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Abstract: In order to investigate the affecting factors of fluorescence in situ hybridization (FISH) on Bacillus, this work used Bacillus
licheniformis as its research object. It analyzed the effects of different probes, strain pretreatments, strain permeability treatments, and
hybridization conditions on the detection results of FISH, and further detected the specificity of the selected probes. The results showed that two
of the designed probes could identify Bacillus licheniformis; specifically, the two probes exhibited a better fluorescence effect than a single probe,
having 1.54 times higher pixel intensity. The reaction conditions were the following: ultrasonic dispersing time, 120 s; lysozyme treatment, 40
min; hybridization time, 6 h; formamide concentration 30%. Consequently, the detection result was the best, producing a gray value of 41.16 and
a detection rate of 96.35%. The specificity detections determined that the said method could specifically recognize Bacillus licheniformis. A
relatively simple two-site fluorescence in situ hybridization approach was established to detect Bacillus licheniformis, with strong specificity
without nucleic acid extraction and amplification.
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PCR) FIEn@ERMMEEDS, (L5 4uk, S,
R B, 75 5 2 B AW 1015 %% PCR Y15
B A A R R AR, (EE TR R
HU4HTE DNA, HEEHE WA RE LS.

w6 I AL 4% 2 B R ( fluorescence in  situ
hybridization, FISH) *&¥8H]H % ehric AT FI %
RIS, ARAEORIE B NG RN, R e MR T 2 )
HARMZIRIFHEAT 4428, B v ek A vofs 50,
FISH |32 B Tt ™10 iR e 2190 1
AR AT, AR AU S P
TER SRR R B e . BRI, 9
FEJEAT A H FH RS £ B AL RRIRE (PNAD
AL AR B IRIRE B T R s 791
PURIRE T, ANt Hfar, RIEATLLS DNA A RNA 75
PEEE G, BAREMIZS R v, (HR UK HERE,
AIEIEE AR, Wit E A AR &S5, Rk
FIF B0% B AR o A BRI AR AN
RS, R FMES, (H2HT LSR5
Femteai &, BRI HAV R, Bk, St
FUAR A FH 3 % 1 BR AR At HE 4T A B0 S A= A 1) A
221 posada £ VF ] FISH XH¥FL ARV A K
TN RS 2E AT (PGPB) #EAT45E, R4E 16S
tRNA BTHIERET AT IR O RE B2 AT B, 55
HAIT GAT TR P24 . Genevieve 25T
YR ST T BRI R4 FISH K6 I 2F fAT B 18 1 I 7325,
AT 1 h IR ARG ZE AT BT 7T, R H A A
RO AR S 4RREE . Zhang 2526 7y FEhR 579%¢
F AT AR G5B DU RN B HEA I B P M5 77 1 4
T ATER T  Z07 15 B B R e R = RS
AT FE T PR I 5 v 1 43 E A AT BT s SR A M)
Jefa R FISH S &g A MR v sl 22 e
BHATREIN, ZJ7 i AT E SRR AE T AR 4 R A
W REIE, HAERALZ SR R G5 FISH T3k
Wi, NHAES S IRE AR BE e St Rtk R
HIRNLZAT GG E YT 50773 PCR ML, Hofg
VETRTER, AU 3, AN TREEIATY 1 LR AL TR FEHL
AT DA ER B e B AN TS, Tk T 45 Yl
JR B SR A RME B P (5 R0, (ERAE KB Fe
RI, FISH ESRAT CASZHL R ARSI, (E AN R (A6
D GOTARARR R 22 RO, AR R ERE A AL I L
Ko 2B WBEIRIE . JeSCE] . 287 F R
SV, SR E S AR,

DRI AR S0 PGS 7 HAC 2 AT R ATE A5 42,
RAAEFREY) FISH AN 5 G PRE IRE R, 18
Moy =0 dUEENE . AR mMR R, X

TEPRE A AT IS, DD A A R AN A
BT AE P A A PO G IR A S I B 5 B it o

1 MR5RE

L1 Mtk

LREEAOAT R, P R . Rk
AT RHEDEEAT A . SRR SETAT I . vDaSRiE
FOFFEE . EACFAT R . RS R AT, —
FetbpE, PRSI LEERE . BeRmeRt, UM
ZePERE; —RRIMMEERR, HrPaREE ERDUBaRE . R
HIE DT TIRE M 2 A, Frp iz 1] IR 200
PO ST B A [ MV AE Y B R R B L, BRI
5 CICC 22956, HARBEHIYLRIKTVU)IK2ZEL Tk
513 S2I6E, <20 CHEBRIERRT .

