HHcTUTYT MO nH)XeHepHa xumusa - bAH
HNHcTuTyT o Mukpoouonorvs - bBAH

[TorydaBaHe Ha 2,3-OyTaHIUOJI
ype3 pepMeHTAlMsI Ha OTIAJHA
OMoOMaca OT HOBOU3OJTUPAHU U
PEeKOMOMHAHTHH IIAMOBe

Horosop c PHH Ne T1H 17/1 oT 2017 .
PbKOBOAUTEN:
npod. 11 KanosH [lerpos



PaOoOTHM maKkeTu

PN/mecey 01-03 04-06 07-09 09-12 13-15 16-18 19-21 22-24 25-27 27-30 31-33 34-36

PM1
PM2
PM 3
PM 4
PM 5
PM 6
PN 7

Pa6oTrnu nakeru 3a I eram:

* PIT1i - U30/mpane Ha HOBY NpoOAyLieHTH Ha 2,3-b/]

«  PIl2 - UaenTnduKanys Ha HETIATOTEHHU MPOAYLIEHTH

«  PII3 - Tlog6op u aHa/mM3 Ha XUMUYHUS CHCTaB HA OTMAIHU MPOAYKTH

* PIl4 - AHanM3 Ha eH3UMHHM AaKTUBHOCTU Ha HOBOU30/IMPAHUTE
HeMaTOTeHHU IaMOBe



Ilen v 3apgauym npu peannsanusara Ha PIl1 - Pll4

HE/:

M3onupaHe Ha nIpoAyLeHT Ha 2,3-b/l, npuTtexasaly cyieHUTEe XapaKTePUCTUKU:
v HenaToreHen
v' C moxxopsii cyGCcTpaTeH CIeKTbp
v CBpBXIIPOAYLIEHT Ha 2,3-b/]

3agaumu:

v 3onupane Ha npoayueHTy Ha 2,3-b/l (PIT1)

v Upentudukaiiys v mogbop Ha HermaroreHHure mpoayueHTH (PI12)

v I3cieiBaHe Ha eH3MMHATA AKTUBHOCT U CYOCTPATHMS CIIEKTHP Ha
Herarorenuure npoayuentu (PI13 u PI14)

v 3cieiBate Ha MPOAYKTUBHHUTE Bb3MOXXHOCTH Ha CEJIEKTUPAHUTE I[AMOBE
(PI4)

v U360p Ha mpoayieHT



¢ PII1 - M30nupaHe Ha HOBM NPOAYLLEHTH HA 2,3-b/]

OO0y Opoit M3cIeABaHM IAMOBE — 140 (119 HOBOM30IMPAHHU + 21 KOTEKIHOHHM)

I/IBO]II/IpaHe Ha YNCTHU
KYIATYpH OT € JMHWYHA
KOJIOHUA

¥

KynTuBupaHe B TeyHa cpea
C 20 I'/71 TJIFOKO3a U TeCT
Voges-Proskauer

3y

KonunyecTBeHa olleHKa Ha

CUHTe3upaHus 2,3-b/] upes
HPLC

KOJIEKITMOHHH )

v YepBeHOTO OlIBeTsIBaHE
e MHAVKALMs 32 CHHTEe3
Ha aLeTOWH U 2,3-b/]

v' H3onupaHu npoayueHTH Ha 2,3-b/l - 77 mjama (69 HoBou3oupanu + 8



“ PIl2 - UgeaTuduKauysa Ha HOBOMU3OJIUPAHUTE MPOAYHEHTHU

«  OOux Opoii M3c/IeBaHU AMOBeE —

Mopdonoruyau Kpurepuu

.k

OUBHOOrUYHHU KPUTEPUH
(Me3odunHu aepobm)

<

[eneTnuHu KpUTEepUMn
(cexkBeHLMs Ha 16S TDNA)

<

BruoxuMu4HY KpUTEpUH
(API TecT)

120 130
GAT AAATCTGGTCTTATTTCC

“‘\‘.‘

. ez aa” QEARSY
idan MR

RANRARASNZ - }
. (L1 LSS S

HenmaTrorenuu:

*Bacillus subtilis - 33 mama
*Bacillus licheniformis - 9
*Bacillus thuringiensis - 8
*Bacillus pumilus - 3
*Bacillus cereus - 3
*Bacillus toyonensis - 2
*Bacillus velezensis - 2
*Bacillus stratosphericus - 1
*Bacillus safensis - 1
*Bacillus tequilensis - 1
*Bacillus sonorensis - 1
*Paenibacillus polymixa - 1

v UaeHTuduuupaHu KaTo HEMaToreHHU MPOAYyLeHTH Ha 2,3-b/] - 65 mama (57
HOBOM3O0/JIUPAHH + 8 KOJTEKITUOHHHM)

v HUaeHTuduuupaHu KaTo MaTOT€HHU MPOAYLEHTH Ha 2,3-b/] - 12 mjama




% PII4 - U3cneaBaHe Ha HOBOU3O0JIMPaHUTE MPOAYIIEHTH 3a
eay/la3Ha AaKTUBHOCT

«  OOu Opoii M3CIeABaHM IAMOBe — 65 (57 HOBOM30/JIUPAHU + 8 KOJEKITMOHHHM)

Bacillus subtilis 13-1

Bacillus sp 14-2

Bacillus subtilis 16A

Bacillus subtilis 32

Bacillus subtilis 35

M3cineaBaHe Ha
1e1y/ia3Ha aKTUBHOCT 4

Bacillus safensis 14-A

velezensis Bacillus licheniformis 49-2
qpe3 O6€3H,B€THBaHe SRB Bacillus licheniformis 55-1
Ha Cpe,U,a C 0.01 % |:> Bacillus licheniformis 15-2
Bacillus toyonensis 11RA
Kap6OKCHMeTI/IJI Bacillus cereus 2RA
HeHYJIOSa 41 KOHFO' Bacillus velezensis 5RB
‘IepBEHO Bacillus thuringiensis 1RA
Bacillus toyonensis 1RB

Bacillus licheniformis 13

Bacillus licheniformis 16-1

Bacillus licheniformis 39

Bacillus licheniformis 24

Bacillus licheniformis 14-1

v HaeHTudUIApaHH KaTo HETYT030Pa3rpakAally MPOAYLEeHTH Ha 2,3-b/] - 19

nama (15 HOBOM30/JIHPAHH + 4 KOJIEKITMOHHH )
6



3oHa (cm)

“* PIl4 - U3cneaBaHe Ha HOBOU3OJHPAHUTE MPOAYIIEHTH 3a
AKTUBHOCT IIPHU Pa3rpaXKJaHe Ha MOJIN3aXapUuim

3.5 35 -
3 - 3
25 | B. velezensis 5RB ,§2-5 1 m B. licheniformis 24
s 2
5 | B. licheniformis 13 g 15 m B. licheniformis 39
o™
15 m Bacillus toyonensis 1 B. licheniformis
1 - B. safensis 14-A 0 m B. licheniformis
C c ® o cccc < c 55-1
0.5 - m B. thuringiensis 1RA L § §E588 282529 B. licheniformis
S5 S58332285822%S8 14-1
0 S DTS S S S S &S §8°x°5<88a89
N N * RN T © -] =< w 9
& &L TS S S S S S £
O EHFF FS ARG R T <s 2 T
L F PPN OO o =
S X Y, g FC o
o§ SIS SRS S
N Q D \,"’b\' S
@ <° a

Heﬂ)’JIGSHa akmueHocm AMunasHa akmueHocm Kcuno-z2aroxkanasna akmuenrocm



“* PIl4 - U3cneaBaHe Ha HOBOU3OJHPAHUTE MPOAYIIEHTH 3a
AKTUBHOCT IIPHU Pa3rpaXKJaHe Ha MOJIN3aXapUuim

