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Abstract : The common pathogen Salmonella enteirtidis (S. enteritidis) is the major cause of foodborne
disease. Protein identification by peptide mass fingerprinting using the matrix-assisted laser desorption
ionization time of fight (MALDI-TOF) mass spectrometry (MS) can analysis unambiguously identity the
spots from 2-dimensional electrophoresis (2-DE) gel. In this report, we examined protein components from
patterns of S. enteritidis proteins. In addition, antigens that are recognized by sera can be identified by
immunoblotting. This study that 2-DE analysis of S. enteritidis yields useful information concerning S.
enteritidis proteome, the results that have been obtained led to a more detailed understanding of Salmonella
pathology and open further interesting fields for future work.

Key words : Salmonella enteirtidis, matrix-assisted laser desorption ionization time of fight, 2-dimensional
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Salmonella spp.� Entrobcteriaceas� ��� gram

��� lactose ��� �� � ���� ��� [9, 16]

�  !"# $% &'�( )� *+ ,-./ 0

#1 23 4%( 56 783 9 [1] !"#� :;

<= >?@AB CDE F G� H�  IJK GL.

1980M� NOPQ �RST S. typhimuriumU V�W

� XY ?Z ��[  IJK \�] ^U�_T 1980

M� �`6a b#�� cd�  S. enteritidis �=

ef�� gX [2, 8], hiU j(k lS U mn

Z "oX p���  qrs2 \L [5, 12, 15].

^t, S. enteritidisu S. typhimurium� cv wx� .

/ ��B ^U��  �yz{ |}= S. typhi (wx),

S. dublin (8), S. choleraesuis (~P), S. gallinarum 0 S.

pullorum (X�)�� �% wx{ ��= *+ ./ ��

�� Y�� ��g{ 5�� F G�� ^t �B �

S���� 5��� �>? �y�� ���� ���

�  [7, 14] ��j��i R� ���_ ��s( GL.

�� ��{ ��= F�� �C/� �9./, V/

� [� ¡jX �¢X £2� lS 4 �¤ B¥ !

[X ¦§ �¤� ¤z, ^t b¨ ©B� � ! f

� ��� ����	
��(��� 20010067), KOSEF(���:R01-2003-000-10049-0)� �� �������.
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h� ª/� «¬� ¤z{ ®tJ� �¯U! °±

²� B C/� "o G2B ³ ´ paradigm�  4

��TX b#��  gX�( GL.

Uµ= ¶�� _·(Genome)� i�2 B <PROTEin

expressed by a genOME>� ¸�2� ¹ °º

(Proteome)US� »  $% �Vs( GL [17].

Uµ= ¹ °º{ "o�� �¯� ¹ °¼½�

(Proteomics)� (1) ¤z{ ¾� «¬� fh{ �

¸�U( ¡¿��  À¡�( (2) C/��� .�

(perturbation) �� Á�� «¬Â� fhÃi� Á

Ä� ¡Å�_ mÆ��, (3) in vivoB � ! fh�

ÇÈ�� Ãi{ ÉÊ��, (4) � !, «¬ 0 �

�� "Ë(%� Ì���Í 4 Î�U GL.

^t UÏ� ¤@.(Two-dimensional electrophoresis;

2-DE)� XY j&��  wÐs� proteomics� ¤Ñ�

  «¬� 9 Ò(pI)�  ]Ó©� net charge l

S «¬{ Ì 1Ï ]¥{ = Ô, U2B �!¿ l

S �%�� ÕÑ� , sample � ¨ÖZ F¬, F×

XP� «¬{ .Ø ]¥�� ^¡ C% Ù� 9

lS LÚ_ ]Ó]� «¬� Ã�� �Û� Ü��

^¡ «¬{ ¿�Ý¤  �Ý�� ¦�Þª B¥{

Ë¡�( U� ßà�  «¬U] genome data base

� bioinformatics tool  á¦ «¬� ¡[� Å���

"��� �¡UL [13].

U "oB� S. enteritidis� 2-DE map  â

Øã L� serological proteomics �Ý ¤Ñ [3]� 

immunoblotting map� �Û�� MALDI-TOF MS�

UÐ�� ä� «¬{ .¡�åL.

�� � ��

�� ��

æç wÐZ �?� cè j� éc "o�B

�Ã ê� Salmomella enteritidis (ATCC 13076)� �

Ø�åL.

