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Abstract

Saphylococcus aureus is the most common aetiologic agent of contagious bovine
mastitis. Studies of the molecular epidemiologysadureus strongly suggest that
some genetic subsets of strains are particularly well adlémteausing infections
in cattle.

This communication reports the set up of experimental protocols mtifydéhe
immunogenic proteins expressed by one of the most common field isdiaied s
of S aureus responsible for sub-clinical mastitis cases. The ser@bpgroteome
analysis (SERPA) approach applied consists of three megps:dtvo dimensional
electrophoresis-based separation of the proteins contained inisbted S
aureus extracts enriched for surface proteins, detection of immunogpuots
using anti-serum collected from sub-clinical mastitis cases identification of
antigens by mass spectrometric-based methodologies.

The study allowed to identify three immunogenic proteins: DNAesgslocase

FtsK, ribosomal proteins S1 and a Tell-like protein.

Keywords. Saphylococcus aureus, mastitis, proteomics, serological proteome

analysis, MALDI-TOF

1. Introduction
Saphylococcus aureus is associated with human, animal and foodborne
diseases (Balaban and Rasooly, 2000; Honeyman et al., 2001). Moremvire

most common aetiologic agent of contagious bovine mastitis, aseiskat causes
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relevant worldwide losses in the dairy industry (Zecconi et2806).S aureus
expresses a wide array of surface-associated virulencesf§Etster, 2005), and
secretes various exotoxins (Rainard et al., 2003; Schuberth28Gi;,von Eiff et
al.,, 2004). Therefore, it as been suggested that effectiveines should be
comprised of antigens present in most of the strains and indbh@hgmmune
response (Vytvytska et al., 2002).

Proteomics includes the study of proteins express by an organism,
specifically the amount of particular proteins expressed and thentipbte
interactions can be evaluated (Nilsson, 2002).. When combing¢d an
immunological read-out (immunoproteomics), it is a valuableftoadleveloping
molecularly defined vaccines (Klade, 2002; Kudva et al., 2006;rfadet al.,
2005). We recently set up experimental protocols to obtain reproduaible t
dimensional electrophoresis maps of cell wall associatedipsct@d to identify
the most abundant proteins by mass spectrometric analysis ri@&aateal., 2007).
The aim of this study was to apply the experimental conditions dodmiation
obtained from our previous research to the detection of immunogestieins
from a S aureus strain responsible for subclinical mastitis in cows by

SEROological Proteome Analysis (SERPA).

2. Materialsand Methods
2.1 Bacterial strains and growth condition
Saphylococcus aureus strain 1673 was isolated from a case of bovine subclinical

mastitis. The strain is genetically classified within ¢hester (V) which has been
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recovered in most of the herds, as observed in a previous molecula
epidemiological study (Zecconi et al., 2005). Identification Seireus was
performed according to the following scheme: catalase positikemn-@ositive
cocci, haemolytic on blood agar, coagulase positive in 4-18he presumptive
identification was confirmed by API ID32 Staph (99.9%.T=0.63pkBarieux,
Marcy L’Etoile, France). The genetic characteristicshef isolate are: coagulase
positive, collagen binding protein negative, fibrinogen binding proteittiy®s
protein A positive (9 repetitions) and enterotoxin G and itpes

The isolates were stored at -20°C in BHI broth with 15% (gfygerol. Before
proteomic analysis, the isolate was thawed and cultured on blooglataivith

5% bovine blood for 18h, washed, suspended in physiological saline and

harvested by centrifuging at 12000 x g for 30 min at 4 °C.

2.2 2-Dimensional Electrophoresis

Surface associated proteins were prepared by lysostaphindrgatnder isotonic
conditions and reduced and alkylated as described in (Taverna, &0ar).
Following precipitation in an anhydrous solution of acetone and methanol (8:1
viv) at -20 °C, the precipitate was resuspended in thdPAGE sample buffer (7

M urea, 2 M thiourea, 4% CHAPS, 0.5% Resolyte 4-8, bromophenol hbhge) a
sonicated for 1 min. For the first dimension, 1Q@P(preparative 2-DE) or 250

Kg (analytical 2-DE) of protein were applied to rehydrated IRiBss{immobiline

Dry strip pH 4-7, 180 mm; GE Healthcare, Cologno Monzesby) Iy sample

cups. IEF was carried out at 14 °C, 74650 V total voltage, fon.2Bith the

Page 4 of 17



91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

Multiphor 1l system (GE Healthcare, Cologno Monzese, Italy). Ekeond
dimension was performed on home-made 9-16% polyacrylamide linearrgradie
gels (170 x 190 x 1.5 mm), at 40 mA/gel constant current (Prote&oRad,
Segrate, Italy).

