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1 #MEFE
1.1 R 5iF

PP T 5 32 T 3 W S 1) ¥4 B 24 PR DKo &8 5
B T AT R R (K 10 emx B 8 emx
JE 1.5 cm), i E TR O BEAICHALLE  7E 4 C
1668

R R 22T 3 85 55 7 (Steptomycin thallous
acetate agar,STAA), B A Y R R A
H S BIE R 2 0P 519 . DNA Marker, |74 T
AIRA W A B R O, B 255 B
A BRAF] R ORI 2R LR 5 B
7T /3 Al ;Dneasy Blood & Tissue Kit il &, 3%
Kapa Biosciences N
12 UEHEH

3-18K B &5 @ MR VR 0L, 71 Sigma
7y A LRH-250A B4 A3 5246, Bl —fERH A
B2 H] s BHC-1300 B AE 97 440 95 M Tl 4 ¥
Pl % B A RS @) FE20 2980 8 pH 3, Hds
LR 2 A (L) A PR E ;UV-1800 B 430
JEEETE, HZAR Kyoto 23wl ; KDN-103F AL & 4
AL, I AEIE LN 7] 5 Agilent 2100 HLAE #2314, 56
Agilent /A 7] ;NovaSeq 6000 BUFA, 3% 1-
lumina 2 H ; Vanquish % H3 7k {2, Qubit@2.0 7l %¢
Y611, 22 Thermo Fisher Scientific 23 ) .
1.3 7k
1.3.1 HRRZWEWN St L EE FHNTE4
CIE JE A AN A 5 d BURE 25 ¢, F 225 mlL
AR K BB IR AT T STAA B3R 285 3% | PR AL
BLRVE A B R TR A A R I L IR, B %
Hlikoud S35 3 X 43 5 A5 21 (1 4 2% [ BA 1 1, 3
it rpoB F FMEFI Y (Fwl:5” -GCGTGCATTAGG
TTTCAGTACA -3’ ,Revl:5” -TCCAAGACCAGA
CTCTAATTGCT-3") #"H, HBYRBK/NN 396
bp , LAZE 00 R S 4 v €0, 75 25 3K 1 o [ M o R 3
Il A Y g P VK UL B 43 S TR R 0 R H Y
B, DI
1.3.2 IR R 22 R ) JE W Be o1 I e

1) WA RTT R AR A v AR
T7 B FEAE B B, 5 4 TR 26 TG 1A 48 A DL BE 1 i B 25
g £ 100 mL JE K F i 1 min, 7E 4 CE L
(6 000xg,20 min), #RJ5H FIF WL 0.45 pm Al

0.22 wm JG B U8 AT B JC R 4 AT . OB S Bk LA
1%o BT T 4= TP 4 CHE 3R 5 d F1 9 d BURE 43
Bro

2) #HEREMWIEEA TVB-N ¥ 3% GB
5009.228-2016 H > st it i ALK I TVB-N {H .
HU 10 mL 25 AT, I AR N 48 Ak 46 V5 TR 2% 1 i
VW, DAH 4T IR B I SRR R R TR A S
HLCE BALH KR, T 0.01 mol/L HCI fif 22 , 454
FR M mg N/100 g 414,

3) EOAMIARE S I E  ARAE Mlikoud 1Y
Ty BORE it g0 1 R 43 G 5 n0.05
/L WLER 0.5 /L 251} ,95% £ 1% ,0.5 ¢/L. KOH, 7¢
P 560 nm A WA (7] LA [R] kB2 1Y <A
WAFRAE S 2 AR EM £2, mbriE 2t B 2
TR B
1.3.3  #ARK ZR 22 T % 55 5 DO 4 ik PR A )

1) P20 DNA fy32 00 B 53 25 3 Bk BT25
1 BT27 W2k & STAA BiFRHE | 248 30 CHE 5% 24 h,
PRBCAA B ISR T 5 mL TSB, i % 8535 . R H
Dneasy Blood&Tissue Kit 27 & #2 H 2 ¥k 70 &5 16
PR R 2 DNA, Bt i W 6 el Kk RS T 4 B
DNA, Jfi i Qubit® 2.0 ¢ 1t (Thermo Scientif-
i) FEATE &

