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Figure 8. Knockdown of BCL3 expression by shRNA or CHX affects the nuclear localization of BCL10. (a) Immunoblotting results for BCL3
in SNK-6 cells. The expression of BCL3 was knocked down using two shRNA sequences. Actin served as the normalization control for
immunoblotting. (b) Immunoblotting result for BCL10 and BCL3 in the nuclear and cytosolic extracts. shRNA-transduced SNK-6 cells were
grown in the presence or absence of IL2 (300 U/ml) before cellular fractionation. (c) Immunoblotting results for BCL10 and BCL3 in the
nuclear and cytosolic extracts. NK-YS cells were treated with IL2 in the presence or absence of 80 pg/ml CHX for 24 h before cellular
fractionation. For b and ¢, GAPDH and histone were used as loading controls for the cytosolic and nuclear extracts, respectively.

[44,45]. Here we have provided evidence that BCL10
also participates in cytokine receptor-induced NF-kB
signalling. Similar to the role of PKC in antigen recep-
tor signalling, Akt is the kinase responsible for signal
transduction via the IL2 receptor. Downstream of these
kinases, BCL10 acts as a conductor to orchestrate NF-
kB activation signalling, which is linked to different
receptors, suggesting that BCL10 is a crucial adaptor
in immune cells.

The nuclear localization of BCLI10 is a recurrent
phenomenon associated with MALT lymphoma and
ENKL [4,46], indicating that aberrant nuclear BCL10
expression might play a role in the development of
these diseases. Moreover, a distinct group of MALT
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lymphoma patients have shorter failure-free survival
associated with the presence of nuclear BCL10 [47].
Thus, the identification of mechanisms that regulate the
subcellular localization of BCL10 may be beneficial.
An earlier report indicated that BCL3, a member of the
IkB family, may be a binding partner of BCL10 in the
nucleus [25]. That study focused on the human breast
carcinoma cell line MCF7, however, raising concerns
that the findings may not be representative of the
actions of BCL3 in lymphoid cells. Kuo et al recently
reported that B-cell activating factor (BAFF), a tumour
necrosis factor-related cytokine, induces the nuclear
transfer of BCL10 via BCL3 in the B-cell lymphoma
cell line Pfeiffer [30]. Here we have described a similar
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Figure 9. Schematic diagram of BCL3/BCL10-mediated NF-kB
signalling modulation in ENKL. (1) Engagement of the IL2 receptor
with IL2 activates the canonical NF-kB signalling pathway via
Akt and this leads to a global increase in the expression of
NF-kB-responsive genes. BCL3 and BCL10 expression are up-
regulated and more protein appears in the cytosol. A circuit
of BCL10 overexpression forms and promotes NF-kB activation.
(2) On the other hand, BCL3 binds to BCL10 and facilitates BCL10
nuclear translocation. The level of BCL10 decreases in the cytosol
and formation of the CARMA1-BCL10-MALT1 signalosome is
inhibited. This negative feedback modulates NF-«B signalling.

scenario, demonstrating that IL2 induces the nuclear
localization of both BCL3 and BCLI10 in ENKL
cells. This study provides an underlying mechanism
for the nuclear translocation of BCLIO and more
significantly, we have identified the essential role of
BCL10 that connects IL2 receptor signalling with NF-
kB activation. Because IL2 is a cytokine that plays a
crucial role in the proliferation and development of T,
B, and NK cells [48], the identification of BCL10 in the
NK-cell activation signalling pathway that links the IL2
receptor with NF-kB activation is of great significance.

In Figure 8 we show that BCL10 nuclear transloca-
tion is dependent on the availability of BCL3. When
BCL3 was silenced by RNA interference, BCL10
nuclear translocation was suppressed accordingly. Fur-
thermore, when overall protein translation was sup-
pressed by CHX, the nuclear transfer of BCL10 was
diminished. This indicates that the nuclear translocation
of BCL3 and BCLI10 is dependent on the availabil-
ity of new proteins, which are continuously generated.
Overexpression of BCL3 may promote the nuclear
translocation of BCL10. On the other hand, BCL3 is
a member of the IkB family that does not act on the
IKK complex. It plays a role as an NF-kB co-activator
in the nucleus and is believed to be oncogenic [49].
Overexpression of BCL3 has been detected in multiple
types of leukaemias and lymphomas [50]. Besides its
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role as a BCL10 binding partner, BCL3 has other roles
that may also contribute to tumourigenesis.