���� 
 �� ����� ��

S. enteritidis 12Ø� ë� ìÃ= Ô 100µl� 15 ml�

LB borth ¶��(, 37oCB shaking incubatorB

220 rpm�  qà�íB 24Ø� ìÃ�åL. b� ìÃ

î� 4oCB 6000 rpm �ï ð Ø�(, ð Z �ñ

� 40 mM Tris-HCl buffer(pH 7.2)  4oCB 6000 rpm

�  10�� 3ò b,= L� ó:T 1.0(λ = 610 nm) F

ô�  õÝ�åL. õÝZ b�î� öö 4 ml, 8 ml�

  �?�(, LØ �ï ð  Ø÷ UÏ�  ¤@.Ð

Øø  wÐ�åL.

�� ����� �� �� ��

UÏ�  ¤@.{ <= S. enteritidis� «¬ -ù

� O' Farrell [10]� ÕÑ{ ôÐ�å��, ô�Z Øø

 500µl� lysis buffer (9 M urea, 4% CHAPS, 40 mM

Tris-HCl)� úX�� û�B 1Ø� `yØã L�

13,000×gB 1Ø� �ïØ÷ iüî{ òF�(, ò

FZ iüî� Bradford Ñ{ ôÐ�� «¬{ ¡

¿�åL. 

�� ����

(1) First-dimension Isoelectric focusing(IEF)

IPGphor system{ UÐ�� IEF� Fr�åL.

rehydration buffer(9 M urea, 4% CHAPS, 40 mM Tris-

HCl, 65 mM DTT, and 0.5% IPG buffer, bromophenol

blue) ¡¿= Øø «¬{ 5¡¿ ý¸�� IPGphore

strip holder 250µl�  þ= Ô 13 cm immobilized pH

Gradient (IPG) strip{ ÿ �J�(, ØøX �ÙsP �

T� cover fluid oil{ X�åL.

(2) Second dimension SDS-PAGE

IEFX �� IPG strip� 1%(w/v) DTT� úX=

equilibration buffer (1.5 M Tris-HCl, pH8.8, 6 M urea, 30%

glycerol, 2% SDS, bromophenol blue) 15�� `y

Ø�( LØ 1.25%(w/v)� iodoacetamide� úX=

equilibration buffer 15�� `yØã L� IPG strip{

12.5% acrylamide gel� i«6 loading Ø�( � �

�� low melting agarose gel{ �?�åL. 15 mA� Ù

��  5�  â= Ô 30 mA  ÁéØ÷ bromophenol

U gel� �«6 T�E �OP  â�åL. 

����

2Ï� SDS-PAGE� 	
 gelB «¬ spot{ �ù

�¤ <�� T���{ �åL. Gel{ (¡î (50%

metanol, 12% acetic acid, 37% formic acid)�  = Ø�

Ui (¡= L� 50% etanol�  30�� 2ò ` b

,�(, Na2S2O3-5HO  1��  �% �åL.  �%

= Gel{ 3Ï g3F  20N� 3� b,�( AgNO3u

37% HCOH  30�� `yØã L� Na2CO3u 37%

formic acid  f�Ø�L. «¬ Spot{ Å�= Ô stop

solution (50% metanol, 12% acetic acid)�  f�{ �

P�åL.

���� !"#!$$% &

2-DE= gelB ä� spot{ �ù�¤ <��

nitrocellulose(NC) membrane�  60 VoltB 70� .�

transfer Ô membrane� 5% skim milk  37oCB 1Ø

� .� blocking= L� TBS-T (10 mM Tris buffer
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solution 4%( 0.01% Tween-20)  10�� b� b,�

å�� S. enteritidis �= rabbit anti-serum{ TBS-T

 1:200�  õÝ�� membrane X= Ô 2Ø� .

� X�_ qà�íB `y{ Øã L� b,� �� �

¡� .5�_ �åL. Anti-rabbit horseradish conjugated

IgG� TBS-T 1:2,000�  õÝ�� 1Ø� .� X�

_ qà�íB `y{ Ø÷ b,= L� ECL kit

(Ammersham Pharmacia Biotec Inc.)� UÐ�� ä�{

�ù�åL. 

'()*

T���= Ë�� scanning= Ô  Ð U�P �Ý

¹ 4�� Phoretix 2D program (Ver. 5.01){ UÐ��

�Ý�åL. 

+,-.�/012 +34 �� 56�7#8 ��

(1) Spot excising

Phroetix 2D program{ Ü� �ÝZ 2-D gel{ �Ý=

Ô, mï G� «¬� identification{ <� mn spot

{ �� tip{ UÐ�� 1 mm3 ±¤  ÿS©�L. 