2) SCEME i NEBNext®UltraTM DNA
Library Prep Kit for Ilumina(NEB, 3¢ [ )4 ji ]
JFSCPE  F DNA B it i 8 7 2 3 R Befb Ry 350
bp, RS54 DNA F BORImdiot m A BS54 K
Bk , T Mumina ¥, 28 AMPure XP %
Gralifb )5 1) PCR 7= 938 i Agilent2100 4= 4 53 #
A3 AT SCRERY KN Al S B PCR BT 3E i

3) EEHEME KA AFLE Ay At
WIRAWEBREARARA A M, i ] Clean
Data .SOAP denovo #1 SPAdes 344 HE 47 3L K 2H 2H
B OB A R CISA B UF R TR 4 e
SR D A SE R [ gapelose BPFIURN A3
1 38 ab o A e R (/N T R FE Y 0.35)
MY reads ZeBEAHA] Y lane 15 3% , 15 3] Fe 420 25 4%
B 2L g s 500 bp LAY A B,

4) FEHE W5 aeER R geneMarkS
Xof ) 35 DR 2 0 AT o A 3 PR ), Ol o R-
NAscan—SE Rfam . RNAmmer 53 814> 3 [ 41 FR1E
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it U 19 & 7 81 3 & Clusters of  Orthologous
Groups of proteins (COG) Kyoto Encyclopedia of
Genes and Genomes (KEGG) ,Carbohydrate—Active
enzymes (CAZy ) 508 e AT D RETE RS |

134 #5500t PORRLRAET RN
T R Mo A 3 U A AR T 3 AT,
R B E . SR A GraphPad Prism 8.0 WA it
TR A 0 M 2 1, W 3 Pk 2% il 3 GraphPad
Prism 8.0 Y two—way ANOVA 43#7,P<0.05 R
AT R EEER

(a)

Fig.1

22 WMRARLBEHBHRNBEENITMN

OR R LT 29 MR B RRIERD T KR 4 I
o, UL TVB-N Fl AR IR A FR AR F I B RE ) . 4
K2 fiom, BT A 3 BRI TVB-N A i 2218 , 248 9
d B N &R 7.0~12.6 mg N/100 g, ¥ K4 it 6
FhrE, Hod BT23 Fl BT30 fiers, SR KZE
11.5,12.6 mg N/100 g, TVB-N J& FEA P S5 i
(1) E AR A, ) S R B f6E A P TVB-N & it
A KIS 15 mg N/100 g, 55 41,29 ¥k o B ke 4
R TR ) AR IR G 0 BH 8., 76 58 5 K BT27 .BTO1
BT2 BT14 .BT17 .BT24 M\ = BIK 1 £ 8 47 7 1>
94.0~81.5 pg/mL, #it 60 pg/mL, i BT16 BT25
BAK, A RITEEES 9 X ,BT06.BT09 BT20,
BT21 .BT26 BT27 1 & i W8 7 & 2 101.7~139.3
peg/mL, JF H BT27 0y7= & &, A% 139.3 pg/

2 HERERH
21 RRELFEHNSBMETE

Wk STAA 73 85 K #2453 51 29 ¥Ry B bk, &
ZRPESFIEE G, FR . R poB i
PEIE R S OR R B bk, & 1 s A
29 BRAr B R LTI 396 pb 1Y H B4 S
IR R LT, DL G 2R IR TR R 4 B 00 A K
AR BT R, R IR 3 454 . Adékambi
SEUTL LGS RNA AW B WA rpoB B Z I
PRIAT LR X — R 50 % VA G A B P Fh , dn L
PR A ZE TR TR Y DNA AT R B E MR R R A
WHoE

(b)
Hra. HEQREME b, 1~29 R RLZE /B SA B AR AR, LM 2R 4F 5 M & Marker DL2000,

B1 SRHARRLENSBEMERE

Isolation and identification of B. thermosphacta strains isolated from beef

mL, M BT16 BT25 {54845 . ZABUH N #OR R 22 17
TE 25 PR 0 3 SR A s 7 0, 29 bk A3 B bR AE 4
P FP Y B IS RE T A AE 22 5 BT25 72 4 i AE
AR, M BT27 &, L% BT25 Fi BT27 58 55
PR R R AT U 3 R A 2 0 AT

PROR R 2L TR T 3000 6 TR IS T T L 3 v
WZ—, AR 4 BA RR L %A L
AW, M AR = O R A A AR IS
{14 4% s % o) XU R A, 2 BUB i ik 2 3
Vo fif R 3R TR R A A8 JT AR BE 4% AR 7 A, A
WFFEFRM, PO R 22BN E A FRAAESE A RS A
b W 1 B ff BB 0 259 , BT 43 BS AR 1) TVB-N 1
SN, SRR T A U I A R AR 1 A T T
PR EUG FRAUR RN A A 5T 2 & B, 34
A% BR 22 TR e DR A i TR R AR TR v B A L S
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T ARG 5B R HoAT 3 122 5% (P<0.05) .

