005/087929 A1 | 0001 0 O 000 O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

22 September 2005 (22.09.2005)

AT OO OO O

(10) International Publication Number

WO 2005/087929 Al

(51) International Patent Classification’: C12N 15/31
(21) International Application Number:
PCT/AU2005/000355

(22) International Filing Date: 15 March 2005 (15.03.2005)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
2004901359
60/612,688

AU
UsS

15 March 2004 (15.03.2004)
24 September 2004 (24.09.2004)

(71) Applicant (for all designated States except US): TIS-
SUGENPTY LTD [AU/AU]; 41 Hamden Road, Nedlands,
Western Australia 6009 (AU).

(72) Inventors; and

(75) Inventors/Applicants (for US only): COHEN, Ronald,
Joseph [AU/AU]J; 4 Amelup Place, Dianella, Western Aus-
tralia 6059 (AU). GARRETT, Kerryn, Lee [AU/AUJ; 30
Commercial Road, Shenton Park, Western Australia 6008
(AU). SHANNON, Beverley, Anne [AU/AU]; Unit 3, 3
Brosnan Street, Dianella, Western Australia 6059 (AU).

(74) Agent: BLAKE DAWSON WALDRON PATENT SER-
VICES; Level 39, 101 Collins Street, MELBOURNE, Vic-
toria 3000 (AU).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SM, SY, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA,
ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
7ZW), BEurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: INFECTIOUS AETIOLOGY OF PROSTATIC DISEASE AND METHODS TO IDENTIFY CAUSATIVE AGENTS

o (57) Abstract: The present invention relates to a method of diagnosing, or predicting risk of, prostate disease in a subject. More
particularly, the invention relates to a method of diagnosing the presence of, or the predisposition to develop, prostate disease in a
subject, the method comprising analysing a test sample from the subject for the presence of P. acnes infection of the prostate gland.
The present invention further relates to reagents for use in this method and to methods of prevention or treatment of prostate disease.



WO 2005/087929 PCT/AU2005/000355

10

15

20

25

30

Infectious aetiology of prostatic disease and methods to identify causative
agents - g
Technical Field

The present invention relates to a method of diagnosing, or predicting risk of, prostate
discase in a subject. The prescnt invention further relates to rcagents for use in this
method and to methods of prevention or treatment of prostate disease.

Background of the Invention

Diseascs of the prostate include prostatc cancer, which is the most common form of
cancer occurring in males. Thercfore, methods for detecting a predisposition or relative

Tisk of cancer developing are of clinical importance to allow preventative treatment

regimes to be implemented. Such methods could be based upon detection of various
disease markers in test sémples such as blood, serum, plasma, urine or prosiatic
secretions. Procedures would provide a reduction in the development of prostate cancer
in many mei. '

Prostatic inflammation and its subsequent scquelae, post-inflammatory atrophy, is a
pathological condition seen in most men with prostate disease. Chronic inflammation, as
manifest by infiltration of lymphocytes and macropliages into the prostatic stroma
surrounding glands, is reported in 98-100% of cascs (Kohnen 1979, McClinton 1990,
Blumenfeld 1992, Irani 1999, De Marzo 1999, Gerstenbluth 2002). Acule (active)
inflamrnation involving infiltration of polymorphonuclear lecukocytes into the glandular
epithelium, often with associated intraluminal microabscesses, is described in 20-85% of
cases (Kohnen 1979, Irani 1999, De Marzo 1999). This inflammation cannot be
explained simply as an immune response o carcinoma as it is also commonly found in
prostate glands devoid of malignancy (Kohnen 1979, McClinton 1990, Irani 1997).
Furthermote, cven in prostate specimens involved by tumour, inflammation is foeal and
scattered (hroughout the entire organ rather than contined to the tumour or jts periphery
(Blumenfeld 1992, Irani 1999). The targeting of various factors of the inflammatory
process for chemoprevention of prostate cancer has also been proposed (Lucia and
Torkko 2004),

The aetiology of prostatic inflarnmation is currently unknown, however similar findings
of inflammation, atrophy, dysplasia and malignancy are seen in other organ systems
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including the association of atrophic gastritis, gastric dysplasia, carcinoma and
Helicobacter pylori infection (Ucmura 2001, Faraji 2002). Similarly, the possibility of an
infectious origin for prostate cancer has been suggested (Dudgeon 1904, Rosen 1918,
Keay 1999, Kricger 2000, Dennis 2001, Strickler 2001). Focal post-inflammatory
glandular alrophy was proposed as a possible precursor of prostate catcinoma by Franks
in 1954, while later studies (Smith 1987, Platz 1998) implicated chromic prostatic
inflammation in the development of malignancy. Recent work (Dé Marzo, 1999; Platz
and De Marzo 2004) integrates these theorics, suggesting that prostatc carcinoma
originates from lesions of proliferative inflammatory atrophy, which are frequently seen
to merge with regions of high-grade dysplasia (prostatic intra-epithelial neoplasia); a
widely accepted precursor lesion for prostate carcinoma (McNeal 1969),

There also exists epidemiological evidence linking pfostale cancer to infectious agents
such as those associated with sexually transmitted diseases particularly among African-
Americans, a racial group with one of the highest rates of prostate cancer (Dennis 2001,
Strickler 2001). A second link is suggestied by the recent finding that mutations in two
genes involved in the immunce response to infections agents are associated with .
dévelopment of prostate cancer (reviewed in DeMarzo 2003). One particular variation of
the RNasel gene, which mediates apoptosis of virally infected cells, has been implicated
in cievelopmcnt of up to 13% of unselected prostate cancer cases (Silverman 2003).
Further, mutations of the MSRI gene, coding for a macrophage receptor involved in
phagocytosis of bacterial pathogens, have been associated with increased risk of prostale

- cancer, particularly in African-American men (Xu 2002). However, the role of bacterial

agents in discases of the prostate has been poorly investigated.

Propionibacterium acnes is a ubiquitous organism that is microgerophilic and found
predominantly it skin appendages (sweat and sebaceous glands) where it represents a
commensal organism, However, this organism is responsible for the metabolism of lipids
and production of irritant compounds, which are thought to be responsible for androgen-
induced acne vulgaris (Webster 1995). Further, inoculation of this organism into wounds
can result in chronic infections that may persist for decades (Sabel 1999; Brook 1991).
Recently this organism has been identificd in tissues involved in chromic inflammatory
discases such as sarcoidosis (Yamada 2002) and sciatica (Stiling 2001). Genomic DNA
sequences of skin associatéd F. acnes have been analyzed and described in WO 01/815 81
and WO 03/033515.
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The present inventors have consistently identified Propionibacterium acnes in prostate
tissue removed as part of the treatment for prostate cancer. The identification of P. acnes
correlated strongly with the presence of inflammation, both acute and chronic, observed
microscopically within the prostate gland. Therefore, the presence of P. acnes in prostate
tissuc represents a polential aetiological and/or risk factor in the development of prostate
cancer due to its ability to initiate an inflammatory process. .

Suhlmary of tha invention

The prostaic gland is typically believed to be sterile and has no noomal flora. The present
inventors have, however, consistently isolated and cultured Prapionibacterium acnes
from prostate tissue of patients with prostate disease. Further, the present inventors have
determined that the P. gcnes typically isolated from diseased prostate tissue differ from
the common skin isolates of P. acnes.’ The present inventors identified that P, acnes,
more commonly Group 2 and/ar Group 3 deﬁngd herein, are associated with prostate
diseases (such as prostatitis, dysplasia, and prostate camcer), and that P. acnes, more
commonly Group 2 and/or Group 3 are present in the prostate tissuc of patients having
prostate diseases.

' Accordingly, in a first aspect of the present invention there is provided a method of

diagnosing the presence of, or the predisposition to develop, prostate disease in a subject,
the method comprising analysing a test sample from the subject for the presence of
P. acney infection of the prostate gland.

In a second aspect of the present invention there is provided an isolated polynucleotide,
wherein the isolated polynucleotice has a sequence selected from the group consisting of:
SEQ ID NO:1;

a sequence at lcast 99% identical to SEQ ID NO:1:

a fragment of at least about 10, at least about 15, al least about 20, at least about 25, al
least about 30, at least about 50, at least about 100, at Teast about 150, at least about 200
or more contiguous nucleotides of SEQ ID NO:1, wherein the sequence comprises a
sequence that is not present in P. acnes Group 1 or that is specific for P. acnes Group 3;
a sequence which hybridizes to SEQ ID NO: I under conditions of high stringency;

a scquence complementary to SEQ ID NO:1 or a fragment of SEQ [D NO:1 described
above. SEQ [D NO:1;

SEQ ID NO:2;

a sequence at least 99% identical to SEQ ID NO:2;
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a fragment of at least about 10, at least about 15, at least about 20, at least about 25, at
Icast about 30, at least about 50, at Ieast about 100, at least about 150, at least about 200
or more contiguous nuclcotides of SEQ ID NO:2, wherein the sequence comprises a
sequence that is not present in P. acnes Group 3 or that is specific for P. acnes Group 1 or
2 ' o
a sequence which hybridizes to SEQ ID NO:2 under conditions of high stringency;

a sequence complementary to SEQ ID NO:2 or a fragment of SEQ ID NO:2 described
above,

SEQ ID NO:6;

a sequence at least 95%, preferably at least 96%, more préfcrably al least 97%, even more
preferably at least 98%, and more preferably at least 99% identical to SEQ ID NO:6;

a fragment of at least about 10, at least about 15, at least about 20, at least about 25, at
least about 30, at least about 50, at least about 100, at least about 150, at least about 200
of motre coﬁtiguous nucleotides of SEQ ID NO:6, wherein the sequence comprises a.
sequence that is not present in P. acnes Group | or that is specific for £. acnes Group 2 '
and/or Group 3; ‘ ‘

a sequence which hybndh‘.'.eb to SEQ 1D NO: 6 under conditions of high sttingency;

a sequence complementary to SFQ ID NO:6 or a fragment of SEQ ID NO:6 described
above; :

SEQ ID NO:1L;

a sequence at least 95%, preferably at least 96%, more preferably at least 97%, even more
prctcrably at lcast 98%, and more preferably at least 99% identical to SEQ ID NO:11;

a fragmeni of “at least about 10, at lcast about 15, at least about 20, at least about 25, at
leust about 30, at least about 50, at least about 100, at loast about 150, at least about 200
or more contiguous nucleotides of SEQ ID NO:11, wherein the fragment comprises a
sequence that is not present in P. aches Group 1 or that is specific for P. acnes Group 2
and/or Group 3;

a sequence which hybridizes to SEQ ID NO:11 under conditiom of high stringency;

a scquence mmplementary to SEQ IDNO:11 or a fragment of SEQ ID NO:11 descnbcd
above;

SEQ ID NO:15; ,

a sequence at least 95%, preferably al least 96%, more prcferably at lea«.t 7%, even more
preferably at least 98%, and more preferably at least 99% identical to SEQ ID NO:15;

a fragment of at least 10, at least 15, at least 20, at least 25, at least 30, at least 50, at lcast
100, at least 150, at lcast 200 or more contiguous nucleotides of SEQ ID NO:15,wherein

v
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the sequence comprises a sequence that is not present in P. acres Group 2 and/or Group 3
or that is speuﬁc for P. acnes Group 1;
a sequence which hybudizcs to SEQ ID NO:15 under comhuom of high stingency;

a sequence complementary to SbQ §2) NO 15 or a fragment of SEQ ID NO:15 described
ahove;
SEQ ID NO:16;
a sequence at least 95%, preferably at least 96%, more preferably at least 97%, even more
preferably at least 98%, and more preferably at least 99% identical to SEQ LD NO:16;
a fragment of at least 10, at least 15, at least 20, at least 25, at least 30, at least 50, at Jeast
100, at least 150, at least 200 or more contiguous nuclcotides of SEQ ID NO:16,wherein
the sequence compriges a sequence that is not present in P. acnes Group 1 and/or Group 3
or that is specitic for P. acnes Group 2;
a sequence which hybridizes to SEQ ID NO:16 under conditions of high stringeney;
a sequence complementary to SEQ ID NO:16 or a tragmcm of SEQ ID NQ:16 described
above;

- SEQ ID NO:17;

a sequence at least 95%, preferably at least 96%, more preferably al least 97%, even more
preferably at least 98%, and more preferably at least. 99% identical to SEQ 1D NO:17;

a fragment of at least 10, at least 13, at least 20, at least 25, al least 30, at least 50, it least

100, at least 150, at 1east 200 ot more contignous nucleotides of SEQ ID NO:17,wherein
{he sequence compriscs a sequence that is not present in P, acnes Group 1 and/or Group 2
or that is specific for P. acnes Group 3; :

a sequence which hybridizes to SEQ ID NO:17 under cohditions of hi gh smngency,

a scquence complementary to SEQ ID NO 17 or a fragment of SEQ ID NO:17 described

above;

SEQ ID NO:20;

2 sequence at least 95%, preferably at teast 96%, more preferably at lcast 97%, even more
preferably at least 98%, and more preferably at least 99% identical o SEQ ID NO:20;

a fragment of at least 10, at least 15, at least 20, at least 25, at least 30, at least 50, at least
100, at least 150, at least 200 or more contiguous nucleotides of SEQ ID NO:20,wherein
the sequence comprises a sequence that is not present in P. acnes Group 2 and/or Group 3
or that is specific for P, acnes Group 1;

a sequence which hybridizes to SEQ ID NO:20 under cnndmons of high stringency;

a sequence complementary to SEQ ID NO:20or a tragmem of SE,Q ID NO:20 dem.nbe,d
above;

SEQ ID NO:23;

141751485
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a sequence at least 95%, preferably at lcast 96%, more preferably at least 97%, even more
preferably at least 98%, and more preferably at least 99% identical to $EQ ID NO:23;

a [ragment of at least 10, at least 15, at least 20, at leasL 25, at least 30, at least 50, at least
100, at least 150, at least 200 or more contiguous nucleotides of SEQ ID NQ:23,wherein
the scquence comprises a sequence that is not present in P. acnes Group 2 andfor Group 3
or that is specific for P. acnes Group 1;

a sequence which hybridizes to SEQ} ID NO:23 under conditions of high stringency;

a sequence complementary to SEQ 1D NO:23 or a fragment of SEQ ID NO:23 described
abovc;

SEQ ID NO:26;

asequence at least 95%, preferably at least 96%, more preferably at lcast 97%, even more
preferably at lcast 98%, and more preferably at least 99% identical to SEQ ID NQ:26:

a fragment of at least 10, at teast 15, at least 20, at least 25, at least 30, at least 50, at lcast
100, at least 150, at least 200 ot morebontiguous nncleotides of SEQ ID NO:26,wherein
the sequence comprises a sequence that is not present in P. acnes Group 2 and/or Group 3
or that is specific for P. acnes Group 1; _

a sequence which hybridizes to SEQ ID NQ:26 under conditions of high stringency;

a sequence complementary to SEQ-ID NO:23 or a fragment of SEQ I NO:23 described
above;

SEQ ID NO:27; ‘

a sequence at least 95%, preferably at least 96%, more preferably at least 97%, even more
preferably at least 98%, and more preferably at least 999 identical to SEQ AIDANO:27;

a fragment of at least 10, at least 15, at least 20, at least 25, at least 30, at least 50, at least
100, at least 150, at least 200 or more contiguous nucleotides of SEQ ID NO:27, wherein
the sequence comprises a sequence that is not present in 2. genes Group 1 and/or Group 3
or that is specific for P. acnes Grouvp 2;

a sequence which hybridizes to SEQ ID NO:27 under conditions of high stringency;

a sequence complementary to SEQ 1D NO:27 or a fragment of SEQ ID NO:27 described
above; '

SEQ ID NO:28;

a sequence at least 95%, preterably at Icast 96%, more preferably at least 97%, even more
preferably at least 98%, and more preferably at least 99% identical to SEQ ID NO:28;
afragment of at least 10, at least 15, at least 20, at least 25, at least 30, at least S0, at lcast
100, at least 150, at least 200 or more contiguous miclcotides of SEQ ID NO:28, wherein
the sequence comprises a sequence that is not present in £. acnes Group 1 and/or Group 2

“or that is Speufic far P, acnes Group 3:

141751485
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a sequence which hybridizes to SEQ ID NO:28 under conditions of high stringency;

a sequence complementary to SEQ ID NO:28 or a fragment of SEQ ID NO:28 described
above;

SEQ ID NO:31; .

a sequence at least 95%, preferably at least 96%, more prefcrably at Icast 97%, gven more
preferably at least 98%, and more preferably at least 99% identical to SEQ ID NO:31;

a fragment of at least 10, at least 15, at least 20, at-least 25, at least 30, at least 50, at least
100, at least 150, at least 200 or more contiguous nucleotides of SEQ 1D NO;31, wherein

- the sequence comprises a sequence that is not present in P acnes Group 2 and/or Group 3

or that is specitic for 2 acres Group 1;

a sequence which hybridizes to SEQ 1D NO:31 under condmom of hlgh stringency;

a sequence complementary to SEQ ID NO:31 or a fragment of SEQ ID NO:31 described
above;

SEQ ID NO:32; _

a sequence at least 95%, prefersbly at least 96%, more preferably at least 97%, even mote
preferably at least 98%, and more preferably at least 99% identical to SEQ ID NO:32;

a fragment of al least 10, at least 15, at lcast 20, at lcast 25, at least 30, at least 50, at least
100, at least 150, at least 200 or more contiguous nucleotides of SEQ ID NQ:32, wherein
the sequence comprises a sequence that is not present in P acnes Group 1 and/or Group 3
or that is specific for P. acnes Group 2; A

a sequence which hybridizes to SEQ ID NO:32 under conditions of high stringency; '
a sequence complementary (0 SEQ ID NQ:32 or a fragment of SEQ ID NO:32 described
above;

SEQ ID NO:35;

a sequence at least 95%, preforably at loast 96%, more preferably at least 97%, even more
preferably at least 98%, and more preferably at least 99% identical to SEQ ID NO:35;

a fragment of at least 10, at least 15, at least 20, at least 25, at least 30, at least 50, at least

100, at least 150, at lcast 200 or more contiguous nucleotides of SEQ ID NO:35, wherein

the sequence comprises a sequence that is not present in . acnes Group 2 and/or Group 3
ot that is specific for P. acnes Group 1;

" asequence which hybndmes to SEQ ID NO:35 under conditions of high stnngcncy,

a sequence comp]cmentary to SEQ ID NO:35 or a fragment of SEQ ID NO:35 described
above;

SEQ 1D NO:36;

a sequence at lcast 95%, preferably at least 96%, more preferably at least 97%, even more
preferably at least 98%, and more preferably at least 99% identical to SEQ ID NO:36;

141751485
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a fragment of at Icast 10, at lcast 15, at least 20, at least 25, at least 30, at least 50, at least
100, at least 150, at least 200 or more contiguous nucleotides of SEQ D NO:36, wherein
the sequence comprises a sequence that is not present in P. aenes Group 1 and/or Group 3
or that is specific for P. acnes Group 2; .

a scquence which hybridizes to SEQ ID NO:36 under conditions of high stringency;

a sequence complementary to SEQ ID NQO:36 or a fragment of SEQ 1D NQ:36 described
ahove;

SEQ D NO:39;

a sequence at least 95%, preferably at least 96%, more preferably at least 97%, even more
preferably at least 98%, and more preferably at least 99% identical to SEQ ID NO:39; -

a fragment of at teast 10, at least 15, at least 20, at least 25, at Icast 30, at least 50, at least
100, at least 150, at least 200 or more contiguous nucleotides of SEQ ID NO:39, wherein
the sequence comprises a sequence that is not present in 2. acnes Group | and/or Group 3
ot that is specific for P. acnes Group 2;

a sequence which hybridizes to SEQ ID NO:39 under conditious of high stringency;

a sequence complementary to SEQ ID NQO:39 or a fragment of SEQ ID NQ:39 described
above; ‘
SEQ ID NO:42; .

a sequence at leasl 95%, preferably at least 96%, more preferably at least 97%, even more
preferably at-least 98%, and more preferably at least 99% identical to SEQ ID NO:42;

a fragment of at least 10, at least 15, at least 20, at least 25, at least 30, at least 50, at least
100; at Icast 150, at least 200 or more contiguous nucleotides of SEQ 1D NO:42, whergin
the sequence comprises a sequence that is not present in P. acnes Group 1 and/or Group 3
or that is specific for P. acnes Group 2; '

a sequence which bybridizes to SEQ ID NO:42 under conditions of high stringency;

a scquence complementary to SEQ ID NO:42 or a fragment of SEQ ID NO;42 described
above;

SEQ ID NO:45;

a scquence at least 95%, preferably at least 969%, more preferably at least 97%, even morc
preferably at least 98%, and more preferably at least 99% identical to SEQ ID NO:45;
afragment of at least 10, at least 15, at least 20, at least 25, at least 30, at least 50, at least

100, at least 150, at least 200 or more contiguous nucleotides of SEQ ID NO:45, wherein

the sequence comprises a sequence that is not present in P. acnes Group 3 that is specific
for.P. acnes Group 1 or Group 2; .
a sequence which hybridizes to SEQ ID NO:45 under conditions of high stringency;

141751485
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~ a sequence complementary to SEQ ID NO:45 or a fragment of SEQ ID NO:45 desctibed
above;
SEQ ID NQ:46;
a sequence at least 95%, preferably at lcast 96%, more preferably at lcast 97%, even more .
5 preferably at least 98%, and morc preferably at least 99% identcal to SEQ ID NO:46;
a fragment of at least 10, at least 15, at least 20, at least 23, at least 30, at least 50, at least
100, at least 150, at least 200 or more contiguous nucleotides of SEQ ID NO:46, wherein
the sequence comprises a sequence that is not present in P, gcses Group 1 or Group?2 that
is specific for P. acnes Group 3;
10 asequence which hybridizes to SEQ Iy NO:46 under conditions of high stringency;
a sequence complementary 1o SEQ ID NO:46 or a fragment of SEQ D NO:46 described
ahove,

[n a third aspect, the present invention provides a primer wherein the primer binds
specifically to a polynucleotide according to the second aspect of the invention. -

15  In a fourth aspect, the present invention provides a primer sequence that distinguishes
between Group 1, Group 2 and Group 3 P, acnes as herein defined.

In a preferred embodiment the primer sequence according 1o Lhe fourth-aspect specifically
binds to SEQ 1D NO.1, SEQ ID NO.2, SEQ 1D NO.6, SEQ ID NQ.11, SEQ ID NO.15,
SEQ ID NO.16, SEQ ID NO.17, SEQ 1D NO.20, SEQ 1D NO.23, SEQ ID NO.26, SEQ

20 - ID NO.27, SEQ ID NO.28, SEQ ID NO.31, SEQ 1D NQ.32, SEQ ID NO.35, SEQ ID
NQ.36, SEQ ID NO.39, SEQ ID NO.42, SEQ ID NO.45 and SEQ 1D NO.46.

In a fifth aspect, the present invention provides a probe specific for £. acnes, wherein the
* probe detects or or localizes a P. acnes nucleic acid sequence or anti gen.

In a sixth aspect the present invention provides a kit for diagnosing the presence of, or the
25  predisposition to develop, prostate disease in a subject, the kit comprising at least one P,
acnes specific probe.

In a seventh aspect, the present invention also provides methods of screening for an agent
that has inhibitory effect on P. acnes, wherein the methods comprise incubating P. acnes
in the presence of an agent and detecting inhibitory effect of the agent on 2. acnes.

30 In an eighth aspect of the present invention there is provided a method of preventing or
treating a prostate diseasc in a subject, the method comprising administering to a subject
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in need thercof an cffective amount of a P. acnes inhibitory composition.

In a ninth aspect of the present invention there is provided an isolatéd subtype of P, acnes
Group 2 or Group 3 as hereinafter defined. ’

Brief description of the figures.

Figure 1: shows a section of @ whole mount prostatectomy specimen (hematoxylin and
eosin (H&E), original magnification x10) showing a background of glandular atrophy
associated with stromal aggregates of lymphoid cells and histiocytes (Grade 1- chronic
inflammmation). Inserts (origina] ‘magnification x100) show acute (active) inflammation
Grade 2, with migration of neutrophils through the gland wall (top right); concurrent
high-grade dysplasia (PIIN) (top left) and invasive carcinoma (botlom left).

Figure 2: shows differences in growth properties and cell sutface hydrophobicity for P,
acnes of Group 1 comparcd 10 Group 2. Salt Aggregation Tesls (left) show droplets of
bhacterial culture in increasing salt concentrations of 0.25M to 4M as well as a no-salt
negative control (lop). Group 1 isolate (R3) has complete aggregation in 1M salt,
indicating a hydrophobic cell surface compared to Group 2 isolate (2937) with a slight
degree of aggregation in 2 and 4M salt. The cultures grown in liquid medium without
agitation (right) show Group 1 isolate (R3) as a granular sediment with clear supernatant
compared to Group 2 isolate (2937) which has a fine sediment with a turbid supcrnatant.

Figure 3: shows a pulsed-ficld gel analysis of P, acnes isolates. Top panel (A), DNA
banding pattcrns following digestion with Spel; Bottom panel (B), DNA banding patlerns
following digestion with Norl, C-.rbupings are based on similarity of DNA banding
patterns, with Group |1 containing all cutaneous isolates (A1-R5) and two prostatic
isolates (2703 and 2972). The remaining 10 prostatic P. acnes isolates form Groups 2 to
4.

Figure 4: shows sequence variants of the P. acrnes MMCoA gene. Sequences B (SEQ ID
NO:1) and Sequence A (SEQ ID NO:2) differ at 21 specific single-base positions (each
marked by an asterisk).  Sequence B (SEQ ID NO:1) is polymorphic at two basc

- positions (arrows) where either C or T may be present. Primers MMF (SEQ ID NO:3)

and MMR (SEQ ID NO:4) amplily the region between nt 308 and nt 938.

Figure 5: shows an example of DNA banding patterns obtained by RAPD-PCR of
genomic DNA from P, acnes of Groups 1, 2 and 3 (two different isolates from each
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group are shown) using one RAPD primer. Panel A shows a band produced exclusively
in Group 1 P. acnes (atrow), indicating the presence of DNA variations between Group 1
and Groups 2/3. Panel B shows a Southern Blot of this same region of DNA (SEQ D
NO:7 and SEQ ID NO:8) using a probe based on the DNA sequence from Group 1 2.
acnes ( nt 2165 to 2691 of SEQ ID NO:7). This region of DNA is shown to be misSing
from the genome of P. acnes Groups 2 and 3, indicating that the sequence variation is a
large deletion.

Figure 6: shows DNA sequence variations in the region of the Group | RAPD-PCR band
conlaining the downstream end of a beta-lactamase gene (SEQ ID NO:13) compared to
the corresponding sequence from Groups 2 and 3 (SEQ ID NO:14). Sequence dlfferenwb

‘are indicated by an asterisk. This region of DNA was used io design primers

G2/3F1(SEQ ID NO:15), G2/3F2 (SEQ 1D NO:16) and G2/3R (SEQ [D NO; 17) that

" sclectively amplify the region between nt 487 to nt 690 from P. acres Groups 2 and/or 3.

Figure 7: Organization of open ieading frames (ORFs) within and adjacent to the 8692

nucleotide DNA tegion that is deleted from the genome of P. acnes Groups 2 and 3 (SEQ

ID NO:7). Genomic regions within the box comprise the deleted region. Each ORF is
represented by an arrow, with the arrow direction indicating the 5° to 3” direction of its
coding sequence, The coding sequences of ORF X and ORF 1 overlap by 41 nucleotides.
ORF X = putative Endo-beta-mannanase gene; ORF 1 = N-acetyl-beta-hexosaminidase;
ORF 2 = ABC peptide transporter, permease component 1; ORF 3 = ABC peptide
transporter, permease component 2; ORF 4 = ABC peptide transporter, ATP-binding
compenent 1; ORF 5 = ABC peptide transporter, ATP-binding component 2; ORF 6 =
ABC peptide transporier, solute-binding protein; ORF 7 = Chitinase; ORF Y =
Phosphopantetheine adenylyltransferase.

Detailed description of the invention

Accordingly, in a (irst aspect of the present invention there is provided a method of
diagnm;ing the presence of, or the predisposition to develop, prostate discasc in a Subiect,
the method comprising analysing a test sample from the subjcet for the presence of P,
acnes infection of the prostate gland.,

Preferably, the step of analyzing a test sample for the presence of P, acnes is sclected
from the group consisting of bacterial nucleic acid (including DNA and RNA) analysts,
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protein analysis. culture analysis, antibody detcction analysis, detection of P. acnes
metabolic products and combinations thereof.

The prostatc disease is preferably selected from the group consisting of prostatitis,
dysplasia (pre-cancer) and prostate cancer.

In one embodiment, the presence of P. acnes that comprises the DNA sequence of SEQ
ID NO:1, SEQ ID NO.2, SEQ ID NO.6, SEQ ID NQ.11, SEQ ID NO.15, SEQ ID NO.16,
SEQ ID NO.17, SEQ ID NO.20, SEQ ID NO.23, SEQ ID NO.26, SEQ ID N0.27, SEQ
ID NO.28, SEQ ID NO.31, SEQ ID NO,32, SEQ ID NO.35, SEQ ID NO.36, SEQ ID
NO.39, SEQ ID NO.42, SEQ ID NO.45 or SEQ ID NO.46 is analyzed.

Tn another embodiment, the presence of P. acnes Group 2 amd for 3 is analysed by

- detecting a hydrophilic surface on the isolatcd bacterium in combination with SEQ ID

NO:1, SEQ ID NO:6, SEQ 1D NO:11, SEQ ID NO:16, SEQ ID NO:17, SEQ 1D NO:27,
SEQ ID NO:32, SEQ ID NO:36, SEQ ID NO:39, SEQ ID NO:42 or SEQ ID NO:46 but
not including SEQ 1D NO:10, SEQ ID NO: 15, SEQ ID NO:20, SEQ ID NO:23, SEQ ID
NO:31 or SEQ ID NO:35. '

The term “test sample" used herein refers to a compouncnt of a subject's body frotn which

* the presence of P. gcnes infection of the prostaic can be detected, The test samples is

preferably whole blood, serum, plm.ma, urine, seinen, prostatic sec¢retions or prostate
tissue. Preferably, the test sample is urine.

The term "subject” used herein includes a mammal, preferably a human, more preferably
a male. Mammals includes, but are not limited to, farm animals (such as cows), sport
animals, pets (such as cats, dogs, horses), primates, mice and rats.

The presence of P. acnes Group 1 and/or Group 2 and/or Group 3 can be detected usmg,
any methods described herein and methods known in the art. For example, the presence
of P. acnes can be detected by culturing methods (such as testing cell surfuce
hydrophobicily by observing liquid growth characteristics and performing salt
aggregation tests); detecting a DNA sequence that distinguishes P. acnes Group 1 and/or
2 and/or 3; detecting differential expréssion of RNAs and proteins that distinguish P.
acnes Group 1 and/or 2 and/or 3; detecting the presence and/or ahsence of antigens using
antibodies that distinguish P. acnes Group 1 and/or 2 and/or 3; dctecling metabolic
products that distingnish P. acnes Group 1 and/or 2 and/or 3; or by any combination of
these methods. 4
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In one embodiment, the analysis involves extraction of DNA from the test sample and
amplification of P. acnes DNA present therein. It is presently preferred that the
amplification of P.acnes DNA is achicved by PCR using primers specific 10 P.acnes,
preferably P. acnes groups 2 and 3. It will, however, be recognized by persons skilled in -

5 the art that various other DNA amplification methods can equally be used in the present
invention. For instance, DNA amplification methods can include, but are not limited to,
ligation-based thermoeycling approaches, real-time PCR, non-PCR isotherrnal DNA -
amplification téChlﬁqlles, for exarnple: real-time strand displaccment amplification
(SDA), rolling-circle amplification (RCA) and multiple-displacement amplification

10 (MDA). ‘

In a further cmbodimnent, the presence of P. genes infection in prostate-gland is analyzed
by detecting 1« DNA sequence that is specific for P. acnes, preferably a DNA sequence
that distinguishes P. acnes Group 2 and/or Group 3 from Group 1. For exarmple, the
presence of P. gcnes Group 2 and/or Group 3 can be demonstrated by detecting the '

15  presence ot the DNA sequence set forth in SEQ [P NO:1, SEQ ID NO:6, SEQ ID NO:11,
SEQ ID NO:16, SEQ ID NO:17, SEQ 1D NO:27, SEQ ID NO:32, SEQ 1D NO:36, SEQ
ID NO:39, SEQ ID NO:42 and/or SEQ ID NQO:46. The presence of P. acnes Group 2
and/or Group 3 can also be determined by uny combination of these methods. Any

~ primers and probes described herein may be used for détccting the presence,aﬁd/or
20 shsence of these scquences. -

Other DNA sequences that distinguish P. acnes Group 2 and/or Group 3 from Group 1
may be identificd using any methods known in the art. For example, random amplificd
polymotphic DNA (RAPD)-PCR, amplitied fragment length polymorphism (AFLP),
representational difference analysis (RDA). See, e.g., Vancanueyt (2002); Torriani

25 (1999); Hou (1996); Lisitsyn (1995u4); Lisitsyn (1995b). RAPD-PCR and RDA are also A
described in detail in Examples 5 and 10. DNA sequences specific for P, acnes Group 2
and/or Group 3 may be used to design PCR primers specific for Group 2 and/or Group 3,
Examples of PCR primers suitable to distinguish Groups 1, 2 and 3 are outlined in Table
1. ‘

30 Insomc embodiments, the presence of a DNA sequence that is not present in P. acnes
Group 1 ar that is specific for P. acnes Group 2 and/or Group 3 may be detected using
not1-PCR methods. For example, isothermal lincar nucleic acid amplification methods
for generating multiple copies of nucleic acid sequences of interest described in PCT WO
01/020035 and WO 2002/048402, U.S, 6,251,639, and U.S. 6,692,918 (which arc hereby
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incorporated by reference in their entirety) may be used. A composite primer comprising
an RNA partion and a 3' DNA portion can be hybridized to a single stranded DNA
template containing the target sequence, and then the composite primer is exiended with a
DNA polymerase. Optionally, a termination polynucleotide sequence to a region of the
template which is 3' with respect hybridization of the composite primer to the template
may be used. After the DNA polymerase extension, the RNA portion of the anncaled
composite primer is cleaved by an enzyme that cleaves RNA from an RNA/DNA hybrid
such that another composite primer can hybridize to the template and repeat extension by
strand displacement to generate multiple copies of the complementary sequence of the
tavget sequence. The produced multiple copies of the complementary scciucncc of the
target sequence may be hybridized to a sequence specific probe for detecting the presence
of such specific sequence. The probe may be immobilized on a surface of a microarry.
The composite primer may be derived from a sequence specific for P. acnes Group 2
and/or Group 3, or a sequence common to P. acres but adjacent to the target scquence
that is specific for P. acnes Group 2 and/or Group 3, For example, the composite primer
may be derived regions of SEQ ID NO:11 or other sequences specific 1o P.acnes Group 2
and/or Group 3 that are not present in Group 1 P.acnes.