Following 2-DE gels were either stained with ammoniacakesi{analytical 2-
DE), or with colloidal blue CBB G (Sigma, Milano, Italy) (preative 2-DE to be
used for mass spectrometry based protein identification) or dhdtt blotting,
gels were splitted in two parts (A and B of Fig. 1) due to tlaege dimensions
and each part blotted separately onto a nitrocellulose membrabentiyGE
Healthcare, Cologno Monzese, Italy) at 20 mA over night at,4u8ing a trans-
blot apparatus (BioRad, Segrate, Italy). Blotted membresees immunodetected
as follows. Prior to the addition of foetal or infected animai-sertum, the
membrane was saturated in 5% non-fat dry milk in Phosphate 8difgaline pH
7.5 with 0.1% Tween 20 (PBS-T), at room temperature, for 1.hdhe
membrane was washed 2 x 15 min and 1 x 5 min in PBS-T 0.1%. rPrima
antibody incubation was performed for 2 hours, at room temperatwiesoiution

of 5% non-fat dry milk in PBS-T 0.1% with 1:20000 serum collected from
animals infected witls aureus or foetal serum. After washing with TBS-T 0.1%
the membrane was incubated with horseradish peroxidase-linkeoairte 1gG
(whole molecule) (Sigma, Milano, Italy) diluted 1:30000, for 1 how%nnon-fat
dry milk in PBS-T 0.2%. After washing the reaction was developsing
enhanced chemiluminescence system (ECL, GE HealthCategno Monzese,

Italy) and proteins were visualized on an autoradiography film (BxoKodak).
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Additional control experiments were run by omitting incubation witlgera to

evaluate staining due to the secondary antibody.

Stained gel and film images were digitized using an B¥3660 densitometer
(Bruker Daltonics, Milano, Italy). Computer aided 2-DE imagelysis to match
signals from immunoblots and protein spots was carried out usingnidela

software (Bruker Daltonics, Milano, Italy).

2.3 In situ digestion and protein identification by MALDI-TOF analysis

Matrix Assisted Laser Desorption lonization — Time Of FligtALDI-TOF)
analysis was carried out on the spot to be identified followhiRE2 in-gel
digestion and peptide extraction as described in Taverna €R@07), using a
Bruker Daltonics Reflex IV instrument (Bruker Daltonics, Milantaly).
Measured peptide masses were used to search the SwissMBRB, TrEMBL,
and NCBI sequence databases for protein identifications by #sed¥l program
(http://www.matrixscience.com). The predicted transmembrangiong in
proteins were identified by the program TMPred from the ExXPASrver

(http://www.expasy.org

3. Resultsand Discussion
3.1 Identification of immunogenic proteins by SERPA
The analysis was focused on the surface sub-proteome for tma@aabns: first,

surface proteins are obviously better suited for vaccine develupresecond,
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samples are less complex than total lysates, thus ensurieg sepiaration and
more reliable identification of the immunogenic proteins.

Preliminary 1-DE experiments using the same material wer®rmed to set up
the proper conditions for Western blot and immunostaining (data not shasn)
expected, and later confirmed by 2-DE experiments, broad imnaimedtspots
were detected also using foetal serum or secondary antibodg. dh order to
limit such unspecific signals, conditions using relatively hidhtidn of primary
anti-serum were chosen. Immunoblots using either cows-infectectai Berum
are shown in Fig. 2. The strict conditions used allowed detedive
immunogenic spots recognized only by infected serum (Fig. 1 and 2 htelI)a
No immunostaining signal was detected in the region correspondpation B
of Fig. 1. Mass spectrometric analysis of the mateoalesponding to the broad
signal present in the upper right of the Western blot probed withtéofeserum
(Fig. 2) indicated that no proteins are present in such regius. observation,
confirmed by the absence of spots in the same portion of trex sil@ined gel
shown in Fig. 1, suggests that this immunoreaction might be dwesidual
lipoteichoic acid or peptidoglycan present in the preparation, both kimve

highly immunogenic.