B2

MRARLESBEH/RE 4 CHEATH TVB-N(a)MZ B (b)WEK

Fig.2 Changes of TVB-N (a) and acetion (b) of B. thermosphacta inoculated in sterile beef juice stored at 4 C

23 MRRLEEBEUKRILBRERAZSH
231 PIREREFE A A RS A A lumina No-
vaSeq PE150 il )3 F- 5 W 5 W0k ot | 55 S0 1 1
PORRYL W I N FI), AP, HIE N
HAEFAEANEE 1 iR, BT27 24K R 3 028 989
bp,86 MK E S ,GC %8N 36.10%, Hr
5T 2980 Mmt L, FU Y rRNA Fl tRNA
BOE/r 510 6 ~F1 51 4~ BT25 FER 4K 2617130
bp,9 MIENAFEERE,CC &N 36.18%, Hih 4
T 2526 AR FEA W1 rRNA FiTtRNA 22
AR 4 A4S 20 4,

232 ZRKEAMr ZIEH A (Pan genome) &
By Rl A A PR, AL A% JE R (Core
genome ) , fff J& % M (Accessory gene ) 45 57 4 J&
[l (Unique gene)™, 4% .0 5 K 41 52 FT A T4 Bk AT
FEFER) — B F 22 55 A Y2 o B2 0
g W PRE = oo A 7/ U N AR S R MAEL 7/ N
G B R AR R AR AR D I BE R 5 4 S P 3
XA e — B AR P AR A AR A B I ] 3t A
ARERLLIF BT27 Fl BT25 13k — 1 i 3 887 4~
FEP HR RO BE N 1491 A, 5 0 B 3 [N 8
1) 38.4% , MR EER 7350k 1419 ASF1 977 4>,
o7 OIS KA Y 36.5%F11 25.1% .,

233 FEFIIRRERE

2.3.3.1 COG FEH  COG (Cluster of orthologous
groups of protein) & A G AR I 40 T | 328 A AL
H% A W) o 4 e TR A 1 G S 2 1 R A G R 026

F1 AHRARRLEEREARSS
Table 1 Genome features of two B. thermosphacta isolates
H AE BT27 BT25
A K JE /bp 3028 989 2617130
GC & Z/% 36.1 36.18
T EBEME 86 9
% 7 K ) 2980 2526
rRNA & 6 4
tRNA & & 51 20

BT25

B3 FMHKARRLAZEEASH

Fig.3 Pan genome of two B. thermosphacta isolates

P T A, AR IR R LR ) COG TR W 4 fr
7~ BT27 Fl BT25 13K 40 143 547 2 319 A~ F1
1 966 ™ % i H& A 9 7 B 3] 22 > COG T fg 412
I, PIBRPOR R Z B COG DIfeiE B4 AR,
b 8 g R PR S AR v A A AR A B IR i i AR
(255,203 N2 WKL A W as 1R (245,
175 AFE ) B3 R IAR S H 5 A & (185,
197 AN HE R ) 55 (209,166 4~ [H ) 25 1l g 43 2
s T3 AT AE A M Bl M AN 2 8 S i R DR A
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C: il i
D: AN, A BRI
E: GUERSGEAIH

2805 . BT27 F: BefmstiE A

= BT25 G: WML ATIEERIH

H: AmsE A

15 T E R

J: B, BBRAEHRE AR

K: 3%

L: s, AL

M: A/ BB

N: fiEs)

O: EFRISH, HETHTRAIEEN

P: ML THZAIH

L KB AR, $iE R

B

Dhfit

T: a5 FSHm

Us IEEE, AR NES

v fiL

W: sty

X: TR GTK, ST

240

200

160

120

S R
Number of genes

80

40

0
CDEFGHIJKLMNOPQRSTUVWX
Urhesr2k

Functional class

B4 PMHRHARFLE COG IhEEER
Fig4 COG functions prediction of two B. thermosphacta isolates

