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Identification and functional study on SRNA Bpsrl12 of Bacillus pumilus

QIN Jias XU Yun-Fan, HUANG Yu, WANG Hai-Yan
(Key Laboratory of Bio-resourees and Eco-environment of Ministry of Education,

College of Life Sciences, Sichuan University, Chengdu 610065, China)

Abstract; In order to provide new ideas for the transformation of Bacillus pumilus and increase the yield
of alkaline protease, in our previous studies, transcriptome of Bacillus pumilus was analysed based on
RNA-seq and sRNAs were predicted. In this study, a new sRNA Bpsr112 was identified by the bioinfor-
matics analysis and northern blot. Then the knockout and overexpression strains of Bpsr112 were con-
structed, and the growth curve, salt stress and protease activity were compared among them. The re-
sults showed that, compared with the control strains at 60h and 72h, the protease activities of knockout
strains were significantly decreased (P<C0. 01), while the protease activities of overexpression strains
were significantly increased (P<Z0.01). At the same time, SDS-PAGE results showed that the content
of AprE protein decreased in knockout strains and increased in overexpression strains. These results in-
dicated that Bpsr112 may has positive regulation on the protease activity of Bacillus pumilus. In this
study, sRNA in Bacillus pumilus was identified, and Bpsr112 was found to promote protease activity.
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1 5 §

/N ZE K # (Bacillus pumilus) SCULL J&
—WRET I G USRI » RO A A R IR iR AL
PR AN I R B AT B A IR T AR
PR AEL /L e = & < A O VIV 1 S

HE /7N RNA (small RNA, X FRAE sRNA) &
—JERENE B S (HIE H AN g B 2 1 BT RNA, K
50-500 nt, K ZHHh PR 2 1 0 5 B[] B IX G b
B8 E 5 R i DX ) A M G R

SR PR XA sRNA 32 %258 15 AN 58 4 1Y i 2
Bixd 5L ) mRNA B#E45 A0 il mR-
NA ) FE SUE RauE T, DI S B AS [) HE 5k
. ©A TR, sSRNA fE2 5 i#E
BRI BRI R A Al B
J3H A A YRR S AR
AR H Ao Z B sSRNA 8 % 3L, SR

*x 1

W98 28 A R o A5 8 22 IR B v, 22 IR
PH M BRI ST AR T4 /0

ARSI 2 BN ST R SCULL A5 A& 19
BRSNS O A K B I Y 8 RNA R 17 T 4 4y
SRR SR, T B0 T sSRNAMSY AT LB T
— K25 118 nt 1 sSRNA Bpsr112, 7658 /N SEHIFF
PR R AE A I B 5 SR G PR 22 S K 7 48 h B s
TEPEIA B B 5 » 1 M A0 25 1 T 7 0 38 7E 48 h B
1 X WG R Bpsrl112 Al REFE X AN I & FE 4R . AR
WX Bpsr112 785 /N ZFAOFF B 0 A A
TV 25 B, A TS 4 A B A v R R R A T
TR

2 MRS

2.1 # #
2.1.1 EsAE AHEESE A B R A TR
E

B R A0 B

Tab.1 Strains and plasmids

Strains or plasmids

Description

Resource

B. pumilus strains
SCU11
SCULL(A112)

E. colistrains

DHb5a

Plasmids
pUCETs
pUCETs-A112
pSUO3m
pSUO3m-112

Bacillus pumilus strains producing alkaline proteases

SCUL11 carrying an in-frame deletion in theBpsr112 gene

F-,¢ 80dlacZ AM15, NlacZYA-argF U169, deoR , recAl , endAl , hsdR17
(rK-, mK+), phoA, supEA4 , X, thi-1, gyrA96 . relAl

