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Discrimination of Salmonella isolated from the foodborne disease
monitoring system of Liaoning province in 2008 by MALDI-TOF-MS
Lii Jia, Lu Xing’an, Liu Shuyan, Jiang Dan, Song Huijun, Hou Jun, Hu Ying
(School of Biological Engineering, Dalian Polytechnic University, Liaoning Dalian 116034, China)

Abstract: Objective A rapid method based on matrix-assisted laser desorption ionization-time of flight mass
spectrometry ( MALDI-TOF-MS) for the identification of intact bacterial cells was used for the discrimination of Salmonella
strains at genus and species level. The aim of this study was to discuss the relationship of the result from MALDI-TOF-MS
analysis and serotyping, and the typing ability of MALDI-TOF-MS to Salmonella strains through relative soft wares.
Methods Twenty-four Salmonella strains isolated from the Foodborne Disease Monitoring System of Liaoning Province in
2008 and 2 standard strains purchased from ATCC were used in the study. Sixteen Salmonella strains belonging to four
serotypes were applied on MALDI-TOF-MS for the identification of Salmonella at species level. A detailed analysis on mass
spectrometric profiles and the information of protein peaks were obtained from four different Salmonella species. The
homology of these 4 Salmonella enteritidis was also discussed through biochemical test and relative analysis with MALDI-
TOF-MS. After an optimum medium suitable for both the growth of Salmonella strains and MALDI-TOF-MS analysis was
selected, 26 Salmonella strains were tested to verify the accuracy of MALDI-TOF-MS in genus levels, and 16 of 26
Salmonella species, which belonging to 4 different serotypes, were also typed in species level. Relative software was used
to collect data and compare the peaks obtained from four Salmonella species. The biochemical test, MALDI-TOF-MS
dendrogram analysis and Principal Component analysis were adopted to confirm the homologous diversity of 4 Salmonella
enteritidis from different locations. Results The identification results of MALDI-TOF-MS on 26 Salmonella in genus level
were matched with their classic biochemical identification results, and the discrimination results of 16 Salmonella in species
level were also matched with their serotypes. Slight differences among 4 Salmonella species were also discovered through the
peaks lists of them by MALDI-TOF-MS successfully. Furthermore, the homologous diversity of 4 Salmonella enteritidis was
demonstrated obviously. Conclusion MALDI-TOF-MS can be used to discriminate Salmonella strains used in this study
rapidly and exactly on genus level. It has also a potential ability on typing Salmonella species and will be a powerful tool for
rapid and accurate identification of foodborne pathogens.
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1 #M#5E7FE

L1 b
L1T S bk

ABIETE A 04 T bk B 5 2008 AF 1L T4 B IR
PR s D ZR GEAG 24 BR VD TTERRT 2 Bk ATCC A5
WETE PR AT S 56 T PR MR HlE GB 4789.4—2010

(ERBEYERE DITRERR) " JEAT M
AN E K Ay A, SER AR B LR 1,
1.1.2 }igek

BRI (nutrient agar, NA) 2 BLAE Wy il dh
( L) AR T, ™ i g 7 : AKFO02, CHROMagar
O TR (5 % R Jk L vk [E CHROMagar 23w, 7 il 4t
5 .988, HE ¥ fi§ ( Hektoen-Enteroagar, HE) , F= f
fit . 7113311, XLD Bt f§ (XLD ), 7 i fit 5.
9075196, 3% [& BD A w401 A= 1k 48 12 1y 7% 5L ) AH
3771 | A T 5 N S D B /A I T T R
S005, CM1004, CM211, CM214, CM216, MO57,