A, BAERTRIY COG Ifigsr2rh ,BT27 W3] Py 12 D TIRE IS Bi4e Jm RIBE VS 30 B 4,2 B
By Z T BT25, R R 2L B R S i 22 1 3 i Sl B oK A& AR
2332 KEGG FE KEGG (Kyoto encyclopedia W, H BT27 A 240 1 EH BT25 F 175 4~
of genes and genome) & — G T I A [ LR ZIE R AR, & AT 140 MR
ST RVEACR G DTG R, BB RS T 2333 BKIEWIEE  BkoK A4S YIS PERE (Car-
BE K7 ) ARG W TE At M e AR R AR D Sk bohydrate—activeenzymes , CAZymes ) >4 g f & fi 7K
SRR RE™, B S N BCR R WAV LSRR B LA LR S R A G T R K
i R ST BT27 A BT2S B bR A R A 6 D E A A BT2S PAEL 1 A4
1 460 A1 1175 A G 2L R B TERERMRME TN RE 2% AAs ORI,

60r = BTY7
SAEMF D PR A = BT25
AR

5 AR EL AR 8 CBMs: Carbohydrate-binding modules ik k4745 £t

z FeA AR A g 401
= = BN T R4 AR jEH o0 CEs: Carbohydrate Esterases /K {L &4 i
Eﬁ g et :Eé = GHs: Glycoside Hydrolases i 5 /k i i
Do WEmERRRE = s g O
;E :Z ;gﬁ; miﬂ "é 20 GTs: GlycosylTransferases fi 1154 4

g {Li'}\ilk{t:%1t1§ﬁ‘ Z PLs: Polysaccharide Lyases % i 2/ filj

WA = A=A AAs: Auxiliary Activities 4t
AHRAH
PSS S S S S S N T T 0
©c28388888g88¢g¢s CBMs CEs GHs GTs PLs AAs
o~ I\
S PR ﬁi‘}‘%7kc4§2n %1@@]}7:
Number of genes y class
B 5 W#HARRLE KEGG RGITheE LR E6 WHRARRLEBKUEYEHI)ETN
Fig.5 KEGG functions prediction of two Fig.6 CAZymes functions prediction of two
B. thermosphacta isolates B. thermosphacta isolates

KR DU | 55 TR R B 4 Rk DR AL R kR 3 R 2 WP A TR KR 2 5 ok A0 & ARSI g 5
BT27 F1 BTS2 A4 4% 0> 3 K 41 e ) 3k 3] 38.4% , 3 LR YRS GHs B8, GHs 2% 5 R 4 1 14 B8
Y 79 ok TR R R 40 7 L CAZy R R PN R4 TR i B LA A AL B AR MR T BT RLAA Wk A L H R
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WEFF S A DI RED), BT27 3L R 41 rp ik A 4 56
B FE A lacC(BT27_02234) ,araQ (BT27_00424) ,
manA (BT27_00736), Alexandrakis 5P 5% i 75
A B H IR IR =3 BERR ML R IOR R
2R R AR IR, b AR e R
FHBRIE . 55— T, COG R BRI A
o R 2 1R AT A JE TR, SR AL B AN sdhA
FL I (BT27_00143 ) 4 i (1 L—22 28 18 i /K it , opp B
FE[H (BT27_00600) % i 5E ik 5% 32 R 4B B HE H .
SR, BT A A SR VE R %2 . Tllikoud
LN AR T 22 T 3 DR AL ASUA 7 4 s A 2
P LA 7= A 5 R R 3— FR L TR T i A A
BT P RR R | 55 5 WORR 1Y) Lh B R TR A 2 R B T T
fIE 1 BCBR 1Y) BT27 7 31 Btk 7K Ak 4 0 4 s R e
IKAAS Tt %) 2t 5 DR B3 a X 22 T R D RE ) B s
1 BT25, B 7R $A7R F 22 T 1Y T DO 1 B 1 i 7K
eGP A RE 1 AR 5% TR SR TR AR R 22T
5 DR v A R o g R A st e A T R A3 7 TR B
FE M 22 58 (PTS) B 45 S 1k L AL (] B 308 A7 7 G
T AZ M 22 20 RN LB 2 3 AR 1) R R 28 i R 1R
B LR DR I AR D B