Other DNA detection lechnologies may also be used. For cxample, bio-bar-code (BCA)
DNA detection, which provides hi gh selectivity with a sensitivily that is comparable to
PCR-based approaches without the need for enzymatic amplification may be used (Nam
et al 2004), This method rclics on two-component oligonucleotide-modificd gold
nanoparticles (NPs) and single—compmient oligonucleotide-modificd magnetic .
microparticles (MMPs), and subsequent detection of amplilied turget DNA in the form of
har-code DNA using a chip-based detection method. The gold NPs are modified with

* oligonucleotides that ate complementary to a region of a target sequence of interest and
~ oligonucleotides complementary to a bar-code sequence that is a unique identification tag

for the target sequence. The MMPs arc functionalized with oligonucleotides that arc
complementary to a region of the target sequence different from the NPs. When the
largel is present in the system, the target can be sandwiched with MMP and NP probes to
form a complex. Magnetic scparation of the complex followed by identification of the
bar-code DNA dehybridized allows determination of the presence of the larget sequence.
Because the NP probe carries with it a large number of bar-code complementary
oligonucleotides per target sequence complementary oligonucleotides, there is substantial
amplification of the signal, :
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In another embodiment, the presence of P. acnes is analyzed by detecting gene
expression specific for P. acnes or specifically expressed in P. acnes. Preferably, the
presenice of P, aenes Group 2 and/or Group 3 is analyzed, e.g., by detecting differcntial
expression of a gene that distinguishes P. acnes Group 2 and/or CGiroup 3 from Group 1.

In other embodiments, the presence of P, acnes Group 1 and/or 2 and/or 3 is analyzed by
detecting differentiul expression of an RNA that distinguishes P. acnes Group 1 and/or 2
and/or 3.

In other cmbodiments, the presence of P. «cnes Group 1 and/or 2 and/or 3 is analyzed by
detecting differential expression of a protein that distinguishes P. acnes Group 1 and/for 2
and/or 3. In some embodiments, the protein detected is a cell surlace protein,

In other embodiments, the presence of P. acnes is analyzed by detecting dilferential
cxpression of an antigen that distinguishes £. acnes Group 1 and/or 2 and/or 3. In some
embodiments, differential cxpression of the antigen that distinguishes P. acnes Group 1
and/or 2 and/or 3 is detecled using an antibody that specifically binds to P. acres Group 1
and/or 2 and/or 3. In some embodiments, the antigen is a cell surface antigen. .

In some embodiments, the presence of P. acnes Group 1 andfor 2 and/or 3 is analyzed by
any combinaiion of the methods described herein.

"Differential expression” uscd herein, refers to both qualitative as well as quantitative
differences in the temporal and/or cellular expression patters of genes, within and among

. the cells. Expression profile of a specific group of . acnes at a particular stage or

growth cycle may be established. Thus, a differentially expressed gene can qualitatively
have its expression altered, including an activation or inactivation, in, for example, in 2.
acnes Group 2 and/or Group 3 versus in Group 1. As is apparent to the skilled artisan,
any comparison can be made. Such a qualitatively regulated gene will exhibit an
expression pattern within one group, which is detectable by standard techniques in one
such group, but is not detectable in the other group. Alternatively, the determination is
guantitative in that expression is increased or decreascd; that is, the expression of the
gene is either up-regulated, resulting in an increased amount of transcript, or down-
regulated, resulting in a decreased amount of transcript, The degree to which expression
differs need only be large enough to quantify via standard characterization icchniques as
outlined below, such as by use of Affymetrix GeneChip® expression arrays, Lockhart
(1996), hereby expressly incotporated by reference. Other techniques include, but are not
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limited 1o, quantitative reverse transcriptase PCR, Northern analysis and RNase

protection. As outlined above, preferably the change in expression (i.c. upregdlatiml or

downregulation) is at least about 50%, more preferably at least about 100%, more
preferably at least about 150%, more preferably, at least about 200%, with from 300 to at
least 1000% being especially preferred.

As will be appreciated by those in the art, this may be done by evaluation at cither the
gene transcript, or the protein level; that is, the amount of gene expression may be
monitored using nucleic acid probes to the DNA or RNA equivalent of the gene
transcript, and the quéantification of gene expression Icvels, or, alternatively, the {inal
gene product itself (protein) can be monitored, for example through the use of aatibodies
to the £. acnes protein and standard immunoassays (ELISAs, ete.) ot other techniques,

including mass spectroscopy assays, 2D gel electrophoresis assays, etc.
, ,

In tmother embodiment, the presence of P. acnes is analyzed by culture analysis. The
sample is added to culture media and inéubated. "The culture media is then analyzed for
the presence of P. acnes, preferably . acnes Groups 2 and/or 3. The presence of P.
acnes having hydrophilic surface (Group 2 and Group 3), comparing to hydrophobic
surface (Group 1) can be analyzed. The bacterial cell surface hydrophobicity may be
tested using any methods known in the art, such as observing growth characteristics and
salt aggregation tests (described in detail in Example 2),  Culturc media that can be used
for culturing P. acnes are known in the art. An example of such culture media and
culture condition is described in detail in Example 8.

In a further preferred embodiment the sample is analyzed for the presence of antibodies
specific to P. acnes, preferably P. acnes Groups 2 and/or 3. Any immunoassays known
in the art may be used,

In some embodiments of the present invention, the analysis comprises

(a) contacting the test sample with at least onc P. acnes antibody which specifically

binds to at least one epitope of the P. acnes antigen for a time and under conditions
sufficient for the formation of antibody/antigen complexcs; and

)] detceting the presence of the antibody/antigen complex as an indication of the
presence of £, acnes antigen in the test sample.

Preferably the antibody binds specifically to P. acnes Groups 2 and/or 3.

141751485



WO 2005/087929 PCT/AU2005/000355

17

In a second aspect of the present invention there is provided an isolated polynucleotide,
. whercin the isolated polynucleotide has a sequence selected from the group wnsmtmg of:
SEQID NO:,
a sequence at Icast 99% identical to SEQ ID NO:1;
5 afragment of al least about 10, at-least about 15, at least about 20, at lcast about 25, at

least about 30, at least about 50, at least about 100, at least about 150, at least about 200
or more contiguous nucleolides of SEQ ID NO:1, wherein the sequence compriscs a
sequence that is not present in P. gcnes Group 1 or that is specific for P, acnes Group 3;
a sequence which hybridizes to SEQ ID NO:1 undei conditions of high suingency;

10 asequence complementary to SEQ ID NO:1ora l‘mgment of SEQ ID NO:1 described
above. SEQ ID NO:1;
SEQ ID NO:2;
a sequence at least 99% identical to SEQ ID NO:2; ‘
a fragment of at least about 10, at least about 15, at least about 20, at least about 25, at

15  least about 30, at least about 50, at least about 100, at least about 150, at least about 200
of more conﬁguous nucleotides of SEQ ID NO:2, wherein the sequence comprisesa
sequence that is not present in P. acnes Group 3 or that is specific for P. acnes Group 1 or
25 A
a sequence which hybridizes to SEQ ID NO:2 under conditions of high stringency:

20  ascquence complementary to SEQ 1D NO:2 or a fmgment of SEQ ID NO:2 described
above.
SEQ ID NO:6;
a sequence at least 95%, preferably at least 96% mote preferably at least 97%, even mote
preferably at least 98%, and more preferably at least 99% identical to SEQ 1D NO:6;

25  afragment of at lcast about 10, at least about 15, at least aboﬁ.t 20, at least aboult 25, at
least about 30, at least about 50, at least-about 100, at least about 150, at least about 200
or more contiguous nucleotides of SEQ 1D NO:6, wherein the scquence comprises a
sequence that is not present in P, acnes Group 1 or that is specific for P, acnes Group 2
and/or Group 3;

30  ascquence which hybridizes to SEQ ID NO:6 under conditions of high strmgcncy,
a gequence complementary to SEQ ID NO:6 or a fragmcnl of SEQ 1D NO:6 described
above;
SEQID NO:11; ‘
a sequenice at least 95%, preferably al least 96%, more preferably at least 97%, even more

35  preferably at least 98%, and more preferably at least 99% identical to SEQ ID NO:I 1;
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a fragment of at Icast about 10, at least about 15, at Teast about 20, at least about 25, at
least about 30, at lezst about 50, at least about 100, at least about 150, at lcast about 200
or more contiguous nucleotides of SEQ [D NO:11, wherein the [ragtnent compriscs a
scquence that is not present in P, acnes Group 1 or that is specific for P. acnes Group 2
and/or Group 3; - ’

- a sequence which hybridizes to SEQ ID NO:11 under conditions of high stringency;

a sequence complementary to SEQ ID NO:11 or a fragment of SEQ ID NO:11 described
above;

SEQ ID NO:15;

a sequence at least 95%, preferably at leasl 96%, more preferably at least 97%, cven more
preterably at least 98%, and more preferably at least 99% identical to SEQ ID NOQ:15;

a fragment of at least 10, at least 15, at Teast 20, at least 25, at least 30, at least 50, at least
100, at Jeast 150, at least 200 or more comntiguous nucleotides of SEQ ID NO:15,wherein
the sequence comprises a sequence that is not present in P. acnes Group 2 and/or Group 3
or that is specific for £. acnes Group 1; ’ )

a sequence which hybridizes to SEQ ID.NO:15 under conditions of high stringency;

a scquence complementary to SEQ 1D NO:15ora }'ragment of SEQ ID NO:15 described
above;

SEQ.ID NO:16;

a sequence at least 95%, preferably at least 96%, more preferably at least 97%, even more
preferably at least 989%, and more preferably at least 99% identical to SEQ 1D NO:16;

a fragment of at lcast 10, at lcast 13, at least 20, at least 25, at least 30, at least 50, at least
100, at least 150, at least 200 or more contiguous nucleotides of SEQ ID NO:16,wherein
the sequence comprises a sequence that is not present in P. acnes Group 1 and/or Group 3
or that is specific for P. acnes Group 2; A

a sequence which hybridizes to SEQ ID NO:16 under conditions of high stringency;

a sequence complementary to SEQ ID NO:16 or a fragment of SEQ ID NO:16 described
above;

SEQ ID NO:17;

a sequence at least 95%, preferably at least 96%, more preferably at least 97%, even more
preferably at least 8%, and morc preferably at least 99% identical to SEQ ID NQO:17;

a fragment of at least 10, at least 15, at least 20, at least 25, at least 30, at least 50, at least
100, at least 150, at least 200 or more contiguous nucleotides of SEQ 1D NO:17,wherein
the sequence comprises a sequence that is not present in P, acnes Group 1 and/or Group 2
or that is specific for P. acnes Group 3;

a sequence which hybridizes to SEQ ID NO:17 under conditions of high stringency;
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a sequence complementary to SEQ 1D NO:17 or a fragment of SEQ ID NO:17 described
above;

SEQ ID NO:20;

a sequence at least 95%, preferably at least 96%, more preferably at least 97%, cven more.
preferably at least 98%, and more preferably at least 99% identical to SEQ ID NO:20;

a fragment of at least 10, at least 15, at lcast 20, at least 25, at least 30, at least 50), at least
100, at lcast 150, at ieast 200 or more contiguous nucleotides of SEQ 1D NO:20,wherein
the sequence comprises a sequence that is not present in P. acnes Group 2 and/or Group 3
or that is specific for P. acnes Group 1;

a sequence which hybridizes to SEQ ID NO:20 under conditions of high stringency;

a scquence complementary to SEQ ID NO:20 or a fragment of SEQ 1D NO:20 described
above;

SEQ ID NO:23; .

a sequence at Yeast 95%, pleferably at lcast 96%, more prel’erably al leust 97%, even more
preferably at least 98%, and more preferably at least 99% identical to SEQ ID NO:23;

a fragmcent of at least 10, at least 15, at least 20, at least 25, at least 30, at least 50, at lcast
100, at least 150, at least 200 or more contiguous nucleotides of SEQ ID NO:23,wherein

~ the sequence comprises a sequence that is not present in P. acnes Group 2 dJld/OI‘ Group 3

or that is specific for P. acnes Group 1;

a sequence which hybridizes to SEQ ID NO:23 under conditions of hi gh stringency;

a scquence compleinentaty to SEQ ID NO:23 or a fragment of SEQ 1D NO:23 described
above;

SEQ ID NO:26; ‘

a scquence at least 95%, preferably at least 96%, more preferably at least 97%, even more
preferably at least 98%, and more preferably at least 99% identical to SEQ ID NO:26;

a fragment of at least 10, at least 15, at least 20, at least 25, at lcast 30, at least 50, at least
100, at least 150, at least 200 or more contiguous nucleotides of SEQ ID NO-26,whércin
the sequence wmpmes a sequence that is not present in P, acnes Group 2 and/or Group 3
or that is specific for P, acnes Group 1;

a sequence which hybridizes to SEQ ID NO:26 under conditions of high stringency;

a sequence complementary to SEQ 1D NO:23 or a fragment of SEQ ID NO:23 described
above;

SEQ ID NO:27;

a sequence at least 95%, preferably at least 96%, more preferably at leust 97%, even more
preferably at least 98%, and more preferably at least 99% identical to SEQ ID NO:27;
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a [ragment of at least 10, at least 15, at least 20, at least 25, at least 30, at least 50, at Ieast
100, at least 150, at least 200 or more contiguous' nucleotides of SEQ ID NQ:27, wherein

the scquence comprises a sequence that is not present in P. acnes Group 1 and/or Group 3

or that is specific for P. acnes Group 2;

a sequernce which-hybridizes to SEQ ID NO:27 under conditions of high stringency;

a sequence complementary to SEQ 1D NO:27 or a fragment of SEQ 1D NO:27 described

above;

SEQ ID NO:28, :

a sequence at least 95%, preferably at least 96%, more preferably at least 97%, even more

preferably at least Y8%, and more preferably at least 99% identical to SEQ 1D NO:28;

a fragment of at least 10, at least 15, at least 20, at least 25, at least 30), at least 50, at least

100, at least 150, at Icast 200 or more contignous nucleotides of SEQ ID NO:28, wherein

the sequence dumprises a sequence thal is not present in P. acnes Group 1 and/or Group 2

or that is specific for £. acnes Group 3;

a sequence which hybridizes to SEQ ID NO:28 under condmom of high stringency;

a sequence complementary to SEQ 1D NQ:28 or a fragment of SEQ ID NO:28 described

above;

SEQID NO:31; ) :

a sequence at least 95%, preferably at least 96%, more preferably at least 97%, even more

preferably at least 98%, and more preferably at least 99% identical to SEQ ID NO:31;

a fragment of at least 10, at least 15, at least 20, at least 25, at least 30, at least 50, at least

100, al least 150, at least 200 or more contiguous nucleotides of SEQ ID NO:31,wherein

the sequence comprises a sequence that is not present in P. acnes Group 2 and/or Group 3

or that is specific for P, genes Group 1; ‘

a sequence which hybridizes to SEQ ID NQO:31 under conditions of high stringency;

a sequence complementary 10 SEQ ID NO:31 or a fragment of SEQ ID NO:31 described
above;

SEQID NO: 32

a sequence at least 95%, preferably at least 96%, more. preferably at least 97%, even more

preferably at least Y8%, and more preferably at least 99% identical to SEQ ID NO:32;

a fragment of at least 10, at Icast 15, at least 20, at least 25, at least 30, at least 50, al least
100, at least 150, at least 200 or more contiguous mucleotides of SEQ [D NQ:32, wherein

the sequence comprises a sequence that is not present in P acres Group 1 and/or Group 3

or that is specific for P. acnes Group 2;
a sequence which hybridizes to SEQ ID NO:32 under conditions of high stringency;
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a sequence complementary to SEQ ID NO:32 or a fragment of SEQ ID NO:32 described
above;

SEQ ID NQO:35;

a sequence at least 95%, preferably at least 96%, morc preferably at least 97%, even more
preferably at least 98%, and more preferably at least 99% identical to SEQ ID NO:35;

a fragment of at least 10, at least 15, at least 20), at least 25, at least 30, at least 50, at least
100, at least 150, at Icast 200 or more contiguous nucleotides of SEQ 1D NO:35, wherein
the sequence comprises a sequence that is not present in P. acnes Group 2 and/or Group 3
or that is specific for P. acnes Group 1;

~ ascquence which hybridizes to SEQ 1D NO:35 under condmons of high stringency;

a sequence complementary to SEQ ID NO:35 or a fragment of SEQ ID NO:35 described
above;

SEQ ID NO:36;

a sequence at least 95%, preferably at least 96%, more preferably at least 97%, even more
preferably at least 98%, and more preferably at least 99% identical to SEQ ID NO:36;

a [ragment of at least 10, at lcast 15, at least 20, at least 25, at least 30, at least 50, at least
100, at least 150, at least 200 of more contiguous nucleotides of SEQ ID NO:36, wherein
the sequence compﬁses a sequence that is not present in P. acnes Group 1 and/or Group 3
or that is specific for P. acnes Group 2;

a sequence which hybridizes to SEQ 1D NQ:36 under conditions of high stringency;

4 sequence complcmcmmry to SEQ ID NO:36 or a fragment of SEQ 1D NO:36 described
above;

SEQ ID NO:39;

a sequence at Icast 95%, preferably at least 96%, more preferably at least 97%, even more

_preferably al least 98%, and more preferably at least 99% identical to SEQ 1D NO:39;
- afragment of at least 10, at least 15, at least 20, at least 25, at least 30, at least 50, at least

100, at lcast 150, at least 200 or more contiguous nucleotides of SEQ ID NO:39, wherein
the sequence coinprises a sequence that is not present in P. acnes Group | and/or Group 3
or that is specific for P. acnes Group 2;

a sequence which hybridizes to SEQ 1D NO:39 under conditions of high stringency;

a sequence complementary to SEQ ID NO:39 or a fragment of SEQ ID} NQ:39 described
above;

SEQ Iy NO:42;

* asequence at least 95%, preferably at least 96%, more preferably at least 97%, even morc

preferably at least 98%, and more preferably at least 99% identical to SEQ ID NO:42;
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a frapment of at least 10, at least 15, at least 20, at least 23, at least 30, at lcast 50, at least
100, at feast 150, at least 200 or more contiguous nucleotides of SEQ ID NO:42, wherein
the sequence comprises a sequence that is not present in P. acnes Group 1 and/or Group 3
or that is specific for P. acnes Group 2; .

a sequence which hybridizes to SEQ 1D NO:42 under conditions of hxgh stringency;

a sequence complementary to SEQ ID NO:42 or a fragment of SEQ 1D NO:42 described
above;

SEQ ID NQ:45;

a sequence at least 95%, preferably at least 96%, more preferably at least 97%, even more
preferably at least 98%, and more preferably at lcast 99% identlical to SEQ ID NO:45;

a fragment of at least 10, at least 15, at least 20, at least 25, at least 30, at least 50, at least
100, at Icast 150, at least 200 or more contiguous nucleotides of SEQ ID NO:45, wherein
the sequence comprises a sequence that is not present in P. acney Group 3 that is specilic
for P. acnes Group 1 or Group 2;

a sequence which hybridizes to SEQ ID NO:45 under conditions of high stringency;

a sequence complementary to SEQ ID NO:45 or a fragment of SEQ ID NO:45 described
above;

SEQ ID NO:46;

a sequence at least 95%, preferably at least 96%, more pr(.fa,rably al least 97%, even more
preferahly at least 98%, and more preferably at least 99% identical to SEQ ID NO:46;

a fragment of at least 10, at least 15, at least 20, at least 25, at least 30, at teast 50, at lcast
100, at least 150, at least 200 or more contignous nucleotides of SEQ ID NO:46, wherein
the sequence comprises a sequence that is not present in P, zenes Group 1 or Group2 that

. is specific for P, acnes Group 3;

a sequence which hybridizes to SEQ ID NO:46 under conditions of high stringency;
a sequence complementary to SEQ 1D NO:46 or a fragment of SEQ ID NO:46 described
above.

Polynucleotide sequences specific to 2. acnes arc useful as primers for the amplification

- of DNA or as probcs to determine the presence of P. acnes nugleic acid sequences in test

sumples.

In a third aspect, the present invention provides a primer whercin the primer binds
specifically to a polynucleotide according to the second aspect of the invention.

A “primer” is gencrally a short single stranded polynucleotide, generally with a free 37-

- OH group, that binds to a target potentially present in a samplc of intercst by hybridizing
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with h’la"rgel sequence, and thereafier promotes polymerization of a polynucleotidc
complementary to the target. A primer may be about 10, 15, 20, 25, 30, 35, 40, 45, 50 or
more nucleotides in length,

As used herein, “polynucleotide,” or “nucleic acid,” as used interchangeably herein, refer
to polymers of nucleotides of any length (such as at least 10 nt, 135 nt, 20 nt, 30 nt, 50 nt,
75 nt, 100 nt, 1501t, 200 nt, of longet), and include DNA and RNA. The nuclectides can
be deoxyribonucleotides, ribonucleotides, modified nucleotides or bases, and/or their
analogs, or any substrate that can he incorporated into a polymer hy DNA or RNA
polymecrase. A polynucleotide may comprise modificd nucleotides, such as methylated
nucleotides and their analogs. If present, modification to the nucleotide structure may be
imparted before or after assembly of the polymer. The sequence of nucleotides may be
interrupted by non-nucleotide components. A polynucleotide may be further modified
after polymerization, such as by conjugation with a labeling component. Other types of
modifications include, for example, “caps”™, substitution of onc. or more of the naturally
vecurring nucleotides with mllanaiog, internucleotide modifications such as, for example,

 those with uncharged linkages (e.g., methyl phosphonates, phosphotriesters,
_ phosphoamidates, cabamates, etc.) and with charged linkages (e.g., phosphorothioates,

phosphoredithioates, etc.), those containing pendant moieties, such as, for example,
proteins (c.g., nucleases, toxins, antibodics, signal peptides, ply-L-lysine, cte.), those with

.intercalators (e.g., acridine, psoralen, ele.), those containing chelators (e.g., metals,

radioactive metals, boron, oxidative metals, etc.), those containing alkylators, those with
modiﬁéd'linkages (e.g., alpha anomeric nucleic acids, etc.), as well as unmodificd forms -
of the polynucleotide(s). Further, any of the hydroxyl groups ordinarily present in the
sugars may be replaced, [or example, by phosphonate groups, phosphate groups,
protected by standard protecting groups, or activated to prepare additional linkages to
additional nucleotides, or may be conjugated to solid supports. The 5’ and 3° terminal
OH cun be phosphorylated or subslituted with amines or organic capping groups moieties
of from 1 to 20 carbon atomns. Other hydroxyls may also be derivatized to standard
protecting groups. Polynucleotides can also contain analogous forms of ribose or
deoxyribose sugars thal are generally known in the art, including, for example, 2'--O-
methyl-, 2’-0-allyl, 2°-fluora- or 2’-azido-ribose, carbocyclic sugar analogs, o-anomeric
sugars, epimeric sugars such as arabinose, xyloses or lyxoses, pyranose sugars, furanose
sugars, sedoheptuloses, acyclic analogs and abasic nucleoside analogs such as methyl
riboside. Onc or morc phosphodicster 1iﬁkagcs may be replaced by alternative linking
groups. These alternative linking groups include, but are not limited to, embodiments
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wherein phosphate is replaced by P(0)S(“thioate™), P(S)S (“dithioate™), “(O)NR,
(“amidate”), P(O)R, P(O)OR’, CO or CH, (“formacetal™), in which each R or R’ is
independently H or substiluted or unsubstituted alkyl (1-20 C) optionally containing an
ether (-O-) linkage, aryl, alkenyl, cycloalkyl, cycloalkenyl or araldyl. Not all linkages in .-
a polynucleotide need be identical. The preceding description applies to all
polynucleotides referred to herein, including RNA and DNA.

For the purpose of this invention, the "sequence identity" of two related nucleotide or
amino acid sequences, cxpressed as a percentage, refers to the number of positions in the
two optimally aligned sequences which have identical residues (x100) divided by the

‘number of positions compared. A gap, i.¢., a position in an alignment where a residue is

present in one sequence but not in the other is regarded as a position with non-identical
residues, The alignment of the iwo sequences is performed by the Needleman and
Wunsch algorithm (Needleman and Wunsch 1970). The computer-assisted sequence
alignment above can be conveniently performed using standard software program such as
GAP, which is part of the Wisconsin Package Version 10.1 (Genetics Computer Group,
Mudison, Wisconsin, USA) using the default scoring matrix with a gap creation penalty
ot 50.and a gap extension penalty of 3. It is clear that when RNA sequences are to be
essentially similar or have a certain degree of sequence identity with DNA sequences,
thymine (T) in the DNA sequence is considered cqual 1o urucil (U) in the RNA sequence.

As used herein, stringent conditions are those that (1) employ low jonic strength and high
temperature for washing, for example, 0.015 M NaCl/0.0015 M sodium citrate/0). 1%
NaDodSO; at 50°C; (2) employ during hybridization a denaturing agent such as
formarmide, for example, 50% (vol/vol) [ormamide with 0,1% bovine sctum albumin,
0.1% Ficoll, 0.1% polyvinylpyrrolidone, 50 mM sodium phosphate buffer at pH 6.5 with
750 mM NacCl, 75 mM sodium citrate at 42°C; or (3) employ 50% formamide, 5 x SSC
(0.75 M NaCl, 0.075 M sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1%
sodium pyrophosphate, 5 x Denhardt's solution, sonicated salmon sperm DNA (50 g/ml),
0.1% SDS and 10% dextran sulfate at 42°C in 0.2 x SSC and 0.1% $DS. These
conditions are examples of high stringency conditions, The skilled artisan will recognize
how to adjust the temperature, ionic strength, efc. as necessary Lo accommodate factors
such as probe length and the like. Scc, "Molecular Cloning: A Laborafory Manual”,
second edition (Sambrook et al., 1989)

In a fourth aspect, the present invention provides a primer sequence that distinguishes
between Group 1, Group 2 and Group 3 P. acnes as herein defined.
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Ina preferréd embodiment, the primer sequence is based on SEQ ID NO.1, SEQ ID
NO.2, SEQ ID NO.6, SEQ ID NO.11, SEQ ID NO.15, SEQ ID NO.16, SEQ ID NO.17,
SEQ ID NO.20, SEQ ID NO.23, SEQ ID NO.26, SEQ ID NO.27, SEQ ID NO.28, SEQ
1D NO.31, SEQ ID NO.32, SEQ 1D NO.35, SEQ [D NO.36, SEQ ID NO.39, SEQ ID
NO.42, SEQ ID NO.45 or SEQ 1D NO.46 or other regions of the P, acnes genome that
can identily P. acnes and distinguish Group 1 and/or 2 and/or 3.

The present invention also provides pairs of primers for detecting the presence of

P. acnes Group 1 and/or Group 2 and/or Group 3 in a sample. In some embodiments, at
least one of the primers specifically binds to SEQ ID NO.1, SEQ ID NO.2, SEQ ID
NO.6, SEQ ID NO.11, SEQ 1D NO.15, SEQ 1D NO.16, SEQ ID NO.17, SEQ 1D NO.20,
SEQ ID NO.23, SEQ I} NO.26, SEQ ID NO.27, SEQ ID NO.28, SEQ ID NO.31, SEQ
ID NO.32, SEQ ID NO.35, SEQ ID NO.36, SEQ ID NO.39, SEQ ID NO.42, SEQ ID

.NO.45 and SEQ ID N(.46 or to a sequence that is at least 95%, at least 96%, at least

97%, at least Y8%, or at least 99% identical to SEQ ID NO.1, SEQ ID NO.2, SEQ ID
NO.6, BEQ ID NO.11, SEQ ID NO.15, SEQ ID NO.16, SEQ ID NO.17, SEQ ID NO.20,
SEQ ID NQ.23, SEQ ID NO.26, SEQ ID NO.27, SEQ D NQ.28, SEQ ID NO.31; SEQ -
ID N0.32, SEQ ID NO.35, SEQ ID NO.36, SEQ ID NO 39, SEQ ]I) NO.42, SEQ ID
NO.45 and SEQ ID NO.46 or other regions of the £. acnes genome that can identify P.
acnes and distinguish Group 1 and/or 2. and/or 3.

In a preferred embodiment, the primer is selected from the group consisting of SEQ D
NO.3, SEQ 1D NO.4, SEQ ID NO.7, SEQID NO.8, SEQ ID NO.9, SEQ ID NO.12, SEQ
ID NO.13, SEQ ID NO.14, SEQ ID NO.18, SEQ ID NO,19, SEQ ID NO.21, SEQ ID
NO.22, SEQ ID NO.24, SEQ ID NO.25, SEQ ID NO.29, SEQ ID NO.30, SEQ ID
NO.33, SEQ ID NO.34, SEQ ID NO.37, SEQ ID NO.38, SEQ ID NO.40, SEQ ID
NQ.41, SEQ ID NQ.43, SEQ ID NO.44, SEQ 1D NO.47 and SEQ 1D NO.48.

In some embodiments, the présence of £, acnes Group 1, 2 or 3 is delected by the
presence of the DNA sequence set forth in SEQ D NO:1 or SEQ ID NQ:2, 'In some
embodiments, the presence of the DNA sequence set forth in SEQ ID NO:1 or SEQ ID
NQ:2 is detected by amplification performed using PCR with primer pairs MMF (SEQ ID
NO:3) and MMR (SEQ ID NO:4) and assessing the presence or absence of a specific
nucleotide sequence in the amplified PCR product, where the presence of SEQ ID NO:1
indicates P.acnes Group 3 and SEQ D NO:2 indicates P.acres Group 1 or 2.
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In some embodiments, the presence of P. acnes Group 2 and/or Group 3 is analyzed by
detecting a DNA scquence that distinguishes P. acnes Group 2 and/or Group 3 from
Group 1. In some embodiments, the presence of P. acnes Group 2 and/or Group 3 is -

detected by the presence of the DNA sequence set forth in SEQ ID NO:6. In some

cmbodiments, the presence of the DNA sequence set forth in SEQ ID NO:6 is detected by
amplification nsing PCR with pmncr pairs G2/3F1 (SEQ ID NO:7) and G2/3R (SEQ ID
NO:8), and/or G2/3F2 (SEQ ID NO:9) and G2/3R (SEQ ID NO:8) and asscssing the
presence or ahsence of the PCR product and/or the nucleotide sequence of the amplified

PCR product that is specific for P. acnes Group 2 and/or Group 3.

In some embodiments, the prcseﬁce of P. acnes Group 2 and/or Group 3 is analyzed by
detecting the presence of the DNA sequence set forth in SEQ [D NO:11. In some
embodiments, the presence of the DNA sequence set forth in SEQ ID NO:11 is detected
by amplification performed using PCR with primer pairs DELF (SEQ ID NO:12) and
DELR1 (SEQ I} NO:13) and/or DELF (SEQ ID NO:12) and DELR2 (SEQ ID NO:14),
and assessing the presence and/or the nucleotide sequence of the amplified PCR product

that is specific for P. acnes Group 2 and/or Group 3 (SEQ ID NO:1 1),

In some embodiments, the presence of P. acnes Group 2 and/or Group 3 is analyzed by

detecting the deletion of the DNA sequence-of about 8.7 kb, which encodes the following -
open reading frames: N-acetyl-beta-hexosaminidase; ABC peptide transporter, permesse
cornponent 1; ABC peptide transporter, permcasc component 2; ABC peptide transporter,
A'TP-binding component 1; ABC peplide transporter, ATP-binding component 2; ABC

. peptide transporter, solute-binding protein; and Chitinase, and is set forth in SEQ 1D

NQO:10. The absence of the DNA sequence as set out in can be analywad by any method
of amplification or hybridization.

In some cmbodiments, the presence of P. acnes Group 1 is analyzed by the inability to
amplify the DNA sequence set [orth in SEQ ID NO:11. In some embodiments, the
inability to amplify the DNA sequence set forth in SEQ 1D NO:11 using PCR with primer
pairs DELF (SEQ ID NO:12) and DELR1 (SEQ ID NO:13) and/or DELF (SEQID
NO:12) and DELR2 (SEQ ID NO:14), is due 10 the presence of about 8.7kb of DNA.
scquenee as set out in SEQ 1D NO:10.