F1 LBEKER
Table 1 ~ The basic information of salmonella strains used in this study
=2 PR AR T Bk 44 B 137 A KI5 oK 5 HB AR
1 LN-24 Salmonella thompson O, Hy i a
2 LN-31 Salmonella derby 0,1, H, i a
3 LN-32 Salmonella derby 0, nH, ¢ £ i a
4 SY-60 Salmonella enteritidis 0,4.,H,, £ 6 b
5 AS-1 Salmonella chandans 0, H, i c
6 AS-25 Salmonella agona 04, H, i c
7 AS-27 Salmonella nchanga OngH\ H,, B c
8 AS-37 Salmonella enteritidis 0,9 1nH, i c
9 TL-30 Salmonella nchanga 03,10 HVHI‘Z & d
10 TL-54 Salmonella kottbus OgsH, \H 5 i d
11 AS-B Salmonella rissen 0,H, 15 M g ) c
12 AS-C Salmonella rissen 0,H, B UE P 3 s T c
13 LN-CG-2 Salmonella typhi 0 15 viHy R W e
14 LN-CG-3 Salmonella typhi 0 15 viHy R W e
15 LN-CG4 Salmonella blegdam 0y 1, H, 0y 1 VR 5 9 A U e
16 LN-6 Salmonella blegdam 0y 1pH, g A VR U A a
17 LN-CG-X Salmonella typhi 0y 15 viHy A VR U A e
18 LN-CG-5 Salmonella enteritidis 0,4 H,, 10U M g ) e
19 LN-1-1 Salmonella derby 0, nH, A VR 5 s A U s a
20 LN-7 Salmonella derby 0, ,H, AT VR W DU A a
21 LN-1-2 Salmonella enteritidis 0y912H, . B U5 P 3 3 T a
22 DL-27 Salmonella blegdam Oy 1 Hg,nw bR AR f
23 LN-1-3 Salmonella derby 0, ,H, ¢ 1 U M 9 g W a
24 LN-29 Salmonella thompson O . Hy i a
25 ATCC 13076 Salmonella enteritidis 0y912H, . T 14 T A 3 [ A o T b R 0
26 ATCC 35640 Salmonella abaetetuba 0 Hy o o4 T bk & [ A o 1A ol R 7 0

L1335 5]

H R FA) Ml = 5 2 B
(trifluoracetic acid, TFA) ,ly B Dikmapure , {0, 4fi ;
ZJiE (acetonitrile. ACN) , Fisher 2% ], {6 3% 4li ; JC /K
W, BRIk HR A R A 683 4l A v ik
F#3 (peptide calibration standard ) \ & #E & H T
(protein calibration standard I ) % Jfi 2-5( 342 3
PR ( o-cyano-4-hydroxycinnamic acid, CHCA) ,
18 =] £ & 72/~ 5] ( Bruker Daltonics), [ ] O.H

( formic acid,

Iy , 36 & BD A,
1.1. 4 SCEGAL#%

SE T B O R U B AT B )RR A (
Microflex"" MALDI-TOF ) , i [& £ 4 55 /A &), BD 4%

H 3l 4f T A= Ak %8 58 AL (PHOENIX™ 100) , 38 & BD
INF

Iy Hi o
1.2 Jrik
1.2.1 & EIEFRIMER

ECH B IR 5L D Vb T A R R R A PR B SR A
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XLD 35 (XLD) \HE Bfig (HE) ,CHROMagar 5[]
PN 0 B 5 R DL R AR BE R MR R R R E R R
(NA) . U R 1TH (Salmonella entritidi ) ATCC
13076 fE R 250 R Bk ,36 CHEFR 24 h J5 #4718 H
FERERY PR S GS . AR T R S5 i B R A 4
Rl IR b AR K TR R, 43 0 #E 4T 10 Ik MALDI-
TOF-MS (1% % 7 Fil 1] 3% DT e o 20 B, %P 15 21 9 4 41
- B B AT Ge vt 2 40 A (o K8 ) Sk DM B3
DG PC 7 32 e A1 DG P P e o ) 0 O 3 R AR A
1.2.2  Bifk4ab P Kz MALDI-TOF-MS % 52 43 7 F1 AH
KA E

1.2.2.1 4B 3%

S B RR R T L 201 B YIS S AR
I, 36 CH5 3 24 h, A=K B 7% AT MALDI-TOF-
MS %55 53 HT o
1.2.2.2 L5 W5 A v 5 e )

JE T 2 50% ACN 2. 5% TFA Fil i 4l K 19 1R
B W, A CHCA # R 2 B i i 1 F ¥ W o
-20 CORAFA M. IRAARIEMER 125 pl 30% &
JiE (& 0. 1% TFA) % ff 45 1 T 835500 pl 30% 2 Ji§
(0. 1% TFA) % Ik T 83 s i DL 5 TR &
-20 CLAfF# .
1.2.2.3  FEAALIES A