3.2 Characterization of immunogenic proteins of S. aureus
In order to evaluate the reliability of mass spectromef@ia an example of mass
peptide fingerprint is shown in Fig. 3 and statistical datawahg protein

identification are reported in Table 1. Three highly immunogenic ipotsere
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identified searching the genome of the bovine mastitis-assoS#tesirain ET3-
1: DNA translocase FtsK, ribosomal protein S1 and a hypothetiotiprwhich
shows high similarity to Tell-like protein family that aaesociated with Tellurite
resistance (T8.

DNA translocase FtsK is a 88 kDa polypeptide consisting of aeriNinal
domain with 5 predicted transmembrane helices. DNA trangtaoasrequired for
DNA replication, recombination and transfer within and betweeds (€frington
et al., 2001). In addition, since the sequence of FtsK has erdesiaiilarity to
that of the SpolllE protein oB. subtilis (Wu and Errington, 1994; Wu et al.,
1995), FtsK might have a similar role in peptidoglycan synthéBiyla et al.,
2005) described DNA translocase as an immunogenic protein expressegl dur
early S aureus infection in patients.

Ribosomal protein S1 is a 43 kDa polypeptide present in the small subunit
bacterial ribosome. As a ribosomal protein, S1 is strikiagjypical. Association
of S1 to the ribosome is weak and reversible, whereas most ritheomal
proteins are strongly bound. Also in this case a hypotheticalnteanbrane
domain is predicted. Ribosomal protein, such as ribosomal pr&gjnare
considered molecules presenting good antigenic properties (Diglla 2005). In
addition, using an approach very similar to the one that we apg8bth et al.,
2004)), showed that the ribosomal protein S2Naospora caninum is a good
antigen for bovine 1gG and IgM.

The database search identifies spot 5 as a hypothetical proteinnghbigh

similarity to Tell-like protein family that is associatedth tellurite resistance
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(TeR). Again, the presence of this protein in a fraction enri¢henlirface proteins
is supported by the presence of a predicted transmembrane domain

The presence of a protein of the Tell-like family was adse detected in the
proteome of differen& aureus strains and classified as a virulence and drug-
resistance factor (Cordwell et al., 2002). Genes that neetli&tare found both
on plasmid and in the genomes of many unrelated bacteria, includhmagpas.
The maintenance of several unrelated sets of genes in mieasemti micro-
organisms, all of which confer Teimplies that they are important for survival
(Taylor, 1999). It has been proposed that their primary role migho Ipeotect
against mammalian host defences, possibly by counteracting toxitarstdys
produced by host cellular defences.

In summary, application of the SERPA approach to field isol&ssonsible for
sub-clinical mastitis cases revealed three newly idedtifigghly immunogenic
proteins for which data available from literature confirm poss#sisociation to
cell wall and antigenic or virulence features. The highlyngant conditions
applied allowed to detect only the most immunogenic proteins wimakyricase,
do not include proteins commonly associated to adherence and resistanc
keeping with the observation of Vytvytska et al. (2002) who appliecsdmee
approach to identify highly immunogenic proteinsSiraureus COL isolated from

human patients.

Page 9 of 17



205

206

207

208

209

210

211

212

213

214

215

216

217

218

219
220

221
222
223
224
225
226
227
228
229
230
231

232
233

4. Conclusions

The availability of reproducible proteomic procedures to evalleepattern of
antibody expressed by infected subjects is considered a valuabléortable
development of vaccines and diagnostic tools (Etz et al., 2002ne®ekt al.,
2005; Vytvytska et al., 2002; Weichhart et al., 2003). In partictier SERPA

approach offers the additional advantage of allowing direct idsattdn of

antigenic proteins in a single experiment coupling immonostaining ars$ ma

spectrometry based analysis of two aliquots of a sample edalgsthe same
experiment. To our knowledge this communication reports for the tfire
results obtained by applying the SERPA approach to a fieldtezbb. aureus

strain responsible for sub-clinical bovine mastitis cases.