In further cmbodiments, the presence of P.acnes Group 1 is analyzed by. detecting the

presence of the DNA sequence set forth in SEQ ID NO:10 by any method of
amplification or hybridization.
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In some embodiments, the presence of P. acnes Group 2 and/or Group3 is detected by the
presence of the DNA scquence set forth in SEQ ID NO:16 and SEQ ID NO:17
respectively that distinguishe P. acries Group 2 and Group 3 from Group 1. In some
embodiments, the presence of £. acnes Group 2 and Group 3 is detected by the presence
of the DNA sequence set forth in SEQ ID NO:16 and SEQ ID NO:17 and P. acnes Group
1 is detected by the presence of the DNA sequence set forth in SEQ ID NO:15. In some
cmbodiments, the presence of the DNA sequence set forth in SEQ ID NO:15, 16 and 17
is detected by amplification using PCR with primer pairs PR262 (SEQ 1D NO:18) and
PR263 (SEQ ID NO:19). and assessing the presence of the PCR product of the specified
size and/or the nucleotide scquence of the amplified PCR product that is specific for £.
denes Group 1 and Group 2 or 3.

In some embodiments, the presence of P, acnes Group 1 is detected by the presence of
the DNA sequence set forth in SEQ ID NO:20 that distinguishes P. acney Group 1 from
Groups 2 and 3. In some embodiments, the presence of the DNA sequence sel forth in
SEQ ID NO:20 is detected by amplification performed using PCR with primer pairs
PROS0 (SEQ ID NO:21) and PR108 (SEQ ID N(O:22), and asscssing the ptesence or
absence of the PCR product of the specitied size and/or the nucleotide scquence of the
amplified PCR product that is specific for P. acnes Group 1. No amplified product is
produced for P.acnes Group 2 or 3. -

In some embodiments, the presence of P. acnes Group 1 is detecied by the prcscﬁcc of

. the DNA sequence set forth in SEQ ID NO:23 that distingnishes P. acnes Group 1 from
- Groups 2 and 3. In some embodiments, the presence of the DNA sequence set forth in

SEQ ID NO:23 is detected by amplification performed using PCR with primer pairs
PR213 (SEQ ID NO:24) and PR216 (SEQ 1D NQ:25), and assessing the presence or
absence of the PCR product of the specified size and/or the nucleotide sequence of the
amplified PCR product that is specific for £. acnes Group 1. No amplified product is
produced for P.acnes Group 2 or 3,

In some embodiments, the presence of 2, acnes Group 2 is detected by the presence of
the DNA sequence set forth in SEQ ID NO:27 that distinguishes P, acnes Group 2 from
Groups | and 3. In somc embodiments, the presence of P. acnes Group 2 is detected by
the presence of the DNA sequence sct forth in SEQ ID NO:27 and £. acnes Group 1 and
3 are detected by the presence of the DNA sequence set forth in SEQ 1D NO:26 and SEQ
ID NO:28 respectively. In some embodiments, the presence of the DNA sequence sct

* forth in SEQ ID NO:26, 27 and 28 is detected by amplification vsing PCR with primer
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pairs PR217 (SEQ ID NO:29) and PR218 (SEQ ID NO:30), and assessing the presence of
the PCR product of the specified size and/or the nucleotide sequence of the amplified
PCR product that is specific for P. acnes Group 2 and Group 1 or 3.

In some embodiments, the présence ol P. acnes Group 2 is detected by the presenceof
the DNA sequence set forth in SEQ ID NO:32 that distinguishes P. acnes Group 2 from
Groups 1 and Group 3. In some embodiments, the presence of P. acnes Group 2 is
detected by the presence of the DNA sequence set forthin SEQ ID NO:32 and P. acnes
Group 1 is detected by the presence of the DNA sequence set forth in SEQ IDNO:31. In

" some embodimentx, the presence of the DNA sequence set forth in SEQ ID NO:32 and

SEQ I NO:31 is detected by amplification using PCR with primer pairs PR219 (8EQ ID
NQ:33) and PR220 (SEQ ID NO:34), and asscssing the presence or absence of the PCR
product of the specified size and/or the nucleotide sequence of the amplified PCR product

that is specific for £. acnes Group 1 and Group 2 with no product visible for Group 3.

In some embodiments, the presence of P. acnes Group 2 is detected by the prcscncc of
the DNA sequence set forth in SEQ ID NO:36 that distinguishes P. acnes Group 2 from
Groups 1 and Group 3. In some embodiments, the presence of £. acnes Group 2 is
detected by the presence of the DNA sequence set forth in SEQ ID NO:36 and P. acnes
Group 1 is detected by the presence of the DNA séquencc set forth in SEQ D NO:35, In
some embodiments, the presence of the DNA scquence sct forth in SEQ ID NO:36 and
SEQ ID NO:35 is detected by amplification using PCR with primer pairs PR221 (SEQ ID
NQO:37) and PR222 (SEQ ID NO:38), and assessing the presence or absence of the PCR
product of the specified size and/or the nucleotide sequence of the amplified PCR product
that is specific for P. acnes Group 1 and Group 2 with no product visible for Group 3.

In some ecmbodiments, the presence of P. acres Group 2 is detected by the presence of
the DNA sequence set forth in SEQ ID NO:39 that distinguishes P. acres Group 2 [rom
Groups 1 and Group 3. In some embodiments, the presence of the DNA sequence set
forth in SEQ ID NO:39 is detected by amplitication using PCR with primer pairs PR256

(SEQ ID NO:40) and PR257 (SEQ ID NO:41), and assessing the presence or absence of

the PCR product of the specified size and/or the nucleotide sequence of the amplified
PCR product that is specific for P. acnes Group 2 with no product visible for Group 1 and
Giroup 3.

In some embodiments, the presence of P. acnes Group 2 is detected by the presence of

" the DNA sequence set forth in SEQ ID NO:42 that distinguishes P. acries Group 2 [rom
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Groups 1 and Group 3, (n some embodiments, the presence of the DNA sequence set
forth in SEQ ID NO:42 is detected by amplification using PCR with primer pairs PR253
(SEQID NO: 43) and PR254 (SEQ ID NO:44), and assessing the presence or absence of
the PCR product of the specified size and/or the nucleotide sequence of the amplified-
PCR product that is specitic for P. acnes Group 2 with no product visible for Group 1 and
Group 3.

In some embadiments, the ptesence of P, acnes Group 3 is detected by the prescnce of

the DNA sequence sct forth in SEQ ID NO:46 that distinguishes P. acnes Group 3 from |
Groups 1 and 2. In some emhndimenfs, the presence of P. acnes Group 3 is detected by
the presence of the DNA sequence set forth in SEQ ID NO:46 and P. acnes Group 1 and

2 are detected by the presence of the DNA sequence sct forth in SEQ D NO:43. In some
embodiments, the presence of the DNA sequence set forth in SEQ 1D NO:46 and SEQ ID
NO:45 is detected by amplification using PCR with primer pairs PR245 (SEQ ID NO:4T)
and PR247 (SEQ ID NO: 48), and assessing the presence or absence of the PCR product

of the gpecified size and/or the tucleotide sequence of the ampllﬁed PCR product that is
Spec1ﬁt, for P. acnes Group 3 and Groups 1 and 2,

In a preforred embodiment, the DNA amplification is conducted by PCR using
polynueleotide primers described in table 1. The primer may comprise sequences that
are common in different groups of P. acres, such as Groups 1, 2, and 3, but amplily a
DNA sequence specific for P, acnes Group 1 and/or Group 2 and/or Group 3. Primers
may comprisc P. acnes Group | and/or Group 2 and/or Group 3 speeific sequences and
selectively amplify P. acnes Group 1 and/or Group 2 and/or Group 3 sequences, Any
primers described herein may be used. It is preferred that following amplification the
amplification product is analyzed, preferably by gel analysis, sequencing, by single strand
conformational polymorphism (SSCP), hybridizing to an oligonucleotide prohc:
immobilized on a surface, or other method of PCR product anal'ysis

In a further preferred embodiment, the analy_sis involves PCR primers that can sclectively
arnplify specific sized products from Groups 2 and/or 3 P. acnes and not other groups of
P. acnes. It is preferred that this amplification is conducted by PCR using primer
polynucleolide sequences within the region defined by SEQ ID NO.1, SEQ ID NO.6,
SEQ ID NO.11, SEQ'ID NO.16, SEQ ID NO.17, SEQ ID N0O.27, SEQ ID NO.32, SEQ
ID NO.36, SEQ ID NO.39, SEQ ID NO.42, SEQ 1D NO.46, or other such primer
sequences that can distinguish Groups 2 and 3 P. acnes from Group 1 P. acnes. Ina
preferred embodiment, the PCR primers are SEQ [D NO:3 and SEQ ID NO:4, SEQ ID

" 141951485

PCT/AU2005/000355



WO 2005/087929

10

30

NO:7 and SEQ 1D NO:8, SEQ ID NO:9 and SEQ 1D NO:8, SEQ ID NO:12 and SEQ ID
NO:13, SEQ.ID NO:12 and SEQ 1D NO:14, SEQ ID N(:18 and SEQ ID NO:19, SEQ ID
NO:29 and SEQ ID NO:30, SEQ ID NO:33 and SEQ ID NO:34, SEQ ID NO:37 and
SEQ ID NO:38, SEQ ID NO:40 and SEQ ID NO:41, SEQ ID NO:43 and SEQ ID NO:44
and/or SEQ ID NO:47 and SEQ ID NO:48, These PCR products can be assessed by gel
analysis or other method of PCR product cvaluation, such as microarrays. The presence
of a specific sequence may be delected using a specific probe described hergin,

"Table 1

Prithar - ~ . .. Product pmddch\.vh‘h Prmers ~ 7 77 7
Mames -~ | " Groupt | ez ]G3’

" PrimersforPCR

i{SEQIDNQO:3 and BEQIDNO:A " ©  [MMF,MMR .

s ey

SEQ ID'NO:1 (533bp) -
i . . . . ]
{SEQ IDNO:7 and.SEQIDNOS - |G205F 1, G2aR
'SEQ ID NO:9 and SEQIDNO8 . © |G2/3F2, G2AR
ISEQ ID NO:12 and SEQ ITNO:3 - [DELF, DELR1 . -
ISEQ 1D NG 12 and SEO 15 NO:14 . _|GRLF. DELR? .
ISEQ ID NO:18and SEQ IO NO:1S (PRS2, RS -

]
1
H

ISEQ 1D NO:2t and SEQ 1D NG:22 - [PROS0, PRI0B
§SE_Q ID:ND:24 and SEQ ID NO:25  |[PRA212; PR21B

¥
o

i
v

isep ID NC:29 and SEQIONO:20  |PR217, PR21A SEQ ID NO:75 (443bp)
iSEO ID N33 and SEQ 10 NOX34 . . |PR21G, PR220 SEQ ID NO:3 (E08br)
'SFQ IDNG:37 and SEQIONO:38 | |PR221, PR222 SEQ D NO:35 (2279hp)
'SEQID NO:4Uand SEQID NOIAY  |PR25B, PRS- 1%
{SEQ D NC:43 snd SEQIDNQ:44 *  [PR253,PR2E4. . |-

{SEQ D NO:47 and SEQ D NO:E_ |PR245, PR47'  * [SEQ ID NO:45 (4n27bp)|SEQ 1D NOY 45 (40270p) |58

'
I

In some embodiments, at least one prfmer of a primer pair binds specifically to a
polymucleotide that is present in P. acnes Group 2 or 3. Those skilled in the art conld
tdentify primers that would identify such sequence,

In a fifth aspect, the present invention provides a probe specific for P. acnes, wherein the

probe detects or localizes a P. acres nucleic acid or antigen.
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P. acnes probes, includes polynucleotides, oligonucleotides, and fragments thereof, PCR
primers and antibodies, domain antibodies or fragments thereof against a P. acnes
antigen, that can be used to detect or identify or image localize P. acnes in a subject or a
sample, for cxample, fqr the purpose of detecting or diagnosing a prostatc disease or
condition. The probe is preferably specific for £. acnes associated with é prostate
disease. The probe is preferably specific for all P. acnes or for specific subgroups. The
probes may be linked o a label (such as biotin, radioisotopes, paramagnetic melals,
fluorescent molecules, and chemiluminescent moieties) or linked or attached to a support
{c.g., beads, particles, dipsticks, fibers, membrancs, and silanc or silicate supports such as
glass slides). ‘

In a preferred embodiment, the £. acnes specific probes such as poiynucleotidcs,
oligonucleotide, primers, antibodies described herein further comprises a delectable

lubel, is attached to 4 solid support, is prepared at least in part by chemical synthesis, is

single stranded (for polyhucleotides ot primers), is double stranded (for polynucleotides.

or primers), or is part of a microarray.

Polynucleotides described herein comprising a sequence specific for 2. acnes and
P.acnes épecific subgroups, or hybrid'izing to DNA from £. acnes Group 1 and/or Group
2 and/or Group 3 under high stringency, may be used as polynucléotide probes.

In a further preferred embodiment, the invention provides antibodies to £. acnes and
P.acnes specific subgroups 1,2 and 3. In sorne émbodimems, the antibody spccifically
binds to an antigen associated with all P. acnes.. In some cmbodiments, the antibody
specifically binds to an antigen associated with Group 1 and/or Group 2 and/or Grroup 3
P. acnes. The antibodies can be polyclonal or moneclonal, or made by molecular biology
techniques, and can be labeled with a variety of detectable labels, including but not
limited to radioisotopes, paraniagmtic metals, fluorescent molecules, and

chemiluminescent moieties.

" “QOligonucleotide,” as used herein, generally refers to short, generally single stranded,

generally synthetic polynucleotides that ate generally, but not necessarily, less than about

200 nucleotides in fength. The terms “oligonucleotide” and “polynucleotide” are not
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mutually exclusive. The description above for polynucleotides is equally and fully

applicable to oligonuclcotides.

An “antibody” is an immunoglobulin molecule capable of specific binding to a target,
such as a carbohydrate, polynucleotide, lipid, polypeptide, etc., through at least one -
antigen recognition site, located in the variable region of the immunoglobulin molecule.
As used herein, the term encompasses 1ot only intact polyclonal or monoclonal
antibodies, but also fragments thercof (such as Fab, Fab®, F(ab™),, Fv), single chain
(ScFv), mutants thereot, fusion proteins comprising an antibody portion, and atiy other
modificd configuration of the immunoglobulin molecule that comprises an antigen
recognition site. An antibody includes an antibody of any class, such as IgG, IgA, or IgM
(or sub-class thereof), and the antibody need not be of any particular class. Depending on
the antibody amino acid sequence of the constanl domain of its heavy chains,
immunoglobulins can be assigned to different classes. There are five major classes of
immunoglobulins: IgA, IgD, IgE, TgG, and IgM, and several of these may be further
divided into subclasses (isotypes), e.g.; [gG1, 1gG2, IgG3, IgG4, IgAl and IgA2. The
heavy-chain constant domains that correspond to the different classes of
immunoglobulins are called alpha, delta. epsilon, gamma, and mu, respectively. The
subunit structures and three-dimensional coﬁﬁgurutiuns of different classes of

immunoglobulins are well known.

As used herein, "monoclonal antibody” refers to an antibody obtained from a popul:liio’n
of substantially homogeneous antibodies, ie., the individual antibodies comptising the
population are identical except for possible naturally-occurring mutations that may be
present in minor amounts. Monoclonal antibodics are highly specific, being directed
against a single antigenic site.. Furthermore, in contrast to polyclonal antibody
preparations, which typically inciude diﬁ“cfcnt antibodies directed agaiﬁst different
dctcrtﬁimmts (epitopes), each monoclonal zmtibt.)dy iy directed against & single
determinant on the antigen. The modifier "monoclonal” indicates the character of the
antibody as being obtained fmm a substaatially homogeneous population of amtibodies,
and is not to be construed as requiring production of the antibody by any particular

method. For example, the monoclonal antibodies to be used in accordance with the
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present invention may be made by recombinant DNA methods such as deseribed in U.S.
Pat. No. 4,816,567. The monoclonal antibodies may also be isolated from phage libraries
generated using the techniques described in McCafferty et al,, 1990, Nature, 348:5.52- ‘
554, for cxample.

Methods of making polyclonal and monoclonal antibodies are known in the art. One
method which may be craployed for making monoclonal antibodies is the method of
Kohler and Milstein (1975) or a modification thereof. In general, 2 mouse or rat is uscd
for immunization but other animals may also be used. The immunogen can be, but is not
limited to, £. acnes cells (preferably P. acnes Group 1 and/or Group 2 and/or Group 3),
components of the cells, proteins, polypeptides, polynucleotides, lipids, carbohydrates.
Bacterial cells or other immunogens may be used in combination with a non-denaturing
adjuvant or a denaturing adjuvant, such as Ribi and Freud' adjuvant, The immunogen
may be administered multiple times at periodic intervals such as, bi-weekly, or weekly, or
may be administered in such a way as (o maintain viability in the animal (e.g., in atissue

recombinant),

To monitor the antibody response, a small biological sample (e.g., blood) may be
obtained from the animal and tested for antibody titer against the immunogen. The
spleen and/or several large lymph nodes can be removed and dissociated into single cells.
If desired, the spleen cells may be screened (afler removal of non-specifically adhercnt
cells) by applying a éell suspension to a plate ot to a well coated with the antigen, B- '
cells, expressing membrane-bound immunoglobulin specific tor the antigen, will bind to
the plate, and are not rinsed away with the rest of the suspension. Resulting B-cells, or
all dissociated spleen chls, can then be fused with myeloma cells (e.g., X63-Ag8.653 and
tbose from the Salk Institute, Cell Distribution Centet, San Diego, CA). Polyethylene
glycol (PEG) may be used to fuse spleen or lymphocytes with myeloma cells 1o form a

* hybridoma. The hybridoma is then cultured in a sclective medivm (e.g., hypoxanthine,

aminopterin, thymidine medium, othcrwise known as "HAT medium"). The resulting
hybridomas are then plated by limiting dilution, and are assayed for the production of
antibodies _which bingd specifically to the immunogen using FACS,

immunohistochemistry, Western blot, or any other immunoassays. The selected
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1
monoclonal antibody-secreting hybridomas are then cuttured either in vizro (e.g., in tissuc
culture bottles or hollow fiber reactors), or in vivo (e.g., as ascites in mice). Monoclonal
antibody-sccreting hybridomas described above can be further selected for producing
antibodies that bind preferentially to antigens from P. acres Group 1 and/or Group 2
and/or Group 3.

As another alternative to the cell fusion technique, EBV immortalized B cells may be
used to produce monoclonal antibodics of the subject invention. The hybridomas are
expanded and subcloned, if desived, and supernatants are assayed for anti-immunogen
activity by conventional assay procedures (e.g., FACS, THC, radioinundnoassay, enzyme

immunoassay, fluorescence immunoassay, ctc.).

In another alternative, the antibodies can be made recombiﬁamly. Mcthods for making

recombinant antibodies arc _wcll-known jn the art. Monoclonal antibodies selected can be

' sequenced and produced (including various formulations of antibodies, such as antibody

fragments, scFv, and fusion proteins) recombinantly in vitro.

The term “label” refers to a composition capable of producing a detectable sighal
indicative of the presence of the target polynucleotide in an assay sample, Suitable labels

include radioisotopes, nucleotide chromophotes, enzymes, substrates, fluorescent

. moleculcs, chemiluminescent moieties, magnetic particles, bioluminescent moieties, and

the like. As such, a label is any composition delectable by spectroscopic, photochemical,
biochemical, immunochemical, electrical, optical, chemical, or any other appropriate.
means. The term "label" is uscd to refer to avy chemical group or moiety having a
detectable physical property Or' any conipound capable of causing a chemical group or
moiety to cxhibit a detectable physical property, such as an enzyme thal cuAlalyses
conversion of a substrate into a detectable product. The term "label” also CRCOMmpasses
compounds that inhibit the expression of a particular physical property. The label may

also be a compound that is a member of a binding pair, the other member of which bears '

a detectable physical property.

An alternative method involves detecting the presence of un antigen of £. acnes,

preferably Group 2 and/or Group 3 using the x1anobarﬁclc—based hio-bar codes method.
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Nam (2003). This method relies on magnetic microparticle probes with antibodies that
specifically bind a target protein and nanoparticle probes that are encoded with DNA
(complementary 1o bar-codc) that is unique to the target protein z;.nd antibodies that can
sandwich the target protein captured by the microparticle probes. Magnetic separation of
the complexed probes and target followed by dehybridization of the oligonucleotics (bat-
code) on the nanoparticle probe surface allows the determination of the presence of the
turget protein by identifying the bar-code released from the nanoparticle probe. . Because
the nanoparticle probe carries with it a large number of oligonucleoties per antibody,

there is substantial amplification, which increases sensitivity of the method.

A turther preferred embodiment involves analysis of the sample for the presence of

metabolic products of P. acnes by methods appropriate for the product itsclf.

In a sixth aspect the present invention provides a kit for diagnosing the presence of, or the
predisposition to develop, prostate disease in a subject, the kit comprising at least one £.

" acnes specific probe. Ina preferred embodiment, the probe is specific for P, aches Group

1 and/or Group 2 and/or 3. Preferably, the probe is specific for P. acnes that comprisc
the DNA sequence of SEQ 1D NO:1 or SEQ ID NO:2. More preferably, the probe is
specific for P, acnes Group 2 and/or Group 3 as herein defined. The probe includes

- primers (e.g., PCR primers), other polynucleotides, and/or antibodies described herein.

The kits ﬁlay be in any suitable packaging, and may optionally provide additional
components such as, buffers and instroctions for using the P. acnes specific probe in any

of the diagnosing methods described herein.

-In a seventh aspect, the present invention also provides methods of screening for an agent

that hgs inhibitory effect on P. acnes, wherein the methods comprise incubating P. acnes

* in the presence of an agent and detecting inhibitory effect of the agent on P. acnes.

Preferably, the inhibiloty effect is specific for P. acnes and has no effect to a subject
(such as human), The methods may further comprise a step of compuring the inhibitory
effect of the agent on P. acnes Group 1 and/or Group 2 and/or Group 3, and selecting the
agent that selectively inhibits P. acnes Group 1 and/or Group 2 and/or Group 3. The
screcning test may be performed in conjunction with high throughput screening |
techniques to allow screening multiple agents and multiple strains of P. acnes at the same
time.
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Any component(s) of P. acnes, such as target regulatory system and biological pathways
may also be used for inhibitory agent screening.

Any agent may be screened for inhibilory effect to P. acnes. Such agents may be any
molecules includin g organic or inorganic molecules, e.g., protein, oligopeptide, small
organic or inorganic molecule, polysaccharide, polynucleotide, fatty acids, steroids,
purines, pyrimidines, derivatives, structural analogs, antibiotics, or combinations thereof.
Agents may also be obtained from a wide variety of sources including librarics of
synthetic or natural compounds. Additionally, natural or synthetically produced Ybraries
and compounds arc readily modified through conventional chemical, physical and
biochemical means. Known pharmacological agents (e.g., known antibiotics) may be
subjected to directed or random chemical modifications, such as acylation, alkylation,

estetification, or amidification to produce structural analogs.

In aun eighth aspect of the prescﬁt invention there is provided a method of preventing or
treating a prostate disease in a subject, the method comprising administering to a subject
in need thereof an effective amount of a . acnes inhibitory composition.

Preferably, the P. acnes inhibitory composition compriscs at Ieast one antibiotic. In an’
alternative embodiment the composition is a prophylactic vaccine comprising at least onc
P. acnes antigen, In a preferred embodiment the antigen is derived from £. acnes Group
1 and/or Group 2 and/or Group 3.

The prostate disease is preferably selected from the group consisting of prostatitis,
dysplasia (pre-cancer) and prostate cancer,

As used herein, “treatment” is an approach for obtaining beneficial or desired clinical
results. For purposes of this invention, beneficial or desived clinical results include, but
are not limited to, alleviation of symptoms, diminishment of extent of discasc, stabilized
(i.e., not worsenihg) state of disease, delay or slovAving‘ of disease progression, \
amelioration or palliation of the discasc state, decreasing the dose of other medications
required to treat the disease, and remission (whether partial or to1al), whether detectable
or undetectable. “Treatment” can also mean prolonging survival as compared to expected
survival if not receiving reatment. “Treatment” is an intervention performed with the
intention of preventing the development or altering the pathology of a disorder.
Accordingly, “treatment” refers to both therapeutic treatment and prophylactic or
preventative measures,
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The term *‘effective amount” means a dosage sufficicnt 1o provide prevention of the

prostatc disease or effective beneficial or desired climical results. This will vary
depending on the subject and the discase/condition being atfected. An effective dosage
can be administered in one or more administrations. For purposcs of this invention, an
cffective dosage of drug, compound, or pharmaceutical composition is an amount
sufficicnt to accomplish prophylactic or therapeutic treatment either directly or indirectly.
As is understood in the clinical context, an effective dosage of a drug, compound, or
pharmaceutical composition may ot may not be achicved in conjunction with another
drug, compound, or pharmaceutical composition. Thus, an “effective amount” may be
considercd in the context of administering one or more therapeutic agents, and a single
ugenl may be considcred to be given in an effective amount if, in conjunction with one or
more other agents, a desirable result tay be or is achieved.

A "vaecine" is a pharmaccutical composition for human or animal use, particularly an
immunogenic composition which is administered with the intention of conferring the
recipient with a degree of specific immunological reactivity against a particnlar target, or
group of targets (i, e., elicit and/or enhance an immune response against a particular
targot or group of targets), The immunological reactivity, or response, may be antibodies.
or cells (particularly B cells, plashla cells, T helper cells, and cjrtotoxic T lymphacytes,
and their precursors) that are immunologically reactive against the target, or any
combination thereof. For purposes of this invention, the target is primarily P. acnes or an
antigen from P, acnes. , : '

Vaccines may be subunil vaccines ot whole organism vaceines. Subunit vaccines are
prepared from components of the whole organism and are usually developed in order Lo
avoid the use of live organisms that may cause disease or to avoid the toxic components
present in whole organisim vaceines. See, c.g,, Parke (1977), Anderson (1977); and
Makela (1977). Subunit vaccines can be prepared by chemical inactivation of partially
purified toxins, Formaldehyde or glutaraldehyde have been the chemicals of choice to
detoxify bacterial toxins. Whole organisin vaceines make use of the entire organism for
vaccination, The organism (e.g., P. acnes Group 1 and/or 2 and/or 3) may be killed or
alive (usually attenuated) depending upon the requirements to elicit protective immunity.
Methods of generating killed or live but attenuated vaccines are known in the art. Sce,
e.g., U. 8. Paicnt No. 4,016,253; Brown (1959); U. S. Patent No. 5,294,441; U. S, Patent
No. 5,210,035; PCT WO 00/45840.
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In & ninth aspect of the present invention there is provided an isolated sublypc of P. acnes
Group 2 or Group 3 as hereinafter defined.
The following discussion provides characteristic of P. acnes groups 1, 2 and 3:

P. acnes Group 3 comprise polynucleotide sequence MMCoA sequence B (SEQ ID
NO:1) whereas Groups 1 and 2 comprise MMCoA sequence A (SEQ 11y NO:2).

As used herein "P. acnes Group 1" are distinguished by having at least the following
identifying characteristics:

1, compri‘sing polynucleotide sequence MMCoA sequence A (SEQ ID NO:2) for
Group 1. ' ' :

© 2. 'lack of DNA sequence as specified in SEQ ID NO:6.

3. comprising a DNA scquence of about 8.7 kb which encodes the following open
reading frames: N—acelyi—beta-hexosaminidaéc; ABC peptide transporter,
permease comnponent 1; ARC peptide trunsporter, permease component 2; ABC
peptide transporter, ATP-binding component 1; ABC peptide transporter, ATP-
binding component 2; ABC peptide transporter, solute-binding protein; and
Chitinasc as gpecified in SEQ ID NO:10;

4, lack of the pbkynucleqtide sequence as specified in SEQ ID NO:11; and
5. comprising a polynucleotide sequence SEQ 1D NO:15
6. comprising a polynucleotide sequence SEQ ID NO:20
7. comprising a polyndcleotidé sequence SEQ ID NO':23
8. compr{sing a polynucleotide scquenee SEQ ID NO:26
9. wmpﬁshg a bo]ynuclcotidc scquence SEQ ID NO:31
10. comprising a polynucleotide scqucn;:c SEQID N0:3;5

11. comprising a polynuclcotide scquence SEQ ID NO:45
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The present invention also provides an isolated subtype of P. acnes Group 2 or Group 3,
as hereinafter defined. As used herein “P. acnes Groups 2" and "P. acnes Group 3" are
distinguished by having at least the following identifying characteristics:

1. ahydrophilic surface as determined using SAT tests and liguid growth
5 characteristics;

2. comprising polynucleotide sequence MMCoA sequence B (SEQ ID NO:1) for
Group 3 and MMCoA sequence A (SEQ 1D NG:2) for Group 2.

3. comptising polynucleotide sequence of SEQ ID NO:6.

4. lack of a DNA sequence of about 8.7 kb which cncodes the Tollowing open
10 reading frames: N-acetyl-beta-hexosaminidase; ABC peptide transporter,

’ permease component 1; ABC peptide transporter, permease compaonent 2; ABC
peptide transporter, ATP-binding component 1; ABC peptide transporter, ATP-
binding component 2; ABC peptide transporter, solute-binding protein; and
Chitinase as specified in SEQ ID NO:10;

15 5. comprising polynucleotide sequence of SEQ ID NO:11; and
P. acnes Group 2 also has‘the following; additional characteristics:
. 1. comprising polynucleotide sequence of SEQ ID NO:16; and
2. comprising polynucleotide éequenée of SEQID N6:27.
3. comprisiﬁg polynucleotide sequence of SEQ ID NO:éZ'
;'20 4. comprising polynucleotide sequence of SEQ 1D NO:36.
| 5. comprising polynucleotide sequence of SEQ ID NO:39.
6. comprising polynucleotide sequence of SEQ ID NO:42,
. 7. comprising polynucleotide sequence of SEQ ID NO:45,
P acnes Group 3 also has the following additional characteristics;

25 1. corprising polynucleotide sequence of SEQ ID NO:§7; and
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2. comprising polynucleotide sequence of SEQ ID NO:28.
3. comprising polynucleotide sequence of SEQ ID NO:46.

The presence of P. acnes Group 2 and/or Group 3 may be identified using any methods
described herein. . '

A type strain of P. acnes Group 3 has been deposited under the Budapest Treaty with
Australian Government Analytical Laboratorics (AGAL) on 11/02/04 and has been
accorded Accession No. NM04/39927. A type strain of P. acnes Group 2 has also been
deposited under the Budapest Treaty with Australian Government Analytical
Laboratorics (AGAL) on 9/06/04 and has been accorded Accession No. N MO4/41610.
These may be contrasted against the P. acnes strain deposited as ATCC 6919, which is a
Group 1 P. acnes. .

All publications mentioned in the above specification are herein incorporated by
reference. Various modifications and variations of the described methods and system of
the invention will be apparent to those skilled in the art without departing from the scope

_ and spirit of the invention. Although the invention has been described in connection with

specific preferred embodiments, it should be understood that the invention as claimed
should ndt be unduly limited to such specific embodiments. Indeed, various
modifications of the desctibed modes for catrying out the invention, which arc apparent
to those skilled in molecular biology or related fields, are intended to be within the scope
of the invention. '

Any discussion of documents, acts, materials, devices, articles or the like which has been
included in the present specification is solely for the purpose of providing a context for
the present invention. It is not to be taken as an admission that any or all of these matters
form part of the prior art base or were common general knowledge in Australia in the
ficld relevant to the present invention

Throughout this specification the word “comprise”, or variations such as “comprises” or '
“comprising”, will be understood to imply the inclusion of a stated clement, integer or
step, or group of elements, integers or steps, but not the exclusion of any other element,
integer or step, or group of elements, integers or steps.

In order that the nature of the present invention may be more clearly understood preferred
forms thereof will now be described by reference to the following non-fimiting Examples.
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Examples

Example 1: Assessment of prostate tisgsue from prostate cancer patlents.
Methods B .

1 Prostate tissue samples

Samples of prostate tissue were collected from radical prostatectomy specinigns of
prostate cancer patients undergoing curative intent surgery. All patients were identified
with an elevated scrum PSA (>4ng/ml) and the diagnosis was confirmed on pre-operative
needle biopsy. No péllient had a history or clinical symptoms of bacterial prostatitis and
none were in'acute urinary retention. Immediately following prostectomy, the
posterolateral aspect of both prostatic lobes were incised superficially to avoid entry into
the ejaculatory ducts, transition zone or prostatic urethra and triplicate samples of 100-
200 my of macroscopically normal tissue were taken under sterile conditions within 30

" minutes of resection. One sampie was stored at -80°C for DNA extraction while two

samples were finely macerated under stetile conditions for duplicate bacterial culture.
2. Culture and identification of bacteria from prosiate tissue

Tissuc specimens were incubated without agitation at 37°C for up to 30 days in brain
heart infusion (BHI) broth (Oxoid Australia Ltd, West Heidelberg, Victoria)
supplemented with 5% horsc serum. Positive broth cultures were subcultured onto BHI

agar (Oxoid Austratia Ltd) with 5% horse serum at 37°C in an atmosphere generation jar

with CO;enrichment., Micro-organisms were identified by morphological characteristics
and sequencing of the 168 rRNA gene as follows, Bacterial pellets were resuspended in
128l of sterile phosphate-buffered saline (PBS) and bacterial cell walls dismpted using
a Mixer Mill (MM301, Reicht, Germany). This involved addition of acid-washed 0.1
mm silica/zirconia beads (Biospec Products Inc, USA) and bead-beating for 2 mins at 30
hz, followed by extraction wiih the QiaAmp DNA mini kit (Qiagen Pty 1.td, Clifton Hill,
Australia) using the tissue protocol according to the manufacturer’s instructions. PCR
was performed with primers 1651F. 1651R, 16S2F and 1652R (Table 2), which amplily
the ba;_c'terial 168 rIRNA gene in two segments of 801 bp and 875 bp respectively
(modificd from Relman 1992). Thermal cycling conditions for both primer pairs were 10
mins at 95°C, 35 f:ycles of 30 scconds at 95°C, 30 scconds at 59°C and 1 min at 72°C,
followed by 7 min extension at 72°C. Deep V,ént DNA Polymerase (New England
Biolabs, Beverly, Maine) was uscd for PCR reactions involving universal bacterial
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primers because it contains little or no cndogenous bacterial DNA. PCR products were
sequenced and compared with those in Genbark using the BLAST function.