PTS 7] DL Z BhobE 28 B FOAT AR ) i AT Wl g
b, 5K Ji5 32 i B 40 ML PN 45 TR 22 B0 B PTS 1 AR
HIWILT AL 2 D BERFE AL . i [(EL) F12H 2
i Wl R 2 A 2K 1 (HPr) |, DL R AR S [ b 2 1)
e SEVERE 1T 2 &% (ELTA EIIB, EIIC,EIID )™, %
i E1 AT HPr 2 11 Ay 2 D 8 78 [F] — M9+ 1
B ptsHI #290F . EI(Z9 570 38356 ) i prsT FEH
(BT27_00962) % % ,HPr (£ 90 4~ 4% % ) i pisH
(BT27_00963 ) KE[H g #5150, BT27 #1 BT25 il )
Gt PTS (3L 238 17 i, bglF celA .crr .dhaK |
dhal. . dhaM fruA .gmuC malX .manX manY .manZ. .
mtlA .nagP ptsG treP ulaA , T B 68 1 W 58 1)
BT27 AL A T 2 B AT bt () 25 1 o 32 2
T Re it ot B rh sk Ak &9 (Can i b R
Wi CH R B FLWE | R R AT 4 AR ) BRI,
T4 25 0 I e b A S 7 ) B3 TR I

UL A BT27 ik f 75 Z PO 2K 1 3538 R 455
W malG (BT27_01417) it 2% ZE Wi i2 R B 5
B, LM AHNKENEHR mdP
(BT27_00184 ) 4 fith 1) 22 ZF 4 72 Ak A Ak 2F AR i

fRE AR rbsA(BT27_02029) .rbsB(BT27_02027)
Fl rbsC (BT27_02028) 55 K 43 701l 8 45 #% 4 5 ATP
)25 A UL B A M BB 355 o BT R A0 1 % A o 22
araB .araA N araD 3 ASFE 3 5 2 00 R T AR
it . BT AP SR R AZ B A —S— Rl 25 1) SAL 1
1€ BT27 HH N 4 3 [ 4 BT27_01643 BT27_00421
1 BT27_00424 .,

3 Hig

FROR R L TR V2 B TR s DL 8 SR DR, 0 4
W R IIE A A TR 3 TR SO ] 1R o 28 A e
FEO AR B A AR 2 AR R T Y T ER B, AR
7, % PR B 22 TR BUB AL (B 5241 80 o AR5
AV i 25 PR RE S R A B A5 51 29 MREACR R 2214,
ST EARI TVB-N JE 55, i~ AR IR RE 1 ¢
5, HHE T AR 22 R A4 0 55 88 W BT27 Al
BT25, ik b A BE R 20 7 i by 1 ¥ i 4 A 0 5 1Y
PR R 2 R KL & W 0 g 6 I8, 2 #k
OR R L TR % O F DA 6 B i 4 6 A L 01 4
BB R 15 oK Ak B ik R G A 1 i R AR
FAJSEAF G, M3 R 2 1T L 1) B BT27 8 Ak 1) 56k B0
e orF SR Ah ARG R AR R 22 T 4y B AR I
DKL 2H G40 v 22 S P e 4R i TR R, R LR
R AERAE . BUE LR ¥ 30 1% A 5T 26
T AP S

2 % X #
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Spoilage Difference and Comparative Genomics Studies on the Brochothrix thermosphacta

from Beef
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In order to explore the spoilage ability and gene characteristics of Brochothrix thermosphacta in beef, 29
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strains were obtained by purification, morphological observation and PCR identification from chilled beef. The spoilage
potential of these isolates was evaluated by the production of total volatile basic nitrogen (TVB-N) and acetoin index in
beef juice at 4 °C. The whole genome sequences of strong and weak spoilers were compared. The results showed that the
TVB-N values increased slowly, and only two strains exceeded 11.5mg N/100 g on the 9" day. In contrast, these isolates
strongly produced acetoin, and their producing abilities differed. The acetoin contents of strain BT27 and BT25 were
139.3 pg/mL and 59.5 pg/mL, respectively. The whole genome sequencing of BT27 and BT25 showed a large number of
genes involved in carbohydrate metabolism, the largest number of genes was encoding glycoside hydrolase, followed by
glycosyltransferase genes. Comparative genomics showed that the number of genes encoding carbohydrate metabolism and
corresponding enzymes of strong spoiler BT27 was more than that of weak spoiler BT25, while the number of genes en-
coding amino acid metabolism was similar between them. This study indicated that the spoilage ability of B. thermosphac-
ta was correlated to the number of genes encoding carbohydrate metabolism, which provided the genetic point of view for
elucidating the spoilage mechanism of meat microbiology.
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