E. coli/Bacillusshuttle vector; ermCR AmpR, OriE. coli,Orits, LacZ
pUCETs derivative, carrying a deletion cassette for Bpsr112 gene
E. coli/Bacillus shuttle vector; LacZ,AmpR,Kan®,0ri, E. coli, DSO,SSO

pSUO03m derivative, carrying aBpsr112 gene

This laboratory

This study

This laboratory

This laboratoryt 171
This study
This laboratory
This study

2.1.2 Ak REER:FILAL .k 25 g, %
5# 20 g, K, HPO, 4 g, B¢ H:¥y 3 g.CaCO; 3 g,
NaH,PO, 0. 4 g,pH =8. 3.

M9 JEAREFHE (L) : Na, HPO, « 12H,0 17.
096 g, KH,PO, 3 g,NH,Cl 1 g,NaCl 0.5 g,20%
A ¥E 10 mL, 2M MgSO, 1 mL, 0. 1M CaCl,
1 mL.

MM 3} 5 (1L HE i 10 g, BifRER 2 g. K,
HPO, 14 g.KH,PO, 6 g.FriEfRah 1 g, MgSO, «
7TH,O 0. 2 g, fi%jh% Sg. BERERY 2.5 g

HEEEIZ 3l (Swarming) B FR 5L . 7E LB #5573
#FE 0. 5% (m/v) Hi B 0. 6 %6 (m/v) B .
2.1.3 &I AEAFiX#A DIGNorthern Star-

ter kit 14 H Roche /A F) ; PrimeStar Max.,SYBR 11
IR i 87 & B TaKaRa (Ki%E) Al &
FL rTaq § A1 22 Fr B v B 3% 4800 G000 /e oo
Y e R A BR A W 5 BRI N DI H Fer-
mentas (Thermo) 73 F] s FRLHR B, B2 R A 24k
RF) & H OMEGA 2] TRIzol Reagent 4 H
Life Technologies 2 7l R AkHN I [ BHE 48 7 11
Bl H e A SR [ A T AR TR il O
B3 A R F) s e o = oA 4k,

22 77 &

2.2.1 3l14i%it KM Primer 5 83759
Bt 3 2 5 T AN B F 251 1E B
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Tab. 2 Primers used in this study

EIE B A J¥51(5'-3")
T7-112-F GATCACTAATACGACTCACTATAGGGTTGCGTAATGTTATTGTATAAAAC

Bpsr112 %4t

T7-112-R CTTCTTTCGGCAAGATATGAG
Bpsr112-AF S A CCAAGCTTGCATGCCTGCAGGGTTTTCGATTGTTTTAGCGGA
) 5
Bpsr112-AR CGTCATCATCTGTATGAATCGCAACCTGAATCTACTTTGAAAACA
Bpsr112-BF — GAACGATGACCTCTAATAATTGGTCACCTTTTGAGGAAAACTCTTAGTA
H 1 VI
Bpsr112-BR CGGTACCCGGGGATCCTTCTGAGGCTGGTCCCTTACTT
kan-F CAATTATTAGAGGTCATCGTTC
Kan®3t
kan-R GATTCATACAGATGATGACG
112screen-F . N CGAATTACCGACTCTCAAACTATG
7 B AL AT e i
112screen-R TCACATTACACAAATCAACAAAAAAAGC
kan-yzR T 16 LA e CTTCCTAAGCATCCTTCAATCC
GBD-112-F CGGAATTCAACACCTAAAATGCCGCC
Bpsr112 3
GBD-112-R CGGAATTCAACATCCAACGGTTAGTCCC