Table 2: Primers used for sequencing of the bacterial 16S fRINA gene from isolated
organisimns.

Primer | Sequence (5° —3%) ‘ SEQ. ID NO.

1651F | TGAAGAGTTTGATCCTGGCTCAG SEQ. ID NO:49
16S1R | GGACTACCAGGGTATCTAAKCCTG SEQ. ID NO:50
1652F | GTGCCAGCAGCCGCGGTRA SEQ. ID NO:51
1682R | AGSCCCGGGAACGTATTCAC SEQ. ID NO:52

A= Adenosine, G= Guanosine, C= Cytidine, T= Thymidine, K= G or T, R= A or G and
S=CotG

3. Association of inflammation with the isolation of bacleria from the prostaie

Whole mount hemaloxylin and eosin stained tissue sections from each case were used to
assess and quantitate the inflammation in the peripheral zone (Table 3).

Associations between the presence of inflammation and culture for P. acnes were
determined using Fisher’s exact lest. The unpaired /-test was used to compare the extent
of inflammation between patient groups posilive or negative for culture of 2. acnes. Tn
all cases a two-tailed p value of < 0.05 was taken to indicale slatistical significance.

Table 3; Criteria used to grade the degree of prostatic inflammation

Acute Inflammation:

Isolated polymorphonuclear neutrophils (PMN) in lining

Grade | epithelium and clusters of PMN in gland lumens

Large numbers of PMN migrating through gland walls with
Grade 2 cpithelial disruption
Grade 3 Micro abscesses and necrosis

Chronic Inflammation:

[solated lymphohistiocytic aggregates in the stroma
Grade 1 pwrrounding glands

ymphoid follicles, displacement of glands by inflammatory

Grade 2 , garegates,
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[ .ymphoid follicles, displacement of glands by inflammatory
. WGrade 2 agereales.
Grade 3 Granulomatous prostatitis.
Resuliy
L Bacteria isolated by culture from prostate tissue

Positive bacterial cultures were obtained from 19/34 (56%) prostale cancer patients. The -
predominant micro-organism was Propionibacterium acnes (P. acnes), found in 12
(35%) cuses. Less freque.nt isolates included various species of coagulase-negative
staphylococcus, with only single isolates of bacillus, lactobacillus and corynebacteriwm
species (Table 4). Staphylococcus und bacillus cultures became turbid within 24-48
hours whereas most P. acnes coltures took 8-15 days of incubation to show visible
growth. This suggests that any P. gcnes organisms present in mixed culture with fast-
growing bacteria would have been overgrown and likely missed. Sub-cultures of P.
acnes took 24-48 hours to producc visible growth confirming both a slow growing
organism as well as very scant organism numbers in the primary culture.

Table 4: Bacteria isolated from prostatic tissue of 34 unselected prostate canccr patients

Organism . | No Patients* (%)
No bacterial growth 15 (44)
Propionibacterium acnes ' 12 (35)
Staphylococcus epidermidis 6 (18)
Staphylococeus warneri 1(3)
Staphylococcus saccharolyticus 1(3)
Lactobacillus iners 1(3)
Corynebacterium sp. . 1(3)

Bacillus cereus 1(3)

Bacilluy subiilis 1(3)

*4 patients grew P. acnes and a different organism from the dupticate samples and one
patient cultured P. acnes in both samples. A further patient grew both P. genes and a
slow growing Corynebacterium from the same sample

Therefore, in this study low-virulent Gram-positive bacteria were cultured from prostéﬁc
tissue of 19/34 (56%) patients with prostate cancer. The predominant micro-organism
was P. acnes, cultured from 12 (35%) different patients, followed by S, epidermidis from
6 (18%). These results differ significantly from the few previous studies involving
isolation and identification of bacteria from prostatic tissue of cancer patients. An
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infectious aetiology for prostate cancer was originally investigated in the carly 1900°s

. (Dudgeon 1904, Rosen 1918) when culture of open prostatectomy samples yielded

mainly staphylococcus and Escherichia coli (15-54% and 18-26% of cuses respectively).
Studies in the late 1980"s involved prostate tissue from transurethral resections (TUR),
with acrobic culture (Gotelick 1988) isolating mainly E. coli (44%), Streptococcus
Jaecalis (23%) and Staphylococcus epidermidis (18%) while anaerobic culture techniques
(Cooper 1988) yielded anaerobic cocd (449), Bacteraides distasonis and Clostridium
perfringens (11% each). Although the finding of S. epidermidis in 18% of prostatectomy
specimens correlates with the incidence reported in the above studies, the results differ in
that {) aerobic colonic Iﬁicro-organisms such as F, colf or 8. faecalis were not isolated,
and ii) the predominant isolate was P. acnes, a bacterium not previously cultured from
prostate cancer palients.

These two differcnces may be duc to the particular patient population and culture
techniques presently used. In the previous studies most tuntors were incidentally
discovered during prostate resection (Dudgeon 1904, Roscn 1918) or TUR (Garelick
1988, Cooper 1988) for obstructive symptoms and in some cases the patients had cutrent
urinary tract infections frequently involving intestinal bacteria such as . coli (Dudgeon
1904, Rosen 1918, Gorelick 1988). In contrast, patients in the present stndy wete
undergoing prostatectomy for carcinoma diagnosed by rising PSA levels and Subsequént
carcinorga positive biopsy; none were in urinary retention or had a current urinary tract
infection. Secondly, culture conditions in the previous studies were not optimal for
deicction of P, acnes becuuse they used either aerobic cultare on blood agar (Gorelick
1988 and Dudgeon 1904) or ant incubation time of only seven days for anacrobic culture
(Cooper 1988). F. acnesisa microaerophilic bacterium better suited to low oxygen
levels (Webster 1995) and most prostate specimens were found to require an incubation
titne of 8-15 days to obtain visible growth of this organism. A similar incubation time of
up to 10 days was required to obtain visible growth of P. acnes from vitrcous samples of
patients with chronic infectious endopthalmitis ([{all 1994).

Although P. acnes has not previously been isolated from prostate cancet patients, it has
been cultured from urethral swabs and prostate blopsies from approximately 2% of
healthy malcs (Willen 1996, Lee 2003), indicating that this bacterium can colonize the
malc genital tract. Cultures of prostate biopsies from men with chronic prostatitis have
shown a slightly increased detection rate of propionibacterium (not identified to species
level), found in 3.5% to 6% of patients (Berger 1997, Lee 2003). However
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propionibactetia were not considered pathogenic in these studies because other bacteria
were more frequently isolated, including Gram-negative rods (20%). coagulase-negative
staphylococci (11-15%) and acrobic diptheroids (16-20%). The aerobic diptheroids from

. proslatitis cases were identified as corynebactcria in a separate study by Tanner et al

(1999). The present results show a considerably higher incidence of F. acnes in prostatic
tissue from prostate cancer patients compared to the incidences previously detected in
healthy males or men with prostatitis.

2. Association between bacterial culture and prostatic histology

No correlalion was observed between bacterial culture results and clinicopathological |
factors such as palient age at diagnosis, tamour site of otigin (uansitib.n versus peripheral
zone), cancer multifocality, lumour grade or pathological stage (data not shown). Foci of
acute inflammation (grades 1-3) were obscrved in 15/34 (44%) radical prostatectomy ’
specimens while focal chronic inflansmation occurred in 23/34 (68%) specimens (Figure
1). Analysis of inflammatory foci by tissue Gram stain did not detect bacteria in any
case, however stalistically significant assoctations were observed between positive
culture for P, acnes and both the presence and the extent of acute and chronic
inflammation in the radical prostatectomy specimen (Table 5). Specimens with a posiuve
culture for bacteria other than P, acnes showed slightly increased inflammation but this
trend was entirely duc to two cases, which grew B. cereus and §. saccharolyticus
respectively. Cases positive for culture of 8. epidermidis, S. warneri, B. subtilis, L. iners
ot Corynebacterium sp. showed no ¢vidence of acute inflammation ind no increase in
degree of chronic inflammation compuared to negative controls.

Our repeated failure to identify P. acnes or any other organism on direct tissue gram stain
is confusing, but has also been noted by other authors investigating culture-positive P.
acnes infections (Esteban 1996, Stirling 2001). Failure to dircctly detect P. acnes in
tissuc sections almost certainly reflects the low numbers of infecting bacteria but may
also be in part duc to poor uptake of the Gram stain bj these micro-organisms in vive as a
result of changes to (he bacterial wall induced by the immune response (Esteban 1996).

It is also possible that these organisms only populate the prostatic secretions with
minimal or no direct tissue invasion and thus may be flushed from tissue samples during

the fixation and tissue processing. The finding of a significant positive association

between culture of P, acnes and inflammation in prostatectomy specimens does however
provide an indirect link betwcen this bacterium and prostatic inflammation. P. acnes is
known to be a potent stimulus to the lympho-reticular system, capable of producing an
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inf{lammatory r¢sponse without dircet tissue invasion by secretion of soluble irritant
agents that dilfuse into tissues and attract human neutrophils (Webster 1995). P. acnes is
also highly resistant to killing and degradation by human nculrophils and monocytes
(Webster 1095), a characteristic that allows it to éstablish long—terr;\ low-grade infections
that may persist for decades (Sabel 1999). It has recontly been linked to several other
chronic inflammatory conditions including sarcoidosis (Yamada 2002) and sciatica
{Stirking 2001).

ahle 5: Association between bacterial culture results and inflammation in radical
prostatectomy specimens.

Parameter No Racterial 1QOther Bacteria P. acres Cultured
Growth (11 = 15) Cultured (n =7) (n=12)
Acute inflammation | 3 (20%) 2 (29%) 9 (73%)
present (Grade 1, 2 - P=10 2p=0.007
or 3) :
Extent of acute 2.1 3.3 16.7
inflammation (mean , : P=07 P=0.007
% of glands ‘ ‘
invalved) : ,
Chronic 6 (40%) ‘ 5(71%) 11 (92%)
inflatmtnation present P=04 K P =001
YGrade 1,2 or 3) ‘ «
Extent of chronic 53 S B s 14.2
inflantmation (mean : P=Q5 P=0.01
% of glands
involved)

! These include only cases negative for gtowth of P. acnes in both duplicate culture
sumples, '

2 p values for comparing the presence of inflammation between groups were obtained by
Fisher's Exact Test. Each group is compared back to the group negative for bacierial
cultute: '

3 P values for comparing the extent of inflammation between groups were obtained by
unpaired r-test. Each group is compared back to the group negative for bacterial culture.

* No cases of chronic inflammation grade 3 (granulomatous prostatitis) were observed.
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Example 2: Characterization and comparlson of cultured P. acnes isolated
from prostate and facial skin.

Methods

1. Isolation of cutaneous P. acnes for comparison

Multiple isolates of P. acnes were obtained from the facial skin of two healthy male
volunteers using the swabbing technique deseribed by McGinley (1978), using limiting
dilution to achieve single colonies. These cutaneous isolates were initially' grown on BHI
agar plates in an atmosphere generation jar with CO, enrichment, then sub-cultured into
BHI broth and identified by DNA sequencing with 168 primers as described in Examplé
1 for prostatic isolates. A

2. Growth churacteristics

When grown in culture without any agitation it was observed that cultures of some P.
acnes isolates maintained a suspension within the lguid media regardless of the density,
while others remained in suspension only at low density and upon reaching a particular
densily formed aggregates and settled as a sediment on the bottom of the culture bottle,
leaving a clear supernatanl. This observation related to the ¢ell surface hydrophobicity as
described helow. '

3. Salt aggregation tests (SAT)

SATS lo determine bacterial cell surface hydrophobicity were carried out as described by
Jonsson and Wadstrom (1984). 1.5 mL of stationary phase P. acnes broth cultures were
resuspended in 700UL of 0.02M sodium phosphate buffer (pH 6.8) and 25pL aliquots
were mixcd on slides for 2 min with equal volumes of ammonium acetate at various
concentrations (0.5 — 8.0 M). The lowest concentration of salt giving visible bacterial
clumping was taken as the SAT score. An aliquot of bacterial cells without added salt
wete used as a negative control to test for auto-aggregation.

4. Pulsed-ficld DNA analysis

Genomic DNA from P. acnes isolates (prostatic and cutancOusj was analyzed by the
method described in Ting ez of (1999). DNA was run on a FIGE Mapper ficld inversion
system (Biorad MA, USA) on a 1% pulse field agarose gel in 0.45xTBE with a forward

“and reverse voltages of 180 and 120 volts with 0.1 to 2 sec lincar switch times for 16 hrs.
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3. MMCoA gene sequence analysis

The primers MMF (SEQ ID NO:3) and MMR (SEQ ID NO:4) were designed in our
laboratory to specifically amplify a 633 bp region of the P, acnes “methylmalonyl-CoA
carboxyliransferase subunit 128 monomer” gene, which encodes the 128 subunit of the
transcarboxylase enzyme that calalyses production of propionate (Thornton 1993). PCR
specificity tests confirmed that primers SEQ ID NO:3 and $EQ ID NQ:4 do not show any
cross-reactivity with i) buman DNA, /i) the endogenous hacterial DNA in HotStarTag
DNA polymerase, i) a panel of Gram positive bacilli including Propionibacterium
granulosumn plus corynebacterium, actinomyces and bacillus specieé, or i) DNA from
arty of the bacterial species isolated from prostatic tissues in this study cxcept for 2.
acnes. These primers do however amplify the correct 633bp region of the MMCoA genc
from Propionibacterium avidum, which is considered to be the closest genetic relative of
P. acnes. The DNA sequence of the PCR products from P. acnes and P. avidum differ ]
considerably and can thercfore be distingunished by scquencing. PCR cycling conditions
were 15 mins at 95°C, 40 cycles of 30 secouds at 94°C, 1 min at 55°C and 1 min at 72°C,
followed by 7 min cxtension at 72°C. HotStarTaq DNA Polymerase (Qiagen Pty Ltd)
was used for this PCR reaction, The amplified PCR products were sequenced and the
DNA sequences of the various P, acnes isolates were aligned and compared using the
Clustal W program, ' ‘

Resuitg

To determine whether P. acnes isolated from the prostate differ from those colonizing -

normal hutnan skim, six P. acnes isolatcs were obtained from the skin of two healthy mule
volunteers as described above. Prostate and cutaneous isolates were characterized and
compared as follows:

1 Growrh characteristics and cell surface properties

All of the 6 skin P. acnes isolales grew as a granular sediment with clear supematant
when cultured in liquid medium without agitation (Figure 2). This growth characteristic
was also observed for 2 of the 12 prostate isolates of P.acnes. In contrast, the remaining
10 . acnes isolates from the prostates grew as fine sediment with a turbid supernatant
shown by Gram staining to contain suspended cells, These observations were mirtored in
the analysis of cell surface properties using SAT tests where the 6 skin isolates and the

- same two prostate isolates were hydrophaobic, showing complete aggregation in 1M sall,
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whereas the remaining 10 prostate isolates were hydrophilic, showing only a small degree
of aggregation in 2-4M salt (Figure 2). ‘

-2 Genomnic DNA analysis by pulse field electrophoresis

Genomic DNA cxtracted from the bacterial cultures was compared by pulsed-field gel
DNA electrophoresis. Analysis of the DNA banding patlerns revealed three main groups
of P. acnes (Figure 3). Group 1 consisted of all six cutaneous isolates and two prostatic
isolatcs - the same two that demonstrated sedimentary growth characteristics and a
hydrophobic ccll surface. Nine of the remaining prostatic P. acnes could be divided into
Group 2 (5 isolates) and Group 3 (4 isolates), whereas one isolate (02-2766) differed
from all others and was assigned into Group 4. The phenotypic growth characteristics
were reflected in the genomic banding comparisons and these results suggest that most P.
acnes culturcd from the prostate are genetically and phenotypically distinct from those
colonizing human skin. '

3. MMCoA gene sequence akaly&is of isolated organisms

Analysis of MMCoA gene scquences revealed two distinct sequence types designated
SEQ ID NO:1 and SEQ ID NO:2 that differ at 10 specific single-base positions (and one
position that is polymorphic) within the 633 bp region characterized by sequencing of the
PCR product amplified by the MMCoA primers MMF (SEQ ID NO:3) and MMR (SEQ
ID NO:4) (Figure 4). All P. acnes trom pulsed-field Groups 1 and 2 were found to have
SEQ 1D NO:2, whereas P. acnes from Group 3 had SEQ 1D NO:1. Prostatic isolate 02-
2766 (Group 4) had an MMCOoA sequence intermediate between SEQ ID NO:1 and 2
with several additional single-base differences. '

Taken togcther, these results indicate that the P. acnes isolates fall into three main
groups:

1) Group 1 (mainly cutaneous isolates) have SEQ ID NO:2 and a hydrophobic cell
surface;

2) Group 2 (prostatic isolates) have SEQ ID NO:2 and a hydrophilic cell surface; and

3) Group 3 (prostatic isolates) have SEQ 1D NQ:1 and a hydrophilic cell surface.
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This classification correlates with genelic groupings obtained by pulsed-field gcl DNA
analysis. The finding of a single isolate that differed by both pulscd-feld analysis and
MMCoA sequence suggests that other less common groups may also exist.

Therefore, the prescnt results show that particular sub-lypes of P. acnes occur in prostatic
tissuc from prostate cancer patients. These prostatic sub-types (Pulse-ficld Groups 2, 3
and 4) differ from conmmon cutaneous isolates genetically, as shown by pulsed-field gel
DNA analysis, and phenotypically, in having hydrophilic celt sucface properties. It is
thereforc interesti ng to note that a hydrophilic cell surface has been associated with
resistance to phagocytosis and increased virulence in several bacterial species (Van Oss
1978). It is possible that MMCoA SEQ ID NO:1 is associated with P. acnes of scrotype
II, since 85% of the isolates from Groups 1 and 2 fermented sorbitol (indicative of
serotype I) (Kishishita 1979, Sasaki 1980a) whereas all of the Group 3 isolates were
negative for sorbitol fermentation (data not shown).

In conclusion, P. acnes was identificd as the predominant micro-organism in the prostate
glund of patients with localized prostatic carcinoma. Assessment of prostate lissues at an
earlier stage, prior to development of post-inflammatory. atrophy, dysplasia and cancer,

-may roveal inereased organism numbers. A therapeutic antibiotic regime targeted 10 .

acnes could alter the natural development of this common tumor.

Example 3: Isolatlon of DNA sequences which differ between P. acnes
Groups 1, 2 and 3 1o allow design of primers speclile for each group.

Methods

I Use of RAPD-PCR ta identify DNA sequence variationy

- DNA sequence variations between P. acnes isolates of Groups 1, 2 and 3 were songht

using the standard PCR method of Random Amplified Polymorphic DNA (RAPD-PCR)-

. as previously deseribed (Rossi et al, 1998). This involved PCR amplification of genomic

DNA from P. acnes of cach group using a single random primer, or a combination of
differcnt random primers, which generated a banding pattern of PCR products, Multiple
RAPD primers were tesicd Lo identify ones that would generate different banding patterns
from P, acnes of Groups 1, 2 and 3 (see Figure 5). Amplification of a particular PCR
band from one P. acnes group but not from the other groups indicates a DNA sequernce
vaﬁation, which may be useful for design of group-specific primers.
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2. Use of step-out PCR to characterise sequence variarions

Once RAPD-PCR bands that varied consistently between the ditferent groups of P. acnes -
were identified, these bands were cut from the gels, purificd, and the DNA sequence was -
determined to allow design of primers specific for those genomic regions. The DNA
sequences were cxtended by a standard method of step-out PCR, using these specific
primers in combination with universal primers based on endonuclease restriction sites
(termed RS-PCR) as described by Sarkar et al (1993). Primers designed from these
sequences were then used to obtain the corresponding region of DNA (rom the P. acnes
groups which did not display the RAPD-PCR band under investigation. Comparison of
the DNA sequences thus obtained from Groups 1, 2 and 3 in some cases identified
sequence variations that conld be used to design primers specitic for particular P. acnes
groups.

In other cases, several different sets of primers failed to amplify the corresponding DNA
region from the P. acnes groups that did not display the RAPD-PCR band under
investigation, suggesting that the genomic region was m.issiﬁg in the latter groups. In
these cases the DNA sequence from the group poséessing the genomic region under
investigation was repeatedly extended by step-out PCR, and primers designed within
cach 500nt of extended sequence were used to try and amplify this DNA from the other
‘wroups. Eventual amplification of DNA from the other groups with a primer set indicated
that the end of the missing region had been reached. Primers were then designed in
regions of DNA bracketing the missing regions. When the missing region was small,
thesc primets penerated PCR products of different sizes from the groups concerned,
allowing each group to be distinguished by its PCR product size. Alternately when the
missing region was large, a PCR product would only be produced from the groups with
this region missing becaunse the DNA region between the primers in the other groups was
Loo large to be amplified by PCR. ‘This allowed design of PCR primers specific for
groups with the region of DNA missing. Converscly, design of primers within the
missing region produced a PCR product only from groups that did not have this DNA
niissing.

A range of PCR primer pairs designed in this way are outlined in Table 1. P. acnes used
to obtain DNA sequences were prostatic isolates 02-2703 (Group 1), 03-56 (Group 2) and
02-2753 (Group 3). Primers pairs designed from these sequences were then tested on all
of our Group 1, 2 and 3 isolates to ensure that they amplified a product of the correct size
from all members of each group. The extended DNA sequences were compared to those
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in Genbank using the NCBI “blastn” search, while translations of the DNA Sequences
into protein sequences using the NCBI “blastx” search were uscd to search for protein
homology.

Results
L Primer pairs 10 detect or distinguish Group 2/3

Several RAPD-PCR bands found in Group 1 but missing from hoth Groups 2 and 3 were
analyzed. ’

a) One band contained the downstream end of a beta-lactamase-like gene with marked
sequernce variations between Group 1 (SEQ ID NO:5) and Groups 2/3 (SEQ 1D NO:6) -
(Figure 6). These variations were used to design the primers G2/3F1 (SEQ ID NO:7),
G2/3F2 (SEQ ID NO:9) and G2/3R (SEQ ID NO:8) that will selectively amplify DNA
from P. acnes Groups 2 and/or 3. Optimization of this PCR assay is described in Example
4, ‘

b) A second band proved to be part of a large 8693nt DNA region present in Group 1
(SEQ ID NO:10) but migsing from Groups 2 and 3. Souttiern blotting using a radioactive
probe based on the Group 1 sequence indicated that this region of DNA is deleted from
the genome of P. acnes Groups 2.and 3 (Figure 5, Panel B). Analysis of this deleted DNA
region (SEQ ID NO:10) with ORF-Finder software available at the NCBI website
identified seven open reading framecs (ORFs) that encoded proteins with significant
homology to proteins in other bacterial specics (Table 6). The chromosomal arrangement
of these ORFs is shown in Fig 8. These results indicate that the DNA region which is
deleted in P. acnes Groups 2 and 3 (SEQ ID NO:10) contains a gene for N-acetyl-beta-

. hexosaminidase (an enzyme involved in breakdown of glycosaminoglycans), a five-genc

operon for an ABC transporter system involved in uptake of peptides, and a gene for
Chitinase (an enzyme involved in breakdown of chitin, a glucosamine in the cxoskeleton
of fungi and insects). The deleted region lics between a putative Endo-beta-mannanase -
gene al the upstrcam (5”) end and a putative Phosphopantetheine adenylyltransferase gene
at the downstream (3”) end (Fig 7).

ABC-type uptake transporter systems, which in bacteria are normally found in an operon
of up to five sequential genes (Sutcliffe 1995), arc involved in active import of nutrients
(such as peptides, sugars and minerals) into the bacterial cell (Tam 1993). Bacteria with
mutations/deletions in transporter systems tend to have difterent nutritional reéuirements
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to normal bacteria and/or are restricted in their ability to cope with normal environments

_ (]enklnson 1996, Borezee 2000). This finding may cxplain why Group 2 and 3 P. acnes

predominate in the prostatic environment. Mutations/deletions in these transporter

systems have also been linked to toss of hydrophobic cell surface adhesion proteins in
other baclerial species (McNab 1998), possibly explaining why our Groups 2 and 3 P.
acnes have a hydrophilic cell surface and do not bind together into aggregates like the
hydrophobic Group 1 P. acnes in liquid culture medium.

Table 6: Slgnmcant Opcn Reuading Frames identified in the DNA region that is deleted
in P. gcnes Groups 2 and 3 (SEQ D NO:10).

ORF
No.

TNucleotide
No.
Start | End

Frame

Closest Homology

Species

1

1592 |24

-3

Gene

“E Value

Kineococcus
radiotolerans

N-acelyl-beta-

hexosaminidase

1.0x10 "%

2

1749 | 2873

+1

Vibrio vulnificus

Peptide ABC
transporter,
permease
compoucent

2.0x 10°°%".

2876 | 3808

+3

Thermoanarerobacier

iengeongensis

ABC-type
peptide/nickel
iransporter,
permease
component

80x10°%

3805 | 4896

+2,

Vibrio vulnificus

Peptide ABC
transporter,
ATP-binding
component

1.0x10" "

4893

5924

+1 .

Pyrococeus furiosus

Oligopeptide
ABC )
transporter,

AFP-binding

component

30x10 ©

6015

7730

+1

Vibrio vulnificus

7

7806 | 8642

+l1

Peptide ABC
transpottct,
solute-binding
component

3.0x 10

Coccidiodes immitis

Chilinase 3

'Nucleotide numbering refers to $EQ ID NO:10

50x 107"

“Significance of protein homol ogy increascs as the Error Value approaches zero.
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DNA surrounding this 8693 nt deletion was used to design the primers DELF (SEQ 1D
NO:12), DELR1 (SEQ ID NO:13) and DELR2 (SEQ ID NO:14) which bracket the
missing region and amplify a 76 Int product from Groups 2 and 3 (SEQ ID NO:11). No
product is obtained from Group 1 hecause the region between the primers is too large to
amplily by PCR. Optimization of this PCR assay is described in Example 4.

¢) A third band indicated a deletion of 603nt in the Acetyl CoA Synthetase gene of
Groups 2 and 3. DNA surrounding this 605nt deletion was vscd to design the primers
PR262 (SEQ ID NO:18) and PR263 (SEQ ID NO:19) which bracket the missing region
and amplity a 90Int product from Group 1 (SEQ D NO:15), but a 295-296nt product
from Groups 2 (SEQ ID NO:16) and 3 (SEQ ID'NQ:17), PCR cycling conditions are 15
mins at 95°C, 35 cycles of 30 scconds at 94°C, 30 seconds at 38°C€ and 1 min at 72°C,
followed by 7 min extension at 72°C.

2. Primer pairs to detect Group 1.

DNA sequences within the 8693nt DNA region present in Group 1 (SEQ ID NO:10) but
missing from Groups 2 and 3 (described ahove) was used to design primer pairs specific
for detection of Group 1 P acnes.

@) Primers PRO%0 (SEQ ID NO:21) and PR108 (S8EQ ID NO:22) amplify a 443nt product
(SEQ ID NO:20) from Group 1 only. PCR cycling conditions are 15 mins at 95°C, 35
cycles of 30 seconds at 94°C, 30 scconds at 55°C and 1 min at 72°C, followed by 7 min
extension at 72°C.

b) Primners PR213 (SEQ ID NO:24) and PR216 (SEQ ID NO:25) amplify a 584nt product
(SEQ ID NO:23) from Group 1 only. PCR cycling conditions are 15 mins at 95°C, 35
cycles of 30 seconds at 94°C, 30 seconds at 58°C and 1 min at 72°C, fotlowed by 7 min
extension at 72°C.

3., _Primer pairs lo detect or distinguish Group 2.

Several RAPD-PCR bands cither found only in Group 2, or missing only froma Group 2
were analyzed. '

a)} One band showed an extra 102nt within a putative UbiE gene of Group 2. DNA.
surrounding this extra 102nt was used to design the primers PR217 (SEQ 1D NO:29) and
PR218 (SEQ ID NQ:30). These primers bracket the extra region, amplifying a 545m
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product from Group 2 (SEQ D NO:27) but smaller products of 443nt from Group- 1.
(SEQ ID NO:26) and 440nt from Group 3 (SEQ 1D NO:28). PCR cycling conditions are
15 mins at 95°C, 35 cycles of 30 scconds at 94°C, 30 seconds at 55°C and 1 min at 72°C,
followed by 7 min extension at 72°C.

B) A second band showed 2 deletion of 208nt within a putative YAOU gene fragment in
Group 1. DNA surrounding this missing 208nt region was used to design the primers
PR219 (SEQ ID NO:33) and PR220 (SEQ ID NO:34),which brackel the missing region
and amplily a 716nt product from Group 2 (SEQ ID NO:32) but a smaller 508nt product
from CGiroup 1 (SEQ ID NO:31). No product is obtained from Group 3, indicating that
Group 3 P. acnes either do not have-this DNA region, or the sequence is too different to
allow primer binding to occur. PCR cycling conditions are 15 mins at 95°C, 35 cycles of
30 seconds at 94°C, 30 seconds at 55°C and 1 min at 72°C, followed by 7 min extension
at 72°C.

¢) A third band showed a deletion of 1957nt in Group 2. DNA surrounding this missing
19570t region was uscd to design the primers PR221 (SEQ 1D NO:37) and PR222 (SEQ
ID NO:38), which bracket the missing region and amplify a 2279nt product from Group 1
(SEQ ID NO:35) but a smaller 322n1 ﬁroducl from Group 2 (SEQID NO:36). No product
is obtained from Group 3, indicating that Group 3 £. gcnes either do not have this DNA
region, or the sequence is too different to allow primer binding to occur. The missing
DNA region has no significant aucleotide or protein homology with any sequences
lodged in Genbunk. PCR cycling conditions arc 15 mins at 95°C, 35 cycles of 30 seconds
at 94°C, 30 seconds at 55°C and 1 min at 72°C, followed by 7 inin extension at 72°C.

d) A fourth band showed a region where DNA scquences diverge in Groups 1 and 2,
DNA surrounding this point of divergence was used to design primers PR256 (SEQ ID
NO:40) and PR257 (SEQ ID NO:41) which bracket the point of divergence, with PR257
within DNA common to both groups but PR256 within adjacent DNA present in Group 2
only. These primers produce a 725nt product from Group 2 only (SEQ ID NO:39). No
product is obtained from Group 3, indicating that Group 3 P. acnes either do not have this
DNA region, or the sequence is 100 different to allow primer binding to occur. PCR
cycling conditions are 15 mins at 95°C, 35 cycles of 30 seconds at 94°C, 30 seconds at
58°C and 1 min at 72°C, followed by 7 min extension at 72°C.

¢) A fifth band showed a region of DNA that appeared to be present only in Group 2.
DNA scquences within this region were used to design primers PR253 (SEQ ID NO:43)
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and PR254 (SEQ ID NO:44), which amplify a 618nt product (SEQ ID NO:42) from
Group 2 only. PCR cycling conditions are 15 mins at 95°C, 35 cycles of 30 seconds at
94°C, 30 seconds at 58°C and 1 min at 72°C, followed by 7 min extension at 72°C.

4. Primer pairs to distinguish Group 3.

One RAPD-PCR band found only in Group 3 P. acnes was analyzed. This band showed a
deletion of 3454nt in Group 3, corrcsponding to partial loss of two putative RHS-family
protein genes. DNA surrounding this missing 3454nt rcgion was used to design the
primers PR245 (SEQ 1D NO:47) and PR247 (SEQ ID NO:48), which bracket the missing
region and may potentially amplify a 4027nt product from Groups 1 and 2 (SEQ ID
NQO:45) but amplily a smaller 573nt product from Group 3 (SEQ 1D NO:46). PCR
cycling conditions are 15 mins at 95°C, 35 cycles of 30 scconds at 94°C, 1 minute at
65°C and 1 min at 72°C, followed by 7 min exiension at 72°C. ’

Example 4: Davelopment of PCR assays to selectively detect DNA from
P. acnes Groups 2 and 3 in patlent samples.

1. Preparation of positive control samples from patient yissues

40 mg samplcs of frozen prostatic tissue were taken from a radical prostatectomy
specimen that had previously proven negative for P. acnes DNA by PCR testing and were
spiked with approximately 0, 10, 50, 100, SOQ, 1500, 5000 or 5 million colony-forming
units (cfi) of Group 3 P. acnes before being homogenized in 128uL of sterile PBS using
the Mixer Mill (4 mins at 20 hz with a 5 mm sterile stainless steel ball bearing). After
removal of the steel ball, the sample was processed as described in Example 1 for
extraction of bacterial DNA.