5RB  11RA > 14-1 16-1 39 492 55-1 1RA 1RB

ApabuHokcunaH - - + + +
FanakromaHaH @ @ @ + + + + - - +
KypanaH ++ = - - - - - - -
PasknoHeH apabuHaH +/- 4+ - + + + + + + - - +
[dekcTtpaH + + - - - - - - - - - -
KcunorniokaH - + - ++ + + + + + - - +
Amunosa ++ + - + ++H + + + + + + +
HE-uenynosa @ @ + + + + + + + - + +
KaprodeH ranakraH + - + - + + + + + + + +
beTta-rntokaH ++ + ++ + + + + + + - + +
Xuto3aH - + + - - - - - - - - -
KonareH + + + + + + + + + +
KcunaH ++ + - - - - - - - + + +

v Karo Hail-iepcneKTHBHHU ca onpegenenu mamosere 5RB, 11RA, 13, 24 n 14A.
8



“* PIl4 - U3cneaBaHe Ha HOBOU3OJHPAHUTE MPOAYIIEHTH 3a
AKTUBHOCT IIPHU Pa3rpaXkJaHe Ha 3aXapHu OT CbCTAaBa HA
JIMTHOIIE/TY/IO3aTa ¥l APYTH OTNAAHHU CYOCTpaTH

[am (D+) (D+) (D+) (L+) (D+) (D+) (D+)
Llemoouo3a Padunoza Kcumoza Apabunosza Tlamakrosa Manrosa Manosza I'mumepon @03

B. velezensis 5RB) ++ + + + - + + + ++
B. toyonen ++ + + + + + + + ++
B. licheniformis 13 + - - + - + + ¥ +
B. licheniformis 14-1 + - + - + + + -
B. safensis + + + + + + + + ++
B. licheniformis 16-1 + - - + - + + +

B. licheniformis 24 + - - + - + + ¥ +
B. licheniformis 39 + - - + - + + + +
B. licheniformis 49-2  + + + + + + + + +
B. licheniformis s55- + + + + - + + + -
B. thuringiens + + + ++ + + + + ++
B. toyonensis + + + + + + - + ++
B. subtilis 32 + + - +/- + + ¥

B. subtilis 35 + + +/- + + +

v Karo Haii-iepcnieKTUBHHU ca onpegenenu mamosere 5RB, 11RA, 14A, 1RA n 1RB.



¢ PII4 - YcTaHOBsIBaHe Ha KOJIMYE€CTBEHUTE Bb3MOXXHOCTH HA
HOBOM3O/JIMPAHUTE HIaMOBe Ja npoayuupar 2,3-b/l

OO Opoit n3cieaBaHu aMoOBe — 65 (57 HOBOM30JIHUPAHHU + 8 KOJIEKITMOHHU )

v HBCJIC,Z[BaHeTO € ITPOBE€AE€HO HA I1€T PA3/ITNUYHU XPAHUTE/IHU Cpeau C BbITI€EPOIE€H
MN3TOYHUK I/ITIOKO3a.

v [IpogyueHTHTE Cca CeTeKTUPAHU HA 0a3aTa HA MOJyYeHUTe KoaudecTna 2,3-b/] mpu
HapacTBallla KOHIEHTPALMA Ha cyocTpara.

[lam YcBoeHa CkopocT Ha Konuentpanuss  [IpogykTtuBHOCT Ho6us
IJIFOKO3a yCBOsIBaHe 2,3-b/1 2,3-b/1

(g/L) (g/Lh) (g/L) (g/Lh) (g/g)
B. safensis 14A 100.0 0.82 @ 0.31 0.38
B. licheniformis 24 100.0 118 34.70 0.35
B. licheniformis 13 100.0 1.23 34.37 @ 0.34
B. velezensis 5RB 100.0 0.82 27.01 0.23 0.27
B. subtilis 18 88.9 0.64 20.51 0.17 0.23
B. subtilis 35 100.0 @ 18.22 0.24 0.18
B. subtilis 32 100.0 @ 17.94 0.24 0.8
B. subtilis 47 100.0 1.21 16.84 0.22 0.17
B. toyonensis n1RA 63.1 0.65 15.29 0.31 0.24

* IlonyyaBaHe Ha 2,3-b/l OT HOBOM30IWpPAaHM HeNMAaTOTE€HHM IAMOBe, KYJATHUBHPaHU Ha cpeja N¢ 3
(Okonkwo et al. 2017) ¢ HaYa/IHa KOHIIEHTPALIUSA Ha [FOKO3a 100 /1. KyrTHBHUpaHe Ha KjaTravka Mmpu
temreparypa 37 °C 1 pa30’bpKBaHe 200 rpm.