2.2.2 AT EF oM Bpsrll2 54 g A
¥ kB RIHA WG B2 00 B /N 2 AT T
SCULL )8 s 40 508 Lo X 3 J /N 2F 460 AT 7 BAO6
FERAL, A B bam SCHF 3@ 1 IGV ATRAL Bpsrl12
(R ST I L 34T Bpsr112 FR TG PEHERREL F1I 1]
TargetRNA2 F1 CopraRNA {4l 8 £ [A].
2.2.3 % RNA 328, 5 % F F= Northern 3 %
P A TE AL AR AR 3] 30 mL LB 1,37 °C, 200
r/min, ¥i 7% 48 h, SR )5 B OB LA 15 mg/
mL (1% B i B, 37°C L IR 10 min, d5 5 F H]
TRIzol FEHCEE i B RNA. | Fi R FE 575 & 2B
gDNA, 17 [ % 5% . 45 8] cDNA , Jl T qRT-
PCR 43#7. F|F§ DIG-Northern Starter kit &5 &
#47 Northern 2232, 4 T7-112-F/R 5| ¥~
thits T7 J3 sh 7/ Bpsrl12 7 B, SR 5 A e
SRR AR IC I CBE RNA B4 (T 2438 fil
Maker) , s RNA k)55 RNA #4347 North-
ern 252 JRAGOULEE.

2.2.4 #ANFRAE L B/NFHRTE
SCU1L [k 2 I8 TS N e i 18
FEHEAR AT, R RiR g 2 2 200 V, 1
AN R BRSSO T v — 3L

2.2.5 Bpsrl12 ARk &R HE  LUREER
AR TR pUCETs i 2830 0K, LAt itk AL
kan AR Bpsr112 H ¥ 3 B, 1 g B 4014
pUCETs-A112., K i 7] 5 #4) 22 5w an 151 1
JR.

SCU11 genome

112screen-F ~ Bpsr112-AF Bpsr112 Bpsr112-BF

//
</

112screen-R

Bpsr112-BR

Bpsrl12-AR

112-flankB

overlapping PCR

112-flankB

2794bp

B 1 3rk#4k pUCETs A112 49 FR A H# 2 K owk
Fig. 1  Constructionstrategy of homologous arms in

knockout vector pUCETs-/\112

2.2.6 Bpsrl12 A H Sk ke iFi2  Ed &3
i R LA K R A pUCETs A 112 4k
BR/NFAMFFE SCULL B 2 5 mL & 5
pg/mL L7 E M 10 pg/mlL KIREFE XK LB 1,
30 CHRPHEFE 36 h. L 126 Hefil#2 %] 30 mL JE
Pt LB, 42 CHRI IS 12 h, %245 3 . W
BIGIRAT T & 4 pg/mL RIFE R LB 4, H
112screen-F/kan-yz-R 5| ¥ ik oA HE & 1. Pk
B IR T 5 mL Joht LB .42 CHRGHFF 12
h ESAL 2 R, Wl B S IR T8 4 pg/mL R
AR 1) LB AR, S8 )5 H 112screen-F/R 5| Py i
TE Bpsr112 KD mlbR s pk.

2.2.7 Bpsrl12 AR KA HRAKGHE IR
pSU03m 1N 482k 4, L SCU1L1 iy gDNA Jypi
e, LA GBD-112-F/R H 5|4, ¥ 1 Bpsr112 3£H
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G318 N = ) B S S | o 0D S 22 P BN 337 B 23
A pSU03m A, i i f5 15 2 H T i Rk i &
KA pSU03mM-112.

2.2.8 Akwm&egmE R b pY RO B
F| ODsoonn = 1. 0, 88545 126 FU 5423 30 mL M9
WA FRE T, BAE 37 °C, 200 r/min 3555 fE -GS
(A ] A BBURE & U ODgoom B Y WG AR - 225 A 1
H£k. th A S8 7554 0. 8 mol/L NaCl () MM
KR P AT SR IE DI AR K 2.

2.2.9 ZHHEFEE R ROE b T R R F
ODsooun = 1. 05 WEIR 1 oL S35 TR AN R BRIV 1ot
TE[F]—A~ Swarming V-4 L. S8 J5 IE & T 37 CHs
FRA6, 12 h JAREIER B4l 3 N EA.