2, Specificity and sensitivity of P. acnes Group 2/3-specific beta-lactamase-based
primers

The Group 2/3-specific beta-lactamase-based PCR assay was performed as a semi-nested.
procedure to increase sensitivity. The first round of PCR involves primers G2/3F1 (SEQ
ID NO:7) and G2/3R (SEQ ID NO:8) and thermal cycling conditions of 15 mins at 95°C,
25 cycles of 30 seconds at 94°C, 1 min at 66°C and 1 min at 72°C, followed by 7 min
extension at 72°C. HotStarTaq DNA Polymerase (Qiagen Pty Ltd) was used for these
reactions. One pL. of the first PCR reaction was used as template for the sccond round of
PCR, which involves prituers G2/3F2 (SEQ ID NO:9) and G2/3R (SEQ ID NO:8) and
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identical thermal cycling conditions except that the cycle number can be extended to 28-
30 cycles. The final PCR product is 204nt in size (within SEQ 1D NO:6). Any PCR
products obtained from clinical samples with this PCR assay can be confirmed as Group
2/3 P. acnes by sequencing of this product.

Specificity of the above primers was further assessed against a variety of other DNA
sourccs using 30 cycles in the sccond round of PCR. These tests confirmed that they do
not show any cross-reactivity with #) human DNA, ii) the endogenous bacterial DNA in
HotStarTaq DNA polymerase, i) a panel of Gram positive biacilli including
Propionibacterium avidum and Propionibacterium granulosum, plus corynebacterium,
actinomyccs and bacillus species, or iv) DNA from any of the bacterial specics isolated
from prostatic tissues in this study (see Example 1) except for P. acnes.

Sensitivity tests involved PCR of the spiked positive control satriples described above.
This DNA extraction/PCR protocol could detect Group 3 P. acnes at 4 minimal

" concentration of 500 ctu/sample (12,500 cfu/gram) using a minimum of 28 cycles in the
15

second round of PCR. No PCR product was obtained from the unspiked tissue or the 10,
50 or 100 cfu spiked samples even when higher cycle numbers were used for the second
round of PCR.

3. Specificity and sensitivity of P. acnes Group 2/3-specific deletion-based primers

The Group 2/3-specitic delction-based PCR assay was performed as a scmi-nested
procedure to increasce sensitivity. The first round of PCR involves primers DELF (SEQ
ID NO:12) and DELR1 (SEQ ID NO:13) and thermal cycling conditions of 15mins at
95°C, 25 cycles of 30 seconds at 94°C, 1 rhin at 67°C and 2 mins at 72°C, followed by 7
min extension at 72°C. HotStarTaq DNA Polymerase (Qiagen Pty Ltd) was used for
these reactions. One pL of the first PCR reaction was used as template for the second
round of PCR, which involves primers DELF (SEQ ID N0:12) and DELR2 (SEQ ID
NO:14) and identical thermal cycling conditions except that the cycle number can be
extended to 28 cycles. The final PCR product is 742nt in size (within SEQ ID NO:11).

Specificity of the above primers was further assessed against a vatiety of other DNA
sources using 27 cycles in the sccond round of PCR, These tests confirmed that they do
not show any cross-reactivity with i) human DNA and ii) the endogenous bacterial DNA
in HotStarTaq DNA polymerase. However, analysis of a panel of Gram positive bacilli
including Propionibacterium avidum and Propionibacterium granulosum, plus
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corynebacterium, actinomyces and bacillus specics and DNA from several bacterial
species isolated from prostatic tissues in this study (see Example 1) showed that these
primers can occasionally produce faint non-specific bands of varying sizes from pure
genomic DNA of other bacteria. These faint PCR products are not 742nt in size therefore
can be distinguished from the PCR product obtained from P. acnes Group 2 or 3 by their
size difference, or by sequencing of the DNA product.

Sensitivity tests involved PCR of the spiked positive control samples described above.
This DNA extraction/PCR prc)tdcol conld detect Group 3 P. acnes at & minimal
concentration of 500 cfu/sample (12,500cfu/gram) using 27 cycles in the second round of
PCR. No PCR product was obtained from the unspiked tissue or the 10, 50 or 100 cfu
spiked samples under these PCR conditions.

Example 5: Investigation into whether P. acnes isolates with hydrophilic
cell surfaces (Groups 2 and 3) exlst as a minor subtype on human facial
skin.

Our previous work (Example 2) showed that 10 out of 12 (83%) of P. acnes isolates

" cultured from the prostatic tissue of prostate cancer paticnts had different growth

characteristics in liquid medium without agilation compared to common cutancous £.
acnes. These prostatic isolates (defined as P. acnes Groups 2 and 3) grew as a suspension
even at high cell density, a characteristic that correlated with a hydrophilic cell surface.

In order 1o determine whether P. acnes of Groups 2/3 might occur as a minor subgroup of
the normal skin bacteria, samples obtained from the facial skin of a female volunteer
were cultured as previously described (Example 2). Fifty colonies typical of P. acnes
(small, slow-growing white/yellow colonies) were randomly selected for culture in brain-
heart broth supplemented with 5% horsc scrum. Nonc of these 50 isolates showed the
hydrophilic growth properties typical of Group 2/3 P. ucnes from the prostate. All 50

isolates formed aggregates at high culture density and precipitated out of suspension

leaving a clear supernatant, as we have previously obscrved for cutancous P. acnes (all
Group 1).

For 18 isolates DNA was extracted as described in Example 1. All 18 isolates were then
confirmed as P. acnes by PCR and sequencing of the 165 rRNA gene (as described in
Example 1) and also by analysis of RAPD-PCR banding patterns (as described in
Example 3). All 18 isolates selected for genetic analysis showed the RAPD-PCR banding
patterns typical of Group 1 P. acnes. Eighl of the 18 isolates were randomly selected for .
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TCR and DNA scquence analysis of the MMCoA pene (as described in Gxample 2), with
all 8 shown to have SEQ ID NQ:2 which is indicative of Groups 1 and/or 2. In addition,
all 18 isolates were positive for PCR using primers PROY0 (SEQ ID NO:21) and PR108 Y
(SEQID NO:22) based within SEQ ID NO:10, indicating that none of these isolates have
the 8693 nucleotide DNA deletion that is observed in P. acnes of Groups 273 (as
discussed in Example 3). These isolates were all therefore typical of Group 1 P. acnes in
having hydrophobic growth characteristics in liquid medium, Group I RAPD banding
pattcrns, SEQ ID NO:2 and SEQ ID NO:10 (which is deleted in Group 2/3) plus negative
PCR results with the beta-lactamase-based Group 2/3 PCR aasay {as described in
Example 4). '

“These results show that Group 1 P. acnes is commonly found on human facial skin.

However we now understand that P.acres Group 2 and 3 are less tolerznt 10 oxygen
levels in their growth environment and would have been selected agziinst under-the
culture conditions used (which are outlined in Example 2). Had these been cultured
undor anacrobic conditions for the initial isolation from the skin prior to sub-culturing
into the broth medium, some P. acres Group 2/3 organisms may have been identified.
Other studies show that serotype IL P. aches (Whtch we helieve are equivalent 10 our
Group 3) constitute approximately 30% of P. acnes isolated from human facial skin. Tt is
also likely that Group 2 P.acnes oceur as a minor subtype ot human skin because our.
analysis of the recently published complete genome sequence of a P. acnes skin isolate
(Bruggemann 2004) shows that the isolate used for genome sequem,mg (strain
KPA171202) is in fact a Group 2 according to the genetic characteristics that we hdve
determined for grouping of £. acnes. The serolype of strain KPA171202 is not mentioned
by Broggemann (2004), '

Example 6: Comparison of P. acnes Groups 1, 2 and 3 with known F.
acnes type strains of Serotype | and Serotype Il

The bacterial species Propionibacterium acnes is known o have two different serotypes,
designated Serolype I and Scrotype II, which can be distingnished using agglutination
tests with human or animal antibodies (Ray 1970; Johnson 1972, Kishishita 1979). Very
litlle published information is available on the differences between P. acnes Serotypes 1
angd 11, however the following lacts arc widely known (Ray 1970, Johnson 1972,

~ Cummins 1975, Kishishita 1979, Sasaki 1980a) :

i) Serotype I contains the sugar galactose in its cell wall, whereas Serotype IT does not.
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ii) Approximately 53-80% of Serotype Iisolates ferment sorbitol, whereas no Serotype 11
strains are known (o ferment this sugar.

iii) Serotype Lis more corunon, constituting 70-80% of all P, acaes isolates cultured
from human facial skin.

In addition, a recent study attempting to type clinical isolates of P. acnes using RAPD-
PCR (Perry 2003) identified a particular 200 bp DNA band which appeared in the
majority of isolates, including their Serotype I'type strain, but was absent from their
Serotype II type strain. Thc& concluded that this RAPD banding pattern may prove usetul
in distinguishing between P. acnes of Serotypes 1 and [I. By this classification, 16/23
(70%) of their clinical isolates cultured from prosthetic hip infections and
microdissectomy tissue specimens from sciatica paticnts appeared to be Serotype 1, which
is consistent with the proportion of this scrotype on human facial skin.

Although the serotype of our 18 P. acnes isolates (12 cultured from the prostatic tissue of
prostate cancer patients and 6 isolated from human facial skin for comparison) is not
known, sugar fermentation tests showed that 6/8 (75%) of Group 1 isolates and 4/5
(80%) of Group 2 isolates fermented sorbitol. In addition all Group 1 and 2 isolates
analyzed by RAPD-PCR as described by Perry (2003) had the 200 bp DNA band that

- may be associated with Serotype 1. In contrast, none of the 4 isolates from Group 3

fermented sorbitol or had the 200 bp RAPD band. These resulls indicated that P, acnes
Groups 1 and 2 are probably Scrotype I, whereas Group 3 may be Serotype 1.

Two type.strains of P. acnes were purchased for comparisor with our cultured isolates.
These were ATCC 6319 (Serotype I) and ATCC 11828 (Serotype ID). Gengetic analysis
tevealed (hat the Serolype I strain 6919 was typical of our Group Iisolates in the
folloWing characteristics; ‘ '

i) A Group 1 banding pattern in all 3 RAPD-PCR assays that we have developed for
typing of P. acnes (including the onc previously developed by Perry (2003) , with
presence of the 200 bp band as discussed above),

i) Presence of MMCoA SEQ ID NQ:2.
iii) Presence of the Group 1 beta-lactamase sequence (SEQ ID NO:5).

iv) Presence of the 8693 nt region (SEQ 1D NQ:10)
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Strain 6919 lacks the hydrophobic cell surface properties of our Group 1 isolates and
docs not form aggregates then drop out of suspension to leave a clear supernatant when
cultured in liquid medium without agitation. However, these cohesive/aggregating growth
properties are frequently lost by bacterial isolates after prolonged laboratory culture,
presumably because the selective {orces that make cohesion and aggregation important
propettics for growth on human skin are no longer present in artificial growth conditions
(Wyss 1989).. ’

‘

In contrast, the Serotype ¥ type strain 11828 was found to be typical of our Group 3
isolates in the following characteristics:

i) A Group 3 banding pattern in all 3 RAPD-PCR assays that we have developed for
typing of P. acnes (including the one previously developed by Perry (2003), with lack of
the 200 bp band as discusscd above).

ii) Presence of MMCoA SEQ 1D NO:1.
iii) Presence of the Group 2/3 beta-laclamase éequcncc (SEQ ID NO:6).
iv) Deletion of 8693 nt region (SEQ ID NO:10),

v) Hydrophilic growth properties, stayirig in suspension when cultired in liquid medium
without agitation. '

These results indicate that our Group 1 isolates are Serotype I, whereas our Group 3
isolates are Serotype IL. The relationship of Group 2 P, acnes to the serotyping system is
les$ certain. They are likely to be Serotype I because most Group 2 isolates ferment
sorbitol and all have the 200 bp RAPD-PCR band assoctated with Serotype L
Genetically, Group 2 isolates also have MMCoA SEQ ID NO:2 as seen in Group
1/Serotype I strains.

However Group 2 isolates also sharc several characteristics with Group 3, including the
Group 2/3 beta-lactamase sequence (SEQ ID NO:6), deletion of the 8693 nt region (SEQ
ID NO:10) and the 6050t deletion within the Acetyl CoA synthetase gene (SEQ ID
NQ:16) which is very similar to SEQ ID NQ:17 of Group 3. By RAPD banding patterns
(which give a broader indication of genetic similarity), Group 2 P. acnes are identical to
Group 1/Serotype Iin 2 of the 3 RAPD assays that we use for typing of P. acnes, whereas

. in the third assay they have a banding pattern partly the same as Group 1 and partly the
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same as Group 3. Group 2 therefore appears to be a genetic intermediate between Groups

.1 and 3.

Tin this respect it is interesting to note that many P. acnes strains react with antiserum
against both Serotype I and Serotype {1 P. acnes (Ray 1970; Johnson 1972); such strains
may represent our Group 2. More recently, the phylogenetic differences between P
acnes (sero)type I and (sero)lype II were discussed (McDowell 2005). They concluded
that serotypes I and 11 are distinct phylogenelic groups that have been evolving separalely
for a long period of time. They also described a group of atypical P. acnes that would
stain only weakly with antibodics that usually distinguish type I and 1ype IL, or would
stain with both antibodies. Other genctic criteria suggested that these atypical strains
may be a subtype within serotype 1. We suggest that these atypical P. acnes are
equivalent to the P. acnes Group 2 described herein. Our analysis of the genome
sequences from P. acnes strain KPA171202 (Bruggemarm 2004), which is a Group 2
dccording to the genetic characteristics that we have determined for grouping of P. acnes,
shows that strain KPA 171202 also falls into the “atypical™ group believed by McDowell
(2005) to be a subtype of serotype I (discussed above).

In terms of prostate disease, our results from Fxamples 1 and 2 show preferential

involvement of P. arnes Groups 2 and 3 by culture analysis of prostatic tissue from
prostate cancer patients, Although Serotype IT is a minor type on human facial skin, our
resulls suggest prefereatial involvement of Serotype II P. acnes (Group 3), or P. aches
with at least some characteristics of Serotype I (i.e. Group 2), in prostate diseasc. One
similar finding has been reported for Scrotype IL P. acnes in a study of peridontal disease,
where 55/80 (64%) of P. acnes isolated from root surfacc carics lesions and peridontal
pockets were found to be Serotype I (Sasaki 1980b). This study repotts that Scrotype 11
P. acnes usnally possess numerous long pili that are associated with higher

hacmagglutinating activity, indicating that that Serotype II may be better able to adhere to

and therefore colonize (and cause disease of) mucous membranes. In contrast, Scrotype |
P. acnes were found to have a small nnmber of short pili and weaker hemagglutinating
activity (Sasaki 1980b).

Example 7: Method for detecting DNA reglons present in Group 3 but not
in Groups 1 and 2. '

The purpose of this work is to use a representational difference analysis (RDA) technique
to definc arcas of one genome that are absent in the genome of another. This is best used
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to demonstrate areas of deletion between cell types, ot in our case different strains of
bacteria, and is based on the method described by Hou P et al (1996) adapted from
Lisitsyn' NA et al (1995) and Lisitsyn and Wigler (1995).

Tester DNA is the DNA in which you wish to find the sequences that arc not present or
different from the other DNA, termed the Driver DNA. The method below can be used
but is not limited to the following example.

Genomic DNA from a Group 3 bacterium (tester DNA) is isolatcd and cleaved with a
restriction enzyme. The digestion reaction is then subjected Lo ligation with an adapter
comprising two oligonucleotides, which when combined form the sticky ends of the
restriction site, and will ligate to the cut ends of the DNA, For example see adapter I in
Table 7 which comprises primer I and primer II. Enzymes uscd can include any enzyme
that gives a 3° or 5” overhang and gives restriction fragments of a reasonable size for
amplification. The method can also use a variely of different enzymes used separately to
cover areas-that may not be suitable for amplification by any specific enzyme. Tester
DNA when ligated with the appropriate restriction enzyme specific adapters, is then
mixed with Driver DNA (Group 1 isolate DNA or group 2 isolatc DNA), that has been
sonicated to give an average fragment size of between 500 and 1500 bp where driver
DNA is in excess (>50:1). The mixture is denatured and reannealed after the addition of
NuCl at 68°C for 20 hr then cleaned up using Phenol Chloroform or other relevant clean
up procedures. A portion of the mixture is incubated with Taqg DNA polymerase in PCR
mixture without the primer to ill in overhangs after which primer Iis added and
amplification performed over about 20 cycles. This will selectively amplify fragments of
DNA ‘that appear only in the Tester DNA. This is referred to as the representational
stage.

The resulting PCR products are redigested with the same restriction enzyme and ligated
to & second but different adapter that creates the same restriction site but the remaining
sequence is different from that in primers I and IT and can be used as an amplification
primer Table 7. The procedure above is repeated and constitutes the sccond round of
hybridization and is repeated again using a third different adapter for a third round and so
on until distinel bands can be distinguished. These products can be cloned and or
sequenced directly. This represents the arplitication phase of the technique.

Table 7: Primers used as adapters and amplification prirmers for representational
differential display.
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Adapter  [Frimer Name Sequence 5'-3' Stage Used
| Adapter [ Bam pr}merl BSK-1-24 AGCACTCTCCAGCCTCTCACCGAG Representation
Bam primerll |BamHI-[12 IGATCCTCGGTGA
. Bam primertll [BSK-1I-24  JACCGACGTCGACTATCCAAGAACG|Amplification
BamH L iadapter Il ol TV BamiTIT 12 [GATCCGTTOTTG el
| Adapter I Bam primerV |BSK-1I-24 AGGCAACTGTGCTATCCGAGGGAG|Amplification
P Bam primerVI [BamHL-IU2 [GATCCTCCCTCG even
Sal primer] __|BSK-1-24 _ |AGCACTCTCCAGCCTCTCACCGAG [
gl primerTl  [Salld1Z__ [TCGACTCGGTGA Ropresentation
Sall A danter TT Sal primerlll  BSK-I-24  JACCGACGTCGACTATCCAAGAACG|Amplification
¢ P Sal primerlV _ [Sall-1112 TCGACGTTCTTG . odd
| Adapter I Sal primerV.__ |BSK-TTI-24  JAGGCAACTGTGCTATCCGAGGGAG|Amplification
‘ P Sal primerV1  [Sall-TIT12 TCGACTCCCTCG even
Kas primerl  [BSK-I-24 AGCACTCTC CAGCCTCTCACCGAG . .
) Adapter 1 Kas primerl]l  |Kasl-[12 GCGCCTCGGTGA rRep resentation
KasT | Adzpter 11 Kas primee[ll BSK-1I-24  |JACCGACGTCGACTATCCAAGAACG|Amplification
) P Kas primerlV [KasI-IT12 GCGCCGTTCTTG o
Adapter 1l Kas pomerY  |BSK-lII-24 |JAGGCAACTGTGCTATCCGAGGGAG IAmplification
Kas primerVI |[Kasl-1I112  |GCGCCTCCCTCG kven

This process can be undertaken using a variety of different restriction enzymék; to
generate a variety of fragments of an amplifiable size for PCR. Specific adapters will
need to be designed for each restr iction enzyme used.

Example 8: Method for isolating P. acnes from urine and development of a

urine test.

numbers (Example 1). We have therefore developed a method of detection, which
involves the use of bacterial culture to selectively amplify.the numbers of P. acnes
present in patient samples prior to analysis by PCR. This method could be applied to any
paticnt samples available for analysis, mc]udmg urine samples as discussed in the

example below

Methods

1. Preparation of semi-selective medium

* Previous analysis of patient samples snggest that P. acres is present only in very low

Brain Heart Infusion Agar (Oxoid Australia Ltd) was prepared containing 0.5% Tween
80 and adjusted to a pH of 6.0 using hydrochloric acid prior to autoclaving, After
autoclaving the solution was cooled and the following ingredients were added: sierile
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horse serum (alL 5%), filter-sterilized ascorbic acid (at 0.01%), furazolidone (Sigma) at
6pg/mL and filter-sterilized gentamicin (Pharmacia) at 4 pg/mL. Furazolidone stock
solution (1.33mg/mL) was prepared by dissolving 40mg of furazolidone powder in 30mL
of acetone at 37°C with agitation for several hours. Both antibiotics were prepared freshly

immediately priur Lo use, and-the agar platcs were incubated at 37°C for 24hrs to ensure

sterility then stored at 4°C and used within 3 weeks of preparation.

The use of furazolidone (0 prepare culture media semi-sclective for Propionibacteria was
previously developed by Smith (1969) and refined by Marino (1982), who reported that -
acidification to pH 6.1 prevents de génera'gion of the furazolidone into toxic imlermediates
and that addition of ascorbic acid improves the growth of P, acnes on this medium.
Inclusion of gentamicin as a selective agent and Tween 80 as a growth stimulant for P.
acnes was previously discussed by Kishishita (1980). The antibiotic concentrations of 6
ng/mL furazolidone and 4 pg/mL gentamicin were chosen because these were the
maximal concentrations that allowed reasonable gfowth of our P. acnes Group 1,2 and 3 -
isolates after 7 days of anacrobic incubation. Some strains of P. acnes Groups 2 and 3
showed noticesble growth inhibition cven at these concentrations.

This medium is only semi-selective for P, acnes and still allows growth of many
streplococeal species (discussed below) therefore future work will involve trying to
improve its selectivily. Methods (o be trialled will include loweting of the medium pH
and addition of other substances that £. acnes is resistant to, including the metronidazole
and sulfonamide cl asses of antibiotics.

2, Culture of bacteria from urine samples

Approximately 20mL of inilial-siream urine was collécted from 12 malc paticnts about to '
undergo prostate biopsy for cancer diagnosis in view of an elevated serum PSA. Two mL
ol each utine samplc was centrifuged at maximum speed for 10 minutes, the supernatant
decanted and the pellet resuspended in 100pL of sierile water then evenly plated onto the,
semi-sclective agar plates described above. The plates were incubated under anaerobic
conditions in an atmosphere gencration jar at 37°C for three days then examined for
bacterial growth. At this stage no colonies of P. acnes are visible yet so all colonies
present were marked as “not P. acnes” by placing a dot on the back of the agar plate
corresponding to their position. This was done because many colonics did not continue to
grow with continued incubation and if assessment was only performed after 7 days, these

- bacteria could not always be distinguished by either colony morphology or colony size
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from P. acnes colonies. At least two representative colonies of cach distinguishable type
present were taken for subenlture and identification, then the plates were returned to
anaerobic incubation for a further 4 days.

On the 7th day of incubation the plates were examined again for new, unmarked colonies.

For colonics typical of P, acnes (white colonies 1-2mm in diamelér) up to 30 isolatcs
were taken for subculture and ideutification, while for other colony types at least (wo
representative colonies were subculturcd. All isolates were subcultured in Brain Heart
Infusion broth with 5% horse serum, incubated at 37°C without agitation for up to 2
weeks. ‘

3, Identification of bacteria from urine samples

DNA was extracted from bacterial broth subcultures by centrifuging ImL of turbid
culture for 2 min at maximurm speed, dccaﬁting the supcrnatant, washing the pellet once
in 1ml..of sterile PCR-grade water, and then resuspending the pellet in 200pL. of sterile
PCR-grade water, This was boiled for 10mins, centrifuged at maximum speed for 4 mins
to pellet the debris, and the supernatant containing bacterial DNA was used directly for
PCR. While this method worked consistently for P. acnes cultures, it frequently failed to

’ produce DNA suitable for PCR from other bacterial species. In thesc cases the DNA was

extracted using bead-beating and the QiaAmp DNA mini kit as described for bacterial
isolates in Example 1. C

Bacterial isolates were identified as P. acnes or P. avidum by PCR using the primers
MMF (SEQ ID NO:3) and MMR (SEQ ID NO:4) as described in Example 2. P. acnes
isolates were then identificd as Group 1, 2 or 3 by PCR using the primers PR219 and
PR220) (as described in Example 3) 1o detect and distinguish Groups 1 and 2, and the
primcrs PR245 and PR247 (as described in Example 3) to detect and Group 3. P. avidum
does not give a positive PCR result with the latter two primer pairs, Qther bacterial

species (including P. avidum) were identified by sequencing of the 168 tRNA genc and

compatison with 168 sequences in Genbank as described for bacterial isolates in

" Example 1.

4. Extraction of bacterial DNA from “plate-scrape ™ samples

After 7 days of anaerobic incubation, a compichensive sample of bactcrial colonics
present was ¢ollected by scraping the agar plate with a sterile loop. Particular effort was
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made to sample all small colonies morphologically typical of P. acaes, and the remnants -
of colonies alrcady sampled for subculture. This bacterial “plate-scrape” sample was
resuspended in 128uL of sterile PBS and the DNA was then extracted using bead-beating
and the QiaAmp DNA mini kit as described in Example 1 for cultured bacteriﬁl isolates.
The DNA was then analyzed by PCR vsing the three P. acnes-specific pnmu's pans as
described above for cultured isolates.

Results
1. Culiure of P. acnes from urine samples

As expected, use of furazolidone in the semi-selective medium prevented growth of
Gram-negative bacteria and Staphylococcal species from the urine samples. Streptococcal
species were the predominant micro-organisms isolated from most paticnts (Table 8), and
in many cascs these were preseat in high cnough numbets to inhibit the isolation of slow-
growing bacietia by using up most of the available space and nutrients. However, P,

_ acnes was cultured from 5 of the 12 patients analyzed and the predominant P. acnes type

isolated from the urinary tract was Group 2 (grown trom 4 patients; the numerically
predominant group of P, acnes in 3 of these cases). Group 3 P. acnes were isolated from
2 paticnts and were present in relatively high numbers in'one of these cases. Group 1 P.
acnes were isolated from 3 patients but were present only in low numbers in each case.
These results are summanrized in Table 8. In all cases, the Group 2 and 3 P. acnes

Jsolated from the urinary tract showed the same hydrophilic growth properties in liquid

medium as observed for Gi'oup 2/3 P. acnes previously isolated from prostate lissue
(discussed in Example 2). Similarly, all Group 1 isolates from the urinary tract showed
the same aggregative/hydrophobic growth properties previously observed for Group 1
isolates from prostate tissue and human facial skin,

Table 8: Culture results from urine samples (2u1l.) from 12 prostate biopsy paticnts

Patient No  Predominant Species P, acnes coltored P, acnes (rroup

(cfu) ‘ (cfu) (% of no. cultured)

05-205 - Streptococens ‘m/a (156) No -

05-206 Propionibacterium acnes (13) Yes (18) Group 3 (66.67%)
; Group 2 (16.67%)

Group 1 (16.67%)
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05266  Fnterococcus faecalis (41)
 Streptococcus 'mfa (33) No -
05-271 Streptococcus 'm/a (106) No -
05-329 No bacterial growth No -
05-333 Strepiococcus 'mfa (100)
Corynebacterium sp. (30) Yes (1) Group 2 (100%)
05-334 Propionibacterium avidum (5) Yes (4) Group 2 (75%)
Propionibacterium acnes (4) Group 1 (25%)
05-335 Streptococcus pneumoniae (247)
Streptococcus 'm/a (98) No -
03-336 Streptococcus mitis (38) ' ‘
Streprococeus 'mfa (15) -~ Yes(5) Group 2 (80%)
Group 3 (20%)
- 05-337 Streptococcus agalactiae (115) V
Streptococeus 'm/a (52) No -
05-338 “Streptococcus 'm/a (2 8) No -
05-351 " Dermabacter hominis (28)
Fropionibacterium propionicus (20) Yes (2) Group 1 (100%) .

'm/a = milleri or anginosus; the 165 rRNA gene sequence for these Streprococcus species
is identical within the region analyzed by. PCR. -

2. PCR analysis of bacterial DNA from “plate-scrape” samples

Analysis of DNA from the combined bacterial colonics scraped from the agar plates was
ouly trialled for the last 8 prostate biopsy patients, and one of these (05-329) was omitted
because no bactlerial growth appeared at all. PCR results from the platc-'scrapes very
closely reflected the P, acnes culture resulis for the seven patients analyzed (Table Y),
The plate-scrape method was found Lo be more accurate for detection of the predominant
P. acnes group present, as it identified P. acnes in two paticnts that were negative by
culture analysis (Table 9). In onc case (05-337) a large number of colonies was egvident
on the plate (see Table 8) however sampling of 20 small colonics did not pick up £.
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acnes, therefore it must have been present as a small minority. In the second case (05-
338) only two new colonies grew on the plates after Day 3 of incubation; both of these
were taken for subculture but ncither grew in the broth. The plate-scrape method included
sampling the remnants of these two colonics and indicates that they were Group 2 P.
acnes. The loss of small colonies on subculture was a commonly encountered problem,
and is typical of microacrophilic bacteria such as P. acnes (in particular Group 2, which
grows more stowly) and ofien require a larger innoculurm for growth to occur unless kept
under strictly anaerobic conditions. Incubation of the broth bottles under anaerobic
conditions could help with this problem.

While the plate-scrape method was found to be more accurate for detecting the
predominant P. genes group present, it was less sensitive for detection of additional P.
acnes groups present in Iower numbers. For patient 05-336 the presence of Group 3 was

“not detected by the plate-scrape method (Table 9), This is probably because the P. acnes

DNA is “diluted” by the presence of DNA from multiple other colonies, and groups
present as a small minority were beyond the scnsitivity limits of the PCR assay nsed. This
may be Icss of a problem if the plate-scrape method is used alone, rather than being
preceded by sampling of the colonies present for subculture, which removes most of the
colony from the agar plate. ’

Table 9: Comparison of culture results and “plale-scrape” results from urine samples
(2ml) [rom 7 prostatc biopsy patients,

PCT/AU2005/000355

Patient No, | Culture “Plate-scrape” | Groups identified | Groups identified
for £, acnes | for P. acnes by culture by “plate-scrape®
05-333 Positive Positive Group 2 - Group 2
05-334 Positive Positive Group 2 (majority) | Group 2 (majority)
‘ Group 1 (minority) | Group 1 (minority)
05-335 Negutive Negative - -
05-336 Positive Positive Group 2 (major) Group 2
Group 3 (minor)
05-337 Negative Posilive - Group 1
05-338 Negative Positive - Group 2
05-351 Pasitive Positive Group 1 Group 1

In conclusion, patient samples can be succcssfully assessed for presence of P, genes using
culture of the patient sample on a medium which selectively amplifies the numbers of P.
acnes presenl in the sample, followed by identitication using either subculture of
individual colonies and/or the plate-scrape method. Our analysis of urine samples from
patients aboul to undergo prostate biopsy shows that Group 2 is the predominant P. acnes
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type present in the urine of most paticnts. Further work is needed to determine whether

the hydrophilic variants of P. acnes (Groups 2 and 3) arc present-as natural urethral tlora

in most males, or arc predominantly present in urine from the group of men who develop
" prostate disease, including prostatc cancer.

5 It will be appreciated by petsons skilled in the art that numerous variations and/or
modifications may be made 10 the invention as shown in the specific embodiments
without departing from the spirit or scope of the invention as broadly described, The
present embodiments are, therefore, to be considered in all respects as illustrative and not
restrictive.
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Claims
1. A method of diagnosing the presence of, or the predisposition to develop,

prostate discasc in a subject, the method comprising analysing a test sample from the
subject for the presencc of P. acnes infection of (he prostatc gland,

- 2. A method according to claim 1 whercin analysis of the test sample from the

subject is by a method involving polymerase chain reaction (PCR) or culturing the test
sample or a combination of both PCR and culturing the test samplc. ‘

3, A method according to any one of claims 1 or 2 whercin the test sample is
selected from the group comprising whole blood, serum, plasma, uring, scmen, prostatic
scerctions and prostate tissue.