v UaeHTHPUIUPAHU KAaTO CBPBXIIPOAYLHEHTH Ha 2,3-B/] o1 rmoko3a - 5 mama (144,

13, 24, SRB) 32U 35) 10



¢ PIT1-PM4: U360p Ha mam

CeseKTpaHM IWaMOBe 3a MMOJIy4YaBaHe Ha 2,3-b/l oT oTnagHM npoayKTH:

Bacillus velezensis 5RB (go6bp npoayueHT, uenynasHa, amunasHa, MHynmMHasHa akTUBHOCT)
Bacillus licheniformis 13 (cBpbXnpoAyLEeHT, amuiasHa akTUBHOCT)

Bacillus licheniformis 24 (cBpbXxnpogyLeHT, U3KIYnTEeNHa aMmmnnasHa akTMBHOCT)

Bacillus safensis 14A (cBpbxnpogyLeHT)

Bacillus toyonensis 11RA (uenynasHa, amunasHa, MHyfMHa3Ha akTUBHOCT)

,.l ' ! ' .’.
i

t |,"

I
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De novo reHOMHO CéeKBeHHUpPAaHe Ha
Bacillus Valezensis 5sRB

lenomsT Ha B. velezensis 5RB e genosupan B 6asute ganuu DDBJ, ENA 1 GenBank NCBI oz Homep QXJLoooooooo

Coabpika rerure alsS, alsD v bdhA, xogvpaniy aleTolaKTaT-CHHTA3a, AlleTOAKTAT-AeKapOoKCHIa3a v OyTaHJUOI-IeXHUIPOTEeHA3a,
OCHTYPSIBALIM CUHTE3 MPeANMHO Ha (2R, 3R) n3omepa Ha 2,3-B/]

225 reHa ca OTTOBOPHH 33 KOHBEpPCHUSTA M TPAHCIOPTA Ha BBIVIEXUJAPATH, CpeJ, TIX ca TeHUTe, KOAMPAIIU INIMKO3UJ-XUJPOIasu
amyE, malL, sacA, xynA, xynB, xynD, xynC, u eglS

[eHeTryHara 6a3a Ha B. velezensis 5RB paskprBa Bb3MOXXHOCTHTE Ha LljamMa Jla KOHBEPTHpA Lie/y/103a, TMTHOLIey/I03a, HULIeCTe U
WHY/IHUH B 2,3-b/]

B reHoma MpUCHCTBAT CeljeM IThIHU KIIbCTEpPA 3a CUHTe3 Ha aHTHOMOTHLM (MaKpONaKTHH, GaiuiaeH, qeduuanH, GpeHrunuH,
GauMI6aKTHH, GALMIUCUH U ChPPAKTHH), KOETO € MPeAIoCTaBKa 3a pa3paboTBaHe Ha GMOTEXHOOTHYEH MPOILEC 3a CHHTE3 Ha 2,3-
b/l B HecTepuIHHU yCI0BUS

= = GENOME SEQUENCES
MlcmbIOIogy S Released Bacillus sp. SRB (QXJLO0000000 ; BioSample SAMN09947506)
Resource Announcements ()

Check for
updates

1 AMERICAN
p=gl SOCIETY FOR

MICROBIOLOGY

@ncbi.nlm.nih.gov

va@yalh

Dear Penka Petrova,

Genome Sequence of Bacillus velezensis 5RB, an Overproducer

OI 2 3 ButanEdiOI We have processed and released the fO"OWIng submission:
/4
SUBID BIOP!O)Q(( BooSampie Accession Orgamsm

Penka Petrova,® Petya Velikova,® Kaloyan Petrov® meeemmeeeeoeneas

alnstitute of Microbiology, Bulgarian Academy of Sciences, Sofia, Bulgaria

Please cite the accession number QXJLO000000O like this:

bInstitute of Chemical Engineering, Bulgarian Academy of Sciences, Sofia, Bulgaria

This Whole Genome Shotgun project has been deposited at DDBJ/ENA/GenBank

ABSTRACT Bacillus velezensis 5RB is capable of producing large amounts of 2,3- under the accession QXJL00000000. The version described in this paper
butanediol. Whole-genome sequencing revealed that the strain contains one circular is version QXJL01000000.
chromosome of 3.91 Mbp without plasmids. A large part of the genome is devoted
to carbohydrate metabolism, encoding an abundance of enzymes participating in The master record will be available from our various Entrez servers within a few
polysaccharide utilization pathways. days. The individual sequences are available from a hyperlink at the bottom

of the WGS master record QXJLO0000000.
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This study was supported by grant DH 17/1 from The National Science Fund, Ministry of We will upload the list of accession numbers to the Submission Portal, QXJLO1 accs.

