAX Kak
TPaMITOJIOKUTENBHBIX, TAK W TPAMOTPHUIATENbHBIX OakTepuil. Cpeau CBSI3BIBAIOIINX
JIOMEHOB Haubojee pacnpocTpaHeHHbIM Obl1 LYSM. BeipaBHHBaHHE C TIOMOIIBIO
BLASTP moxazaio, 4To 3Ha4MTEIbHAS YacTh BBIABJICHHBIX OCIIKOB MMEET CXOJICTBO
Menee 50 % c y)xe oxapaKTepru30BaHHBIMU JHIOTU3NHAMHU.

Buvisoowi: CpaBHUTEIBHBIH aHANIM3 KHIICYHBIX BHPOMOB IIOKa3all, 4YTO oOOIIee
KOJIMYECTBO  BBISIBICHHBIX MOTEHIMAIBHBIX (AroBbIX MOCNIEA0BATEIbHOCTEH Y
narueHToB ¢ K goctoBepHO Bblie, 4eM y 3], 4TO MOATBEPIKIACT MPEION0KEHIE O
M3MEHEHHH COCTaBa BHPYCHBIX COOOIIECTB KHUIICYHHKA MPH  XPOHUUECKUX
BOCTIAIIMTENILHBIX  3a00JIeBaHUsX. Takke y TMAlMEHTOB OKa3alcs IIHpe CHEKTP
MOTEHIIMATBHBIX OaKTEPUATBHBIX X03M€B, YTO MOXET OBITh KaK MPUYHUHOW, TaK U
CJIeJICTBUEM HapyLIeHW B cocTaBe MuKpoOuotel y mojneit ¢ K. Kpome toro, B
MCCIIEyEMbIX BHPOMHBIX JaHHBIX OBUIM  OOHAPYKEHBI  ITOCIEI0BATEIIEHOCTH
134 noTeHIMaTBHBIX DHIOJIM3UHOB ¢ PA3HOOOPA3HOW JTOMEHHOW CTPYKTYPOM, MHOTHE
M3 KOTOPhIX HE HMEIOT OXapaKTePH30BaHHBIX TOMOJIOTOB, M WX JajibHEHIIee
HCCITEIOBAHNE MOXKET SBJIATHCS CTYIEHBIO K Pa3pabOTKe HOBBIX MPOTHBOMHKPOOHBIX
CPEIICTB.
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Qunancuposarnue: Vicciienosanue noanepxkano I'oczananuem 0245-2022-0005 (Ne 075-
03-2022-371/4) UXb®M CO PAH.
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Motivation and Aim: It is known that human intestinal virome is represented mainly by
bacteriophages, which play an important role in the microbiota formation via regulating
the number of their bacterial hosts [1]. In this regard, studies aimed at comparing the
virome of healthy people and patients with various chronic intestinal diseases, such as
ulcerative colitis (UC), are becoming increasingly common. Additionally, the problem
of growing bacterial antibiotic resistance has become increasingly acute, so the issue of
searching for new antimicrobial agents is also urgent. Such antibacterial agents can be
endolysins, enzymes used by phages to destroy the bacterial cell wall. The purpose of
this work was to study the intestinal virome of healthy people and patients with UC, as
well as to search for potential endolysin genes and assess their diversity.

Methods and Algorithms: Stool samples from 8 healthy volunteers (HV) and 9 patients
with UC were used to separate a fraction enriched in viral particles, from which total
DNA was subsequently isolated and sequenced. The resulting reads were quality filtered
using Trimmomatic and assembled de novo into contigs using SPAdes. Potential
bacteriophage genomes and their fragments were identified using VIBRANT v.1.2.1
software [2]. Statistical processing of the results was carried out using the Mann-—
Whitney test. VIBRANT was also used to identify (via Prodigal) and annotate (via
KEGG, Pfam and VOG databases) the open reading frames in the candidate genomes.
Based on the annotations obtained, a database containing the amino acid sequences of
putative endolysins was compiled. Then, for potential phage sequences containing
endolysin genes, bacterial hosts were predicted using the integrated machine learning
framework iPHoP [3], which combines various tools used to solve this problem:
searching for similarities between the viral genome and the host genome, analysis of
CRISPR cassettes, analysis of the k-mers occurrence frequency, as well as comparison
with a database of already studied bacteriophages with known hosts.

Results: In viromes from HV, the median number of identified phage sequences was 71,
while the distribution across samples was uneven — from 10 to 261. In samples from
patients with UC, the median number of phage sequences was 115 (from 13 to 195),
which turned out to be significantly higher than for HV (p-value < 0.05). In addition, the
number of identified complete circular genomes of bacteriophages was also significantly
higher in the sample of patients with UC than in HV (median value 0.5 for HV, 5 for
patients with UC, p-value < 0.05), which may be explained by a higher coverage after
contig assembly. Based on the annotations obtained using VIBRANT, a total of
134 potential endolysins sequences were identified in the viromes, 85 of them were from
patients with UC, 49 from HV. As for the putative bacterial hosts of the identified
potential bacteriophages, the full or partial sequences of which contained endolysin
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genes, for the HV sample, the most common were representatives of the phylum
Bacteroidota, class Bacteroidia, which accounted for 54.5 % of the total number of hosts
identified with a high degree of confidence. These were mainly bacteria of the genera
Bacteroides, Phocaeicola, and Prevotella. The second common taxon of bacteria was
the class Clostridia, belonging to the phylum Bacillota (39.5 %), represented by a large
number of genera. It is worth noting that representatives of these two classes make up
the vast majority of the healthy human intestinal microbiota. As for patients with UC,
the most common hosts of bacteriophages were also representatives of the classes
Bacteroidia and Clostridia (36.4 and 34.5 %, respectively), however, a decrease in the
relative proportion of the former was seen. At the same time, potential phages that infect
bacteria of the classes Actinonomicetia (namely the genus Bifidobacterium) and
Gammaproteobacteria were also identified in patients. Regarding the structure of the
identified endolysins, the most frequently occurring catalytic domains were
Glyco_hydro_25 and Glucosaminidase, which are more common in phages of Gram-
positive bacteria, as well as Phage_lysozyme and Muraidase, more common in
endolysins affecting Gram-negative bacteria. Also frequently occurring were the
Amidase_2 and Peptidase_M23 domains, found in endolysins of both Gram-positive and
Gram-negative bacteria. Among the binding domains, LysM was the most abundant.
Alignment using BLASTP showed that a significant proportion of the identified proteins
have less than 50 % similarity to already characterized endolysins.

Conclusion: A comparative analysis of intestinal viromes showed that the total number
of identified potential phage sequences in patients with UC was significantly higher than
in HV, which confirms the assumption that the composition of intestinal viral
communities changes in chronic inflammatory diseases. Patients also had a wider range
of potential bacterial hosts, which may be both a cause and a consequence of the
microbiota disturbances in people with UC. In addition, the sequences of 134 potential
endolysins with diverse domain structures were discovered in the studied virome data,
many of which do not have characterized homologues, and their further study may be a
step towards the development of new antimicrobial agents.

Funding: The study is supported by State Assignment 0245-2022-0005 (No. 075-03-
2022-371/4) of the ICBFM SB RAS.
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