4, A method accdrding to any one of claims 1 o 3 wherein the method -
distingnishes between P. qcnes Group 1, Group 2 and Group 3 as hercin defined., or
combinations thereof. ’

3. Anisolated polynucleotlde whe1em the polynucleotide has a sequence selected
from the group consisting of:

SEQ ID NO:I;

4 sequence at least 99% ldenn(,al to SEQ ID NO:1;

a fragment of at Icast about 10, at teast about 15, at least about 20, at least about 25, at -
least about 30, at least about 50, at least about 100, at least about 150, at 1cast about 200
ot mote contiguous nucleotides of SEQ ID NO:1, wherein the sequence comprises a
sequence that is not present in 2. acnes Group 1 ot that is specific for P. acnes Group 3;

a sequence which hybridizes to SEQ ID NO:1 under conditions of high stringency;

a sequence complementary lo SEQ ID NO:1 ora f‘ragment of SEQ ID NO:1 described
above. SEQ I NQ:1;

SEQ ID NO:2;

a scquence at least 99% identical 10 SEQ ID NO:2;

a fragment of at least about 10, at least aboul 15, at least about 20, at least about 25, at
least §1hout 30, at least about 50, at least about 100, at least about 150, at lcast about 200
or more contiguous nucleotides of SEQ ID NO:2, wherein the sequence comprises i
sequence that is not present in P. acnes Group 3 or that is specific for P. acnes Group 1 or
2; ’ . '
a sequence which hybridizes to SEQ 1D NO:2 under conditions of high stringency;
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a seqﬁence complementary to SEQ ID NO:2 or a fragment of SEQ ID NO:2 described
above. '
SEQ ID NO:6;
~ asequence at least 95%, preferably at least 96%, more preferably at least 97%, even more
5 preferably at least 98%, and more preferably at least 99% identical to SEQ D NO:6;
a fragment of at least about 10, at least about 15, at least about 20, at least about 25, at
least about 30, at least about 50, at least about 100, at least about 150, at lcast about 200
or more conti guous nucleotides of SEQ 1D NO:6, wherein the sequence comprisesa
sequence that is not present in P, genes Group 1 or that is specific for P. acnes Group 2
10 and/or Group 3;
a sequence which hybridizes to SEQ ID NO:6 under conditions of high stringency;
a sequence complementary 10 SEQ ID NO:6 or a fragment of SEQ ID NO:6 described
above; ' ' .
SEQ ID NO:11;
15 asequence at least 95%, preferably at least 96%, more pn,fembly at least 97%, cven more
preferably at least 98%, and more preferably at least 99% identical to SEQ ID NO:il;
a fragment of at least about 10, at least about 15, ai least about 20, at Jcast about 25, at’
least about 30, at least about 50, at least about 106, at least about 150, at least about 200
or more contiguous nucleotides of SEQ ID NO:11, whercin the fragment compriscs a
20  sequence that is not present in P. acnes Group 1 or that is specific for £. acnes Group 2
and/or Group 3; '
a sequence which hybridizes to SEQ ID NO:11 under conditions of high stringency;
a sequerice complementary to SEQ ID NO:11 or a fragment of SEQ ID NO:11 described
above;
25 SEQID NO:15;
a sequence at least 95%, preferably at least 96%, more preferably at least 97%, even more
preferably at least 98%, and more preferably at least 99% identical to SEQ ID NO: 15;
a fragment of at least 10, at least 15, at least 20, at least 25, at least 30, at least 50, at least
100, at least 150, at least 200 or more contiguous nucleotides of SEQ ID NO: 15, whercin
30 the scquence comprises a sequence that is not present in P. acnes Group 2 and/or Group 3
ot that is specific for P. acnes Group 15
a sequence which hybridizes to SEQ ID NO:15 under conditions of h1gh stringency,
a scquence complementary to SEQ ID NO;15 or a fragment of SEQ ID NO:15 described
above; .
35 SEQID NO:16;
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a sequence at least 95%, preferably at least 96%, more prefcrably at least 97%, even more
preferably at Icast 98%, and more preferably at least 99% identical to SEQ ID NO:16;

a fragment of at least 10, at lcast 15, at least 20, at least 25, at least 30, at least 50, at least
100, at least 150, at least 200 or more contiguous nuclcotides of SEQ 1D NQ:16,wherein
the sequence comprises a sequence that is not present in P. acnes Group 1 and/or Group 3
ot (that is specific for P. acnes Group 2;

a sequence which hybridizes ta SEQ ID NO:16 under conditions of high stringency;

a sequence complementary to SEQ ID NO:16 or a fragment of SEQ ID NO: 16 described
above; 4

SEQID NO:17;

a sequence at least 95%, preferably at least 96%, more preferably at least 97%, even more
preferably at least 98%, and more preferably at least 99% identical to SEQ 1D N(;17;

a fragment of at least 10, at least 15, at least 20, at least 25, at lcast 30, at least 50, at least
100, at lcast 150, at least. 200 or more contiguous nucleotides of SEQ ID NO:17,whercin
the sequence compriscs a sequence that is not present in P. acnes Group 1 and/or Group 2
or that is specific for P. acnes Group 3;

a sequence which hybridizes to SEQ ID NO:17 under conditions of high stringency;

a sequence complementary to SEQ ID NO:17 or a fragment of SEQ ID NO:17 described
abovc; '

SEQ ID NO:20; A
a sequence at least 95%, prefcrablylat lcast 96%, more preferably at least 97%, even more
preferably at least 98%, and more preferably at least 99% identical to SEQ ID NO:20;

a fragment of at least 10, at least 15, at least 20, at least 25, at least 30, at least 50, at Icast
100, at least 150, at lcast 200 or more contiguons nucleotides of SEQ 1D NO:20,wherein
the sequence comprises a sequence that is not present in P. aenes Group 2 and/or Group 3
or that is specific for P. acnes Group 1; '

a sequencé which hybridizes to SEQ ID NQ:20 under conditions of high stringency;

a sequence complementary 1o SEQ D NO:20 or a fragment of SEQ 1D NO:20 described
above;

SEQ ID NO:23; ‘ .

a sequernce at least 95%, preferably at least 96%, morc preferably at least 97%, even more
preferably at least 98%, and more preferably at least 99% identical 10 SEQ ID NO:23;

a fragment of at least 10, at lcast 15, at least 20, at least 25, at least 30, at least 50, at least
100, at least 150, at least 200 or more contiguous nucleotides of SEQ ID NO:23,whercin
the sequence comprises a sequence that is not present in P. acnes Group 2 and/or Giroup 3
or that is specific for P, acnes Group 1; .
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a sequence which hybridizes to SEQ ID NO:23 under conditions of high stringency;

a sequence complementary-to SEQ ID NO:23 or a fragment of SEQ ID NO:23 described
above;

SEQ ID NO:26;

a sequence at lcast 95%, preferably at least 96%, morc preferably at least Y7%, even more
preferably at least 98%, and more prcfcra‘bly at least 99% identical to SEQ ID NO:26;

a fragment of at least 10, at least 15, at least 20, at least 25, at Jeast 30, at least 50, at least
100, at least 150, at least 200 or more contiguous nucleotides of SEQ 11D NO:26,wherein
the sequence comprises & sequence that is not present in P. acnes Group 2 and/or Group 3
or that is specific for P. acnes Group 1;

a sequence which hybridizes to SEQ I NO:26 under conditions of high stringency,

a scquence complementary to SEQ ID NO:23 or a fragment of SEQ [D NO:23 described
above;

SEQ ID NO:27;

a sequence at least 95%,:.preferably at least 96%‘, more preferably at least 97%, cven maore
preferably at least 98%, and more preferably at least Y9% identical tv SEQ ID NO:27,

a fragment of at least 10, at least 15, at least 20, at least 25, at least 30, at least 50, at least
100, at least 150, at least 200 or more contiguous nuclcotides of SEQ 11> NO:27, wherein
the se«iuéuce compriscs a sequence that is not present in P..acnes Group 1 and/or Group 3
or that is specific for P. acnes Group 2;

a sequence which hybridizes to SEQ ID NO:27 under conditions of high stringency;

a sequence coinplementary to SEQ ID NO:27 or a fragment ot SEQ 1D NO:27 described
above;

SEQ ID NO:28;

a scquence at least 95%, preferably at lcast 96%, more preferably at least 97%, even more
preferably. at least 98%, and move preferably at least 99% identical to SEQ 1D NOIZS;

a fragment of at least 10, at least 13, at least-20, at least 25, at least 30, at Icast 50, at least
100, at least 150, at least 200 or morc contignous nucleotides of SEQ [D NO:28, wherein
the sequence comprises a sequence that is not present in P. acnes Group 1 and/or Group 2

_or that is specific for P. acnes Group 3;

a sequence which hybridizes to SEQ I NO:28 under conditions of high stringency;

a seqﬁence complementary to SEQ 1D NO:28 or a fragment of SEQ ID NO:28 described
above;

SEQ ID NO:31;

- a sequence at least 95%, prefcraBly at least 96%, more preferably at least 97%, even more

preferably at least 98%, and more preferably at least 99% identical to SEQ ID NO:31;
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a fragment of al Jeast 10, at least 15, at least 20), at lcast 25, at least 30, at least 50, at least

100, at least 150, at Teast 200 or more contignous nucleotides of SEQ ID NO:31,wherein
the sequence comprises a sequence that is not present in P. acnes Group 2 and/or Group 3
or that is specific for P. aenes Grouap 1;

a sequence which hybridizes to SEQ ID NO:31 under conditions of high siringency;

a sequence complementary to SEQ ID NO:31 or a fragment of SEQ 1D NO:31 described
above; : ‘

SEQ ID NO:32; ‘

a sequence at least 95%, preferably at least 96%, more preferably at least 97%, even more
preterably at least 98%, and more preferably at least 99% identical to SEQ ID NO:32;

a fragment of at lcast 10, at least 15, at least 20, at least 25, at least 30, at least 50, at least
100, at least 150, at least 200 or more contiguous nucleotides of SEQ ID NO:32, wherein
the sequence comprises a sequence that is not present in P genes Group 1 and/or Group 3
or that is specific for P. acnes Group 2;

a sequence which hybridizes to SEQ ID NO:32 under conditions of high stringency;

2 sequence complementary to SEQAID NO:32 or a fragment of SEQ ID NO:32 described
above;

SEQ ID NO:35;

a sequence al least 95%, preferably at least 96%, morc' preferably at least 97%, evefl more
preferably at least 98%, and more preferably at least 99% identical to SEQ 1D NO:35;

a fragment of at least 10, at least 15, at least 20, at least 25, at least 30, at least 50, at least
100, at least 150, at least 200 or more contiguous nucleotides of SEQ 1D NO:35, wherein
the sequence comprises a sequence that is not present in P, acnes Group 2 and/or Group 3
or that is specific for P. acnes Group 1;

g sequence which hybridizes to SEQ ID NO:35 under conditions of high stringency;

a sequence complementary 1o SEQ 1D NO:35 or a fragment of SEQ [D NO:35 described
ahove;

SEQ ID NO:36;

a sequence at least 95%, preferably at least 96%, more preferably at least 97%, even more
preferably at least 98%, and morc preferably at least 99% identical to SEQ ID NO:36;

a fragment of at least 10, at lcast 15, at lcast 20, at least 25, at least 30, at least 50, at least
100, at least 150, at least 200 or morc contiguous nuclectides of SEQ ID NO:36, wherein
the scquence comprises a sequence that is not present in P. acrnes Group 1 and/or Group 3
ot that iy specific for P. acnes Group 2;

3 sequence which hybridizes to SEQ ID NO:36 under conditions of mbh stringency;
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a sequence complementary to SEQ ID NO:36 or a fragment of SEQ ID NO:36 described
above;

SEQ ID NO:39;

a sequencc af least Y5%, preferably at least 96%, more preferably. at least 97%, even more
preferably at least 98%, and more preferably at lcast 99% identical to SEQ ID NO:39;

a fragment of at least 10, at least 15, at least 20, at least 23, at least 30, at least 50, at lcast
100, at least 150, at least 200 or more contiguous nucleotides of SEQ ID NO:39, wherein

1he sequence comprises a sequence that is not present in P. acnes Group 1 and/or Group 3

or that is specific for P. acnes Group 2;

a sequence which hybridizes to SEQ ID NO:39 under conditions of high stringency;

a scquence complementary to SEQ ID NO:39 or a fragment of SEQ ID NO:39 described
above;

SEQ ID NO:42;

a sequence at least 95%, preterably at least 96%, morc preferably at least 97%, even more
preferably at least 98%, and more preferably at least 99% identical to SEQ 1D NO:42;

a fragment of at least 10, at least 15, at least 20, at least 25, at least 30, at least 50, at least

~ 100, at least 150, at least 200 or more contiguous nucleotides of SEQ ID NO:42, wherein

the sequence comprises a sequence thal is not present in P. acnes Group 1 and/or Group 3
or that is specific for P. acnes Group 2;

a sequence which hybridizes to SEQ D NO:42 under conditions of high stringency;

a scquence complementary 16 SEQ ID NQ:42 or a fragment of SEQ ID NO:42 described
above;

SEQ ID NO:45;

a sequence at least 95%, preferably at least 96%, more preferably at least 97%, even more
preferably at least 98%, and more preferably at least 99% identical (o SEQ ID NO:45;

a fragrment of at least 10, at least 15, at least 20, at least 25, at least 30, at least 50, at lcast
100, at least 150, at lcast 200 or more contiguous nucleotides of SEQ ID N(»:45, wherein
the scquence comprises a sequence that is not prexent in P. acnes Group 3 that is specific
for P. acnes Group 1 or Group 2; '

a sequence which hybridizes to SEQ 1D NO:45 under wndltwns of high strmgency,

a sequence complementary to SEQ ID NO:45 or a fragment of SEQ ID NO:45 described
above;

SEQ ID NQ:46;

* asequence at lcast 95%, preferably at least 96%, more preferably at least 97%, even more

preferably at least 98%, and more preferably at least 99% identical to SEQ 1D NO:46;
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afragment of at least 10, at least 15, at Jeast 20, at least 25, at least 30, at least 50, ac loast

100, at least 150, at least 200 or more contiguous nucleotides of SEQ 1D NO:46, wherein

the sequence comprises a sequence that is nol present in P. acres Group 1 or Group2 that
is specilic for P. acres Group 3:

- asequence which hybridizes to SEQ ID NO:46 under conditions of high stringéncy;

a sequence complementary 10 SEQ ID NO:46 or a fragment of SEQ 1D NQ:46 described
above,

6. A primer wherein the primer binds specifically to a polynucleotide of claim 5.

7. A primer according to claim 6 wherein the primer is selected from the group
consisting of SEQ 12 NO.3, SEQ ID) NO4, SEQ ID NO.7, SEQ ID NO.8, SEQ ID NO.9,
SEQ ID NO.12, SEQ ID NO.13, SEQ ID NO.14, SEQ ID NO.18, SEQ ID NQ.19, SEQ
ID NO.21, SEQ ID NO.22, SEQ ID NO.24, SEQ ID NO.25, SEQ ID NO.29, SEQID
NQ.30, SEQ ID NO.33, SEQ ID NO.34, SEQ ID NQ.37, SEQ [D NQ.38, SEQ ID

'NO.40, SEQ ID NO.41, SEQ ID NO 43, SEQ ID NO.44, SEQ 1D NO 47 and SEQ 1D

NO48.

8. A primer sequence that dlstmguishcq between Group 1, Groups 2 and Group 3
P. acnes as herein defined.

9. A primer according to claim 8 wherein the primer sequence specifically binds to
SEQ 1D NO.1, SEQ ID NO.2, SEQ ID NO.6, SEQ ID NO.11, SEQ 1D NO. 15,SEQ D
NO.16, SEQ ID NO.17, SEQ [D NO.20, SEQ ID NO.23, SEQID NO.26, SEQID
NO.27, SEQ ID NO.28, SEQ ID NO.31, SEQ ID NO.32, SEQID NO.35, SEQ I
NO.36, SEQ ID NO.39, SEQ ID NO.42, SEQ ID NO.45 and SEQ ID NO46. .

10. A probe speeific for P. acnes, wherein the probe detects or localizes a P, acnes
nucleic acid or antigen.

11. A probe according to claim 10 wherein the probe detects or diagnoses a prostate
disease or condition.

412. A probe according to any one of claim 10 or 11 wherein the probe is specific for

P. acnes Group 2 and/or Group 3 as herein defined.

13. A probe according to any one of claims 10 to 12 wherein the probe is a nucleic
acid, antibody, domain antibody or fragment thereof.
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14. A kit for diagnosing the presence of, or the predisposition to develop, prostate
disease in a subject, the kit comprising at lcast one P. acnes specific probe as defined

herein.

15. A method of screening for an agent that has inhibitory cffcct on P. acnes,
wherein the method comprises incubaling £. acnes in (he presence of an agent and
detecting inhibitory effect of the agent on P. acnes.

16. A method of preventing or lreating a prostate disease in a subject, the method
comprising administering to a subject in need thereof an effective amount of a £. acnes
inhibitory composition.

17. An isolated subtype of P. acnes Group 2 or Group 3 as herein defined
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Sequence IDNO. 1
Sequence ID NO. 2

No:1 CGGGTAéGGCAAGATGTTC TACGCGAACGTCAAGCTGTCAGECGTCGTGCCGCAGATCGC 60
No:2 CGGGTACGGCARGATGITCTALGCEANCGICAAGCTGICHGGCETUGTGCCGCAGATCGC 60

*

No:1 CATTATTGECTECECCCCTGCGCCERTGGOGCCTCCTATTCCCCGEGCCCTGACCEGACTTCAT 120
No:2 CATCATTGCTGECCCCTGCHCCGGCGGCGCCTECTATTCCCCGGUCTTGACCGACTTCAT 120
* N *

No:1l CATCATGACGARGAAGGCCCACATGTTCATTACGGECCCCGGCEGTCATCARATCGGTTAC 180
No:2 CATCATGACGAAGAAGGLCCACATGTTCATTACGEGCCLCEGAGTCATCARGTCCGATTAC 180
*

x

No:1 CGETGAGGAGGTGACTGCTGACGACCTGRETEGTGCGGATGCGCACATGTCCACCTCRGG 240
No:2 CGGTGAGGAGGIGACTGCTEACGACCTEEGTCETGCGGATGCGCACATGTCCACCTCGGE 240

No:1 CAATATCCACTTCGTGECCGAAGATEACGACGCCGCAGTECTCATCGCGCAGAAGTIGCT 300
No:2 CAATATCCACTTCGTGGCCGAAGATGACGACGCCCCAGTGCTCATCGCGCAGAAGTTGCT 300

No:l GAGCTTCCTGCCGCAANACAACACTGAGGACGCCCAGATETCCAATCCCAATGACGATGT 360
No:2 GAGCTTCOTGCCGCAAAACAACACTEAGCGACGCCCAGATCTCCAACCCCAATGACGATET 360

.T

No:l CTCCCCECAGCCTGAGCTGCGCGACATCETTCCGCTGGACGGTAAGAAGGRCTACGACET 420

No:2 CTCCCCGCAGCCTGAGC TGCGCGACATCHTTCCGCTGGATGGTARGAAGGGCTACCACGT 420
*

No:1 CCGCGACGTCATTTCCAAGATPCATCEGACTERGECEACTACCTAGNAGGICIAAGGLCGGTTG 480
No:2 CCGCGACGTCATCTCCAAGATCGTCGACTGGGGCGACTACCTAGAGETCAAGECCGETTG 480
* .

ﬁo:l GGCGACCAACATCATCACCECCTTCGCCOGEETCAATGGTCGTACCGTCCGCATCGTAGC 540
No:2

GECGACCAACATCGTCACCECCTTTECCCEGETCAATGGTCHTACCGTCGGCAICHTGGL 540
* *

No:1 CAACCAGCCGAAGGTGATCTCGCOTTCCCTIGACATTAATGCTTCGGACAAGGCTGCCGA 600
No:2 CRACCAGCCGANGGTGATGTCEEGTTGCCIIGACATCAATGCTTCGGACARGGCTGCCGA 600
. * *

No:1 GTTCATTACCTTCTGCGACTCGTTCAATATTCC 633
No:2 GITCATTACCTTCTGCGACTCCTTCAATATICC 633
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Figure 6A
Grpl COTEACERCAGCCTEGTRTTCATCCETACCCAGACTAPICEIGEECAGGITCAGGACGAG 60
Grp2/3 e CAGTCCGGTGTTCATCCGTACCC.‘AGACTRT’P’I‘G'P%GCAGGTCCI\G(?ACGAG 52
N * * w
Grpl ARAGCCTTCTACACCATEICTAREETATCRARACATRCGGAGOTTIICTCCACCGCIGAC 120
Grp2/3  ARAGCTTTTTACACCATEICGRAGRTETCGERECATRCAGEGCTGTTCTCCACCGCTGAC 112
* * * * * N

Grp 1 GATCTGGEEGETGCTGCTGCAGTTGATGTCCAACGAGAGCATGTACCAGHGCCGAGAGTAC 180
Grp2/3 GATCTGCGGGTCCTGCTGCACGTTGATGTCCAACGAGAGCATGTATCAGGGCCATGAGTAC 172
- *

*

Grpl TTCCCEGCCGATG TGCAGCGTCEG TTTCTCACCCCTGATGGTGATAGCGCGACTTACGEE 240
Grp2/3 TTCCCEGCCGATGCTCCAGCETCEGI I TCTCACTCCTGATGGTGATAGCCAGACTTACGGE 232
* W ‘ . *

Grpl TTGGATTGGAGAACGAACGGCTACTACTACTTCCATGGCGGGCCAAGTAAGGCAGCCTTC 300
Grp2/3 QTGECTTGEAGAACGAACCECTACTACTACTTCCATRGCEGRCCANGC ANGGCAGCCTTC 292
= * . * ‘ .

Grpl GGGCATI-'XCC‘GGCTGGACCGGGACAATCACAATGGTCGATCCGATACGTGACA‘T‘CC?\GNL‘C 360
Grp2/3 GGGCACACCGGCTGGACCGGGACAATCACAATGETCRATCCGATACGTGACATCCAGANC 352
. e

Grpl GTCCTGTTGACTAATATGCGTCACAGCCCEGETCATTRAGCCACCGAACGAGTTTGCTGC Y 420
Grpa/2 GTGCTGTTGACTAATATGCGTCACAGCCCEETCETCRAGCCACCEGARACGAGTTTGCCATT 412
: . : * *k

-Grpl GGGGCCT‘I‘(".‘ CCECTTECGCATTATGTGEGACTCATCTCTCCAGTG TATTQGRCAPIGHCT 480
Grpa/3 GGEGCCTTCCCGCTTGCGCACTATGTGECECTCATCTCTCGAGTGTATTCRGCATIGG T 472 |
> X

Grpl GAGGACGGGAGAGTGACCGACGT'I‘GATGCACCGTTACTCGAACGTGCCGC‘I‘TC‘T"I‘CACC n 540

Grp2/3 GAGGACGAGACGCTGACGGACGTCCGATEGCECTGTEACCGRAGCATQCCECTTTCTCGCCA 532
* - x Ed * x * * K x* . £ *
Grpl ACCAGCTCACATCGGTTTCGTGTTGTTCCCCGTCAGTOGCAGTAGTCGATAGACCATCHIC 600
Grp2/3 ACTAGGACACATTIGGCCTCGTGTTATTCCCCGTCATQGCAGCAGTCGATAGACCATO MC 592
* k% * kK * . *
Crpl TTCGATACCCGAGCATCACTCCGGACGTGACTGCAGCCCCTAGCAATGAGGCCGGAGCAR 660

Grp2/3 TTCOATACGCGAGCATCATCCCCCACGTGACTTCAGOCCCTAGCARTGAGGCCGGAGCAR 652
** .

*

Grpl ‘CAGTGETGCAATT ~~~ -~ ACTGTC TATCACATQATCACTTC‘AGC‘TCGGGA‘I‘G('}GC TGAAG 715
Grp2/3  CAGTACGTGCAATTCAATTACTGTGTATCAGATCATCACTTCAGTTCGGGACGEGTTAARG 712
. ¥ dehodkox ke * * *

Grpl TGTCAGGGCTGTCAACCACGTCCC CTTCAA‘];.'GA‘I'GGTGTTGTGGGGGTTGC GACGCATCG 775

Crp2/3 TGTCACCCCTGTCARCCACCTCTCCTTCAATGATGGTETTACGCEEETTACGACGCATOG 772

* *
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Grpl CCAGCGAGATAGAGCTTATEATCTTECEGRATTCCTACHGCAATAGCAAGGTTAGCANCGC 835
Gxp2/3 CCAGCGAGATAGAGCTTETEGATCTTECAEGATTCCTATGGCAATGGCAAGG "TAGCANCGC 832
Grpl CATAGAGCAGTACCCCGAGCGC TAGCAGCCAGCTCATGECCACTAQGCCGAATCCAGGAT 895
Grp2/3 CATAGAGCACTACCCCGAGCGCTAGCAGCCAGCTCATCGACCACTACGCCEAATCCAGGAT 892
Grpl GAACGAGGATGEACGATGCCCAGGACCAATAGACTGATGCCA 936

Grp2/3

[ JR—. e e i e o e s 893
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Figure 7

REGION DELETED in Groups 2 and 3
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List of sequence ID
SEQ ID NO:1
LENGTH : $33nt
5 n7TYpE : DnA .
ORGANISM : BACTERIA P.acnes Group 3 :
FEATURE : l. nt 1 = start of region amplified by primers MMF (SEQ ID

NO:3) and MMR (SFQ ID NO:4). )
. 2. nt 633 = end of region amplified by primers MMF (SEQ ID
10 NO:3} and MMR (SEQ InD NO:4).
NAME/KEY : MMCoOA Type B sequence
OTHER INFORMATION :
SEQUENCE : .
CGGGTACGGUARAGATETTCTACGCCAACGTCAAGCTCTCAGGCGTCGTRCCGCAGA TCECCATTATTGCTCG
15 CCCCTGCECCGETGRCGCCTCCTATTCCCCGECCCTGACCGACTTCATCATCATEACCAAGAACCCCCACAT
GTTCATTACGGECCCCGECETCATCAAATCGGTTACCGETEGAGHAGGTGAC T TCACCACCTERETCETGEC
GGATGCGCACATGTCCACCTCGGECAATATCCACT TCRTEECCGARGATGACGACCCCGCAGTGCTCATCGC
GCAGAAGTTGCTGAGCTTCCTGCCGCAAAACAACACTGAGGACGCCCAGATCTCCAATCCCAATGACGATET
CTCCCCGCACCCTGAGCTCCGCEACATCATTCCRUTGCACGGTAACAAGGECTACGACGTCCGCCGACGTCAT
20 TTCCAAGATCGTCGACTGGGGCGACTACCTAGAGETCAACACCCETTGEGCCACCAACATCATCACCGCCTT
CGCCCGGCTCAATGGTCGTACCETCGGCATCGTGECCAACCACCCGAAGGTEATGTCCEETTCCCTTGACAT
TAATGCTTCCCACAAGGCTGOCGAGTTCATTACCTTCTGCCACTCETTCAATATTCC

25 . SEQ ‘ID NO:2
LENGTH : 633nt

TYPE : DNA
QRGANISM : DBACTERIA P.acnes Groups 1 and 2 : .
. FEATURE : 1. nt 1 = gtart of region amplified by primers MMF (SFQ ID
30 NO:3) and MMR (SEQ ID NO:4).

2. nt 633 = end of region amplified by priwers MMF (SEQ LD
NO:3}) and MMR (SEQ ID NO:4).
NAME/KEY : MMCOA Type A sequcuce
) OTHER INFORMATION
33  SEQURNCE : :
CGEETACGGCAAGATCTTCTACGCGAACGTCAAGC TG TCRRENRTCETGCCCCAGATCOCCATCATTGOTGE
CCCTGCECCGCCCACGCCTCCTATTCCOCGECCCTGACCOACTTCATCATCATCACGAAGAAGGCCCACAT
GTTCATTACGGGCCCCGGAGTCATCAAGTCGGTTACCGGTGAGGAGGTCACTGCTGACGACCTGGGTGGTGC
EEGCGCACATGTCCACCTCGGGCAATATCCACTTCGTGGCCGAAGATGACGACGCCGCAGTGCTCATCGC
40 GCAGAAGTTGCTGAGCTTCCTGCCGCAAAACAACACTGAGGACCCCCAGATCTCCAACCCCAATGACGATGE :
CTCCCCGCAGCCTGAGCTEOGCRACATCETTCCCCTCCATGCTANGAAGGECT ACGACGTCCGCGACGTCAT
CTCCAAGATCGTCGACTGGGGCGACTACCTAGAGGTCAAGGCCGGTTGGGCGACCAACATCGTCACCGCCTT
TGCCCGGGTCAATGGTCGTACCGTCGGCATCGTGGCCAACCAGCCGAAGGTGATGTCGGGTTGCCTTGACAT
45 CAATGCTTCECACAAGGL TECCEAGTICATTACCTTCTGCEGACTCCTTCAATATTCOC '

SEQ ID NO:3
. LENGTH : 20nt
TYPE : DNA
50 ORGANISM : BACTHRIA P.acnes
FEATURE :
NAME/KEY : MMF
OTHER INFORMATION :
SEQUENCE :
55 CGGGTACGGCARGATETTCT

SEQ ID NoO:4
LENGTH : 22nt
TYPE : D[NA
60 ORGANISM : BACTERIA P.aches
FEATURE :
NAME/KEY : MMR
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OTHER INFORMATION
SEQUENCE
GGAATATTGAACGAGTCGCAGA

SEQ ID NO:5

LENGTH : 936nt

TYPE : DNA

ORCANISM : DBACTERIA P.acnes Group 1

FEATURE :

NAME/KEY : Group l-specific RAPD-PCR band

OTHER INFORMATION : Contains the downstream end of a beta-lactamage-like
gene

SEQUENCE
CCTGACGGCAGCCCGETETTCATCCATACCCAGACTATTCGTERGCAGRTTCAGGACGAGCAAAGCUTTCTAL
ACCATGTCTEGECGTETCHGGECATGRAGGGCTTT TC TCCACCGUTEACGATCTGGCRGT GO TG IGCAG G
ATCTCCARCGAGCCCATCTACCAGERCCCACACTACTTCCCCCCCCATCTGCACCOTCCETTTCTCACCCCT
GATGGTGATAGCGCCACTTACGOG I ICCGT TECACAACGCAACCCCTACTACTACTTCCATCCCGGGCCAAGT
ARGGCAGCCTTCCOGCATACCGCCTUCACCGGEACAATCACAATGOTCGATCCCATACGTGACATCCAGATC
GTGCTATTCACTAATATCCOTCACAGCCCECOTCETTGAGCCACCCAACGAGTTTGCTGCTGREGCCTTCCCE
CTTGCGCATTATGTGRCECTCATCTCTCGAGTCTATTCGGCATTGECTGAGGACGEGAGACTGACCCACGTT
GATGCACCGTTACTCGAACGTGCCGCTTCTTCACCAACCAGCTCACATCGGTTTCGTGTTGTTCCCCGTCGT
CCCAGTAGTCGATAGACCATCTTC TTCRATACGEGAGCATCACTCCAGACGTGACTGCAGCCCCTAGCARTG
AGGCCGGAGCAACAGTGGTGCAAT TACTGTGTATCAGATCATCACT TCAGC TCEGRATGEGCTGAAGTGTCA
GGGCTGTCAACCACGTCGCCTTCAATGAT GETRT TR T GEGGET TGCGACGCATCRCCAGOGAGATAGAGCTT
GTGATCTTGLCGATTCCTACCECAATGCGCAACCTTAGCAACCGCCATAGAGCACG TACCCCCACCECTAGCALC
CAGCTCATGGCCACTACQCCCAATCCAGCATGAACGAGGATCGACCAICCCCACCACCAATAGACTEATECCA

EEQ ID NO:6
LENGTH : 300nt

- TYPE : DNA

ORGANISM : BACTERIA P.acnes Groups 2 and 3 :
FEATURE : 1. nt 1 = ptart of region amplified by primecs G2/3Fl (Seq
ID NO:7) and G2/3R {(Seq ID NO:8).
2. nt 97 = start of region amplified by primers G2/3F2 {Seq
ID NO:9) and GZ/3R (Seg ID NO:8).
3. nt 300 = end of region amplified by primers G2/3F1 (Seq
. - ID NO:7), G2/3F2 (SEQ ID NO: 9) and G2/3R {Seq ID NOQ:8).
NAME/KEY : Group 2/3 DNA amplified by primers G2/3F1 {Seg ID NO:7),
G2/3F2 (SEQ ID NO:9) and G2/3R (Seq ID NQ:8).
OTHER INFORMATION : Contains the downstream end of a beta-lactamase-like
gene .
SEQUENCE :
GCCACCGAACGAGTTTGCCACTCGGGCOTTCCCECTTGCGRACTATGTGGGECTCATCTCTCGAGTGTATTC
GGCATTGGCTCAGGACCAGAGGRTGACGGACGTCGATECGCTGTGACCEGAGCETECCGCTTTCTCGCCAAC

. TAGGACACATTEGCCTCGTETTAT TCCCCGTRGTCGCAGCAGTOGAT AGACCATCTTCTTGRATACGREGAGT

ATGATCCCGRACGTCACTTCAGCOCCTAGCAATEAGGCHGAROARCAGTAGTGCAATTCAATTACTOTGTA,
TCAGATCATQAC

SEQ TD NO:7
LENGTH : 20nt

TYPE DNA

ORGANISM : BACTERIA P. acneg Groups 2/3
FEATURE @

NAME/KEY : G2/3F1

OTHER INFORMATION :

SEQUENCE :

GCCACCGAACGAGTTTGCCA

SEQ ID NO:8
LENGTH : 28nt
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TYPE : DNA
ORGANISM : BACTERIA P. aches Groups 2/3
FEATURE :

NAME/KEY : G2/3R
5  OTHER INFORMATION =
SEQUENCE :
GTGATGATCTGATACACAGTAATTGAAT

10 sSEQ ID NO:9
TYPE : DNA
ORGANISM : BACTERIA P. acnes Groups 2/3
FEATURE :
NAME/KEY -3 Q2/3F2
15  OTHER TNFORMATION :
SEQUENCE
ACCTCCATCCRCTCTCACCE

20 SEQ ID NO:10
LENGTH : 8693nt
TYPE : DNA
ORGANISM : BACTERIA P. acnes Group 1

FEATURE : 1. nt 1 = start of deleted reglon
25 , 2. nt 8693 = end of deleted region
NAME/KEY : 8693 nt region which is deleted in P. amnes Groupg 2 and 3,
OrHER INFORMAI'LON :
SEQUENCE :