(2) Destaining and Washing

ÿS� spot� T� �� i�U�  30 mM potassium

ferricyanideu 100 mM sodium thiosulfate� 1:1  ý¸

= Ðî �2 5� .� `yØ÷ ����å(, ��

�s2q gel� pure water� UÐ�� 5� .� 3~4ò

b,�åL.

Gel ©6� F�{ Ì)Ø÷ ?¤ <� acetonitrile{

�2 15� .� `yØã Ô gelU ����  �Fi

�X Z H{ Å�= Ô acetonitrile{ Ì)Ø÷ ?( gel

� vacuum centrifuge� UÐ�� �  �Ù�åL.

(3) In-gel Reduction and Alkylation

�ÙZ gel 10 mM DTTX Ö�Z 100 mM

NH4HCO3� �2 30�� `yØã Ô LØ 55 mM

iodoacetamideX Ö�Z 100 mM NH4HCO3� �2 �

æB 30�� LØ `yØ�L. 100 mM NH4HCO3�

UÐ�� =� R b,= Ô acetonitrile{ UÐ�� gel

{ �FØ�L.

(4) In-gel Digestion

Fig. 1. 2-DE map of protein from S. enteritidis. Proteins were separated by 2-DE and visualized by silver staining.
Approximate molecular weights are shown on the left and pIs are shown along the bottom. Circled spots are specific matched
with immunoblotting image (Fig. 2) spots. The proteins identified are designated with their spot number.
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�ÙZ gel 50 mM NH4HCO3u 5 mM CaCl2�

digestion buffer� �2  � 12.5 ng/ul� trypsin{ 15µl

� �2 45� .� iceB ¡!Ø�( óFsP �(

è� Ðî� *" Ì)= Ô 20µl� trypsinU ¨ÖsP

�� digestion buffer� �2 37oCB 16Ø� ¡T digest

{ Ør�åL.

(5) Extraction of Peptides

15µl� pure water� �2 30�� vortex Øã Ô 20µl

� acetonitrile{ �2 LØ 30�� vortex Øã Ô iü

îQ F), vacuum centrifuge� UÐ�� dry �åL.

(6) On Target sample preparation (Dried-Droplet

Method)

Matrix solution�  40 mg� HCCA(α-cyano-4-

hydroxycinnamic acid)� 50% acetonitrile� 0.3%TFA

1 ml  � iüî �#¿� calibrant(Bradykinin,

Angiotensin)� $2 dryZ sample� mix= Ô MALDI

target 2µl targetting= Ô dry Ø÷ MALDI-TOF� Ø

r�åL [4].

(7) Data analysis

%2q peptide� mass� Protein Prospector(http://

prospector.-ucsf.edu) G� MS-Fit program{ UÐ��

NCBInr database ¶��� protein{ .¡�åL. U�

mass tolerance� 50 ppm U©  �å( �8 4â Ui

� peptideX matching s2q proteinQ{ &'�åL.

� 	

�� ����������	9 :� �� ���� ;<

( æçB� S. enteritidis� soluble protein Q{ U

Ð�� protein map{ )��åL.

pH 3-10�  æç= Ë� pH 4 U�� 6<u 7Ui

� 6�B� proteinU )� f*sP �+�� (data

not shown) pH 4-7 wU G� protein �Ò{ "�L.

Fig. 1� T���= pH 4-7� S. enteritidis� soluble

protein� reference map UL. IEFB loading s�

protein� Ã� SDS-PAGE #Ø qrØã <! lS

spot Fu <!� LÃ�{ jU, -PQ �Û� .�

'h�{ jå��, Phoretix 2D Advanced program{

Fig. 2. 2-DE map of antigen protein from S. enteritidis (ATCC13076). Immunoblotting by PVDF membrane.
Isoelectroforcusing(IEF) was performed using pI4-7 and separation in the second dimension was performed using 12.5%
polyacrlyamide gel Approximate molecular weights are shown on the left and pIs are shown along the bottom. The proteins
identified are designated with their silver stained spot number. The protein names are listed in Table1.
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UÐ�� pH 4-7 ;< 13 cm silver stained gelB 788

â� spot Â{ count E F G�((Fig. 1), UÂ{ �!

¿ lS �/� P¡�åL.

�� ���������	9 :� =/.> %��� !"#!$$% & ;<

S. enteiritidis �� 2-DE Ô �{ ¶�Ø÷ íA

Øã S. enteritidis ^U rabbit antisera{ UÐ��

Table 1. Identified antigen proteins of Salmonella enteritidis

Spot
No.