As shown in Figure 9, up-regulation of BCLI10
expression may occur via NF-kB binding to its poten-
tial 5" UTR [25], which will transduce more activating
signals through the amplification loop from BCL10
to NF-kB. The excess amount of BCL10 may exceed
the number of MALT1 molecules, allowing BCL10 to
escape cytosolic retention by MALTT1 and enter into the
nucleus [8,51]. Up-regulation of BCL3 would allow it
to carry more BCL10 into the nucleus. If more BCL10
translocates into nucleus, the excess of BCL10 in the
cytosol—where the CARMA1-BCL10-MALTI sig-
nalosome is formed and plays a role in NF-kB sig-
nalling—would be reduced. Therefore, nuclear translo-
cation of BCL10 is a result of NF-kB activation and in
turn, it is used to modulate NF-kB signalling. A recent
report also suggested that BCL10 in the nucleus is sub-
ject to degradation via the proteasome [52]. Thus, the
nuclear translocation of BCL10 could represent a feed-
back mechanism that modulates ‘exaggerated” NF-kB
signalling. Other functions of nuclear BCL10, however,
remain to be determined.

In summary, we have identified a critical role for
BCLI10 in cytokine receptor-induced NF-kB signalling,
which results in NK cell activation. We also determined
the underlying mechanism of the nuclear translocation
of BCL10, which was found to be associated with
constitutive NF-kB activation. Given that knockdown
of BCL10 by shBCL10 suppressed the IL2-induced
entry of SNK-6 cells into the G2/M phase of the cell
cycle (an anti-proliferative effect), silencing of BCL10
might be a potential therapeutic option to kill ENKL
tumour cells.
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Differential Detection of Hemotropic Mycoplasma Species in Cattle by Melting Curve

Analysis of PCR Products
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ABsTRACT. We developed a real-time PCR procedure followed by melting curve analysis using the green fluorescence dye SYBR Green
1 for rapid detection and differentiation of hemplasmas in cattle. Analysis of the melting temperature (7m) of the PCR products allowed
for differentiation of the 2 bovine hemoplasmas, Mycoplasma wenyonii and a provisional species, ‘Candidatus Mycoplasma haemobos’
(a synonym of ‘Candiidatus M. haemobovis’). The Tm (mean % S.E.) of the PCR products from the bovine hemoplasmas were 82.04 +
0.27°C for M. wenyonii and 86.98 + 0.12°C for ‘Candidatus M. hacmobos® in the melting experiments. The protocol described in the
present study can decrease the time to results by simultaneous detection and differentiation of the two hemoplasmas in cattle. By using
this protocol, we examined hemoplasma prevalence in 109 cattle in Miyagi Prefecture and found that 25 (22.9%) were infected with M,
wenyonii, 67 (61.5%) were infected with ‘Candidatus M. haemobos® and 14 (12.8%) were infected with both.

KEY WORDS: hemoplasma, Mycoplasma haemobos, Mycoplasma wenyonii.