JFH I TR A A kBB £ 40 7 (29 Smg ) AL S ml
Eppendorf 45, 1300 pl 47K iR 5], B A 900 pl &
KR 2), 12000 r/min & .02 min 3¢ [F, 11
Eppendorf & Hi il A 50 wl 70% FA F150 pl ACN, [H
LB BT W #8208 Eppendorf 45, UL pl
R PRGF Y _E 3G W s N 7E MALDI-TOF-MS 19 # i §1
b, EERAGT HARET (A 3 min), H EJH
I pl BERTE RIS E R, AR T RS, LR
FE 8 5 32 b A TE VR A A 1 i

it b R M S PR R B U, DA BT 1k
VWP E A TR R AP A
1.2.2.4 MALDI-TOF-MS % %€ 5 ¥ % £ Hr

IR 28 A ARBOE G IR, WO K370 nm, £
PEIE R 7 (LP-BioTyper ) SR AR5 2, JE Jot 410 1f) i % 154
=, N 20, 00 KV, 4E SR #EEHE R 18. 25 kV, %
JE Jit LY [l 1000 ~ 12000 Da, ¥ 0t & 9 # &
2500 mV, OG0 Ha, F5: 30 S 50 1 #2275 15
4 JoT £ 31 1R P9 PR 5 b o o (RK 5 8 FTR B T D)
AT A IE , DR UE RS 04 12 22 /N T =5 Da,

B (10 % 4 20 7 - % F MALDI-TOF-MS i %% 4z
FAEBAF Flexcontrol™3. 0 BEFTRE & L f A 45 R 4
26 BRI AT 3 AHFE AL, B LI 10 A [6] 7
B0 AT B B — B AR 0 SO A S 3 000

YR (100 Hz x 30 ¥ ) o 3% i MALDI-TOF-MS ) %
FE B Biotyper'™ 2.0 X A 18] 1% 30 47 H 45 #4 VC i
Mo Hir R B e g R S0, Hh 2.3 ~3.0 0
VERCLS,2.0 ~2.3 70 M UCECHAS ,2. 0 43 LR A UL L
— %, B i i MALDI-TOF-MS % 4 ¥F %% 4
Flexanalysisvlv'“?a. O3REL 4 BR)E T 4 MRV TR &
P (5 B, Bm , 33 Biotyper™2. 0 AT 4 Bk &
YOI 13 AS-37 .LN-CG-5 .LN-1-2 Fl SY-60 i 5 3 4y
UWSEN Mg
1.2.2.5 BD 4 [ sh 4 BB L% % 4 B R
Wi

DL BD 4= [ shgi e 4 A% AU 4 BB R VDT
B AS-37 . LN-CG-5 LN-1-2 Fl SY-60 17 #H i 4 1k
FERRBO AT o FLAEE 4 MR T BR Y 2 Ak 2 e 4G

2 H#RESW
2.1 IEEIE SR AR E

Sy BEEFE NA HE XLD , CHROMagar 7[5
o 3% % FEAE S S5 5 TR bR W R VP 1T R ( Salmonella
entritidis ) ATCC 13076 [ % 881 35 3L, 36 C 15 3% 24
h VD ITREAE 4 R R 5 A KEF, I 1. 2.1 Al oG
BRI IR, 43 B 6 4 By 5 5 BB TR bR 2R AT 10 K
MALDI-TOF-MS % 7 Fl [€] 1% VT B 14 43 §r ) 45 21 45
WIF 24 FhkE 3% 56 A2 K 09 Ak 48 58 MALDI-TOF-MS
YB G RmRUP TR o 4 FhRE 35 58 10 1 A 1B 3% 28
DEMC P43 A J5 45 30 1Y 10 A4S 405 09 ~F B8 43 1) 2
2.61 (NA), 2.33 (HE), 2.35 ( XLD), 2.31
(CHROMagar V0[5 1 (4 35 72 45 ) o X115 3 1Y £ 4
HEAT ¢ K3 o0 B, NA 50 Y (E fe sy HLS5 Hofth 3 4
OB YA Y 22 5 50 3% M fe K, B NA 8% 3% 356 1) B Bk
P 55 B8 12 A X fe DC C o B DL, i O R R B R
HeJE NA,
2.2 SZEREAR) MALDI-TOF-MS % 5
2.2.1 MALDI-TOF-MS J& 7K - i) % 52