Acknowledgments

This work was supported by MIUR, Italy (project PRIN 2006)

References

Balaban, N., Rasooly, A., 2000, Staphylococcal enterotoxins.nkitenal J.
Food Microbiol.,61, 1-10.

Cordwell, S.J., Larsen, M.R., Cole, R.T., Walsh, B2002, Comparative
proteomics ofSaphylococcus aureus and the response of methicillin-
resistant and methicillin-sensitive strains to Triton X-100crbbiology-
Sgm148, 2765-2781.

Dryla, A., Prustomersky, S., Gelomann, D., Hanner, M.tilgr, E., Kocsis, B.,
Kustos, T., Henics, T., Meinke, A., Nagy, E., 2005, Conwoari of
Antibody Repertoires againstSaphylococcus aureus in Healthy
Individuals and in Acutely Infected Patients. Clin. Diagnb.Lemmunol.,
12 (2005) 387-398.

Errington, J., Bath, J., Wu, L.J., 2001, DNA transport in dxdat Nat. Rev.
Mol.Cell Biol., 2 (2001) 538-544.

10

Page 10 of 17



234
235
236
237
238
239
240

241
242
243

244
245

246
247
248
249
250
251
252

253
254
255
256
257

258
259
260
261

262
263
264
265

266
267
268
269
270
271
272
273
274
275

Etz, H., Minh, D.B., Henics, T., Dryla, A., Winkler,.BTriska, C., Boyd, A.P.,
Sollner, J., Schmidt, W., von Ahsen, U., Buschle, M., GiIR., Kolonay,
J., Khalak, H., Fraser, C.M., von Gabain, A., Nagy Meinke, A., 2002,
Identification of in vivo expressed vaccine candidate antigens from
Saphylococcus aureus. Proc. . Nat.l Acad. Sci., 99 (2002) 6573-6578.
Foster, T.J., 2005, Immune evasion by staphylococci. Nat Rerobad 3, 948-
958.

Honeyman, A.L., Friedman, H., Bendinelli, M., 2008&aphylococcus aureus
infection and diseaseSaphylococcus aureus infection and disease,
Kluwer Academic / Plenum Publishers; New York; USA, 2001

Klade, C.S., 2002, Proteomics approaches towards antigen diseoMErmaccine
development. Curr. Op. Mol. Therap., 4 (2002) 216-223.

Kudva, I.T., Krastins, B., Sheng, H., Griffin, R.W.,r&eino, D.A., Tarr, P.I.,
Hovde, C.J., Calderwood, S.B., John, M., 2006, Proteomics-based
Expression Library Screening (PELS): A Novel Method for Rapidly
Defining Microbial Immunoproteomes. Mol. Cell. Proteomics.(2606)
1514-1519.

Nilsson, C.L., 2002, Bacterial proteomics and vaccine development.
Am.J.Pharmacogenomi@s 59-65.

Pedersen, S.K., Sloane, A.J., Prasad, S.S., SebasfianLindner, R.A., Hsu,
M., Robinson, M., Bye, P.T., Weinberger, R.P., Harry,.,JA005, An
Immunoproteomic Approach for Identification of Clinical Biomarkens fo
Monitoring Disease: Application to Cystic Fibrosis. Mol. CBltoteomics,
4 (2005) 1052-1060.

Rainard, P., Corrales, J.C., Barrio, M.B., Cochard, Houtrel, B., 2003,
Leucotoxic activities otaphylococcus aureus strains isolated from cows,
ewes, and goats with mastitis: importance of LukM/LukF'-Bikbtoxin.
Clin.Diagn. Lab. Immunol., 10 (2003) 272-277.

Schuberth, H.J., Krueger, C., Zerbe, H., Bleckmann, E.bdlei W., 2001,
Characterization of leukocytotoxic and superantigen-like factadused
by Staphylococcus aureus isolates from milk of cows with mastitis. Vet.
Microbiol., 82 (2001) 187-199.

Sellman, B.R., Howell, A.P., Kelly-Boyd, C., Baker, S,M005, Identification of
immunogenic and serum binding proteinsHphylococcus epidermidis.
Infect. Immun., 73 (2005) 6591-6600.