In cattle (Bos taurus), two distinct hemotropic mycoplas-
mas (also known as hemoplasmas) have been identified,
Mycoplasma wenyonii (formerly Eperythrozoon wenyonii)
[4] and a provisional species, ‘Candidatus Mycoplasma
haemobos (synonym: ‘Candidatus M. haemobovis’)’ [6, 7].
Hemoplasmas are tiny epierythrocytic bacterial parasites
that lack a cell wall like other mycoplasmas and are suscep-
tible to tetracyclines, but have not been cultured in vitro.
Infection may lead to hemolytic anemia in cattle, but veteri-
nary investigation has been hampered by the lack of appro-
priate diagnostic procedures. Although most studies have
relied on cytological identification of the organisms on
blood smears, this method has a low diagnostic sensitivity
and cannot distinguish the different species [3). Further-
more, this diagnostic method may misidentify the hemo-
plasmas as Howell-Jolly bodies, since they both appear
frequently after splenectomy, are associated with anemia
and contain DNA. Only recently have real-time PCR-based
assays been applied for detection and identification of feline
and canine hemoplasma species [8, 9], though no report has
been appeared concerning bovine hemoplasmas until now.
Distinguishing between these 2 hemoplasmas is necessary
because etiological significance has only been established
for M. wenyonii as a mild anemia in cattle.

There is still little knowledge of the epidemiology of the
hemotropic mycoplasmas in cattle [2]. Although M. wenyo-
nii in cattle has been shown to exhibit a worldwide geo-
graphical distribution, ‘Candidatus M. haemobos’ has only
been reported in Switzerland (accession numbers EF616467

and EF616468), China (accession number EF460765) and
Japan (accession number EU367965).

* CorresPONDENCE T0: Prof. HArasawa, R., Department of Veteri-
nary Microbiology, School of Vetennnry Medicine, Faculty of
Agriculture, Iwate University, Monoka, Iwate 020-8550, Japan
e-mail: harasawa-tky@umin.ac.jp

J. Vet. Med. Sci. 72(1): 77-79, 2010

In the present study, we demonstrated a rapid method of
detecting and dlstmgmstung between the two hemoplasmas
in cattle using sensitive real-time PCR with SYBR Green I
and melting curve analysis. By using this method, we exam-
ined the prevalence and clinical importance of bovine hemo-
plasma infections in Miyagi Prefecture, Japan.

EDTA-anticoagulated blood samples from 109 cattle in
dairy and beef herds in Miyagi Prefecture, Japan, were col-
lected in January 2009 and stored at —80°C for three weeks
prior to examination. Information on the clinical diagnoses
and ages of all the cattle included in this study were obtained
from the Research Unit for Food Animal Internal Medicine
& Production Medicine of Iwate University, Japan. The
ages of the cattle ranged from seven months to 14 years old.

Total DNA was extracted from 200-4/ EDTA-anticoagu-
lated blood samples collected from cattle using a QIlAamp
DNA Blood Mini Kit (Qiagen, Hilden, Germany) according
to the manufacturer’s instructions. Negative controls con-
sisting of 200 2/ phosphate-buffered saline were prepared
for each batch. Extracted DNA samples were stored at
—20°C prior to use.

Conventional PCR was carried out with 50-4/ reaction
mixtures containing 1 24 of DNA solution, 0.5 4/ of TaKaRa
LA Tag™ (5 units/ul), 5 4 of 10X LA PCR™ Buffer II, 8
4l of 25 mM MgCl, (final 4.0 mM), 8 s/ of dNTP mixture
(2.5 mM each), 0.2 u! of forward primer (5’-ATCTAA-
CATGCCCCTCTGTA-3’, equivalent to nucleotide num-
bers 109 to 128 of ‘Candidatus M. haemobos’, or 5°-
ACTTTTACGAGGAGGATAGC-3’, equivalent to nucle-~
otide numbers 124 to 143 of M. wenyonii), reverse primer
(5’-GTAGTATTCGGTGCAAACAA-3’, equivalent to
nucleotide numbers 589 to 608 of ‘Candidatus M. haemo-
bos’, or S’ TGATTAACTCTAGGGAGGCG-3’, equivalent
to nucleotide numbers 634 to 653 of M. wenyonii) (50 pmol/
m/ each) and water to a final volume of 50 2. Afier the



78 I. NISHIZAWA ET AL.

2

S NEL AN

~ .. 52
{ A e A s AT

"—"‘V\I—J'vv‘.'\nnv..'\_.ﬁ__l‘i\_;