Accession #
MOWSE

score
Protein Name

Protein MW
(Da)/pl

No. of 
peptide 
matched

%
Coverage

38 16762837 M 6.424E+03 Elongation factor G 77600/5.2 7(14) 15
52 16759214 M 1.213E+04 Outer membrance protein precursor 89467/4.9 7(13) 12

73 16766580 M 6.339E+05
Polynucleotide phosphorylase, member of mRNA 
degradosome

77039/5.1 11(24) 17

74 16763165 M 2.345E+07 Fumarate reductase, flavoprotein subunit 65493/6.0 12(42) 25
107 16759005 M 2.330E+04 Dnak protein (heat shock protein 70) 69232/4.8 11(28) 23
111 16759851 M 3.720E+04 30S ribosomal protein S1 61174/4.9 17(43) 32

135 16765090 M 5.856E+06
ABC superfamily(periplasm), oligopeptide
transport protein with chaperone properties

65568/6.3 14(40) 35

154 16763152 M 2.826E+05 GroEL protein 57286/4.8 13(17) 28
155 16763152 M 6.963E+03 GroEL protein 57286/4.8 7(11) 21
156 16763152 M 3.404E+04 GroEL protein 57286/4.8 11(26) 21
167 16762459 M 2.381E+08 ATP synthase alpha subunit 55113/5.7 15(26) 39

190 16762606 M 5.910E+06
2,3-bisphosphoglycerate-independent
phosphoglycerate mutase

55555/5.0 10(14) 27

196 531889 M 2.304E+03 Phase-1 flagellin 51794/5.0 6(20) 14
202 16763147 M 1.559E+05 Aspartate ammonia-lyase 52287/5.1 9(17) 19
220 16761974 M 4.316E+05 ADP-heptose synthase 51125/5.1 12(35) 30
237 16767712 M 1.882E+05 Putative arginine deiminase 45562/5.5 10(38) 26
245 16762461 M 6.787E+09 ATP synthase beta subunit 50284/4.9 15(36) 43
262 16761303 M 5.972E+04 3-oxoacyl-[acyl-carrier-protein] synthase I 42373/5.1 7(27) 26
265 16761724 M 1.499E+06 Enolase 45599/5.3 12(54) 40
267 16765230 M 2.369E+03 Pyruvate kinase II, glucose stimulated 51388/6.1 8(18) 19
284 96718 1.882E+11 Translation elongation factor EF-Tu.A 43252/5.3 19(31) 58
309 16762910 M 2.643E+06 Periplasmic maltose-binding protein 43153/6.3 14(54) 40
310 16761850 M 1.534E+05 Fructose 1,6-bisphosphate aldolase 39157/5.7 11(46) 32
361 16762372 M 5.618E+06 p-phosphofructokinase 34915/5.6 15(38) 51
361 16767711 M 1.250E+02 Putative carbamate kinase 33351/5.4 5(17) 18
390 16767711 M 5.878E+04 Putative carbamate kinase 33351/5.4 10(12) 26
396 68319 M 4.350E+01 Threonine dehydratase(EC 4.2.1.16), biosynthetic 56277/5.7 4(20) 9
406 16759000 M 1.341E+06 Transaldolase B 35171/5.1 12(20) 52
430 16764640 M 4.235E+04 Putative enzymes related to aldose 1-epimerase 32560/5.7 8(18) 24
438 16759207 8.009E+05 Elongation factor Ts 30358/5.1 11(31) 34
508 16759697 M 9.420E+02 Phosphoglycerate mutase 1 28494/5.8 5(13) 20
517 16760352 M 1.854M+05 Putative oxidoreductase 27043/5.8 8(16) 35
620 16763234 M 1.817E+03 Inorganic pyrophosphatase 19677/5.0 6(28) 33
658 16761352 M 2.247E+03 Pts system, glucose-specific IIA component 18247/4.7 5(33) 38
746 15803726 M 1.106E+03 50S ribosomal subunit protein L21 11564/9.8 5(35) 35

769 20521562 2.800E+02
100 pct identical to gp:AB021078_3(YcgC of
plasmid Collb-P9)~93 pct identical to 
gp:AP000342_35(YcjA of plasmid R100)

15767/4.5 5(33) 18
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immunoblotting{ Ør= Ë� 100â� ä�� spot{

Å�E F G�L(Fig. 2).

0 UÂ spotÂ� Phoretix 2D Advanced program{ U

Ð�� matching Øã Ô T���= gel(Fig. 1)B�

spot �/� 1U �Ð�åL.

+655 578?$@!�8$@A

Rabbit anti-sera specific S. enteritidis �� Ã� `

y{ j� «¬� T���= gel� match�� 4 «

¬{ gelB ÿS©2 in gel digestion= Ô MALDI-

TOF� Ør�åL.

