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Phylogenetic status of the endophyte Bacillus sp. Bp91 isolated from
potato and its antibacterial activity against Ralstonia solanacearum

K. Bahmani', N. Hasanzadeh?, B. Harighi®, and A. Marefat*
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Abstract

Bacterial wilt disease caused by Ralstonia solanacearum is one of the most destructive diseases in the world,
including Kurdistan province of Iran. Using the endophytic bacteria is one of the most effective and
applicable methods to control of the disease. In this study, Bacillus sp. Bp91 which was isolated from potato
fields in Kurdistan province was used as a superior antagonist against R. solanacearum. The results of the
supplementary tests showed that the production of protease in the mentioned strain is positive. This was
negative and relatively weak for hydrogen cyanide and siderophore production, respectively. The
phylogenetic tree derived from 16S rRNA gene sequence showed the stain belongs to the genus Bacillus
sharing the highest level of sequence homology with to B. pumilus. Metabolic studies by GC-mass were also
indicated that the two metabolites Eicosane and Dibutyl phthalate are the most prominent antimicrobial
metabolites produced by the bacterium.
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Table 1. Primers used in the polymerase chain reaction to amplify a part of the 16S rRNA gene
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Ladder Bp91
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Fig 1. Electrophoresis patterns of PCR product in
Bp91 strain related to amplification of 16S rRNA
region with specific primers pair rpl and fD2 on 1%
agarose gel. Ladder: 1kb DNA Ladder
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Fig 2. Phylogenetic tree derived from 16S rRNA gene sequence showing the relationship between isolate Bp91
strains belonging to the genus Bacillus. The tree was constructed using the neighbour-
joining method. Bootstrap values were expressed as percentages of 1000 replications. Geobacillus subteraneus has
been selected as an out-group species.

Q)JC_MJ_LL:B‘)‘ oJLLLAn‘L_:.LZJ}j?jL;L:AJJ(stL;l:A ‘)Jj..k_iéjf Q)} oy S (éb@ybﬁ) QLLA‘J.::\
Sl plonil g 5 b 2 Jshome (05 SCn /XY O ol cble sl g Sl sl B e

377



Sl g e e ) 0k 1a Bacillus sp. Bp91 cub sl s iU K5 6k oKl 01\Ken 5 oy

05 S 3 les Ll Ol S 505 S Ve O gl 50 5
a3 Yer glas j3 aads Y de 4 (V:Y0) split &I
Ol e 4 (%49/889) e ola 58 5 05 5 515 gk
anly GC |l 5 o (gl b eslinal b= 58
Y Ol 4 i el O S dm 53 P05l g (gles
33 e a3 P e L L il &K ads
¥ ods A g el il eseede a3 YE 4 s
Ahsan et al. 2017; ) 1 g 0SS Las O 3 aibs
s (Gholamveisi et al. 2017; Ezati et al. 2018
-4 s GC-MS luls sl eslaeul L GC-MS slaca b
slaca b el WILEY 'NIST slaesls (5,518
03 dsse ol s ald glace b Ly atlil o >
Sle s oS50 035 el 5 anslie S Glaailils
Mirzaie & Zare ) J_é Job ol (g 5lulis slge LS 5

Karizi, 2016; Arianfar et al. 2017; Ezati et al.
(2018

M}@L‘b

S S wals slls R solanacearum (g ;S\

ol LS 558 X0 51 i 5 o3l s OF Jold e
Hayward, 2000; Swanson et al. 2005; Wicker et )
S Sl gla S is S solew J x5 (al. 2007
S5 P d =S sl b, Ol 5ol o
S b oy dsasl sl S 6,5
e s Cabl b Lo sl 51 il 1l
Sturz et ) Jleds So5S B 5 obSL o5 sl
.(al. 2000; Sessitsch et al. 2004; Miliute et al. 2015
Mo e s 31 ol b sl lags SL 0 5SU

LSLALSJ:SL g;—h:ﬂsﬁ L}_J.«.A 6[.&‘-5..»)).! DL Lol cdlols

7 National Institute Standard and Technology

378

J\_ibj§ LSJU‘—GK" UA:}:_M.LW 4_2-)3—*"))4“‘}..9‘)) LSJ‘*"
Murate et al. 2015; Akinsanya et al. 2015; )

.(Beiranvand et al. 2017

23 0kd gl pual sl sl g5 S LS S lovi
SR Rl
A 5 S s e bl
¢L_>.u'| Ol 25 S L 5 (Dhingra & Sinclair, 1995)
R. solanacearum 3 jlas (& ;SU O gmedlos o 1Al L0
Gt Gy oSS ISE 4 Y CFUML cble |
O Sods an 5 i (NA) (gdaa )BT ciS Jass (551>
QLS St 3l e a3lIS Oy f 58 5 )3 adds
-t aiel me L Vossas s L dels S
AL 5l et el glac e (55l Sl
A esls 53 iS L 555 BP9 g s Cuh sl
GgSS o gmrds 4253 YA (slos 3 (6 0 SR25
Sl adle das el FA-VY 308 51 Al
wiel Slos 1 ,Selil Saus Glbl s s,

s S eslinad dals Ol g 4 il 51 D 4
ol J.,'.SJS L;Lkd.gﬁb%.bwjﬁ

Sy Ol 5 g5 lulid 5 SLS 5 LT it o

sdel Cowsay olae I iy Koo S coslas 3 3 s
MK o st 58 318 5ley S olws 4
Agilent 7890B GC System/ Jie (GC/MS) s ~
4 3= S977A MSD (Agilent Technologies, USA)
SO st 5> S 5 s Gy (B e 5 S
ek /YO S e Y O sk L HP-S (S s
Sl LA e o ) (s Ko /Y0 N )

