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General investigation of PBSX-like defective prophages resident in
Bacillus subtilis strains
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Abstract: [Objective] To investigate PBSX-like defective prophages resident in 39 Bacillus subtilis
strains preserved in China Center for Type Culture Colletion (CCTCC). [Methods] B. subtilis strains
were induced with mitomycin C, yielding cell lysate supernatants. Agarose gel electrophoresis was
used to detect the existence of 13 kb DNA fragments in cell lysate supernatants. Cell lysate
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supernatants were mixed with PBSX-sensitive strain, B. subtilis W23 to determine the killing activity
against W23. Phage-like particles in the cell lysate supernatants were examined with transmission
electron microscopy. [Results] Cell lysate supernatants of 24 strains were detected to have 13 kb DNA
fragments, and had killing activity against W23. They were defined as PBSX lysogenic bacteria.
1 strain’s lysate supernatants possessed 13 kb DNA fragments, but had no killing activity against W23.
5 strains’ lysate supernatants displayed killing activity against W23 although 13 kb DNA fragments
were not detected in them. 9 strains’ lysate supernatants did not have 13 kb DNA fragments, as well as
had no killing activity against W23. Among the 9 strains, 3 strains’ lysate supernatants were detected to
have phage-like particles distinguished with PBSX. [Conclusion] Among the 39 B. subtilis strains,
61.5% are PBSX lysogenic bacteria. Industrial strains and wild strains isolated from soil collected from
Shennongjia harbor various phage-like particles distinguished from PBSX. Results in this paper
provide more theory evidences for further uncovering the function of PBSX on host bacteria.

Keywords: Bacillus subtilis, Defective prophage, PBSX
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PBSX JEAFTE T H 2T (Bacillus subtilis)
168 H Y —FhRreik 1 BB M RIS B A, 76 IR I 0
TR EE A FE T AN b, JfREE
5 AL N4l —RE N, Y6 iz SIsM A
B, 222K C (MMC), EAMk(UV)Ed
LA PR Z 1A TR0 PBSX £ 7E 5 41
R A T I 1 A T S A0 i R B
AN ) PBSX METERIUR b3k Rk, ek
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&, PBSX KFHEH M ZEMITAE A St
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AN A% 8 38 I B A — A 30 e 1R e AR e A
a5 S B R TRV BT A {H. PBSX
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DNA R& 7 S SIGUR T R

Bl B PR J5 v 1A PBSX ) i Seaman 25 1E
B. subtilis KX bk 168 h kI, 2 )5, 152 H
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KA B FEPE RS R AR, EATETES Bk
ARLUE200 AR A A Y e S B S R
PEo T BREETE R F A E X B,
A NI 3 2 X A B A TR A Y R 05 1 I
B AR, 2003 4F, Westers %5

N HHs PBSX guft 3k R E TR, A BUHAE &
iz sh A7 2] T AR KRR B, Piggot 251
WA I, PBSX YR A Bl 2k 58745 Jm Hopg &
TR PR AR 5 75 35 o 0 1 Kk B 2 KR AR T, ax
Do W B v I R A PBSX BUAEAEA B T8 F M
FEBFTOR M T IEE ALK Ak, WA SCRAE
W, fE7E T o parE R AR i DNA A Akig
PECSP I, B R E AL LLFE Y DNA
B, ARV R R 0 AT AL IR IR AT 1Y)
fit{A DNA %

IR BI85 HEI B, subtilis #+ PBSX 28
A PR TR, HRTELZ84E NCBI /A4
FERIZH T 16 Bk B. subtilis Y148 PBSX 24 B[
PRI PR OGN, (A32 44 1k i Johi ot #3E i
LA S 56 3E A7 3 T ok M R A TR . X
B. subtilis #47 PBSX 28 J g R A5 M A7 150 i 7]
A, JCEERA B TR PBSX 28 IR A i A= Wy
EXom?Hﬂx*ﬂhiﬁ R R PR AR, A

3 3R I RTS8 D A T A A B vk
EOTW@ﬂﬁ¢ AT A F MMC 75 S8
A 3 AT 20 B 4T 13 kb DNA A% AN
JHXF PBSX HUSKE R B. subtilis W23 [ GE
KT PBSX JEIit i S s o (A ARG 41, A SR
FH v [ 78 355 35 ) O o0 (CCTCC) Y TR Rl AR 78R
e, SHHAEMEG 39 kK B. subtilis EiFkH ) PBSX
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1.1 HEHRFEFE
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Ht, B MR 1.