S. enteritidis ^U rabbit antisera �� `y{ j� 89

â� «¬ � 35â� «¬{ �ÝE F G�L

(Table 1).

.¡Z «¬{ 4 ¤z�  �3� jí(Table 2)

heat shock protein� DnaK(spot No. 107), GroEL(spot

No.154, 155, 156) 9� «¬ C¸�� transcription

mnZ elongation factor G, Tu, Ts (spot No. 38, 284, 438),

translation mnZ 30S ribosomal protein S1(spot No.

111), 50S ribosomal subunit protein L21(spot No. 746), 4

%( �LF� 2P �w mnZ «¬Â{ Å�

E F G�L. 

Table 2. Identified antigen proteins of functional grouping

Functional categories Spot No.

Heat shock Protein
DnaK protein
GroEL protein
GroEL protein
GroEL protein

Intermediate and entery metabolism
Polynucleotide phosphorylase, member of mRNA degradosome
Fumarate reductase, flavoprotein subunit
ATP synthase alpha subunit
2,3-bisphosphoglycerate-independent phosphoglycerate mutase
Aspartate ammonia-lyase
Putative arginine deiminase
ATP synthase beta subunit
3-oxoacyl-[acyl-carrier-protein] synthase I
Enolase
Pyruvate kinase II, glucose stimulated 
Periplasmic maltose-binding protein
Fructose 1,6-bisphosphate aldolase
6-phosphofructokinase
Putative carbamate kinase
Transaldolase B
Putative enzymes related to aldose 1-epimerase
Phosphoglycerate mutase 1
Putative oxidoreductase 
Pts system, glucose-specific IIA component

Trancription
Elongation factor G
Translation elongation factor EF-Tu.A
Elongation factor T

Translation
30S ribosomal protein S1
50S ribosomal subunit protein L21

Etc. protein synthesis
Outer membrane protein precursor
Phase-1 flagellin
ADP-heptose synthase

107
154
155
156

73
74

167
190
202
237
245
262
265
267
309
310
361
390
406
430
508
517
658

38
284
438

111
746

52
196
220
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4%( .¡s2q �6�� «¬Â� S. enteritidis

^U rabbit antisera �� ^t 3= Ã� `y{ j�

H�  ]Ó4L.


 �

Salmonella� �� wx� ./ ��s2 Y�, <

Y� 0 ��g{ 5��� Y©b��  wx� ./

i/�� ��g{ �f�� �F�Ü ��� ���

U� ^t U � �� j� ./U wx �= ���

U s2 écU] V5 ¼�{ Ü� food borne disease

� 5���  �� j�i �«t ��Øs( GL.

��� b�� � ¡j �= U�� ��� b�

� �wu C%� ëÀ�¤ <= 6F�� «# B �

µ "oq ��� "oX qrs2 \L. Salmonella

� cv 2001M Parkhill� McClelland 9 �� �¤

B¥U �Ws2 ��� 0 C%�� ^�{ U���

Í ±_ ¤��åL[6, 11].

UÏ�  ¤@.� ¿�ÝÑ{ UÐ= proteome "

o� U� o7s2 G� �¤B¥ ÍUa 8U�� ß

à�  fhZ «¬{ _· ¡j� ^¡ � !u "

ËØ÷ � !� ª/� �� «¬�� imm#�

®t� HUL. 

( æçB� S. enteritidis� UÏ�  ¤@.Ñ{

UÐ�� 2-DE gel i «¬{ ]¥= H� .5=

gel{ PVDF membrane�  immunoblotting{ Ør= Ô

S. enteritidis ^U rabbit antisera� `yØ÷ %� 2-DE

blotting map{ B  �Û ä� «¬  -¡s� spot

{ 2-DE gelB ¼J MAlDI-TOF MS� Ør= Ô %

2q MS peck 9{ UÐ�� genome database ¶�

�� «¬{ .¡�åL. 

4 Ë� heat shock protein� DnaK, GroEL 9� «

¬ C¸�� transcription mnZ elongation factor

G, Tu, Ts, translation mnZ 30S ribosomal protein S1,

50S ribosomal subunit protein L21, 4%( fumarate

reductase, fructose 1, 6-bisphosphate aldolase, 2,3-

bisphosphoglycerate-independent phosphoglycerate mutase,

pyruvate kinase, 6-phosphofructokinase 9 #�w mn

Z «¬� phosphorylase, ATP synthase-α-subunit ªÄ

� �ªÄ`y, oxydative phosphoryation m#Z :8

9 ��= 2P /�w mnZ «¬Â{ Å�

E F G�L.
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