2.2.10 AEEARBREGQEHEMNT Kidrinik
%) TRV 5 B 3] ODgo0mm = 1. 0, SR S5 52 BB 4 %0 1Y L A1)
AR 25 mL REEG ST BA R A ER
34 °C,200 r/min $53%, 40 A 48 h.60 h.72 h f
84 h W LKW .13 000 r/min,4 ‘CE.> 10 min,
IR0 359000 1 S o 1T 0 0 e TR 1
TEIEbRIE GB/T 23527-2009"% k47,

3 & R

3.1 HREAFEFEHSMEBR Bpsri2 — 1R
KiEH sSRNA

ARSI E N ZF AT R SCUTLL 7R85
RETREIS OTA B RNA SEFT 1 B S R 5 sk 4 .
AT B S XS e s BB h Bpsr112 AN [m] i [8]
U RPKM (LK Bpsr112 JHAR I s AR X I
1) reads 7 35 1 OLHEAT T 434 45 58 o (K] 2A)
Bpsr112 FEAS [A] i 6] 53 22 5 5% 5% . 78 36 h ZHijJL
A ek L (HAE 48 h R B L SR )5 TR,
WILHEDW Bpsr112 RAFEYIHeZATE 48 h, Wi w7
SEUGAS IR M AN R B S R R TE 48 hoik
Bl FATHE— L5001 T 48 h sk A
Bpsr112 FHARIT L FA7 B 1Y reads 7 3615 O 45
AR (K] 2B) Bpsr112 (W% s 7 il FGL 4R i
T R102_RS06200 (Zm AR & M) M, 5
IR R RI02_RS06195 (ispA, i 22 1R 5 E
B 55 7 m A R IF B 55 ispA FEH S 3+ 8843
HS % 6 h, 12 h f1 48 h 1Y reads HEFH
&, 453 8 s (& 2C) Bpsr112 FifE X 7E 6 h #l
12 h ¥ TG reads 78 7 . {H _FIE3E R RI02_RS06195
H—EAERIK, FIAHEN Bpsr112 Jj&— Al 57 %
I sSRNALAJE T B 5 UTR X,

(A) 1500- (C) RI02_RS06195
LO2RS08195__
o 1o :8 Bpsri12
£ [ ————
& 12

500

L I I R )

= o :’o\:’

Time/h
(B)
1000
500
- —— _——

3 ——
8 RI02_RS06200 RI02 RS06205 RI02 RS06210 RI02_RS06215
g RI02_RS06195

A ———————
3
10000 -‘_'
30000 | Bpsrii2

1000 bp

B 2 $:F5H Bpsrll2 #h &k KF
(A)Bpsr112 FEARII ] f 8 K7 1) RPKM {H ; (B)48 h B
i Bpsr112 FIHARIT Y (IR IX Sk Y reads 78 3515 00 s BEAR bR R
DNA KB YA bR reads B B AH L 4168 R YL (R I Uik
[ reads 7 35 BE , B (0 R 7R I XLHE Y reads 8 35, SR (A i Sk 3%
7N Bpsr112 L K Ty i, 2B 0,17 Sk 22 7 40830 i Y By 1l 5
(©)2 h.6 h,12 h.48 h PUASEFE] 5 Bpsr112 FIH: iz R102
_RS06195 7E Y e fk [ A9 reads w5 1 0L
Fig. 2 Transcriptome analysis of Bpsrl12 expression

levels
(A) RPKM value ofBpsr112 at different time points; (B) the
reads coverage of Bpsr112 and its adjacent chromosomal regions
in 48h; the abscissa represents the length of DNA, the ordinate
represents the number of reads coverage, the red region repre-
sents the reads coverage of sense chain, the blue region repre-
sents the reads coverage of antisense chain, the green arrow re-
presents the Bpsr112 gene and its direction, the black arrow re-
presents the adjacent gene and its direction; (C) the reads cover-
age of Bpsr112 and its upstream gene R102_RS06195 at 2 h,6 h,
12 h and 48 h.