BRI IR 3 LB B3k (g/L, BiE
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37 °C. 200 r/min,

1.2 EERAFIFOMEE

2235 EC (MMC), XEP [RAH]; TTHIER,
F[E Milipore/s 7l ; DNA=H4lifbilFl &, K4
R A FRA R B2 WRE A, R BRPa (AR A F 5
HOSCEUCR Y, SEEIFEBR CHERAF] RO
ML, 3%HEBeckman/y &) ; 1% 5f HL 8% (Tecnai G2 20

TWIN), SEEFEIAH,
1.3 PBSXZERPEMREEEKRINIES
PRI AR B IR TS, BT 5 mL LB B35
1, 37 °C, 200 r/min iF KGR, 1%FH% 5 mL LB
R, BRIRKE R 2.5-3.0 h [0 B 40k 3
(2-3)x10" CFU/mL]., I AL E N 4 mg/L (¥
MMC, il 3) FE MRS, B iR 5 mL
B4R A, 12 000 r/min ZE9E 5.0 4 min,,
PO 2 B EIRTTREH 2 mL Brés LB PEik
2K, A 50 WL LB HEER, %A S mL
LB }iga 5, 37 °C. 200 r/min &K 5535 3 ho XF
HRAL 55 2 JC R /K8 MMC ST A R . 3 h
WA RN 2, WS, B
12 000 r/min &> 10 min, B3, HHFLIEN 0.45 um
[ ICERUERR I8, A9 B JCAN M LR i

F1 KEEK
Table 1 Strains used in this study

AT B ZEFRLAF BT PRI R [l 3

Bacillus subtilis strains Number of strains Resource
168, W23* 2 EINS
AB91021° 1 DR E AT
AB92005, AB92006, AB92007 3 T R AR SR A A AT B PR O
AB92009, AB92011, AB92012 3 AR T2
AB93007, AB93010, AB93013, AB93014, AB93015, AB93016,
AB93019, AB93020, AB93021, AB93022, AB93023, AB93024, 15 YEE AR R FE Y &
AB93025, AB93026, AB93036
AB92053, AB93089, AB93090, AB93091, AB93108, AB93150, ’ -

9 B PG A5 A T 5 B

AB93151, AB93174, AB93177
AB90008, AB98014, AB98015, AB98016 4 o Rl B i A o B
AB93213 1 IR AAZ A ST 1 15
AB93215 1 IR LA f 17 - 158
AB93219 1 b i e R e e
AB93221 1 TAAC A A 46 RS 1y -

T ®: B.subtilis 168 1 W23 tASLIRE (R85 °: CCTCC (R
Note: *: B. subtilis 168 and W23 are preserved by the laboratory; *: The preservation number in CCTCC.
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DNA . B iR S A T BB e A FaL UK , Ar 13 kb
DNA H Bt IAFTERE B o
1.5 ‘AREZARR LiEXT PBSX BURE W23 BYIN
TR

BKEL B. subtilis W23 PR A TIHAL IS (FEWLTT
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KRBy EER
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H A TMK buffer (Tris-HCI 0.01 mol/L, MgCl,
5 mmol/L, KC10.3 mol/L, pH 7.2)& T VK gk &
B WEEIARRES I 2% PTA A, 7B
B%(FEI Tecnai G2 20 TWIN)M%% .

2 ZR556
2.1 39 HHEFWARRBRLIER PBSX %
£ B 4 TR e T K B A

X} 39 ¥k B. subtilis ZH# 15 13 kb DNA F
B R O R iR W23 Mo E R TR S (B 1, 2,
#*2), AT, 24 BRECRIE T AR R R
BEFRe e R AT 15 MRk, S8
ST REFR ST T AR 0 Y AB92006 il AB92007,
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FERl2E B E ST T A 40 4 MR, LA RORIET

o n + »un O OO AN N T VO O
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Marker