SR 12,2 HhITIR O YA X 26 Bk S5 B RE E AT
i kb B 5, H MALDI-TOF-MS % % 4k 4 Biotyper™"
2.0 X v A TR R AT B KPS, S5 R R 126 B
W BRI MALDI-TOF-MS %5 R U0 [ 1 J& , %€ 43
EIH1E 2.3 4L
2.2.2 MALDI-TOF-MS Ffi 7K - 1 % 52

K 1202 o I Jy 3k R S 55 TR R AT 1 Ak P
J& , JH MALDI-TOF-MS % 52 # {1} Biotyper "2.0 %4}
HJEF 4 B R 0, 1,y Hy 0, ,H, L0, ,H, (o
0, ,H, 1916 BRYDTTHR AT FPKOF 1 508 o 45281
W2,

T2 R BR, 4 FORTE MLE ALK 16 BE TP
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B, 248 MALDI-TOF-MS %3¢ Jg KA a5 R 5 ME oA T 2.3 4, VCECRR B 4f .
Ay RIgE R g Hih, SY-60,LN-1-2,LN-CG-5,AS- 2.3 P15 4 Fh i MALDI-TOF-MS 4347 4 4%

37 R K VST ; LN-CG2, LN-CG-3,LN-CG-X X MALDI-TOF-MS W% E T 16 ¥k & F 4 ™~ F
Y FEYST T H 3 LN-31, LN-32, LN-7, LN-1-3 , LN-1-1 % WIVPTTEE . FTLA, ¥ B ATCC 13076 ,LN-CG-2, LN-1-
AN

TR BT T ; LN-CG4,LN-6 , DL-27 Jy A F P[] L F DL27 J& F 4 A F W 1 w, o A i
Wo AL LN-7 S (R AR T 2.3, VR R B 54, L Flexanalysis' 3. 0 13 2] 8 (105 8, 1L 3,

F2 A4AFMGERYS TR B MALDI-TOF-MS %5 5 45 5
Table 2 The results of four serotypes of salmonellae identified by MALDI-TOF-MS

RS MALDI-TOF-MS % 5 4% I MALDI-TOF-MS % & /31 T B I i Y
SY-60 salmonella sp (enteritidis) 2.38( + + +) Ol'gvlz Hg' n
LN-1-2 salmonella sp ( enteritidis) 2.48( + +) 0,90H, .
LN-CG-5 salmonella sp (enteritidis) 2.30( + + +) 0, 0.2H,
AS-37 salmonella sp (enteritidis) 2.61( + + +) O19.12 Hg« .
ATCC 13076 salmonella sp (enteritidis) 2.65( + + +) 01912 H, .
LN-CG-2 salmonella sp (typhi) 2.32(+ + +) Og 12.vi Hy
LN-CG-3 salmonella sp (typhi) 2.32(+ + +) Og 12.vi Hy
LN-CG-X salmonella sp (typhi) 2.36( + + +) 09'12'\«; H,
LN-31 salmonella sp (derby) 2.41( + + +) 04 1n H,
LN-32 salmonella sp ( derby) 2.30(+ + +) 0,0H, ¢
LN-7 salmonella sp ( derby) 2.23(+ + +) 0412 Hg.r
LN-1-3 salmonella sp (derby) 2.36( + + +) 04 0H, ¢
LN-1-1 salmonella sp (derby) 2.39(+ + +) 04 1n Hg.f
LN-CG4 salmonella sp (blegdam) 2.46( + + +) 0y o H, g
LN-6 salmonella sp (blegdam) 2.35( + + +) Oy 12 Hg m,q
DL-27 salmonella sp (blegdam) 2.45( + + +) 0y 15 H, W

®3 OUDITHE 4 DA ERERER
Table 3 Protein peaks of four Salmonella species obtained from MALDI-TOF-MS