3.2 Bpsrl12 EEFIRFES T

i NCBIHXE 38T Bpsr1l2 S )¥51, A8
Bpsr112 BLPIERENLPRIERT 19 AL/ ZF A bk
(B. pumilus) W s FEORSE TR R4 L RIR I Y B.
cellulasensis, B. aerophilus, B. safensis, B. sp.
WP, B. altitudinis %5 Wk H#AFE R T 1. H
BB 3BT Bpsr112 IR ARSI, tnE 3 fizs  7E

Bacillus pumilus strain SH-B11, complete genome
Bacillus altitudinis strain GQYP101 chromosome, complete genome

Bacillus cellulasensis strain NJ-V, complete genome

Bacillus altitudinis strain CHB19 chromosome, complete genome

9 Bacillus aerophilus strain 232 chromosome, complete genome

8 Bacillus altitudinis strain P-10 chromosome, complete genome

Bacillus altitudinis strain SGAir0031 chromosome, complete genome

Bacillus cellulasensis strain ku-bfl genome
ellul:

in NJ-V2, complete genome

M2, complete genome

Bacillus altitudinis strain GR-8, complete genome

-51-Ba chromosome, complete genome

GLB197, complete genome
Bacillus pumilus DNA, complete genome, strain: TUAT1
Bacillus altitudinis strain W3, complete genome

Bpsr112

Bacillus pumilus strain MTCC B6033, complete genome

B 3 Bpsrll2 /5] 84 3t b4t

Fig. 3 Evolutionary tree of Bpsr112 sequence

2L T HER AN EAR T Bpsr112 P51 A — 2tk ik
F| 100 %0, HA i BE 1Y 25 46 A SR SF . (E )




%58 F fE,

% 420 F 70 H sRNA Bpsrl12 69 5 2 R A oA 997

— 7 T FERE SR MRS R 25 AT B8 168 R A A7 A
Bpsr112, X s8iF MRS R B LA Sz sSRNA
Prhoks S A oK

M Bpsrl112

118 nt

] 4 Northern 22 % %% sRNA Bpsrll2
SRNA RN 10 g, MOWHFRICH RNA #8581, 2630 W on 55t
K.

Fig. 4 Northern blot ofsSRNA Bpsr112
The total RNA sample loading volume is 10 g, M is labeled RNA
probe, and the length of probe is shown on the left.

3.3 Northern 223z £ %E Bpsr112

Northern 238 J2& 56 1iF 3 R 75 55 A9 s 1 52 565,
IR Ryt S 2R 7 7R Bpsr112 7E 48h R ik /KF-fix
= s IR SCULT & E2%] 48 h #9450 RNA #47

Northern 2238, 45 U8 4 Fr7n, Bpsrll2 pri:—
ZRARACAT o T H R/ INFIHR BT — 350, 150 W] 0 e S) 4 93
DY 118 nt HeA—F, 1M1 H k] & S b 57 4% s /)
sRNA.
3.4 Bpsr112 pEEEEFM

Py 32 IR [E) B X 4w S g sSRNA 25l i3 A 524
AITRAEHC AT 55 mRNA 455, 520 mRNA 1) #
ek etk T sSRNA 256 R AL 3 TFIRA
WF5E sSRNA ZHREAIG 2292 50 B AT 458 SAEH. Rtk
KA TF B A XF Bpsr112 1 78 76§18 35 [ 1E 47 7
. FH] TargetRNAZ #AFFI H 30 DHEEEA
FIHT CopraRNA B4 i i 200 A~ HEFE Y, 36
3,3 4 Jr il IR AT 15 AN HU i 5L L TR K
AR A B BE S 1 I B B M S 2 A A B
1R, oA, TargetRNA2 T Y #EAIE A f1iM 5
AR 1 iz S AR O . glmS 2 5 A RE T W, Co-
praRNA #Ul H & FHE LN aprE, M AprE &5
/NZE AT I AN R TR A 3R TR
Bpsr112 AR S M E. (H 2 P S 1500
RS LT A EA.