Education and Science, Republic of Bulgaria. 1



[Tyonukanuu v mpeacTaBIHUA

[Tyonunkaunu:

«  Petrova P, Velikova P., Petrov K. (2019) Genome sequence of Bacillus velezensis 5RB - an
overproducer of 2,3-butanediol. Microbiology Resource Announcements, vol. 8(1), eoi475-18.
(https://doi.org/10.1128/MRA.01475-18) (SJR 0.553 - 2017)

[TocTepu:

«  Kaloyan K Petrov, Flora V Tsvetanova, Petya V Velikova, Penka M Petrova (2018) Novel Bacilli sp.
isolates producing 2,3-butanediol have the potential to degrade lignocellulose. 21 th European
Biotechnology Congress, 11-12 Oct. 2018, Moscow, Russia (J Biotechnol Biomater 2018 vol. 8)

« Penka M Petrova, Petya V Velikova, Flora V Tsvetanova, Kaloyan K Petrov (2018)
De novo whole genome sequencing of 2,3-butanediol producing Bacillus sp. strain 5RB. 21 th
European Biotechnology Congress, 11-12 Oct. 2018, Moscow, Russia (J Biotechnol Biomater 2018
vol. 8)

Harpaaw:

*  Harpapga 3a Hait-go6bp moctep Ha 21-BU KOHTpec 1o buorexnonorus - OxkroMBpH 2018, MOCKBa,
Pycusi (3a moctepa Novel Bacilli sp. isolates producing 2,3-butanediol have the potential to
degrade lignocellulose) (cepruduxar)

13



bnaroaapst 3a BHUMaHueTO

- - GENOME SEQUENCES
A .. A Microbiology
il
jorsmitdn Resource Announcements 1))
‘Check for

Kaloyan K. Petrov', Flora V. Tsvetanova', Petya V. Velikova?, Penka M. Petrova?

1 Institute of Chemical Engineering, BAS, Bulgaria
2 Institute of Microbiology, BAS, Bulgaria

Genome Sequence of Bacillus velezensis 5RB, an Overproducer
of 2,3-Butanediol

(D Penka Petrova, Petya Velikova, Kaloyan Petrov®

“Institute of Microbiolc ian Academy of Sciences, Sofia, Bulgaria

jaria 2,3-Butanediol (2,3-BD) is valuable bulk-chemical with industrial applications as fuel additive and reagent in
manufacturing of moistening and softening agents, perfumes, fumigants, insecticides, explosives, plasticizers and
printing inks. The present work is dedicated to the development of bio-based process for its production by non-
pathogenic strains from renewable, waste, abundant, and inexpensive substrate as the lignocellulosic biomass.

titute of Chemical

Igarian Academy

ABSTRACT Bacillus velezensis 5RB is capable of producing large amounts of 2,3-

butanediol. Whole-genome sequencing revealed that the strain contains one circular
chromosome of 3.91 Mbp without plasmids. A large part of the genome is devoted
to carbohydrate metabolism, encoding an abundance of enzymes participating in
polysaccharide utilization pathways.

he organic chemical 2,3-butanediol (2,3-BD) is the starting reagent in chemical

syntheses and an ingredient in foods and pharmaceuticals (1). Biotechnological
approaches for 2,3-BD production have progressed over the past decade, turning
2,3-BD into a major product of mixed-acid fermentations (2, 3). Currently, the aims are
to use nonpathogenic Bacillus strains (4) and convert renewable raw materials (5).