Shin, Y.S., Lee, E.G., Shin, G.W., Kim, Y.R., Lee, E.Xim, J.H., Jang, H.,
Gershwin, L.J., Kim, D.Y., Kim, Y.H., Kim, G.S., Suh,.B, Jung, T.S,,
2004, Identification of antigenic proteins frorMleospora caninum
recognized by bovine immunoglobulins M, E, A and G using
immunoproteomics. Proteomids 3600-3609.

Taverna, F., Negri, A., Piccinini, R., Zecconi, A., Nonn&., Ronchi, S.,
Tedeschi, G., 2007, Characterization of cell wall associattetins of a

11 Page 11 of 17



276
277

278
279

280
281
282
283
284
285
286
287
288
289
290
291
292
293
294

295
296
297
298
299
300
301
302
303
304
305
306

307

308

309

310

311

312

313

Saphylococcus aureus isolated from bovine mastitis case by a proteomic
approach. Vet Microbial19, 240-247.

Taylor, D.E., 1999, Bacterial tellurite resistance. Trerdgrobiol., 7 (1999)
111-115.

von Eiff, C., Friedrich, A.W., Peters, G., Becker, RQ04, Prevalence of genes
encoding for members of the staphylococcal leukotoxin family among
clinical isolates ofStaphylococcus aureus. Diagn. Microbiol. Infect. Dis.,
49 (2004) 157-162.

Vytvytska, O., Nagy, E., Bluggel, M., Meyer, H.E., Kurgea, R., Huber, L.A.,
Klade, C.S., 2002, Identification of vaccine candidate antigehs
Saphylococcus aureus by serological proteome analysis. Proteonfics
580-590.

Weichhart, T., Horky, M., Sollner, J., Gangl, S., HenitcsNagy, E., Meinke, A.,
von Gabain, A., Fraser, C.M., Gill, S.R., Hafner, Mop\Ahsen, U., 2003,
Functional Selection of Vaccine Candidate Peptides faaphylococcus
aureus Whole-Genome Expression Libraries In Vitro. Infect. Immtib,
4633-4641.

Wu, L.J., Errington, J., 1994, Bacillus-Subtilis Spoiiie Proteequired for DNA
Segregation during Asymmetric Cell-Division. Scie@2éd, 572-575.

Wu, L.J., Lewis, P.J., Allmansberger, R., HauseM.PErrington, J., 1995, A
Conjugation-Like Mechanism for Prespore Chromosome Partitioning
during Sporulation irBacillus subtilis. Gen. Develop., 9 (1995) 1316-
1326.

Zecconi, A., Binda, E., Borromeo, V., Piccinini, R., 2005, Refship between
some Saphylococcus aureus pathogenic factors and growth rates or
somatic cell counts. J. Dairy R&2, 203-208.

Zecconi, A., Calvinho, L.F., Fox, K.L., 20063apylococcus aureus
intramammary infections. IDF Bullet#h08, 42.

12

Page 12 of 17



314

315

316

317

318

319

320

321

322

323

324

325

326
327

Figure captions

Figure1: Silver stained 2-DE of cell wall associated proteinS @iureus strain
1673. The identity of the infected cows specific immunoreagioéeins is
reported in Table 1. The dashed line marks the positiohiatve corresponding
gel run in parallel was split before Western blot analysi

Figure 2: Serological proteome analysis of the A region of theessample
shown in Fig. 1 run in parallel and immunostained using serom ifnfected
cows or foetal serum. Numbers correspond to the proteins df Bigd Table 1.
Figure 3. MALDI-TOF mass spectrum of peptides obtained after icyghgestion
of spot 4. The mass spectrum corresponds to ribosomal protein Stuléol

masses are reported as monoisotopic values.
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Table 1. Highly immunogenic antigens identified from S. aureus strain 1673
isolated from a subclinical mastitis case. Spot numbers refer to Figure 1

Spot Name No. Mass SAno'. Accession
peptides/Seq  (kDa) no.
coverage (%)

1,2,3 Ftsk/SpolllE 8/32 88.0 1138 P64165

4 30S ribosomal 14/61 433 1338 Q5HFU7

protein S1

5 Hypotetical protein, 18/54 43.4 1262 Q6GIF5

Tell-like protein
"'SA no: cattle mastitis associated S. aureus RF122 genome
1
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Figure 2

Infected Foetal
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