!r‘lv—\m'\n/\.n.«m\'.x_va._

Fig. 1. Melting curves of the PCR products depicted by using
SYBR Green 1 for differentiation. Representative curves for
‘Candidatus M. heemobos’ infection (top), M. wenyonii infection
(middle) and infecticn with both M. wenyonii and ‘Candidatus M.
haemobos’ (bottom) showing characteristic and distinct peaks at
around 87°C and 82°C, respectively, in the melting experiments.

mixture was overlaid with 20 2/ of mineral oil, the reaction
cycle was carried out 35 times with denaturation at 94°C for
30 sec, annealing at 58°C for 120 sec and extension at 72°C
for 60 sec in a thermal cycler. Positive samples were sub-
jected to DNA sequencing for species identification. No
polymorphism was evident in the nucleotide sequences.

To detect both mycoplasmas in real-time PCR, specific
primers for the 16S rRNA gene of bovine hemoplasmas
were originally designed. The forward primer, 5’-ATAT-
TCCTACGGGAAGCAGC-3’, equivalent to nucleotide
numbers 328 to 347 of M. wenyonii, and reverse primer, 5°-
ACCGCAGCTGCTGGCACATA-3’, equivalent to nucle-
otide numbers 503 to 522 of M. wenyonii, amplified a 195
bp and 173 bp product for M. wenyonii and ‘Candidatus M.
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haemobos’, respectively. The nucleotide sequences and
sizes bracketed by the primers are peculiar to each hemo-
plasma. The 22-bp gap in the PCR product from ‘Candida-
tus M. haemobos’ attributes to a genetic marker to
distinguish it from M. wenyonii in the real-time PCR.
Real-time PCR was performed in a SmartCycler instru-
ment (Cepheid, Sunnyvale, CA, U.S.A.) with SYBR Premix
Ex Taq (Code #RR041A, TaKaRa Bio., Shiga, Japan). The
reaction mixture contained 1 24/ of each primer (10 pmol/
ml), 12.5 4 of 2X premix reaction buffer and water to vol-
ume of 23 yd. Finally, 2 2/ of DNA samples as templates
were added to this mixture. Amplification was achieved
with 40 cycles of denaturation at 95°C for 5 sec, renatur-
ation at 57°C for 20 sec and elongation at 72°C for 15 sec
after an initial denaturation at 94°C for 30 sec. Fluorescence

readings in a channel for SYBR Green I were taken through-

out the experiments. In our experiments, the results of the
real-time PCR and conventional PCR were always consis-
tent. The cattle were affected with each hemoplasma irre-
spective of age. The input amount of DNA, copy number of
the target and presence of co-infections with several targets
did not influence the Tm.

After real-time PCR, a melting experiment was per-
formed from 60 to 95°C at 0.2°C/sec with a smooth curve
setting averaging one point. Melting peaks were visualized
by plotting the first derivative against the melting tempera-
ture (7m) as described previously [1]. The Tm was defined
as a peak of the curve, and if the highest point was a plateau,
then the mid-point was identified as the Tm. Since the
nucleotide sequences and sizes bracketed by the primers are
different between the two species, melting curve analysis of
the amplified products allowed for differentiation of these
two hemoplasmas. Thus, the variations in the Tm depend
on sequence variations in the PCR products, which may
serve as a differential marker for hemoplasma speciation.
No melting peak was evident in the negative cattle,

The Tm (mean x S.E.) of the PCR products from the
bovine hemoplasmas were estimated to be 82.04 £ 0.27°C
for M. wenyonii and 86,98 + 0.12°C for ‘Candidatus M, hae-
mobos’ in the melting experiments (Fig. 1), We identified
the strains showing a Tm above 82.50°C as M, wenyonii and
a Tm below 86.75°C as ‘Candidatus M. haemobos’. Of the
109 cattle, 25 (22.9%) were infected with M. wenyonii, 67
(61.5%) were infected with ‘Candidatus M. haemobos’ and
14 (12.8%) were infected with both. There were a few sam-
ples showing a Tm between the ranges for M. wenyonii and
‘Candidatus M, haemobos’, Positive controls were pre-
pared by mixing positive blood samples for the two different
hemoplasmas.