B. velezensis SRB was isolated in the Veliko Tarnovo region of Bulgaria from lake
sediment containing plant roots. Single colonies of the strain were grown in nutrient
broth (Oxoid) at 30°C. Genomic DNA was extracted using a GeneJET genomic DNA
purification kit (Thermo Fisher Scientific). The TruSeq DNA PCR-free kit was used for
library construction; the sequencing was performed on an lllumina HiSeq 2500 instru-
ment with FastQC quality control (Macrogen, Inc., South Korea). Quality-filtered data
contained 43,639,513,900 total bases and 289,794,196 read counts. The assembly was
done using SOAPdenovo2 software (6) yielding 26 contigs with a total length of
3,910,395 bp, 134.22X genome coverage, an N, value of 394,584 bp, and a 46.5% G+C
content. The NCBI Prokaryotic Genome Annotation Pipeline (7) detected 4,605 genes,
3,745 of them encoding proteins, 81 tRNAs, and 8 rRNAs.

Strain SRB belongs to the Bacillus amyloliquefaciens operational group (8), with a
99% similarity with soy isolate B. velezensis YJ11-1-4 (GenBank accession number
NZ_CP020874) (9). In silico DNA-DNA hybridization (DDH) (10) resulted in a DDH value
of 90.20% with the B. velezensis FZB42 genome (CP000560) and a relatively lower DDH
of 85.7% with that of the type strain NRRL B-41580 (LLZC00000000).

B. velezensis 5RB contains genes which are typical for plant-associated rhizobacterial
genomes (11-13). The metabolic model of Rapid Annotations using Subsystems Tech-
nology (RAST) (default settings) (14) built by ModelSEED v2.3 predicted a 2,3-BD
synthesis pathway engaging ilv8, alsS, and ilvH (encoding a-acetolactate synthase), alsD
(a-acetolactate decarboxylase), and bdhA [(RR)-2,3-butanediol dehydrogenase; EC
1.1.1.4]. The last enzyme was identical to the 2,3-butanediol dehydrogenase of B.

iens KHG19 accession number CP007242) (15) but different
from those of B. velezensis FZB42 and NRRL B-41580", which may explain the overpro-
duction of 2,3-BD by B. velezensis SRB.

A large portion of the genome of B. velezensis 5RB is devoted to carbohydrate
metabolism (225 genes). The following genes encode glycoside hydrolases: amyE, mall,
sacA, xynA, xynB, xynD, xynC, and eglS. This rich enzyme spectrum enables the conver-
sion of cellulose, hemicellulose, starch, and inulin and is promising for the use of B.

Volume 8 Issue 1 e01475-18

Here we report a comprehensive study of the ten Bacillus sp. strains. They
were isolated from different soil, rhizosphere, and yogurt samples and selected
for their ability to produce 2,3-butanediol from glucose. Based on 16S rRNA
gene sequences, seven of them (13, 14, 16, 24, 39, 49, and 55) were affiliated to
B. licheniformis, two (1RA, 1RB) - to B. cereus group, and one strain (5RB)
belonged to B. amyloliquefaciens group (Fig.1). Considering the strains’
potential to degrade lignocellulose, their hydrolytic enzyme activities were
tested using AZCL (azurine cross-linked) substrates. Nine strains were able to
degrade cellulose, since they liquefied HE-, DEAE-cellulose, and B-glucan
(Fig.2). Several strains degraded the hemicellulose polysaccharides
xyloglucan, xylan and arabinoxylan (Fig.3). Importantly, the strains fermented
the main lignocellulose monosaccharide components D-xylose, L-arabinose, D
-mannose, and D-galactose. Eight of the strains utilized branched arabinan, 7
of them - galactomannan, and 7 - inulin (all spread in the plant biomass).
Disaccharides utilization profiles revealed that all novel strains were able to
ferment sucrose, lactose, maltose, and cellobiose (Fig.4)
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Fig.3. Hemicellulosic hydrolytic activity.
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B. licheniformis 13
B. licheniformis 14-1
' . licheniformis 16-1
B. licheniformis 24

B. licheniformis 39

B. licheniformis 49-2
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ig. 4. Utilization of lignocellulosic monosaccharides
and disaccharides demonstrated by growth in medium
containing bromocresol purple.

O Promising non-pathogenic producers of 2,3-BD
were isolated.

O Wide spectrum of active hydrolytic enzymes
were displayed.

O The established enzyme activities could be
successively used in a new biotechnology for 2,3
-BD production from lignocellulose.