AB90008
AB98014
AB98015
AB98016
AB93213
AB93215
AB93219
AB93221

168

kb

1 ZEREED 13 kb DNA K ERA&N
Figure 1 Detection of 13 kb DNA fragments in cell lysate supernatants
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Figure 2  Killing activity of cell lysate supernatants against B. subtilis W23
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Table 2 Detection of PBSX-like defective phage

it B 2 AT R R R Heii 13 kb DNA i BeAérini ® Xt W23 Ry
Bacillus subtilis strains Resource Detection of 13 kb DNA fragment’  Killing activity against W23°
168 AL 5 + ++
W23 ESoR e / /
AB91021 RREE T = -
AB92005 2 ERZ AN S E A R B AR O - -
AB92006 B A ST A REAT B LR L + ++
AB92007 B A ST R AT B PR L + ++
AB92009 LRI TR - a
AB92011 WHERTTHRIZ T - +
AB92012 WHERTTHIZ T - +
AB93007 P EARRR A E 2B R + ++
AB93010 PeEA R RREEEBEY & + ++
AB93013 YeEA R R R EEBEY R + ++
AB93014 PeEA R ERFEFEBED R + ++
AB93015 PeEA R R R EEBUE R + ++
AB93016 PeEA R RRFEEBUE R + d
AB93019 PeEARRR A EEBEUE R + ++
AB93020 P EARRR A EEBEEY R + ++
AB93021 PFE LR R R BB E Y R + ++
AB93022 YeFE LR R R B B EY & + +
AB93023 PeEA R RREEEBEY R + ++
AB93024 YeEA R RRFEEBEY R + ++
AB93025 PeEA R RERFEFEBED R + ++
AB93026 P AR RRFEF MY R + =
AB93036 (BR151)  HEARRERFEERBMED R + ++
AB92053 SR G e + ++
AB93089 BTG4 A YIS - -
AB93090 SR G e - -
AB93091 RN GR L e - +
AB93108 Bept 4 A g i - -
(F52%)
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AB93150 BT T A IS B
AB93151 BT A T A IS B
AB93174 BT A4 T A 5 B
AB93177 KN G/
AB90008 R R B E TS BT
AB98014 R B MAE TS BT
AB98015 R R B AE TS T
AB98016 hER B AL MBS i
AB93213 WIHEPI AR GAZ R 1Y L 1
AB93215 WAL R £ L 1
AB93219 WAL L 1
AB93221 WAL AR L B8 L - 358

@)
+ —
+ ++
- +
+ ++
+ ++
+ +
+ ++
+ ++

T USRI IS AERINE] 13 kb DNA F By, BIZR g, JRZMFR N = s+ ik FoR SR 1%t W23 ik

WL+ BARSRIKERE S ; +. HAMSEMLGEE

s~ AEFUGERE

Note: *: +: 13 kb DNA fragments could be detected in the cell lysate supernatants, —: 13 kb DNA fragments could not be detected in the cell
lysate supernatants. °: The number of “+” indicates the degree of killing activity. ++: High; +: Low; —: No killing activity.

WAL R IR b g AB93221), ZUHW FIE A
{557 13 kb DNA FBt, [FIEEXT B. subtilis W23 1
BARBGRMUGERET), WIbHhE N PBSX 2kt
JRWE R R R . Hob, B 2 #RIFE(AB93174 M
AB90008) 24k FiE R T 13 kb DNA F B¢, i
K2 — 257 T KT 13 kb 19 DNA Fr B, 1 AR
(AB93150) i HH &4 13 kb DNA H B, [HARE
Wity B. subtilis W23, 5 BRI THIZE) #)
AB92009. AB92011. AB92012, BEV44 A=Yyt
FERTHY AB93091 1 AB93177) 34 H A+ 13 kb
DNA F B, {HRIRXT B. subtilis W23 HA —E I
ey, UL T R S A AR [E T PBSX (H
ALty B. subtilis W23 BIAREMEY TR . S5 98 9 #REA
R R BEETBI AB91021, 25 ERZ MR 7 K
ARG ERT R O B AB92005 , BTS2 A M i
TR AB93089. AB93090, AB93108, AB93151,
DL B b pl fe 28 - 5% AB93213 . AB93215 .