1.2 EZRA KA

R ZRBEIREN (L AD (4T E>15000
w. PBS Z&. PBS-T Z2phifl. HhHid X-100. 7%
P H (24x60 mm, JEJF 0.13~0.17 mm). i HHEK
B, VAR (320000 Umg). 4% FKHEE, L5
THEERIE A A TAM TR (D BROa R
N ROERER, FRAINER 1 B, 57 HEi CY3
A1 FAM, HPLC #fith, BHAETAYITRE (i B
BIRAFE R ToKOBE, W H R L2210
4.6- — K H 2- 28 W W ( 4',6-diamidino-2-
phenylindole, DAPD (Zp#fr4f), W HHE 138 RE
WIFARAGIRAT]; 20X SSC A H AL R FRHY
HFR/AF; DTT (0.1 mol/L). RiboLockRnase Inhibitor-
Yeast tRNA ¥ F ZEER K /R B (R ED A IRA A
BT VER AR goKe s, TWEEEFET (4
21 A[RAH,

X E%: Ti2-U BIE YO RMEE, HA Nikon A];
ST A4 NIS-Elements Analysis; D3024R 5 0718
R RE R 0L, 3£E SCILOGEX (FRigHET);
THZ-98AB fHIEIR % &%, Lifg—1ERFAESA R A ]
SIIIEEETE, A RMGERAGERA TR A s DSX-30L-1
FRAFERRKE S, HER2PITam
EEFEBAE YN, TN BB R A A 5.

1.3 #Exit

FrERE e AFE, LB Bi3edt. MRS B3:3E,
BHI 553, PDA #5953, YPD Rk, miRmEE
K A
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Table 1 Sequences of probes

AR #FAT (5-3) 5 FAEAR KR
EUB338 GCTGCCTCCCGTAGGAGT Cy3  Amann et al.(1990)*”
Pl CGGCTTCGCTGCCCTTTGTTCTGCCCATTGTA FAM AHE,
165 SRNA P2 CCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTG FAM AR,
P3 TACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTG FAM AHE,
P4 CGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATG — FAM AR,
FAAURAT ATGTTACCCGTCTTGTTTCCCGTCGCTTCGGC FAM KHFR,

1.4 AW IEITS BIE

FISH # %t 1) ¥ it =& /£ NCBL 7 K 35 &
(https://www.ncbi.nlm.nih.gov/) 2K ZEAIAF BT
] 16S rRNA 2[R, H Primer Premiers #/4-3H 748
Brgsert, sk 1 B, WRIERER SR, kP
MBS, “REMECD . GC B EAE 40%~60%(H]
REFH T80 . A 7 IIERE I RUR EE AR e,
BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi) X &
EFEAT TIGIE. BLAST #Z K HL, Pt Rt A
B IR S

L5 a7k

1.5.1 M RFIAFH A K LA 2

PR R [ A 1 PR R b A SR AT e e —3E
FWA LB 53, 37 °C, 140 v/min, R+
X HAN R A K BRI FE(E (BP OD ) A TINE,
PATCHR VARG TR E N2 ERHIR, 72 600 nm K
THIERE 1 em B EL LI b syl s Mo 2EF AT
R AN R AR B BT 22900 OD {E. 2351 F 04 4. 8.
12, 16+ 20. 24. 28, 32, 36. 40. 44. 48. 52h B
H 3 mL B, EHAE 600 nm YK R OD {H,
AR fUEE A = T4 .
152 HFmayai

HAE 37 °C 140 r/min 354k 24 h FIHIAC ZF AT A
PR 1 mL, 2000 r/min Z» 5 min, ¥ _E3ER. N
A 1 mL ] PBS ¥, ¥2%J, 5000 r/min &> 10 min,
Fpa FIEW, WEERER. &EHEMA 0.5 mL ) PBS
Wi, RS, B 4 COKFT R