GCRCACTTCETCCCACCCOTGEGCTCACAGACCGAGAACGCCCTCCCCACTGCTCGAGCCCACTGACCEGCTT
30 GGCTGECAACCTCCTCATAATCAGCCCOTCCCEGEAGCCTGECCATGEATCGTCCCACCCCICIGEEICGELT
GGTTCGTAARCCACGCAGTGGCARAACGATCCAGGAGASCCEGEGACACCGTCAGTTCTCCCCCCGGTCAGCAL
CTCGAGGCTCTGGCAGACAAGETCCAGACCGATACGCACGTCTTCCACCCACCCAATCGGECCGCCACCRAC
GRCAGCCTCAGTCTCGTTCGCGCEETCOTEGAGTCCAGCAATTTCTGCACGGGTGGCAGCGATCCCGTCACC
TCCCAGGTCATCGCCTGEETCCCOTTCCAGCAGGCACCGAGCCGGCAGTGAATGGTTACGTCGTATGACACC
35 CAGCTTCICCTICCAGCAGACCIGEICCEGACGAGCAGETECGCACCAGGETGATCATCGACETCGARCAGLGC
’ CTGCEACACCECEITCACAAGGEATITACCCCAGTTCAGCCOTTOGGCATGETCCGGATCCGCCATCCCEAC
CCCAGTCACGACAACACGAACCACACAGAAGACGAGTCCCGCATGATGTCCGUTGTCTCCCCAACCCCTGAG
CAAGACCCCCTTECCACCCAGGEAGTCATCEETGATCACGCCETCGACGATAIMGCCGACGRUGTTGCTCAG
ACGTCCGGTGAAAGTCTTCCACGCTICCAGTTCCGEGAGCATTCACCAACCGCCGACCAGCATTGGUARCGAG
40 ACGGGCEGETGEACCCGAATCCGGCATCAGAACGAATCTCGTANCCTTCCGTCCCAGCGAAC M IGGCTTCCAT
CGCGGEGGEACTCATAAGTCCACGEGGATGAGCAGGACCTCATCGGGAATGATGTCGAGTCCTTCAGCATCEGA
ATTGACGATGTCAGCCCACATGECAACCCECCAGCCCCTATCEAGCCATCGCCTCACCACCTCCCECECCCA
TP TCGCGTACACARCCCCCTTGCCCTCATCTCGGCACCGATCAGCACTGACACCGGTCCCCAGCTCCCACGG
CTCGTCCAGACCTACGTTGAGAAACTTCGACGAGACAGTCTCCGTCAGTTCCGCCCAACAACCTCTGAACGAA
45 GTCAAGATTOTCCGGCACTGEAGCCAAGGTECTTGCCCTGECATGAACCCCCCAGGGGAGGTCGACGCCETC
GGGATTCTCACACCGATGRTGATGEGACTCGETTTCCAACCACGETTCCATGTGACCCAGACAGTTCTGGTT -
GECCCCGAGCTCAATGRCOTCGTCCHCEACACAGACCATCGAGCCACCTCATGTCCTCCGCCGTCACGEAEET
CCRGTCEECCCACACCTCCTCCTCACCGUCETACRUARATCCCGCTTCACCATAGAGCTCAAGCGTGATTGAG
ACCCCACCGCACCATGACGCGCGTCAGEGAAATCAAGAGTGEAACGCGTCGGCACACGATCACAGCTGACATC
50 GAGCATGAAGCCACGEAMACTHICEICCTATCATGCAGCATTCACAGGAAACCAACTAGT TCCCGCAGACAT
CGRTOGTCATGCECACABCCTCCACGTCATTETCGAGAAATTGATACGTC AATCGTGTTGTACCCGTTCCECAG
TOCCETCTATCTTOCTAACGECAGGTAAACCETTTCAGTTGACGACGAAGTCGACCGGCCATGACCTGATTC
ACCAAGGCOTCATTACACTATATCGACCAGTCCAGGTCACCCTGAGCCTACCGCTCAGGAGCTCCCGACCACS
COTCACCCCROTEIGCACCCETCOCATECGCARCCCCAGACCTOGEGRLGCTCGCGEGCGTCCACATCGTCGT
55 CECCECERAGCET LCCITCTCAAGCERCTGEGCACGTACCTGATAGTCGCCGTCGTGTCAGTGTTGCTGAAT
TTLALCCLGCCECECILCATCCCEGECEALCCCECCACCOAGETCATCARGGACATCGETGGCCAAGACCGEGEC
COCCCRCCATCCRECTACCACATGCGCCTCATCARGGCGCECTACGGTGATCCCCGATCGCTCGGTTCTTCTC
CACTTCTCCGACTACCTCCTTCACTICCECCCACGCAGACCTCGEAAAGTCCATCGAGTACTACCCCGTCAAC
QICACCACCCTCATCAACCAGECTCTACCATGGACCITGTACCTGECCATCGCCTCGACGATCCTCGGTTGG
GO ATCETTGGARCCTGGTTGCETETCCRACTEEEGTEEAAGCCCEGACGCAAGCTCGACTCGATCGTCACCCCC
TTATCGATGTTOTTC ACCTC GATCCCAGCCTTC TEGCTCEECOTECTCATCGTATGGTACTTGCGCTACAAG
AACCCCTCETTCCCCAACCAGEECECCTACGACAACGAGTTGACGATGAGCCTGACCAACGGCCACTTCATC
GCATOGATGOTCATGCACTCGGTACTTCCGTTCTTCACCCTTGTCATCETC GGG TTCGCAGGCTGGCTETTT
AGCATGCGCAACATGATGATCACCACCGTCAACGAGGATTATGTCCAGCTCGCCCGCGCCAAGGGTCTCTCG
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TCCTCECACATTOGCAATCGCTACGCCCCECGTARCCCCATCCTTCCCAACTTCACCGEACTCGCTCAGAGT
ATCEGTGGCTCOTTOACEECCE ICATTCTGECCEAGECEETGTTCATCTATCCCGETATCGRCTCCUTCCTC
TCGGGCGCTCAGGGCCNICG‘I‘GACTACCCGGTCATGCAGGGAATCATGCTGATGATCA’I‘CTTCATGAGCC.‘TG
CTGTTCAACTTCATCOCCCACTCEGTC TACCTCATCCTCCATCCACGGACTCGAGAGGAGGCCTCATAATGGE

5 TOAAAAGCTTCCOTCCCACTCRGGANGGTGCAGGTCGETCTCALIGATCATGCTCTTCTTCATCCTGGTCGCCA
TCCTCGGGCAGCCCITCTGCACCCATGTGCTECATACCAGCCCTTACCAGRTCGACTACATGACTCTGGGCG
GTACAGCCCCCCGACCCAAACACTEGCTGEGCACCACCAGLGCCGGACAGEACGTCCTGECATCCATGCTGT
ACGCCACCCGAMCTCEETEETCETCERTCTAGCOTCCGCCGICATCCCAACCETCCTGACCGTCGTCATCG
GCACCTCOCCCEEATTC TCCGECEECTGGATTGACCEUTTCCTCAATGGATTCATCCTCGTCTTCGCCAACA

10 TCCCCACCTTCGCCATCCTETTCATGATCGCCGGTGTCATRCAGAACCLOCCCTACCTGCTEGETGTCCCTCG
PCATTEGCTCCTICGAATGETCCEGCRETECCCETCACATCCGCECCCAGGCAATGTCCCTGCGACGACGCG
ATTTCACCACCECCOTECGGACCATOGGTGAATCCCAGTCCCACATCGTGCTCTCAGAGGTCATGCCGCACT
TGCTCGECCTCATCTCCCCGATGTTCCTGCCACTCATCGECCECCGGCETCAACATGCAGECATCCCTAGUCT
TCCTCGGTATCGGTGACCOCTCC ATGCCCTCCTGRAGCCTCATGATCAACTGGECCATGACGCANARCGCGC

15 TeTTCCECGETCTETERTGETAGTICATTCCTCCEGETCTCGCACTCGCCCTTATCGGTTTCGCAACCACCA

. TGATCAACTTCGGETCTCGACGAGGTTACCAARCCCGACGCTETCGACCAAGCGTATGAAGCTCATGCGCAAGT
TOGAGAAGCCCAAGAAGCTGECCGCAGCCAAACACCCTACCCATGCCGAGGAGACCGCTGCATGACCGCCCA
GAGTTCTTCCACTCAAGCCAGECACGECATGACCACCGACAACGAAGTCOTGCTGGAGGTCAAGECCTCTGTG
CGTCCATTACCTCACCGAGTCCGEAAACATCCGCGCCTETGACARCGLCARCTTCCTCC I TCGACCCGGCGA

20 AMINCCTTEGCETCECCGETCAGCTCEEGCETETEGAAAGTCGACCCTEOTCAACCCACTCGGACGCCTGCAGCG
CATCCOTGCCGCCACCAGCECTGECCAGATCCTCT TCCATGATCGCAACGGCACCGTCACCGACCTGGCGAC
COTGTCCGAGGCGGACCTCAAGCCGTATCGATEGACCAAGATCGCCCTCATCATGCAGTCGGCAATGGCCTG
CCTCAACCCCATCCOTCAAACTETUCGACCACGTTCATCCACCTCCAGCACGCCCATGATCCCTCGTTGGCAGA
GAACGATGCCTTGACCAAGTCCGCOUEAGCTC I GGACCCCGTCGCCATCTCCGCAGACCGACTCTCGTCTTT

25  CCCCTTCCAGC TTTCAGGETHEGECATGCAGCACCETGCCCTCATCGCGCTGTCCTTEETGTGCGAGCCGGATCT
GETTOTCATGCACCACCCCACCACGGCCETCCACGTCEGTCATGCAGCCACAGATCOTTCAGOAGGTGCTACC
GGCCCAGAAGAGACTCGCATTCTCGATCGTCTTCEGTCACCCACGACCTETCCOTCCTCATAGAGATCICGCA
CAAGATAGCGATCATGTACGCCGGACGGATCGTCCAGETTGGCACCCCGGRLACGATTCCACTCCAGTCCCCG
TCACCCETACACCCGCGETCTECOTCTEECCTTCLCGCCGCTRAGCHAGCCACTGCETCCACTCCAAGGCAT

30 CAACGOTTCTCCCCCTGACCTTCTCGACCTGOCAACCAGTTETECCTTCECTCCCCCATGCGAATTTGCCAT
CCCGATCTGTCATCAACGAATCCCCGATCTTCGCACCATCEACGACGEEACCATCTGCCTGCTACCTGTCAAA
CECAGAGCTTTCCGATCAAGAACTEGCCGCACCACCAGAACGCACGCCACCAATCATGAGGAGGCGATCGCATG
ACCCECECCCACGTCEACGACCGCACTCCGETCCITGAGGCACCCAACCTCAGTCTGGATTTCGACGGCACG
GATTCGTCAGGATCCAAGRTAACGATCCACCCCCTCGACCGCGTCAACCTGACCATTCACCGCGGCGAGATC

35 ACTGOCCOTCETCGGIGAGTCCCATTCCGGCAAAACGTCGATCGCCCGTCTTTTOGQCCTGATCTACARGCCE
ACGAGCGHCGAGCTCTACCCTAACGECGAGTTCETGCACGTGCACGECAAGCGTGCCEAACGNGCCTACTAT
CGAGATGTCCAGCTCATCTACCAGGACCCTTTCGCATCCCTCAACGEECTGARGAAGATCTCGACAATCCTG
GOCCGRETCTTCAAGATCCACTACCCGAAGATCCETCECAAGGAAAT TGO TCAGCGCATTCACCACCTCTTA
ACAMACCTCANCATGACACCGCCGTCECGCTACCTCAACCGUTACCCCACTGACC I MCGEGTGCTCAGCGT

40 CACCCCATCECCATCGCCCEAGCTCTEROGATCAGCCCCCAGHTTTTCCICCCCGACCAACCAACATCGATG
CTCEACGCCTCCATCCGTCTGEACGTTCTCAACCTECTGTCGEANCPECCTCACACCGAAGGAGTGTCGGTC
CTCTACATCACCCATGACATCECATCCGCGCGUTACATC TGTGACCECATCAACCTCATCGTACGGCGGTCGC
ATCETCEAAGCTGGECCCGACT ARGCAGATCATCAGCGACACCATTCACCCCTATACCCGCCTCCTCTTGTCC
GCCGCGCCCEATCCEGROTCGGTACAASCEATCGGCCARCAGCACCECEATCGATATTCCCGAAGGCGCCOCT

45 ATGAATAACTCCGTGAGGGTTAAACGGATGICETTTCCCACCATTATGTCCCTTEECACAACCCCGTTGCACT
GAGGAGGAGTTGCCTAAGTTCCACAGCCACCACGGCACTCGGGAAGTCACATGCTGECAGGCCGAAGAACGS,
AGGGAATTCCATCGAGTATCACAATACCTC TEETATETTCTCTCCATAGAAGGCAGTCATTCATTTTGTCTC
CAAAAAGACACATTAATACCCAAAGCAGCGTATTTTAACATGEACCCGAAACCACTTAGTTIICCAATTTCG
CGGCGATCCTTGCTCHICACCGCAGGETCGATTGCCCTCACCATTCCGCTGCTGAGCGCATGCGECAGTGET

50 . GACACTGACGCCAAGERCAGCACAAGCANGAAGGECACCATCECCAAAGACGGCETATTGACCATCGGUGECC
GCAGTCTCGACCTCGAACGICTTCCCCCACAACTTCAACGTGTTCGEGCGETGETGATTCCGCTCCTGGCAAL
CCCATGTTCTGCEAGACC TPCTTCCCCATCTCCTCCAAGGACGGCATGAARGCTGGTGCCGAATCTCGCTARG
GAGGTCAAATACACCACCGGECGECAMGGTCGCAACGTACAAGCTGCGCOACGACGTCACCTEGAATGACGGA
. AAGCCGTTCACCTCGAAGCCGACGTTGCCTTCACCTATGECTTCATCTTCGECCCACCCGGACAATCCACCEAG

55  AAGGATTTCAAGTGGCTCCCTAAGCCGATTGAAACCCCCGATAAGCACACCGTTGTGGTTACCTATAATGAG
COTCAGTATACCCAGCATATTCCGCTCTCGCTGTACTTCCCGATTTACCCGGAGCACAT TTACAGCAAGETT
GACCACCACAATTATCTGCACAACAATCCEGTTGGAACCGETCCTGEGAAAGCTGAAGTCTTTCGUCGGCCAG
CTCATTGAAATCCACATTCGTGACGATTACTGGGGCAAGAAGCCCAAGGGCEGTCAAGACCATCAAGLTGETG
COGOCAGCAACCECTCCCAACATTCAGTCCCAGATCACCCAGGGCAAGGTCGACTGGRCCGAGGECRGCEAL

60 COTGGCGTCATCACCAGCTTCCTCCCCGATGGACAAGGACCACAACGGCTACAACTACTACGCCGACGGTTCG
ACCCGAGGAATCATCCTATCCACCCACTCCOTECCGACCTCCGACETGEGCCGTTCGCAAGGCCCTGCGAGCT
AGCGTGGACATECECCTCGTCGCCARGGCTGGCEGCETCGGATACACCGTGCCCAGCGTGACCGGCUTGGAT
CCTGTCATCTACGCCAACATCCTGAACCCEGAGTTCAAGAAGCCGATGGCTCCGGATGTCCAGGCTGCCANG
AAGTTCCTCARGGATGCCCGCTGCACCOTTCAGAATGGCAACCTCTGCANGGACGGCAAGGAATACCCGCTC
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CAGCTGACCATTCETAATGACAACCCGETCGAGATCGCCACTATCCCCATCGTCGTCTCCCAGTGGARGGAT
AACCTGEGCATCAACGTCAAGTTCACCCCGCTGCCCAAGGAGETCTTCGACCCEECCCAGGCCATGRGCGAG
TATGACATGTCGCTGTEGACGACCAACGCCCCCEETEGCECETTCARCECCTACACGATGTACATGCAGACG

" ARCAACTACAAACTTGGCGACAAGAAGGCCGACGGCAACTACGGTCCCTCCAAGTCCTCCAAGGARGCCGAL

GAAGCCATCGCGAACCTCCAGARAGTGCCGCAGGACGACATCAAGGAGATCACTCGTCETTGCCAGATCC TG
CAACAGECCHETCTACGACGATGCCCCGTACATTCCGGTGCAGAACTCCCUTACTGCCGGCATGTACACCACC
AACAACGTCCACCEGCOTCAAGAAGGCGGAGGACCTCCACTACTTTCCGCGCOCCAGTCGCTACAACANIATG
ATTCACACGGTCAACCACT ICCACTGATCTAATCATGAATGATGCCTGGEGCCTTACGGAGCCCCGGGCATC
GTCCCACTCTCCCCACAACCAGACGTTCTGATGCCABRCCGATCACCEGATCGTEGCCTACCACCAGACCCAT
GEGECACGGCCACACCTTCGTCCANCIGTCCCCOOTRGGAGCEAGCGCCCCACTCACCCACCTCATCGTCGCG
GCCITGCACATTGCCCACCACCECACCELCATTCTCARTRATCATCCEGTTGACGACGACTACCACACCCAG
TTGTGGGACCAGCTCGATGCGGTEAGATCCCACGETRTCCGCETCCTCGCCATEETCGECGGCTGGGCCCCGE
GECACGATETGCAAACTCGACGGCGAATCATTCTCCATC TACTACCCAGRGCTACGGGATTTCCTGACGCAA
CGCCATTTCCACGGCATCGACATCGACGETCGAGCAACACATCTC CY TGLCCGETGTRTGLACCCTCATCGAA
AGGTTTCGCTTAGACTTCGACGAGGACTTCGACGATCGTICT ' GC TCCTETTGRCTCGRCCCTTCATGGTGGET
GCCAACCTGTCTGECTITGACTATCAAGAACTCCACCAGCTCCOTAGGGACGACATCGACTTCTACARCGCG
CAGCTTCTACTCAGUTTTCGRCTCCCTTECGAGCCCTGACGACTACGTCTCCATTGTCCAGCACAGCATCATC
CCCGTGCAATARGATCGTCACTGEGATEGCCGGCAGTCCAGACGCCCCACAGGETTTCGTCGACATAGCCACT
CTCTCAGACACCATTTCCACGCTGTGCCAACGTTACCCARATTTCGECAGTGTCGACCTCTCGGAATACCCC
”TGGCGTTACCAGGAGCGCCGGACLATLCTGACCAATGGGTTCATGTCATGCATCACGCGATGTCTCACCGC
TGACACCTACCACCACCCCCTAfTTCACACGALGTCTCCATGACCATTCATCC

SEQ ID NO:11
LENGTH : 761lnt

TYPE : DNA . '
ORGANISM : BACTERTA P. acnes Groups 2 and 3 ’
FEATURK : 1. nt 1 = gtart of region amplified by primers DELF (SEQ ID

NO:12), DELR1 (SEQ ID NO 13) and DELR2 (SEQ ID NO:14).

2. nt 742 = end of.region amplified by primers DELF (SEQ ID

NO:12) and DELRZ (SEQ ID NO:14).

3. nt 761 = end of xregion amplified by primers DELF (SEQ ID

NO:12) and DELR1 (SEQ ID NO:13).
NAME/KEY : Group 2/3 DNA that is amplified by primers DELF (SEQ ID °
NO:12), DELR1l (SEQ TD.NO:13) and DELR2 (SEQ ID NO:14).
OTHER INFORMATION ¢
SEQUENCE =
ACCAACTCCACCAACCACTCGAGTTCAGCGCCARCTGEGATACCEGTCAAGGCCCCTCAACGTGCTCCCCGA
TAGGCGATCTCTTC GO ICACTCGGTTGACCAGHECAGAACGAACC GEGGAAGGCTCCGCGECTTCGCCGAGTGT
GAACGCAACATTGCCCTGTGCCCTGAGLGAT&GGCGCTTATTAGCATCGTTGTATGCGTATTTTAGTTG&AG
CAGCCCGTGGAACAAATGGAAAAGGTAACCACCTTCTTTCGCAATCATGACCGTACGATGATTGAACTAGAC
AGGTCTGAGGGTGACATTCTGIGCGACATCAGCAATGAAATACATC TEGGATTCATTGTGECACCAGGCGGTC
CATATTGACGCCGTAGCATCCCCATCRGGGACCACACCCTTCGCACCCTTGAAGGAGTTGACCTTACCCAAT
TTCANCGATGACTGACAARACAAGGCGCTTTCCCAAATAAACCTCOTGCETACAGGCATTAATCATATTTCC
GAGCGEGGATCCTTCACCTTGACGAGCGCAATCCTCICCCATEATCCTATTCCCAAGGGATCGGCAACCGAT
GTCGCCAACGCTTTCCGARAATCATAACTCCCAAAGAGGAATGGETGCGAGCAGAGTTCTCCAATATCTGAAG
AAATCATTAATGCGEGAATCTTTCATGCAACGCGEGTATTAACCATTCOCAGCACAAACTCGGATACATTGCC
GCCATTACAAGCAGCAGAGCGAATCATCGAGGNGCTGATCG

SEQ ID NO:12
LENGTH : 20nt -

TYPE : DNA

ORGANISM : BACTERIA P.acnes Groups 2/3
FEATURE 3

NAME/KEY : DELF

OTHER INFORMATION

SEQUENCE =

ACCAACTCGACGARCCACTC

SEQ LD NO:=13
LENGTH : 20nt
TYPE : DNA
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ORGANISM : BACTERIA P.acnes Groups 2/3
FEATURE :
NAME/KEY ; DELR1
OTHER INFORMATION :
5  SEQUENCE :
CCATCAGCTCCTCCATGATT

SEQ ID NO:14
10  LENGTH : 20nt
TYPE : DNA
ORGANISM : BACTERIA P.acnes Groups 2/3
FEATURE
NAME/KEY : DELRZ
15 OTHER INFORMATION :
SHQUENCE
TPCCCLOTGCTGCTTGTAATG

20  sSEQ ID NO:15
LENGTH : 901 nt
TYPE : DNA
ORGANISM : BACTERIA P. acnes Group 1
FEATURE : 1. nt 1 = staxt of region amplified by primers PR262 [SEQ ID
25 NO:18) and PR263 (SEQ ID NO:19).
2. nt 901 = end of region amplified by primers PR262 {SEQ ID
NO:18) and -PR263 (SEQ ID NC:19)
NAMB/KEY : Group 1 DNA amplified by prlmerb PR262 (SEQ ID NO:18) and
PR263 (SEQ ID NO:19).
30 OTHER INFOURMATION : Within Acetyl CoA Symnthetage gene.

. SEQUENCE :
GTGTCCGATCACCGATACCTGGTGGCAGACCGAAACTGGCATGTTCCACATCACCACTGTGCCGTCGATGCC
GCTCAAACCAGETGCCETTGCGCGTCCGGTCTTIGECCAGCACGCTGCTGTTCTCGACGAGGAGCRCCATGA
GLTCCCTGCCGGCAAAGAGGGCTTCLTCGTCCTCAAAAACCCGTGGCUGGCCATGAlGCCCACCCTGiATAA

35 GGATCCGGATCGATACCTCCAGGCGTACWGCACGAACTACCCGGGTGTCT%TCTCACCCGT&ATTCCGCACG
AAICGATGATGACCGCTACATATGGATCATCGGACGTCCTGACGACGTCATCAAGGTATCCGGTCACCECAT
CGGTACTGCTGAGGTGGAGTCCGCTCTGATCTTTCACCCCGCCGTCGCCGAGGCTGCGGCCATAGGGCTGCC
TCACGAAGTGAAGCGCAACGCGATCCATATGHTCEITETACTCAATCATAG I TTCGAGCCCACGAAGAATCT
CGTCTCIGATATCCGCCCACACETCGCCGAAACCCTCTCGCCGATTGCCAAGCOTGACACCANCGAGTTCET

40 CGACAACTTCCCGAAGACCCGUTECGECAACATCGTEOETCCCETCCTCAAAGCTCGTETCCTGEOTGGAGA
CGAGGGAGACCTGTCAACCCTAGAGBACTGACCCCATTACCGCCAGGGGCEGCETATECCATCTCCTCGTCC
CTCGTGCTIGTCGACCATCTCAGCGGTGTCCT' IrECCAGGCCCGCATTGACTGTCAGTACGTETCCECGAGAT

. CAGGCTGCGACAGAATATGCGIGRCATAGGACTTGGCAAAATTGACCTETTTATCTGTTCEETCI'GCATCTAC -

45 AGCCATTGGECAAAATTCTTTGCAGCCTCAACTICRT

SEQ TD NO:16

LENGTH : 295 nt

TYPE ;3 DNA

30 ORGANISM : DBACTERTA P. acnes Group 2
FEATURE : 1. nt 1 = start of region amplified by primers PR262 (SEQ ID

. NO:18) and PR263 (SEQ ID NO:19}.
2. nt 295 = end of region amplified by prlmers PR262 (SEQ 1D
: NO:18} and PR263 (5EQ ID NO:19) '

55 NAME/KEY : Group 2 DNA amplified by primers PR262 (SEQ ID NQ:18) and

PR263 (SEQ ID NO:19).

OTHER INFORMATION : Within Acetyl CoA Synthetase gene

" SEQUENCE :
GRCTCCGATCACCEGATACCTGGTEGCACACCHAAACTCECATGTTCCAGATCACCACTOTGCOCGTCGATCCC

60 GCTCAAACCAGGTGCCGCTGGGCGTCCGGTTGCTGTTGTCGACGACGAGGGCAATGAGGTCCCTGCGGGCAA
AGAGGGCTTCCTCGTCCCCAAGTGAGCGCGTGTCGGCGACATCAGGCTGCGACAGAATATFTGTGCCGTA&G
ACTTGGCAAAATTCACCTGTTTATCTGT I TGETCTCATC TACAGCTAT TG GGC AAAATTCTTTGCAGCCTCA
ACTTCGT
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ISEQ ID NO:17

LENGTH : 296 nt
TYSE : DNA
ORGANISM : BACTERIA P. a¢nes Group 3
FEATURE : 1. nt 1 = start of region amplified by primers PR2Z62 (SEQ IN
NO:18) and PR?263 (SEQ ID NO:19).
2. nt 296 = end of region amplified by primers PR262 (SEQ 1D
NO:18) and PR263 {SEQ ID N0:19)
NAME/KEY : Group 3 DNA amplifiad by primers PR262 {SEQ IN NQ; 18) and
PR263 (SEQ ID NO:19).
OTHER INFORMATION : Within Acetyl CeoA Synthetase gene
SEQUENCE :
GTGTCQGATTCACCCATACCTGEATGGCAGACCEGAAACTGRCATGTTCCAGATCACCACTCTEGCCGTCGATGC
CGCTCARACUAGGTECCECTCRECETCCEETTGCTGTTGTCGACGAGGAGEGCAATGAGCTCCCTCCGGGCA
AAGAGOGCTTCC/MCCTCCCCANGTGAGCGLGTGCTCGGCGAGATCAGGC TECCACAGAATATGTGTECCETAG
GAG’I."I‘GGCAAAAT’I'GACC'I’GTTTATCT("’I‘TTC‘GTGT(.,A’I‘C'J.‘ACAGC’I‘ATTGGGCAMA’I‘TCT’I‘TGCAGCTCC
AACUNCGT

SEQ ID NO:18

LENGTH : 20 nu

TYPE : DNA :
ORGANISM : BACTERIA P. acnes Groups 1, 2 and 3
FEATURE @ .

NAME/KEY : PR262

OTHER INFORMATION :

SEQUENCE :

G‘I'G’I‘CCGATCACCGATACCT

SEQ ID NO:;19

LENGTH : 20 nt

TYPF : DNA

ORGANLSM : DBACTERIA P. acnes Groups 1, 2 and 3
FEATURE .
NAME/KEY : PR263

OTHER INFORMATION :

SEQUENCE :

ACGAAGTTGAGGCTGCAAAG

SEQ ID NO:20
LENGTH : 443 nt
TYPE : DNA

. ORGANISM : BACTERIA P. acnes Group 1

FEATURE : 1. nt 1 = start of region amplified by primers PRO9O (SEQ ID
NO:21) and PR108 (SEQ ID NO:22). .
2. nt 443 = end of region amplified by primers PRO90C (SEQ ID
NO:21) and PR108 (SEQ TD NQ:22)
NAME/KEY : Group .I DNA amplified by primers PR090 (SEQ 1D NO:21) and
PR108 {SEQ ID NO:22}.
OLIHER INFORMATION
SEQUENCE :
KCATCCTCTTCATGATCGCCEETGTCATGCAGAACGCGRGCTERECTRCTGGTGICCCPCCTCATTGGCTGC
TTCGAATGCTCCGGCGETGCCCETCAGATCCGCGCCCAGGQAATETOCCTGCGAGGACCCCATTTCACCACG
GCCCTGCCCACCATCGGTGAATCGCAGTCCCACATCGTGCTCTCAGAGETCATGCCGCACCTCCTCGGCCTC
ANTCTCCCCGATGTTCCTGCCGACTCATCGCCECCGGCGTCAACATGECAGECGTCCCTAGCCTTCCTCGGTATC
GGTGACCCGTCCATGCCGTCCTGGEGCCTCATGATCAACTGRGECATGACGCANAACCCCCTEITCCGCGGET
CTGTEETEETCCTTCATTCCTCCEGETCTCGCACTCECCCTTATCGUTTTQGAACCACCALGATCAACTTC
GETCTCGACGA

SFQ ID NO:21
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LENGTH : 19 nt

TYPE : DNA :

ORGANISM ¢ BACTERTA P, acnes Group 1
FEATURE :

NAME/KEY : PROSO

OTHER INFORMATTON :

SEQUENCE :

GCCATCCTGTLCATGATCC

SEQ LD NO:22

LENGTH : 20 nt

TYPE : DNA

ORGANISM : BACTERIA P. acnes Group 1,
FEATURE :

NAME/REY : PR108

OTHER TNFORMATION :

SEQUENCE :

TCETCGAGACCGAAGTTGAT

S1Q ID NO:23
LENCTH : 584 mt
TYPE : DNA '
ORGANISM : BACTERIA P. acnes Group 1
FEATURE : 1. nt 1 = gtart of region amplified by primers PR213 (SEQ ID
NO:24) and PR216 (SEQ 1D NO:25).

‘ 2. nt 584 = end of region amplified by primers PR213 (SEQ ID

NO:24) and PR216 {SEQ -
L NO:25) :

NAME/KEY : Croup 1 DNA amplified by primers PR213 (SFQ ID NQ:24) and
PR216 (SEQ 1D NO:25). :
OTHER INFORMATION : Within solute-binding gene of peplide uptake operon.
SEQUENCE :
GACGATTACTGGGGCAAGAAGCCCAAGGCGTCAAGACCATCAAGCTCETCCCAGCAGGAACCGC TGECAAC
ATPCAGTCCCAGATCACCCAGGRCAAGGTCGACTGEGCCGAGEGCGGCEACCCTCCCGTCATCACCAGCTTC
CTCCCCGATGGACAAGGACCACARCCGCTACAACTACTACGCCCACCETTCCACCCGAGCANTCANTCCTATCG
ACCCACTCCOTRCCGACCTCCCACGTTCCCCETTCOCAACCCCCTEGCGAGCTAGCGTGGACATGEGCGTCGTC
GCCAACGOTGECGEECETCEEGATACACCCTGCCCAGCGTGACCGGCCTGGATCCTGTCATCTACGCCAACATG
CTGAAGCCGCAG MTCAACAACGCCCATGGCTCCGGATGTCGAGGCTGCCAAGAAGTTCCTCAAGGATGLCGGC
TGGACCGTTCAGAATCCCAACCTCTGCAAGGACGGCAAGCGAATACCCGCTCCAGCTGACCATTCETAATGAC
AACCCGGICGAGATGGCCACTATGCCCGATCGTCGTCTCCCAGTGGAAGGACAACCTGGGCATCAACGTCAAG
TLCACCCC

SEQ ID NO:24

LENGTH : 20 nt

TYPE : DNA

ORGANISM : BACTERIA P. - ac¢nes Group 1
FEATURE :

NAME/KEY : PR213

OTHER INFORMATION :

SEQUENCE : .
GACGATTACTGGGGCAAG,

SEQ ID NQ:25

LENGTH : 20 nt

TYPE : DNA

ORGANISM : BACTERIA P. adnéeg Group 1
FEATURE :

NAME/KEY : PR216

OTHER INFORMATION :

SEQUENCE :
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GGGGTGAACTTGACGTTIGAT
SFQ ID NO:26
LENGTH : 443 nt
TYPE : T©TNA
QORGANISM : BACTERIA P,ammes Group 1
FEATURE : 1. nt 1 = start of region ampllfled by primers PR217 iSEQ

ID NO:29) and PR218 (SEQ ID NO:30).

2. nt 443 = end of region amplified by primers PR217 (SEQ ID
NO:29) and PR218 (SEQ

ID NO:30)
NAME/KEY : Group L DNA amplified by primers PR217 {(SEQ ID NO:29) and -’
PRZ18 (SEQ ID NO:30).
OTHER INFORMATION : Within putative UbiE gene.
SEQUENCE :
CTCCTTAGCGATGAGGACAGTAGAGCGGUATGCCATGCTCCCCATTCTCCCGCACTTGCAACACCCACCTCA
ACCGGCATTGACTCATGEACCAACCTGOCCGAGGEEGTCARGEGGACACGCARGGCTACAAGACCACCCARC
CCGCLCGAGGCGGTCAAGGGGGAGTCGCCTLLCLCCQLTTALAATAAAACCCCTGTTCACAACCCGAGUCAC
COTGCACAAACACCACACTGACGTCRCATCCATCITCCACGCEEETCECCAAACGCCTATGACCTCATGARCCA
CATCATCACGCTCERCECGATCCACACTTCCCCCCACCTCCTCG ICCCTIGCEETAGAGCCEGGAACCCGGCCA
GACCATCCTCCATTTGACGGCTGEAAC CEECACCTCCTCAGCTACCTTTCCCCCCCCOOGCCCCCAGGTTTA
TCCCACCGATA

SEQ TD NO:27
LENGTH : 545 nt

TYPE : DNA
ORGANISM : BACTERIA P.acnes Group 2
FEATURE : - 1. nt 1 = start of region amplified by primers PR217 (SEQ

ID NO:29) and PR218 (SEQ ID NO:30).