& 3 TargetRNA2 Fiill Bpsr112 $EEE
Tab. 3 Bpsrll2 targets predicted by TargetRNA2

Rank  Gene Synonym p-value Annotation
1 — bpum_rs05255 0.002 Glutamate or tyrosine decarboxylase or a related PLLP-dependent protein
2 — bpum_rs05070 0. 002  Anionic cell wall polymer biosynthesis enzyme, LytR-Cps2 A-Psr (LLCP) family
3 — bpum_rs01285 0. 007  Alpha-mannosidase
4 fliM bpum_rs07715 0.01  Flagellar motor switch protein FliM
5 - bpum_rs07200 0.014 DNA-binding transcriptional regulatorLsrR, DeoR family
6 glmS bpum, 1501040 0. 02 ;ltuz:rir;l;\e 6-phosphatesynthetase, contains amidotransferase and phosphosugar isomer-
7 mscL bpum_rs16305 0. 025 Largeconductancemechanosensitive channel
8 dapD bpum_rs06645 0. 028 Tetrahydrodipicolinate N-succinyltransferase
9 — bpum_rs01390 0.034 DNA-binding transcriptional regulator, MarR family
10 — bpum_rs18400 0.043  Multimeric flavodoxin WrbA
11 — bpum_rs 12045 0. 044  hypothetical protein
12 ydaN bpum_rs 02215 0.046  hypothetical protein
13 nfo bpum_rs 11225 0.047  endonuclease IV
1 gatA bpum._rs 03365 0. 047 ?::::eaztzfé{iliixtzmyl-tRNA amidotransferase subunit Apartyl/glutamyl-tRNA amidotrans-
15 ytrH bpum_rs 12770 0. 048  sporulation protein YtrH
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& 4 CopraRNA Fiiilll Bpsr112 $8E A
Tab. 4 Bpsrl12 targets predicted by CopraRNA

Rank  Gene

Synonym p-value Annotation
1 nadB bpum_rs12080 0 L-aspartate oxidase
2 engB bpum_rs12245 1. 1E-06  YihA family ribosome biogenesis GTP-binding protein
3 atpC bpum_rs16500 3.9E-05  ATP synthase epsilon chain
4 yhul bpum_rs06615 0.000 13 CBS domain-containing protein
5 qoxD bpum_rs17150 0.000 38  cytochrome aa3quinol oxidase subunit IV
6 rocF bpum_rs010 05 0.001 05  arginase
7 alsS bpum_rs16245 0.001 1 acetolactate synthase AlsS
3 B bpum. rs01055 0.001 25 Eeor;/sﬁ)glz automated computational analysis using gene prediction method: Protein
9 mraZ bpum_rs07095 0.001 32  transcriptional regulatorMraZ
10 dpaA bpum_rs07950 0.001 47  dipicolinic acid synthetase subunit A
11 — bpum_rs04810 0.001 57  lysine/ornithine N-monooxygenase
12 gD bpum. rs07560 0.002 11 I;Ieorgsﬁ)gt;}j automated computational analysis using gene prediction method: Protein
13 — bpum_rs16075 0.002 47  carbohydrate ABC transporterpermease
14 aprE bpum_rs04990 0.002 63  peptidase S8
15 uorC bpum_rs12475 0.002 72 excinuclease ABC subunit UvrC

3.5 Bpsrll2 BB EHEIRIZFEKEE

T WSS Bpsr112 Yifig, ) [R5 8 4 0 75
P R B bR, Jeil i PCR 9734 3 Bpsr112 1y
b RUERN R flank A F flank B, DL RAREE T
PEFER Kan, i@t 8 S PCR ¥ =4 A B 558k
133G BB flank A-kan-flank B, PRI AL
iy U1 J5 1 8 4& pUCETs, 15 2 & B 1 1K
pUCETs-A112.

STIBUNIRY 87 iR £ I RN o 3 R N
pUCETs-A112 ¥4k 2 5/ N ZFEfIFF T SCULT Tk
Lo RS He A kL 5 R S L il ik PCR i 18 75 3
Bpsr112 B mBR ik il PCR K P 941k, 36
B Kan JEPR S E & 40 Bpsr112., W BR 8 Bk Ay 24 4
SCU11(A112).