AB93219) A T REAS T 13 kb DNA F B, R %}

B. subtilis W23 WABGALIBERET . AL,
AB91021.AB92009 .AB92011 . AB92012 . AB93091 .
AB93108 1 AB93215, iX 7 R Fh 24 g
IR 13 kb DNA B, (HENHEA 50T
AT 13kb ) DNA F B,
2.2 B. subtilis AB93213. AB93215. AB93219
ZRR L EBREUE

FESERG AR, FRATHIE T 3 BRI Wi K1
H PBSX JS il i M JR e R AR ) BB AB93213
AB93215 1 AB93219, Xt H ik L3 4 7R Bl
8L, BERTEANEIL, X 3 PRI EE TP
% 13 kb DNA HEt, [RIBHEARESGE B. subtilis
W23, (H BT ST 3 P 28 REASI 22 ) T
HAREORL (& 3), 76 AB93213 2 i b (&
3A), MELRNB AR DA Bk BAARAARL, BT
SR EARSY 5 65 nm Fl1 37 nm, S35 124 nm
1 204 nm . 33X A B AR ORI TE 28 R AN ]
T PBSX. 7 AB93215 i i+ (& 3B), ity
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3 B.subtilis AB93213 (A). AB93215 (B)# AB93219 (C)ZL i L 375 o Mt B AR Bk FE SR W BT
Figure 3 Transmission electron micrographs of phage-like particles in cell lysate supernatants of B. subtilis AB93213 (A),
AB93215 (B), and AB93219 (C)

TEPIRE S WS AR, —Fhohy Sk 2R, SR
HEMER A3 40 nm A1 127 nm, HE K/
T PBSX; 7 — W AARIR R EROIR, AR
40 nm; TM7E AB93219 2 g (&l 3C), ME
Bk R ME PR IR ORE , S ELAR A 4350
29 51 nm #1218 nm, ¥J5T PBSX, LA F45 R,
X 3 BRI BRI HE A A FEAR A T PBSX YA
PR IBURE
3 Zwhiti

ASCHE IS THIE A PBSX 2
PEFEWE AR T, BRI MMC 17555 24 T
13 kb FEIEME DNA S5 1R, DL s
SO E TV ODgyo FIIEZLAHIE X PBSX BB
W23 (BGEVE . 20 B R, w] DAYE R )
DI R 2 PBSX S B e I s vy (A ) A7 7 155
Bl Z N e A D TR A A
IR (SN . FIHZ T, AR
| AL EE SR R O T R 39 BRI SRR
U814 B. subtilis WtK, #4771 PBSX JSBlfa M HTE
PR 1 DU MR A . A PBSX 2RI
JREBFRI RS T 61.5%, 15 PBSX 1A VE
T B. subtilis " HAT M . 1AM, PBSX VIR R 7E
ZARE R G A S B B, 454 Westers!?
(PBSX A FI 18 EW4FFIEH 2 gtk Piggot™

ZE(PBSX A A T18 T A RA R TR A b AR ) I A
SEAER, XM /R T PBSX HYAEAEN T-15 T2 I 3
AR . ACEER N — 7R PBSX AATERYEE
X, FHE ERE AR SR T 2 p B

TEMEAT 3K 39 Bk B. subtilis WERT, UETM
ERTTHIZG) B4R 3 B 0 24RBCAR ] LA B.
subtilis W23, {HAAGIE] PBSX F#1FHE: 13 kb DNA
SO, MR 3 PRI REIE T RRIE T B
subtilis W23, {HAS[A] T PBSX Ay 1 ARSI 5
Sy B A AC IR IE A 4 BREERE, A 3 BRI
(AB93213, AB93215 £l AB93219)f%4 i L34 Bk
AN 13 kb DNA, WARETCHE: B. subtilis W23 ;5 {H1E
X3 PR YRR g, AR R T
Wk AT R 1) A (1 3)5 1T ELZE AB93213 i1 AB93215
S L3 v B ARG ) T O A A I TR (AR
Ki; 3X 3 BRE SR TTE P A R AR ORL T 25
F/NAARE T PBSX., PRIFRATHEN, X 3 BRArEs
AR by B AR bR, 5 AR T PBSX
N R NN R AP (BB SR NN A
PBSX ZIALRGAAAEIRR, AZREN, %
SRR . WASCRRBIRRE, Tk
PRANET A AR 5 A 5 MR R AR BER , X i —
HWF5E B. subtilis 0 PBSX 25U M H & AH M i
AL T 4= 5 R BT
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