The hemoplasma-infected cattle in the present study did
not exhibit clinical signs, such as anemia, attributable to
hemoplasmosis. The hematocrit values ranged from 22 to
55% in the PCR-positive cattle. Hemoplasma infections in
cattle were first recognized in Swiss dairy cattle with
hemolytic anemia [2]. In our study, no significant associa-
tion was found between the infection status and anemic syn-
drome. This may be due to low level infections, which were
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suggested by the poor intensity in PCR. As none of the
PCR-positive cattle showed signs of severe anemia and all
cattle had been presented for reasons unrelated to hemoplas-
mosis, laboratory parameters were not analyzed in more
detail. Although our results indicate a wide distribution of
M. wenyonii among the cattle population in Miyagi, Japan,
without the development of anemic signs, infected animals
probably remain chronic carriers afier clinical signs have
resolved. Thus, persistent infections with hemoplasmas
may contribute to the progression of retroviral, neoplastic or
immune-mediated diseases [5].

In the present study, we demonstrated a rapid diagnosis
procedure for hemoplasma infections in cattle that allows
for distinguishing between M. wenyonii and ‘Candidatus M.,
haemobos’ infections by using real-time PCR with melting
curve analysis of the PCR products.
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AssTRACT. The information of the biosynthesis pathways of Mycoplasma fermentans specific major lipid-antigen, named glycoglycero-
phospholipids (GGPLs), is expected to be some of help to understand the virulence of M. fermentans. We examined primary structure
of cholinephosphotransferase (m7) and glucosyltransferase (m/3) genes, which engage GGPL-1 and GGPL-III synthesis, in 20 strains,
and found four types of variations in the mf7 gene but the mf3 gene in two strains was not detected by PCR. These results may have

important implications in virulence factor of M, fermentans.

KBy woros: cholinephosphotransferase, glucosyltransferase, Mycoplasma fermentans.

Mycoplasma fermentans was first isolated from the uro-
genital tract of patients with ulcerative balanitis several
decades ago [19] and then detected from respiratory tract of
children with community-acquired pneumonia [4), adults
with acute respiratory distress syndrome [10), the joints of
patients with rheumatoid and other inflammatory arthritic
disorders [5, 6,8, 21} and so on. Although it was previously
assumed that humans were the only natural hosts, M. fer-
mentans has been isolated from genital lesions in sheep [15],
suggesting a zoonotic aspect of this particular pathogen,

Interest in this organism has recently increased because
of its possible role in the pathogenesis of rheumatoid arthri-
tis and reports indicating that this organism may function as
a cofactor accelerating the progression of human immuno-
deficiency virus infection [17]. Although M. fermentans is
a typical extracellular microorganism able to adhere to
human epithelial cells, ultrastructural studies performed
with engulfed M. fermentans revealed mycoplasmas within
membrane-bound vesicles [24, 25).

In mycoplasmas, adherence is the major virulence factor,
and adherence-deficient mutants are avirulent [2, 18]. It
seems that M. fermentans utilizes at least two surface com-
ponents for adhesion to HeLa cells, a protease-sensitive sur-
face protein, apparently the lipoprotein recently described
[23], and a phosphocholine-containing glycolipid. Phos-
phocholine-containing lipids were detected in all M. fermen-
{ans strains tested by Ben-Menachem et al. [3].

Matsuda et al. have identified several alkali labile glyco-
phospholipids designated as glycoglycerophospholipids
(GGPLs) [13]). Of them, GGPL-I and GGPL-III are
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Agriculture, Iwate University, Morioka 020-8550, Japan.
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expressed in M. fermentans specifically, and these lipid-
antigens are the major lipid-antigens of M. fermentans [14).
The structures of GGPL-I and GGPL-1II were identified as
6’-O-phosphocholine-a-glucopyranosyl-(1°-3)-1,2-diacylg-
lycerol and 1°-phosphocholine-2’-amino dihydroxypro-
pane-3’-phospho-6’-a-glucopyranosyl-(1'3)-1,2-
diacylglycerol, respectively [12, 13], and GGPLs have been
chemically synthesized by Nishida et al. [16].