Bk B/ Bpsr112 SERESE T3 T ok,
AR AR pSU03m I, 53] pSU03m-112 £ ik
AR, R 5 a8 AE R L A Ak % pSUO3m-
112 kA pSU03m 25 K 5% b SCU11, i
it PCR i & . DA% 2 Bpsr112 i 3k bk b Hx
MR Bk, 43 il i 44 2 SCUL1/pSU03m-112 F1
SCU11/pSUO3m.

3.6 HERKEZHNE RN EL M E 218

VFZ sRNA A B AE R 38 1 24 BA 8 4
YERT S T Bpsr112 S50 i) 510 56 DA 5 K 1) 4 Jfd i /
I/ AL RS 8 Bpsr112 J2& 75 R BE X 40 1 AF 4
areAsgm? s SCU11, SCUL1(A112), SCU11/
pSUO03m A1 SCU11/pSU03m-112 3 4 FhE#fkER

A 204 -e- SCUIIL
= SCUII(AL12)
—— SCUI1/pSU03m
1.57 o SCU11/pSU03m-112
£
-2 104
o
0.51
0.0 T T T 1
0 20 40 60 80
Time/h
B) 154 = scun
-m- SCU11(A112) 0.8 mol/L NaCl
—— SCU11/pSU03m
104 -w- SCUI1/pSU03m-112
:
()
o
54
04 e B . S S S S .
0 4 8 121620 34 28 32 36 40 44 48

Time/h

B5 AKWZLfe b ik
(A4 FhEERAE MO JEARE TR 1 R K25 (B4 B
PERETEER M0 2500 B i A R i 6.
Fig. 5 Growth curve and salt stress experiment
(A) Growth curves of 4 strains in M9 basic medium;
(B) growth curves of 4 strains under salt stress.

WAL AR5 ) MO AR S SR I AP 1 3R 20 I 7E 3

h.6 h.9 h,12 h.24 h.36 h.48 h.60 h.72 h Uk,
T WG (L 22 A R il 2L 25 5 A 5 CAD IR
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SEUGH 50 R ZH B AR B A W SR Y 25 S 3R
Bpsr112 Rz K.

¥ 4 FVEARIZR] 5 0.8 mol/L NaCl ) MM
R 5%, 4 9I7E 4 h.8 h.12 h.24 h.36 h,
48 hEURE, I WG L 22 A il 2R &5 SR an &
S(BYR, 4 PRtk AERKIMEILFES, £W
Bpsr112 A2 5L e iy,
3.7 SR

Bpsr112 Tl 5 R v £1iM Gmith i £ iz 5
TR R Bpsr112 Wl HE 5 M &2 s A1 %, F)
FH Swarming iz sl FARBF 57 Bpsr112 X 40 1 iz
PE Y 52 mi. f SCU1L1, SCUILL (Al12), SCU11/
pSUO03m il SCU11/pSU03m-112 3 4 FhE kL 7%
AL F B ODfEE] 1. 0, 3 HL 1 pL TR, s 7E
Swarming B3P F. 3557 12 h WG R 4521
W 6 Frs, SEEG 415 % B4l 22 5% R B g, R
Bpsr112 Al GeANZ 5 50/ N 2F AT 1R s 2l M i .

SCU11 SCU11/pSUO03m

SCUI1(A112 SCU11/pSU03m-112

B 6 Bpsrl12 3 tm i3 ko) %o

Fig. 6 Effects of Bpsr112 on mobility of strains
3.8 Bpsrll12 35 E 5 EBEEH A 220

Bpsr112 B3 #0 5E D b 0 45 el P 2 1 il 2
aprE. 4 A PRI RO SR 5 2 Bk R
Ferp e, TR P S S A S I A IR
AA7E 48 h.60 h.72 h 1 84 h Wi I IE W, T 52
T B . 25 7CA) BT 78 48 h i, 4 Fh g
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