B 20 pL WM 2 i IRiR =28 b, 0.5
h, JNA 100 uL PBS #1300 pl 4% 22 2 S [E € 0.5~1
h, 595 R PBS P Miik. M 10 mg/mL 75 B REE
37 'C T3 20 min, (FZHMIELEE, PRI 5%
F7il X-100, M5 mine ] 70%-. 90%. 100%Z.E%
BETE K, FRRM 2 min, HARKTRIATET
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BN 20 uL (ARS8, Forb 04 2 L 9 BiR%EH (10
umol/L), 2 uL 20 x SSC Z&#&, 1 pL DTT (100
nmol/L), 0.5 uL RibolockRnase Inhibitor (40 U/uL),
2 uL yeast tRNA (10 mg/mL), 4 pL 2557 F s
7%, 10.5 pL RNase-free H)O. MIAZACHE 2 )5 da /e,
WECHATER, %I R ORI 1) S NEFRER, 8 7 [
TR SR A AR RE R AL

FAZNEER, F PBS-T TR FiEEemii, n
A 20 uL 1) 3% DAPI 03T IR R R et T e,
WEEG 10 mine MEEHA] PBS-T 7E %I MHYEM
K, BOESTHR, MAPRATEKAE . Lt
R (WG 534~558 nm). HOGER (WB 420~485
nm) MEANER (WU 330~400 nm) JEGH, FENLIA
5 ANLEF, KRR S 2 MR, R TR
e R
1.53 &H#

1521  FRFrERE RS

¥ LA AL FR LT 0 A0 TR e B R VA T 8 B AL
P, IO 20 pL MIZASH, Hrb, JOiREr 5y
W EUB338. P1. P2. P3. P4 FIBNLIEET, 7E 37 C
THHTIRAI RS, @I WS FISH R ilgh S b H
Rtk
1.522 Wk EOEARRAL

BN R 4%2 KRR E, HEAR
TR P N T X6 BT AR 23 BRI, i IS5 i e 7 e b 2
A DIZEN 100 W, #2220 °C, AR50
0s. 30s. 60s. 90s. 120s. 150s, [AIFE 30 s i@ f=—
R, B 20 pL Y ERGEAT AL 44, Wi%E FISH Al 3%
2,
1.5.2.3  4HMIEZE M FISH R 18200

DAHAC ZEAIAT B AT AT B, N 20 uL RV 14
M (10 mg/mL), 7E 37 CEAF T 7 mlx Fe e i kb
P2 0 min. 20 min. 40 min. 60 min, RJEIEAT R4
A%, WS FISH KAlRcR, iHE Lo tx,

_ FISHC
DMC
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KF:

R—— B 5 b4 B Al o

FISHC —— W A THERAKEIKA;

DMC——2 44 A4S R B AR
1524 R HIILAL

BEXT AT S A CRAEI ] 2 R IERR D) (] 7 e
—NHEE, BRI EEATER, R TR
K238 J5 FISH 148 (FISHC) . 2438 18] 205125 0. 2+
4. 6. 8h, EETHIEIIARIE DA 0% 10%- 20%-
30%- 40%, [FIE TR AR H A
1.52.5  FEF Al

i FRE SRR ET . EUB338 4H 5 38 F 4T A1 DAPI
JeRIXT-URRZEHURT B . =R RE T . AR HA B RS
13 PREA RS TREIN, W%E FISH Kol R «

1.6 #AEA 3

FI|H NIS-Elements Analysis. Image] . OriginPro 8.5
IR AT B AR AL P
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Fig.1 Growth curves of bacillus licheniformis

H P T AT, A AT B Y ODgoo nm 1 FE A 19
I (1M N 52388 b T3, ODgoo nm fELHT 0 HEANZE 2
oo R TERT TN 0~4 h B, ODeog m 1H L P12
A G e O N B Y e S el S R R VS
BT ARG IR vh T B N AR KRG, s 7
Ferh (s RPN AR AR K Al . 2 R I ]
4~24 h I, ODgoo n fELSURIBEIN, AbT-HUACEF FAT AT
FECE Y], EERPUVRMRCEERN | IR
W5, JHRTEEUEIC, AWTRISE EIE TR A
KR R[] 24~40 h B, ODggo o 118 N2
1&g, TP, A THARR e, TER
PRI AT R PR D B R K B 2 K TR R T A 7R 2

WEFYIR, SECEFRMBMELZ, FeA KR
PR, RIS RN IE B AR K . R [E]
40~52 h I}, ODgoo nm TEITERZENS TR, AL T HIAZF iU
MR, WA EAEK, JFRET. % LRk,
A ZF AT B TE 0~4 h /b TAKIRGEH, 4~24 h b T
MEERI, 24~40 h /L TRE M, 40~52h &b T 3T
.