ATCC 13076 LN-CG-2 DL-27 LN-1-1
(0, 9.12H, ) (09 12.iHa) (09 12 H, o) (042H, )

m/z S/N m/z S/N m/z S/N m/z S/N
3047. 81 55.9 3048. 26 49.3 3047.76 38 3048. 02 29.5
3079. 67 4.7 3081. 1 5.7 3080. 16 4.2 3080. 41 2.2
3159.37 6 3158.93 4.1 3158. 87 7.3 3159.91 8.1
3174. 85 2.4 3175. 06 6 3174. 88 5.6 3174.76 2.1

3259. 26 5.1
3320.72 9.3 3320.92 4.2
3336. 85 2.1 3337.31 2.3 3336.73 12.1 3337.01 5.4
3623.21 2.2
3631.22 3.3 3631. 87 6.5 3631. 35 9.3 3631.57 5.3
3639.98 3.7 3639. 22 3.3
3660. 33 3.9 3660. 47 3.6
3831. 56 3.7 3832. 44 2.7 3831. 83 3.6 3832.33 3.6
4165. 11 12.5 4165. 82 8.5 4165. 15 10. 4 4165. 38 5.6
4172. 49 .3 4173.76 5.9 4172.43 .7 4173.05 3.3
4188. 41 5.8 4185.56 4.5 4186. 1 5.6 4187.99 3.9
4364. 24 5.5
4450. 42 2.3 4449. 68 3.2 4450. 58 2.1
4460. 70 2.7
4497.72 4
4549. 42 7.5 4550. 51 5.9 4549. 49 4.7
4617.28 18.5 4621.29 19.1 4620. 36 14.5 4619. 43 15.2
4761. 64 11.7 4762. 17 27.3 4761. 81 26. 4 4761.76 15.1
4963. 98 6.1 4964. 08 5.3 4964. 56 2.4
5010. 64 3.1
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Table 3 ( Cont)
ATCC13076 LN-CG-2 DL-27 LN-1-1
(04 9,12H, ) (04 15,iHy) (0y 12H, ) (04 nH, )
m/z S/N m/z S/N m/z S/N m/z S/N
5034.71 3.9
5081. 6 13.7 5082. 18 2.6 5081. 6 2 5081.92 4.4
5143. 58 9.5
5370 15.6 5370. 21 18. 4 5370. 47 14.6
5486. 25 8.4 5486. 99 4 5486. 28 3.6
5613. 31 57.9
5635.96 11.1 5636. 68 3.5 5636. 66 17.5
5674.77 4 5672. 63 6.8 5674. 49 6.3
5713.91 153.9
5778. 43 2.4 5774. 88 13.3
5884. 90 4
5903. 75 2.6
5953. 34 5.2
6009. 71 45.1
6066. 09 18.3 6069. 63 91. 1
6094. 66 77.8
6116. 87 24.2 6117. 66 14.7 6115.24 14.3 6116. 96 13.9
6241. 88 7.2
6256. 05 16.1
6316. 59 4.4 6317. 33 7.2 6316. 55 12.7
6384. 67 3.1 6385.75 4.2
6484. 13 4.6
6513. 25 5.7
6574.3 2.9 6572.3 2.5 6573.3 2.6
6698. 25 9.2
7111.21 3.8 7112. 06 2 7111.04 3.2 7111.78 3.8
7261.78 7.1 7262. 69 12. 8 7261. 81 18.9 7262. 35 13.7
7322. 15 2.7 7323.07 4.2 7321.93 4.6 7322. 64 4.5
7662. 21 9.5 7663. 1 5.1 7662. 12 5.2 7662. 41 8.1
7677.93 3.7 7679. 15 2.8 7678. 64 3.6
7718. 28 2.3
7946. 85 2.5 7944. 22 3.5 7948.5 2.8
8151. 38 2.3
8329.76 23.9 8330.73 16.3 8329.52 19.6 8330. 48 12.7
8376. 82 10. 8 8378. 18 11. 1 8375. 63 8.9 8376. 93 7.7
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Figure 2 MALDI-TOF-MS profiles and dendrogram of four Salmonella enteritidis
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