Based on unique structures and bioactivities, GGPLs
have been considered as a hypothetical factor in the patho-
genesis of M. fermentans [11]. Because GGPLs have strong
immunogenicity, they may play roles as immunodisturbing
agents in cell functions such as inflammation and cell differ-
entiation [22]. GGPL-III antigens were detected in synovial
tissues from RA patients and significantly induced TNF-a
and IL-6 production from peripheral blood mononuclear
cells, and also proliferation of synovial fibroblasts [9].

The information of the biosynthesis pathways of relative
compounds of GGPLs is expected to contribute to identifi-
cation of those of GGPLs, and Ishida et al. determined one
of the putative GGPL-I biosynthetic genes, according to
whole genome analysis of M. fermentans PG18 [7]. In the
present study, we examined the presence of cholinephos-
photransferase (mfI) gene and glucosyltransferase (mf3)
gene, which engage GGPL-1 and GGPL-HI synthesis, in
human mycoplasma species as well as in 20 strains of M.
Jfermentans.

M. fermentans strains used in this study are listed in Table
1. Other human mycoplasmas examined include M. geni-
talium G37, M. pneumoniae Mac, M. pneumoniae FH, M,
penetrans GTU, M. orale CH19299, M. buccale CH20247,
M. primatum HRC92, and M. hominis PG21. M. fermentans
strains were obtained from Dr. Tsuguo Sasaki of the
National Institute for Infectious Disease, Tokyo, Japan and
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Table 1. Origin of M. fermentans strains and mfl, my3, MCGp sequence type and PCR type
based on the major part of the [S/550 element
Origin Strain Year of mfl mf3 181550 PCR
isolation sequence sequence  type (25)

Genital ulcer  PGI18T 1955 A + B
Rheumatoid KL4 1990 D + A
Arthritis KL8 1990 D + B
Joint fluid GIM 1995 D + A
Leukemic bone E10 1960-1969 D + A
marrow K7 19601969 D + A

262 1960-1969 D + A
Urethral isclate BRO 1990 D + A
AIDS patients
Urine #5 1995 (o} + B
Urine #29 1995 D + B
Blood AOU 199 D + A
Respiratory M39 1990-1995 A + B
tract MsI 1990-1995 D + B

M52 1990-1995 B + B

Mé4 19901995 D - B

M70 1990-1995 D + B

M73 1990-1995 D - B
Cell culture A6 1982-1992 D + B

Cs 1982-1992 D + B

2059 1982-1992 D + A

28AC 1982-1992 D + B

they include strains KL4, KL8 (from rheumatoid arthritis),
GIM (from human joint), E10, K7, Z62 (from bone marrow
of leukaemic patients), BRO (from human urethral), #5, #29
(from urine deposits from AIDS patients), AOU (from
blood of an AIDS patient), M39, M51, M52 M64, M70,
M73 (from human respiratory tract), 2059, 28AC, A6 and
CS (from cell culture). The myf7 and mf3 were PCR-ampli-
fied from M. fermentans genome. Briefly 1 2 of broth cul-
tures (approximately 10° cfu/m/) were diluted in 1 m/ of
water and heated at 95°C for 3 min for lysis of mycoplasma
cells. Mycoplasma lysate (5 ) was directly added into 45
A of the PCR master mixture consisting of 1 unit of KOD
plus DNA polymerase (TOYOBO, Osaka, Japan), 5 ! of 10
x PCR buffer, 5 ! of 2 mM deoxynucleoside triphosphates,
75 nmol of MgSO,, and 10 pmol of each primer, combina-
tion of mf1F (5~ ATAATAAAAACTATGAATGA-3’) and
mflR (5’-CTATTTGTCATTTTTCTT-3’), or mf3F (5°-
ATGATATGAAAGTTTTTTGTAAAAAAGAAAGG-3')
and mf3R (5’-TTATTTTTTATAATGTTCAATAATTT-
TTTTGTATTT-3’). Amplification was done under the fol-
lowing conditions; 30 cycles of 94°C for 40 sec, 50°C for 90
sec, and 68°C for 2 min after 94°C for 2 min. mf7 and m/3
amplified products (777 and 1,221 bp respectively) were
sent to a reference laboratory (TaKaRa Custom Services,
Shiga, Japan) for DNA sequencing.