22 WetwkE

ik 2 FoR, B 2a~2e AT, JEFEREN AT ATA
I HEAT G P), P1L P2 ATXHIA 2T B34 T4
SV, P3. P4 VR, JEH AT ARG RDNIRET P
FIK K, Hogmasitbi g e, RS B
FF AR FRIEARAS o N 2F IS AB L R] A, BT IIBERL
PREF HCE S A SFHUAT B 4458, X HABT ) FAM
PG TT AP AE TELN BRI, AT 3ok B R PH 145
H. & 2g AN, 7E DAPI JeRldbFE T, A BAa 40
HAZ (R EAZ AR AT RS DAPIL %% 40 i 5 40 i h
(RIXUEE DNA &5 4 & 2R 1 2h Al f, 4k R
S AR ZF AT BRI A2 TEV2 = AR AT AT,
RS A BRI, LA Il A i H AR
FIRAET RN Bk, ZER RS P1. P2 4t
XA ZEARAT R A — i I

E 2 NEHRE THARGFRATERR R EFR
Fig.2 Fluorescence staining of Bacillus licheniformis under
different probes
JE: a: mEE R IR4 EUB338; b: P14R4H o P24R4tH
d: P3R4t e P44F4H £ MMURAT; g DAPL#AN h: =
B2 RARIETIRAT. KR4 1500%, 4RRC10 pm.
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Fig.3 Fluorescent staining of Bacillus licheniformis under single

and double probes

E: ar PLIRAT (al 4 Pl 9432k &858, a2 4 DAPI
eE AR &R, a3 AHRAEEST); b PI+P2 R4 (bl A
PI+P2 94 4 & 558, b2 ) DAPL 49 Al 50Kk, b3
ARAREI); o REFRAMR R TRESAEMG R, K
KAFH: 1500%, #RR 10 pm.

I 2 W1, P1OAT P2 1] LA S A SF FUAT BRI R 57
PSSR PO, B, FATZRKH AL A F
P1 F1 P2 #REH% 1:1 LIRSS R b, AT
BUBLFZRAT . SR AN 3 P, 3l & T IEIE 1A al
HIbl KFE, XL A AL RN TR0 5 @I &
FIEIE ] a3 b3 KA, b3 BRI H RS T a3,
TS FEALIZEI 20 AR PO G T KL THEL, S5 SR &
3¢ R, KOUVRAREN KAy 21.54, ZAREIHIIRE
1675 33.16, Hhn 1.54 £%, BE— B U] 7 XURET I
SCROREAR T BARE . R R AT 2828, A
PRET X A AT IR AT G 0, LG RO AIG R
BT Ao PRI, A P PR BEAT XU
FRARAT AT DABR ks I PR AR S 12k

23 WHhLHY AL

KPP AR A R A B R PR HCIR
UL 4. el 4a TR, ORGP ARER ) AR AT
ABIE], PO SN BRI g9, JF HAR D R A 5 24,
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NP A RS, 255 H5S; il 5 A HRIN A]
120 s B, BIASECRES RIF, GES R HiRZL,
EFNELHG s AR R K, BT A
PR SSBREAT, F90OuE 588, HHam%
RN, TRERME, FBOOLES T, B
MBI 4g TR, BEEE AN A 1
I, E—w A FKEE 23 %, 18 120 s B
RFNEE, HmTARESGHKEE. FIEE
AL A 120s, TE]RE 30 s.
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Fig.4 Distribution of Bacillus licheniformis under different
ultrasonic time
E: oar RZHEMEAIEGHER, b BF 30s; c: B
60s; d: A5 90s; e: BF 120s; £ #F 150s; g2 REAL
7T TR B R EAR M T AL, AAKAEE: 1500%, #7R 10 pm.