% split/ splitless

YVA



FAV-YVY A¥44 Jlu/ ¥ o led / 0F W/ oS slas,low

Abundance TIC: 91.D\data.ms
420000 21.169
400000
380000
360000

27.639
340000 2
320000
300000
280000
260000
240000
220000
200000
19.215
180000 3
21)1316
160000 20 P 4
140000
120000
100000
K0000 15.346
17.6201 g ¢
60000 18.96
40000
20000

ol

T T T T T T T T T T T T T[T T T T T T [T T T
Time--> 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00

oyl s >4 9o CJL:SJS' 3 das gc‘ﬁjsh_,}s 23 347 90 ‘_ngS.g .Bacillus sp. Bp91 ‘5}"'5\.3 o,las r‘;jh;; Y JS..I:
Phenol, < gl KLEP O ol Sy o 5k 61500 et sl suas0lis ol 54V B ) slasl Ldas o 0L 1
C J,—> 5 Dibutyl phthalate =) pke KL D U > (Eicosane oJ pls KL E G > 3,5-dimethoxy-

.Cw! Carbamic acid, 3-methylphenyl-, butyl ester —.J ol J.f.‘l.:.;

Fig 3. Chromatogram of Bacillus sp. Bp91. The peaks in the chromatogram show the number of compounds in
the extract.

1&3: Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3-(2-methylpropyl)-
2&7: Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3-(phenylmethyl)-
4: Filicinic acid

5: L-Leucine, N-cyclopropylcarbonyl-, methyl ester

6: 2,5-Piperazinedione, 3,6-bis(2-methylpropyl)-

P: Phenol, 3,5-dimethoxy-

D: Dibutyl phthalate

E: Eicosane

C: Carbamic acid, 3-methylphenyl-, butyl ester
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Table 2. Identification of antagonistic endophytic bacterium by partial sequencing of 16s rRNA

Isolate GenBank Accession no.
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16s rRNA sequence

% Similarity

Bp9l MN326732

Range 1: 30 to1383

100% with Bacillus pumilus ATCC 70617 (AY876289.1)
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Table 3. Results of biocontrol assay tests of bacterial
endophyte strain Bacillus sp. Bp91
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Table 4. Compounds identified in ethyl acetate extract of Bacillus sp. Bp91 by GC-MS.

Peak Retention Area% Name of compound Chemical Mqlecular
No. time formula weight
1 6.803 0.67 2-Piperidinone C5HONO 99
2 11.39 0.8 Tetradecane C14H30 198
3 15.348 1.69 Hexadecane C16H34 226
4 17.172 0.42 Tricyclohexylmethane C19H34 263
5 17.365 1.13 5-Ethyl-1-nonene Cl11H22 154
6 17.58 3.1 N-Acetyl-N-(4-methoxyphenyl)acetamide C11HI13NO3 207
7 17.878 1.68 DL-Alanyl-1-leucine C9H18N203 202
8 18.245 1.87 Hexahydropyrrolo[1,2-a]pyrazine-1,4-dione C7HI10N202 154
9 18.956 1.16 Octadecane CI8H38 255
10 19.218 6.91 Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3- CI11H18N202 210
(2-methylpropyl)-
11 19.62 1.62 Phenol, 3,5-dimethoxy- C8H1003 154
12 19.789 1.57 1-N-Butylhydantoin C7H12N202 156
13 20.809 6.06 L-Leucine, N-cyclopropylcarbonyl-, methyl C11HI9NO3 213
ester
14 21.171 17.4 Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3- CI11H18N202 210
(2-methylpropyl)-
15 21.316 7.42 Filicinic acid C8H1003 154
16 21.654 1.87 Dibutyl phthalate C16H2204 278
17 22.249 1.05 Eicosane C20 H42 283
18 22.709 0.5 Ethyl 6-amino-6-oxohexanoate C8HI5NO3 173
19 23.654 0.41 Oleamide CI18H35NO 282
20 23.712 0.45 Fluoranthene C16H10 202
21 23.794 0.76 Bergamotane C15H28 208
22 24.872 9.43 2,5-Piperazinedione, 3,6-bis(2-methylpropyl)- C12H22N202 226
23 25.262 0.83 Dodecane C12H26 170
24 25.653 1.82 Filicinic acid C8H1003 154
25 26.067 1.08 2,5-Piperazinedione, 3-benzyl-6-isopropyl- C14H18N202 246
26 26.999 3.77 Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3-  C14H16N202 244
(phenylmethyl)-
27 27.262 0.34 Cyclo(L-leucyl-L-phenylalanyl) CI5H20N202 260
28 27.64 12.6 Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3-  C14H16N202 244
(phenylmethyl)-
29 28.043 0.54 Heneicosane C21H44 297
30 29.96 0.94 Bis(2-ethylhexyl) phthalate C24H3804 391
31 30.322 1.79 2,5-dipropylthiazole COHISNS 169
32 30.619 0.55 1-Chlorohexadecane C16H33Cl 261
33 30.887 3.21 Cyclo(L-leucyl-L-phenylalanyl) C15H20N202 260
34 31.802 1.66 Carbamic acid, 3-methylphenyl-, butyl ester CI12H17NO2 207
35 32.251 2.85 1-Proline, N-allyloxycarbonyl-, hexyl ester CI5H25NO4 283

[1,2-a]pyrazine-1,4-dione, hexahydro-3-(phenylmet

L-Leucine, N-cyclopropylcarb (Filicinic acid yl)-

2,5-Piperazinedione, 3,6-bis s onyl-, methyl ester

i—L G h g f e-¥ S2) (2-methylpropyl)-

,s [(Rich & horsfall, 1961) tewa Sl Sl
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