2. nt 545 = end of region amplified by primers PR217 (SEQ ID
NO:2%2) and PR218 (SEQ

ID NO:30)

NAME/KEY : Group 2 DNA amplified by primers PR217 (SEQ ID NO:29) and
PR218 (SEQ TID WNO:3Q).
QTHER INFORMATION = within putative UbLE gene.,
SEQUENCE =
GTCCTTAGCCACGAGCACAGIAGAGCGGEAYGCCATGCTCECCATTCTCCCECACTTGCARGACCCACCTCA
ACCCCCATTCACTCATACACCCACCAGATCCOCCCEATCAGRCACGACACGCGAGLCCCTCACCCCCACAGA
CACTCAACCCOCTCCACGEEECCAACACCACACCCAACATTACAACACCACCCCACCCGCTCCGARGGGGECA
ACCCCCECCCAGTCCCCCOCCGCACAAACTCAACCCGUTCCAGGEGETCAAGGEGGGAGTCETUTCQCCCTTA
CAATAAAACCGTGTTCACAACCCAAGCCACCCTGCACAAGCACCACCLTCACGICGCATCGATCTTCCACGS
GGTAGCGAAACGCTATGACCTCATGAACCAGATTATGACGCTCGGGGCGGTCGATACCTGGCGCCACCTCCT
CGTCGACGCAGTAGAGCCCGAGCCCEELCAGACCATCCTCGATTTGGCGECTCCARCCCGCACCTCTTCAGC
TACCTTECCGCCCECEETGCGCAGGTTITATCCCACCGATA

SEQ ID NO:28
LENGTH : 440 nt
TYPE : DNA
ORGANISM : BACTERIA P.acnes Group 3
FEATURE : 1, nt 1 = gtart of region amplified by primers PR217 (SEQ
ID NO:29) and PR218 (SEQ ID NO:30).
2. nt 440= end of region dmpllfled by primers PR217 (SEQ ID
NO:29) and PR218 (SEQ
™D NO:30)
NAME/KEY : Group 3 DNA amplified by primers PR217 (SEQ ID NO:29) and
PR218 (SEQ ID NO:30).
OTHER INFORMATION : Within putative UbiE gene.
SEQUENCE 3
GTCCTTAGCGATGAGCGACAGTAGAGLGGEGATECCATGCTGECCATTCTCCCGCACTTGCAAGACCCACCTCA
ACCGGCATTGACTCATGEACCAACCTCCCCCAGEGGGTCAAGGGGACACGCAAGGCTACAAGACCACCCAAC
CCGCCCEAGGGEETCAAGGEGGAGTCGCCTCCCCCTTACAATAAAACCCGTGTTCACAACCCCACCCACCCT
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GGACAAACACCACACTGACGTCGCATCGATGTTCGACGGGGTGGCGAAACGCTATGACCTCATGAACCAGAT

CATGACGCTOGCECCGATCGACACTTGGCECGACCTCGTCGTCGCTGUGGTAGAGLCGGARCCCGGCCAGAC
CATCCTCRATTTEECGECTGOAACCEGCACCTCCTCAGCTACGTTTGCOGCCCGHOGHEECGCAGGTTTATCC
CACCGATA .

SEQ ID NO:29

LENGTII : 20 nt

TYPE : DNA

ORGANISM : BACTERIA P. ag¢nes Groups 1, 2 and 3
FEATURE :

NAME/KEY : PR217

OQTHER INFORMATION :

SEQUENCE :

GTCCTTAGCGACGAGHACAG

SEQ ID NO:30

LENGYTH : 20 nt

WYPE : DNA

ORGANISM : BACTERIA P, acnes Groups 1, 2 and 3
FEATURE :

NAME/KEY : PR218

OTHER INFORMATION @

TATCGGTGEGATAAACCTGC

€80 ID NO:31
LENGTH : 508 nt
TYPE : DNA
ORGANISM : PRACTERIA P_acnes Group 1
FEATURE : 1. nt 1 = start of region amplitied by primers PR219 (SEQ
: ID NO:33) and PR220 (SEQ ID NO:34).
2. nt 508 = end of region amplified by primers PR219 (SEQ LD
. NO:33) and PR220 (SEQ ID NO:34)

NAME/XEY : Croup 1 DNA amplified by primers PR219 (SEQ ID NO:33) and
PR220 (SEQ ID NO:34).
OTHER INFORMATION : Within putative Y40U fragment.
SBQUENCE =
GCGACCGGTTTGTTGTGAGCTGTGTTGCTGACGATTCCAGCTTCTTCGTACTCTTTGACCATGGCTGCGATA
CCGGCGGATGCATTCGCGAAGACCATGCGCGATACCTGATTGATGICGGCCACCTTAACGACGGAGTACATA
AGTETGACGTCRGCCTGTCCCACGTAGGCTCTGECATCICCGRAAGACATCOTGGAAACCAGCAGCTTGGGEG
AATCCAATCGGCTATGCGGCTGTTGGAGAATGAGCCAACATCGATGATGACTCTACCTTGCTGCCGTTGGTA
AGAATGCGGTGACGAAGCCAGTCEAGCTCATCTCCCTCCGTATCCAAGGTTCCGAACACAGCAATTGCGECC
ATGAAACACTCCOTTCGTEATC AN GTCATCATGACCGTAGTTCGETEATTCTGCCTGCACCATGCTGCTTGAG

tACGAATTGGCCTATATGGTTGTACCCCTGGTTGCGAAGAAGGGCAATACTCCAGGTGTGGTTGTCGAAGTTG'

Geae

SEQ TD NQ:32
LENGTH : 716 nt
TYPE = DNA
ORGANISM : BACTERIA P.acnes Group 2
FEATURE : 1. nt 1 = start of region amplified by primers PR213 (SEQ
ID NO:33) and PR220 (SEQ ID NO:34}).
2. nt 716 = end of region amplified by primers PR219 (SEQ ID
NO:33) and PR220 (SEQ ID NO:34) :
NAME/KEY : Group 2 DNA amplified by primers PR219 (SEQ TD NQ:33) an
PR220 (SEQ ID NO:34).
OTHER INFORMATLON : Within putative Y40U fragment.
SEQUENCE .
ACGACCGETTTCTTGTCACCEECOTTCCTGACGGTTCTAACGTC TTCATACTCCTTGCCCATGGCTGTGATA
GCGGCGGCTGCATTGGCGAAGACCATGAGCGACACGGAATTGATGCCGGCCACGTCAACGACGGAGTACATA
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ACTCTCACGTCCETITCTCCCACCTAGGGECTCACATCTCCCGAACCCATCGTGCARACCAGCAGCTTCCCG
AATCCAATCGCCAATGTCTECATCACCGAAGCCECTACCCATGATCCACCTCATCCGCCCACCCACAGCAGA
CCGTECGATTTTCCCCTCTTCGGCAAGC TTGGATGCAATAATCGAAGCGCCACGGCCCATGACATCCATCATT
TCGCCACGGTTATGACCTATTCGCATCTCACTTGECGACTCEGCCTGCGGCACCAATGACCTCATCGGACGTG
TAGTCGGCTATACGECTCTTGCAGAATCGACGCCAACATCGATGATGACTACCTGCCTGCCGTTGGTANGAATG
CGGETGACGAAGCCAGTCGAACTCGTCTCCCTTEGGTATCCAAAGTTCCGAGCANAGCTATTGCGGCCATGAAC
ACTCCTTCGTGATCGTGTCATCATGACCETAGTTCGETCATTCTGCCTACACCATGCCGTTTCGAGACCAATT
GGCCTETACGTTETATCGCTGGTTGTCAAGARGGGCAATACT TCAGGTGTGGTTGTCAAGGTTGACCC

SEQ ID NO:33

LENGTH : 19 nt

TYBE : DNA :

ORCGANISM : BACTERIA P. acnes Groups 1 and 2
FEATURE : .

NAME/KBY : PR219

OTHER INFORMATION :

SEQUENCE :

' ACGACCGGTTTGITCTCAG

SEQ ID NQ:34

LENGTH : 20 nt

TYPE : DA

ORCGANISM : BACTERIA P. acnes Groups 1 and 2
FEATURE :

NAME/KEY : PR220

OTHER INFORMATION

SEQUENCE : .

GGGTCAACCTTGACAALCAC

SEQ ID NO:35
LENGIH : 2279 nt
TYPE : DNA
ORGANISM : BACTERIA P.acnes Group l
FEATURE : 1. nt 1 = start of region amplified by primers PR221 (SEQ
ID NO:37) and PR222 (SEQ ID NO:38}.
2. nt 2279 = end of region amplified by primers PR221 (SEQ
D NO:37) and PR222 (SEQ ID NO:38}
NAME/KEY : Group 1 DNA amphned by prxmera PR221 (SEQ ID NO: 37) and
PR222 (SFQ 1IN -NO:38).
QTHER ITNFORMATION
SEQUENCE
CATCCCGAGCAGCTCOGTCACCCCCAGGGCATTCCGCAGCACGTCGTCQTGACCGACATTGCCAGCTGTCGT
CACCACCCCGACGGICICGACATCETCGCGGC PCGCCAGHTAGGCCAGCHRCGAACGCGTCGTCARTCCCAGH
GTCCCAATCCACCACAACCGOCAACAAACCTATCCGCCATGRCGTCAGAATAGAGELCCTCCACCGCACCACT
CATCCTTCAGTCGTCCCACCTCACCTTCTCCTCAGCCTETTCGRGCIGE I CAGAGCACCTTTGCTCCAGGAQ
TCCCACATCCGCATGTCCTGCCCCCTCATTGTCCAACCGOTATGTGCCACACAL M CACTGTCCCCTEETG
CECCCTGCCCGAMATCTTGCAAGGAATCATGCTCGACTGEGTCCACCTCATCATI'CETATCGGAGT(GGCGTC
QCCCCCCCAACCCTCATCCACATAGCACCCCACGCATTCGGTGCAACTCGATCCCCCATACCOTCCATACGGA
CACCTCTCGTAGCATCCCCACTCCCEGCCTCCAGCCCCTCGATTIGGICGETGAGCCTTCCTGGAGGACACTTG
GCCTTGTCAGAGCAGETCETCAGCCACETACETCACCACGCTCACCGACGCCACTCTCAGGAAGTCATGACCAY
CACGCACAAGGAACCOTCCCOCGCTGAGACCATCCTTECCGCCCACCEICECEIIPACCATQTGCATGGCCGTE
CTGTTCETGATCETAGCGATCTTCATCGRTTGGCECTCGTCCGCTGAGGATGT TCGICGGAGTCOTGOTCATQ
GAATCCCCGGCGAGATCCTGCTEGAACTGGTTCGGCGAGAACCOAATETTCCCCCGCEGCGGAGECAMACCGERE
GCCAGACACGAGCTGECACGTTTGCTCATCCTGACGCTCATCCTCACCGCETEGGCTCTCATCETCCTCGCCC
TCACCGCCCTCATCCAACCGTGGTACGGCGCCGTCGGGGAAATACCGTCCCTCATGG ' GATCGGGATCCTCG
CGATCCTCATCCAGGGGATCCOGEACACCCGGNAGAAGAAGTCCTAGCCCOTCGCCATGATCACAGCECCGA
GACTCCTCCCTGGCCGCCTTTTGTACCTCTCACQCCAGGTGCTCAGGACGTCGGACACCCTCGGCTGCTTGT
CCGCCCCAACCCCOCACTCGAACTCGTCCTCGTGCATCTCCATGTCGAAGTGGGCCHGACACAGCACGTACTC
TCCTCPAGAGAGGCCTAGACCCCTTGGAATTGTCGAACATCTCGTCAAGCTGGGTGGGCAGGATAGTCTGGC
CACACTCCCTGCATCCATCCACATTETCGECCAATGCCTCCCTTGCACGATACCAATCCGATCGECGCGALCG
GPCACTEECCCACACCCGCAGCCACCAATCTCACCAGGAAAGCARGCGTTGACCATGAAGATCAACGACALCG
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GCCCCARACCGANCGCCTTCGACATCGAGACCGCAACGAAGGAGAACACGAACTACCGCACCACCGCCTECA
CCGETAAGTACCTGCAGGTGACGC TCATGTCCATCCCGGTGGGACGAGTCCATCRRCCTGGAGGCCCACCCCE
ACACCGATCAGTTCCTGCGCCTGRACTCCRRCAAGGGECGCTGCGTCATGGGACCGGCTGAGCGATCAGCTCE
ACTTQCAGCAGGACGTCAGCGACCCCTEETCCGCCCAGETCCCGEGCCCCCACCTGECACGACGTCATCAACA
CCGGETGACGAGCCGATGCAGGTCTACGCCATC TACGCCCCGETCCACCACACCCCGEHBOATCGTCCAGGAGA
CCGCTGCCARGGCTCAGGAGGACCAAAAGTCUGGAGCCGACGTCCCACCGGAGTGEAGCGTCCAACCCCACA
AGACCGCTGACGATCTGCACGCCTCACCAATACCATCCGTCAGAGACCACGCCGICGUCAACGAGGGCGACE
GCCTQGTCTCTGACGEAACGCGCGTCATCACCEGTETCACCGCCCCGACACATGGATCTCCCICATCGACCGE -
GCEATCCTCEEATTCGCCGGGGCCTEGCCTGECCATEGCGTCGATCGGTGCCGTCACTE I CGTACTGACCGGT
CGAGACCCGTCAGCTCACCCTGCCCTTCAACTCCEGCAAGOTRGECCGTCGTCGCCCTCCAC IIGTGGAGGCGE
GATCGCGGCATGGCGATGCTRCAGGAGGATTCECCCTC TGGRAATGCGATCACTTCTGTGCCACCAAGCCGE
GAAACAGCCCGAGCTCCATGCCGGCGATGATGAACTCAACCTTGAGA

SEQ ID NO:36
LENGTH : 322 nt
TYPE : DNA
ORGANISM ; BACTERIA P.acnes Group 2
FEATURE 1. nt .1l = start of region amplified by prlmers PRR221 (SEQ ID
NQ:37) and PR222 (SEQ ID NO:38).
2. nt 322 = end of region amplified by primers PR221 {SEQ ID
NO:37) and PR222 (SEQ ID N0O:38)
NAME/KEY : Croup 2 DNA amplified by primers PpRI21 (SEQ ID NQ:37) and
PR222 (SEQ ID NO:38).
QTHER INFORMATION :
SEQUENCE =
CATTCCGAGCAGATCAGTCACCCCAAGCECGT TTCGCAGTACGTCOTCC I GCCCCACGTTGCCGGCACTCGY
CACCACCCQGACGGTCTCAACATCOTCACGGCAGGCCACGTAGGCCACCCCGAAGGCGTCGTCGATACCCGG
ATCCCAGTCCAACAAGACGGGCAGGEACCGCGTAGRAGTCGACATETCGCCACACTAAGGCTTCGACCGTTG
TGGCGTCACCCTCLCATGCGTCCACCAAACTTGTAGCGGCATTCATGAAGAACCGCCGCQ(AACAGACCGTG

" CTCCATCCCCGCGATGATGAACTCAATTTTGAGA

SEQ ID NO:37

LENGTH : 20 nt

TYPE DNA

ORGANISM : BACTERIA P. acnes Groups 1 and 2
FEATURE -

NAME/KEY : PR221

OTHER INFORMATION 3

SEQUENCE :

CATTCCCAGCCAGATCAGTCA

GEQ ID NO:38

LENGTH : 24 nt

TYPE : DNA ’ ’
ORGANTSM ¢ BACTERIA P. aches Groups 1 angd 2
FEATURE :

NAME/KEY : PR222

OTHER INFORMATION :

SEQUENCE :

TCLCAAAATTGAGTTCATCATCCC

SEQ ID NO:39

LENGTH :'725 nt

TYPE : DNA .

ORGANISM : BACTERIA P. acnes Group 2

FEATURE : 1. nt 1 = start ¢of region amplified by primers PR256 (SEQ 1D
NO:40) and PR257 (SEQ ID NQ:41).
2, nt 725 = end of region amplified by primers PR256 (SEQ ID
NO:40) and PR257 (SEQ ID NO:41}
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" NAME/EKEY : Group 2 DNA amplified by primers PR256 ($EQ iD NO:40) and

PR257 (SEQ ID WO:41).

CTHER INFORMATION =

SEQUENCE : .
GTCATCGGCTTOTGGALCATAGAAATCTTCACCTGGGGTATCTATTC U I GCCACCCCCAGAGTAGGAATGAR
AGCTTGAGCCGERECECGCECAGCGECCGCCTTTATGOCGATTCTETCACCAAGCTCEGCCATTICGETETT
GCTCETTTGAGRGTCACCCCTGEATTCTGEATATGCARCGTGUGAGAGCGAATACCGCTCCGEAATAGTGTCG
ACAGEGCCGAAATTGACCATGTCAAGCGCGCOAAGACTGAYGACTTCGEGGTATTCCAAGGTC TGCTGCGGCT
TCCATCCGGCGGGCTCCTGCCGAGAGAACTCCTCCGCAGAGGTCGTCGGCAAGCTCGGTAGTCGTCAGGTCA
CATATTCCCGCCAGTAGCCCAGACGATGCGAGCTTTTCTATCCCCTTCCCCTCCCGGAATCAGTTGOGTGGA
ACACCACCACCTCGTACCCAAGGTCTGTCARCGTCTIGCCAGCTTCGTCAGCAGCCGCGCATTGTCAATCCGA
ACATCGTCAGGCCGACGACCGGTTTGTTGTGAGCCGCCGTTGCTGACGEGTTCTAACGTCTTCATACTCCTITGG
CCATGGCTGTGATAGCGGCGGCTGCATTGGCGAAGACCATGAGCGACACGGAATTGATGCCGGCCACGTCAA
CGACGGAGTACATARGTGTGACGICGCTTTGTCCCACGTAGGGGC TGACATCTCCGGAAGACATCGTGGNAA
CCAGG

SEQ ID NO:40

LENGTH : 20 nt

TYPE : DNA

QRGANISM : BACTERIA P. acnes Group 2
FEATURE :

NAME/KEY : PR256

OTHER INFORMATION @

SEQUENCE :

GTCATCGGCTTCTRGATCAT

SEQ TD NO:41

LENGTH : 20 nt

TYPE : DNA

ORGANISM : BACTERIA P, acnes Group 2
FEARYURE :

- NAME/KEY : PR257

OTHER INFORMATION
SEQUENCE :
CCTGGTTTCCACGATGTC' LT

SEQ ID NO:42
LENGTH : 618 nt
TYPE : DNA
ORGANISM : DBACTERIA P. acneg Group 2
FEATURE : 1. nt 1 = start of region amplified by primers PR2B3 (SEQ 1D
NO:43) and PR254 (SEQ ID NO:44).
9. nt 618 = end of region amplified by primers PR253 (SEQ LD
NO:43) and PR254 (SEQ ID NO:44)
NAME/KEY : Group 2 DNA amplified by primers PR253 (SEQ ID NO:43) and
PR254 (5EQ ID NO:44). .
OTHER INFORMATION :
SEQUENCE : . ) .
GTACGAGGCTTCCGTAGCACTCCOTCCEGCCAGAATTCGTGAATGTAAGGGACTATCAAGUCCACTICITCAG
CGCAAATCAACAACTTCAAACGAAATTTAAGTCATGGGGAAAAAGGGAAAAATTCCCTTTGCCTCACATTAA
TATTTCAGACCTACATATACAGATIGACCACCTTCTIMI M TTAGCTGCTGCCCTTAGGTTTGCG T ICGGAAT
AGACCCGGAGCGGACCACTTCAAAAATACGCGAAGCGCTGGACGGCCTCTGETGGARACATTGGCTCGGTARA
CECATTCGTGAGCCTICOTGCAATCOTAGGGCACATTCCCAGTGEGEGATTTATGGATATTCAGTTAGCCATCA

TTCCCTAGCCARAGTTACTCAGCACTTGATTTCGECGACTGACATCATGATCGUGGCTTCIGCCGACCTACG

GAAGATCGCTTCTARATATGECACATTCGGCTTGAGGATCGCGATTATGGACGCCGEGTIGTGCCCTTTCAAC
GETGCGTCGTETCTGCCGEGAAGTAGCGCCGTACATTTTCGATETGGAGCGOTHACCICCACGCTGCGCTCTAT
TAGCGAGATGCTGCATCTTTCAAGTCCCCCTGAGCCTATTAT

SEQ ID NO:43
LENGTH : 20 nt
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TYPE : DNA

ORGANISM : BACTERIA P. acnes CGroup 2
FEATURE :

NAME/KEY : PR253

OTHER INFORMATION :

SEQUENCE :

GTACGAGGCTTCCGTAGCAC

SEQ ID NO:44

LENGTH : 20 nt

TYPE : DNA .
ORGANISM : BACTERIA P. acnes Group 2
FEATURE :

NAMB/KEY : PR254

OTHER INFORMATION =

SEQUENCE -

ATANTAGGCTCACGCGCACT

SBEQ ID NO:45
TENGTH : 4027 ok

TYPE : DNA
ORGANISM : BACTERIA P.acnes Groups 1 and 2
FEATURE : 1. nt 1 = start.of region amplilied by primers PR245 (SEQ ID

NO:47} and PR247 (SEQ ID NO:48}.

2. nt 4027 = end of region amplified by primers PR245 (SEQ

ID NO:47) and PR247 (SEQ ID NO:48}
NAME/KEY : OGroup 1 and 2 DNA amplified by primers PR245 {SEQ ID NO:47)
and PR247 (SEQ ID NO:48).
OTHER TNFORMATION :
SEQUENCE : ' .
ATAAACCCATCGGLGGOTCGATCCATCARGGECCETCEECGEACGTGAGCGAGCCGGAATCGTCATACCCETA
CCGEAAATCCCCOTATEGTGCGO TCACCC GGAGTACTOGRCCCATCTCRTCGCCACTGATCETCATGGACCE
GCGGGACGAGGTGTGGCTAGTGACGAAACCATCAGTATACCCCCACTGCTGTTGATCCAGAGGACTACCTAG
CTTCGCGACACGACCGACCGCGTCCCATTCCAAGCTCACCTCACCCAATCGAGAGTGGCGAATCGACCCCAA
TACACCGGTGTTGGTGTATGCGTAATCGATAGAATCACCAGTCAACGTGAGATGACGTACACGACGCCCCTC
GGCGTCGTACCACCATTGTTCGGACGAGETCAGTEGCCCCTCGTCCACAATCCATTCOICICCCCCCACCRS
GGCGACGGTGTGGGTCAAGAGCAGCCCACGAGGGTCGTACCCCAACAGGTGGCGCCACGGGAAAGCAGGA?C
GGTGTAGTCATCAATACTGACCGTGCGGETOCTCEGCETGATCAGCATACCGACTGACCAGCTGCTCATCAAT
GTATTCCTCGACGCCTTTAGGGCCAAGACGACCEGCTGACAACCETGCCATCCGGEGCEGETCATECCGACCAG
GGTTCCGGACTTGTCCCAGGTATATTCGETGACTCGCCCCAGTEGGTCAGTEGCGGCGATCATCTCCCEGCA
CTCGETTGTACTGATACGTGGTGAGGCCACCACCCGEATCCETGCCEETCACGAGTCGGCCACACCCATCCTA.
GCCGTACCGTGAGACGCCACCAGCCGGGTTAGTCGCTGCCACCAGTTGGCCGGCAAGGTCGTAACTGAAGTG
AﬁGCTGTCCGTACACTAGATCGCAACTGAACAEGAGTCTGCCGCATGGGTCATATCGGTACTGGCTCACTCC
AGCGCCAGGAACATGACTGAGCACAACACGTCCCATGGCGTCATACTCGTAGCGCGCGGTCTCGCCAGTTGG
ATAAGTTACTGTCGCCACCTGGAAATCTGAGGTGTAGGAATAGCGCGTTACGCGGCCTGCGGGATCGGTGAC
ATCAACCATCCTCCCACACGCGTCATAGCTGTAACTCGTGCGCAGCCCGGTGGGGCTGACGAGGGCCACAAT
GCGGCCCGCTAGATCGCGCTCCACATGAGTCACCGCGCCAGACTCGTCCTGAAACTCAACCGGTCGGCCACA
CAAATCACCCGTGACGATCTGCTCGGCCCCACTGACATCGGTGACGGCAGTAGTAAGACCGTAGGGATCGGC
ATCGACGCGGTGGAGTTGGTGCCCGTGACTAﬂCCGAGGCGGTGCTGGCAGTGAGACCGTCBGTAAAGACCCT
GGCCTGGCGAAACCGGCTGGATCAGTGACGCCGGAAAGATTGCCAICAACGTCATAGGCATACGTCCACCTG
GCCTCGTCCGGTGCCACCACCTGCGTCAACCGCGATACCGCGTCATGGATGAAGCTCCAAGCGCTGCCGTCG
CGCAGCTGCATGCCCGCCACGTTCCCCAAGTGGTCGTAGGAGTGTTCAATGACGCGCCCGAGAGGATCGATG
ACCCTGGACATCTGGCCCTCTGGGTGATACTCCCACTTTGTGA&CCCACTATCGGGGGCAACCAACTCGATC
AGATGACCGGCCACATCATAACCATCCTCCCATCTCGCGCCATCCGGTGTGACCACGQCAGCCAGGCGGCCA
GCGTCGTCGTAGCTCAACCGCGTCGTGGCGCCACCCGGCGAGATCGTTTCGACGATCCGTCCCGCCTCGTCA
CGGATGAGGCGGGAAGCCTCCCCATGGGCATCCTCGACGCGCACCAATTCTGCATGATGGTCATAGGAAAAC
CTCAGGCTCACCCCGACAGGATTCGTGGCGCGCACAACCAATCCATCCTTCCACTCCGCAACGGTGACGCCA
CCCCACGGATCCGTGACGCGCACTGGATCACGCTCGGTGCCGTCATACTCGAAGGTGGTCTGGGCGCCATTG
GCCAGGGTTGTGCTCACAAGCCGGTCCAGATCATCCCACGAACAGTCAATCGTGCCTCCAGTAGGAAGGTCC
GTGTGCGTCAGTCTCCCTCGCTGGTCATAGCGGTGTGAGGTAACGTTTCCAGCCCGATCGACGCAACGCACC
ATATTGCCGAAGGAATCGTAGGTCATCGAAACCTGGCCACCATGGGCGTCGACCACACCTGTGGTGCGACCG
TGAGGATCACATATCCAGGTATTGGCATTGGTGCCAICCGCATCGCTGGCGGCGGTGACGCCCCCAGGCAGA
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TACCTGCAAATGCGACAGYACGACCGTTAGCGGOTTG MGECACCTGATCCGECCCCEGECCGTCATAACTCTTC
ATGCATTCCCCGTTGCCACATCCATCCACCACGGTCCTCATGAGTGTGTCATCCCACTCGTAACGCCGTGAA
CCOTCAGGCCCGTCTACCTGCACGAGTCGATTTTCCTCATCATACGAGTACCGGACACAACCGCCATCACTG
GAAATACGCCGACACCACTCTCOGCGCCGCCATACCACACGGTGATCTTATGACCCCACGACGTTTCCATCGCG
GTCACGCGATCGCCTTCCCGCACGGETATGCACGACGTCTCTTTGCGAAGATCCGCTGCACACCCATGCGCCA
CCTTCACTCAAAACCCATCGACCTCCCCGGTTGTCCGAGATCACCCACACCCATTTTGATGTGGCCGGATCG
CGAAGGAACTCCGGAAGTTGCGAAGCAGAGACCCGGCTCAGCCACAGATTCTCACCCTGAGCTCGCCACTGT
TCGACAGCCTTTTCGTCTTCCTC TCCCGGATTGGGCAGCTGATTGGTCGTCGGCAGGACTGCTGTCGGTGCA
GCCTCCACCGCGAAGCCGATATGCCTGCCATCCTCACGCACCCACTCCACGCACCCCGBCTTCACGAGCAGG
CACTGGTCAAGGATGCTGACCCACCCCGGGCCGAARACCCCACCCTGTCCCCGAACAGCCTGAATAGAGTTG
TACATCCTGCTGAGGGCGAGGGEGGATGACGC TGCCECGAAGGCCAGATCEGGTCTCGGECTCGATGAAATTC
CCRGTTGECCGAGTTGATGGGATCCTCAACGTATCCAGTGCGCGGATCAATACQCCGACAGCCUCGGGGATGETG
ATOQTCGAGATCGETACGCCACAAAGGGEETTCCAGCAGCTCTCAAGGOGGUTCECAGGGCAGAGTTAGECAAG
GTAATAACACCAGAGCCAGCAGCITGAAAGGCCYTGGCTACCGCGTGCARCCACTCGACGICYCCGTCALTG
AGGCCCCCCCACCEGATCCAGCTECACGAACAGATCCCOGACCTCCACGOTCCCETACTTGCACTGGGAGGTE
AAGTCGICGAACCAGCCCGCCAGCACTCATCCCCAGGRTACCICTECTCCCETIICCCCCAACACCTCCGCE
GCACTGATGAGATCCTTGGGETCCGCCGCAGATATTCCACCCGATGAGCCTCGGATCGACCGATCCTGCTGA
CAATCTCCTGTCACAGGCGGATGGAGCAGCTEGGGCEGAGEGACECTCAGGCAGEAGTCAGGTTGCGCGGAACA
TCCGACGCCGGTGAAGAAATCGCGCACATGGTCACCAAAATCGTCATGTTGCECAGCGAAATCGCGAACCTGET
TGGCGTCGCTTATTCTCTAACCGAGCTTGCTCGGCAAGATAGTCCACCATGTCGGCGGCGETGGTCAATGCC |
TCTGACAACGCCGTAGCGTCCGCGGAACATATGTGGATGTTCTCTCTCAAGACAGTCGCGAAGAATCCCCGA
AACCCTQGTGAGGCGATGGACTCAACGAGCUGACGTTCGCGCGTCAAAAATCTTTATGCGTTGCGAGGTCCAA
CECAGCTGGCTAGAGAACCCTTCGRCTGTTGAGAAATTGAATTC TACGGGATTCTGGTAGTCGCCGAAAACA
CTGAAATCGACCACTGAATGCTCCCTTGCTOCTTTGGGCAAAGTGCAGCGTGATGCTCCACTGCCTGG

SEQ ID NO:46
LENGTH : 573 nt

TYPE : DNA
ORGANISM : BACTERIA P.acnes Group 3
FEATURE : 1. ot 1 = gtart of region dmpllfled by primers PR24%5 (SEQ ID

NO:47) and PR2A7 (SEQ TR NO:48).
2. nt 573 = end of region amplified by primers PR245 (SEQ TD
) NO:47) and PR247 (SEQ ID NO:48)
NAME/KEY : Croup 3 DNA ampllfled by primers PR245 (SEQ L0} NO:47) and
PR247 (SEQ ID NO:48).

" OTHER INFORMATION s

SEQUENCE :
ATAAACCCATCGGCGGCTCGATCCATCNAGGNCOTCGGCECEACCTGAGCCAGCTGGAATCGACCGATCCTGC
TGACGATCTCCTGTCACAGGCGCATECAGCAGCTGEGECCCAGCCAGACTCGGCAGGAGTGAGGTTGGGCGEA
ACATCGACGCCGCTGAAGAAATCECGCACATGGTCACCAAAATCGTCATCGTTGCGCAGCGAAATCGCGAACC
TCTTGGCGTCGCTTATTCTCTAACCGAGCTTGCTCGGCAAGATAGTCCACCATGTCGGCEGCEGTGGTCAAT
GCCTCTGACAACGCCATAGCGTCCGCGGAACACACCGTGCGATGTTCTCTGTGAAGACAGTCGCGAAGAATCCC
CGAAACTCTCGTEAGCCCATGCACTCAACAAGCGACGTTCGCGCGTCAAAATGTTTATGCGTTGTGAGGTCC
ARMCGOAGCTGGCTAGAGAACCCOTCGEOTGTTGAGAAAT TGAATTCTACGEGATTCTGGTAGTCGCCGRARA
CACTGARATCGACCACTCAATCCTCCOTTGOTCTTTERGCAAAGTGCAGCGTGATGCTCCACTETCTGG

SEQ ID NO:47

LENCTH : 22 nt

WYPE -z ONA ’
ORGANISM : BACTERIA P. acnes Groups 1, 2 and 3.
FEATURE :

NAME/KEY : PR245

OTHER INFORMATION :

SEQUENCE

ATAAMCCCATCGCCCGCTCGAT

SEQ ID NO:48

LENGTH : 20 nt

TYPE : DNA .

ORGANISM @ RBACTERIA P. acnes Groups 1, 2 and 3
FEATURE : ’
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NAME/KEY : PR247
OTHER INFORMATION :
SEQUENCE :
AGCAAGGCGACCATTCAGTGGE

SEQ ID NO:49

LENGTH : 23nt

TYPE : DNA

ORGANISM : BACTERIA universal 16S rRNA
FEATURE :

NAME/KEY : 16S1F

OTHER INFORMATION :

SEQUENCE @

TGAAGAGTTTGATCCTGGCTCAG

SEQ 1D NO:50

LENGTH : 24nt

TYPE : DNA

ORGANISM : BACTERIA universal 16S rRNA
FEATURE :

NAME/REY : 1681R

OTHER INFORMATION :

SEQUENCE :

GGACTACCAGGCTATCTAAKCCTG

SEQ ID NO:51

LENGTH : 170t

TYPE : DNA

ORGANISM : BACTERIA universal 165 rRNA
FEATURE :

NAME/KEY : 16S2F

‘QTHER INKFORMATION :

SEQUENCE :

GTGCCAGCACCCCCGGTRA

SEQ ID NO:S52

LENGTH : 20nt

TYPE : DNA .
ORGANISM : BACTERTA univérsal 168 rRNA
FEATURE

NAME/KEY : 16S2R

OTHER TNFQRMATION -

SEQUENCE

AGSCCCGEGGEARCGTAIMCAC

141751445
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