2.4 4 3 A 4 X FISH A8 8 % e

) FISH A IR, 75 2 R 4 T 1 4
IR, TSI e RS 5 B AR IR S S R LE,
RmEE AR R BT AREERAE, AR RE
BACAEHE T EOE IR IS INE T N, UGV BB LA
R8I 7K AR T £ B e 1 S R R SR D, Park %
Ve i LA B R R (7 BRI 2R, RILSEH 70% 2
BEH UL RN A A T AR AEIE L, AR R N
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MITEAS, el 1 B — i Bl AL B 5| S B s Filion
SEDMRIE T AEASFI A5 DA T B A AL FE R
ATUA R R pmE v, (R ERET N2 A8
FAVE R R AL A AT B, 25 R Sa. HHE
Sa TN, @I IN— B AR FE BVA TR I Ry T DA s
AR, gMEE, AR TS H IR
ShE . BHAE T AN RS TR (R 3G I, BRAACKS: H 2l
B 38400, T REAZ DR A A ZF AT B A =2 G PH T
HoE A+ 5 ISR HA e R, RIS i AT
TR RBGACEE NI e AR, TR H R I
B B AL PRI 1] 40 min DLEI, B H 2Rk F)
94%, TREFFTLLA NS B IR II4 G . BIiE#:
AT BEALTE 40 min, BHFT 45,
a 120
1001
80

60

WARKLH 2 / %

40

20

0

0 10 20 30 40 50 60
VA AL (] / min

b 120-
100
°\\° 80
H 60
ﬁ
&
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20
0
FeZZ 8] / h
c 120
X
-
i;_[
¥
i
0 10 20 30 40
F RS / %
[E 5 AEESIERTE (a). Ze3ZATiE) b) REPBRGERE (o) 5§
B RN R

Fig.5 Relationship between lysozyme treatment time (a),
hybridization time (b), formamide concentration (c) and
bacteria detection rate

=2 RN
Table 2 Specificity detection

RS A

R EF F0AT H Bacillus licheniformis
JEE A 5 FATH Bacillus amyloliquefaciens
A3 3F 304 ¥ Bacillus subtilis
A 3F 04T 1 Bacillus cereus
7 X2 3F 04T # Bacillus shackletonii
% 8 3F J0AT H Bacillus aerophilus
28 A S F04F 18 Bacillus methylotrophicus

FIATEE

AR 2 B Candida tropicalis
B, Yk B HF Pichia farinosa
RYNMR 2 B4 Candida etchellsii

% 3k WERIR H Tetragenococcushalophilus
ARE & Rhizopus sp.

HE B

Wiy 1K M £ A Salmonella enterica subsp. enterica + - +

2.5 R AHHMTA

BT SRS HAAR R IR B A BRI, A
A E] R A4 AT R P R o IR B AR ET IR T (FR
Wkhe . FACBEREMENES) A B S RI AR

BS371, el ] Sb AT DX AR HH SR 3 PR
lise=Stn I IE1Ntiobep) VN REN AReRzsS: Ly /I M= PR | I 59
i, REHCIES H IR SE 2228, SEDOLFES D,
AR AN . HAANEDY 6 h DLERE, HAT
WEHRA H IR, AR R ] R, I8 3
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95.12%. {HRZAZH AR K, EA&ACHE 37 C
TSI, R EAER, TRAFSHIES S
ERERPEAAS, R I 2258 E] N 6~8 ho HH,
7E FISH FAIASII Ik 2 Hp 7 S A 22 HHm FE B i LA B
FACWAE o I Sc TN, FERRG 1R X Hb A 2 AT
BRI (RS HH R RER, T In— 2 91 1) PR B v v
FITFZAZ AT, A BRI IR Bk 2 30% IS 1,
AR A 96.35%. KL, @I F A R Rk P
N 30%, ATLUE GRFRAACIRSE, AR TIRE R

AL o

2.6 ApR AR

PAP1. P2 AERPEDIEAREE . EUB338 94t Eid
FHEREEFN DAPL BeRb6 AN [l s Ap A TRE e A, 4o
R 2 PR, RAMAFRFREE SR T RIS E
P, VLT AL EE T P P2 SREFEA M
R t, AT CURE SR A ZE AT 1

3 g

ARG VIHA SRR R AT AT R, BFFE T AN
PR R ERRED . AR HOE . RIS T e At
AESEAE XA S5 IR . 45 R, ARYE 16S rRNA
B BN L pet PR S MR A P A 1T AR S M 31
HOACZEAAT TS, ELFI SR AT UL A mT AR
1 154 REIRPEAE, FORRMIMCR T MR A
PRI TE]A 120 s B, KFEAEN 41.16 H Ao #5518
THEL, MVAHEEATE 40 min B, AR HEER
94%; MAAZ AT RAALIT H] 6~8 hy A3 H %
S 30%N, AAIT FISH A&, ikt h
95.12%FH 96.35%; XHAREF AT R TR, RIZ T
TRAEAR A B P b m] DU S PR AR 2R P B R
S
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