In our study, mf7 and m/3 are thought to be M. fermentans
specific genes because they were not amplified in case of
other human mycoplasmas (M. genitalium G37, M. pneumo-
niae Mac, M. pneumoniae FH, M. penetrans, M. orale, M.
buccale CH20247, M. primatum HRC92, M. hominis
PG21).

The sequence data of mf7 gene were deposited to the
international DNA databases under the accession number
AB480306 ~ AB480325. Although the mfI gene was
shown to be conservative in 20 strains of M. fermentans by
PCR, mf3 gene was not amplified in two strains, M64 and
M73, among these 20 strains examined. Besides, the mf]
and m/3 genes were not evident in other human Mycoplasma
species by specific PCR, suggesting that these two genes are
unique to the M. fermentans species. Nucleotide sequences
of mf3 gene in the 20 M. fermentns strains were identical,
but those of mf7 gene showed a minor variation causing
some amino acid substitutions, and categorize A, B, C, and
D types for descriptive purposes (Fig. 1). These amino acid
changes may be responsible for enzymatic activity of choli-
nephosphotransferase in M. fermentans. In addition,
although the my3 gene was not amplified from strains M64
and M73, the reason was currently unknown since defection
of glucosyltransferase in these strains was not examined in
the present study. These diversities in enzymes may engage
specific major lipid-antigen syntheses, and also influence
immunogenic potential and RA pathogenesis. No signifi-
cant homology to the m/3 gene was apparent in other
prokayotes in databases, supporting that the GGPLs are
unique to M. fermentans. Currently recombinant enzymes,
based on the nucleotide sequences of the enzyme genes
from PG18 strain of M. fermentans, have been successfully
expressed in Escherichia coli [7]. PG18, a type strain of M.
fermentans, has been shown particularly unique among M.
Jfermentanss strains [20]. The difference of myf7 posttransla-
tional amino-acid sequence may have influenced the activ-
ity of choline phosphotransferase, and concern GGPL-I
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The part of mf7 DNA (top) and posttranslational amino-acid sequence data (bottom) of M.

Jermentans PG18 reference strain. The 20 strains tested were differentiate into four types A
including PG18 and M39, B including M52, C including #5 and D including the other strains.

antigenicity, so studies on not only PG18 strain but also on
other strains will become increasingly important. In addi-
tion, all strains presenting A type in IS/550 PCR pattern
were D type in mf7 and detected mf3, however, there seems
to be poor correlation among 151550, mfI and mf3.

In conclusion, our genetic analysis on the 20 strains of M.

Jfermentans showed four variations in mf7 posttranslational
amino-acid sequence but undetected ms3 gene in two
strains. Our results may have important implications for the
virulence of M. fermentans especially in RA pathogenesis.
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ABSTRACT. Mycoplasma hyorhinis (M. hyorhinis) infection leads cultured cells to various biological alterations in cell metabolism includ-
ing apoptosis. Apoptosis induced by M. hyorhinis has mainly been considered to be due to mycoplasmal endonucleases. We previously
reported that apoptosis in a human carcinoma cell line AZ-521 infected with M. hyorhinis was enhanced by addition of L-ascorbic acid
to cell cultures. Since both L-ascorbic acid addition and M. hyorhinis infection activated cellular iNOS, we examined the hypothesis
that nitric oxide (NO) exerts an apoptotic effect on M. hyorhinis-infected cells and down-regulates E-cadherin. In this study, we showed
that M. hyorhinis infection activates iNOS mRNA synthesis, NO production, and caspase-3 activity and attenuates E-cadherin mRNA
synthesis by quantitative real-time PCR, Griess assay and fluorescence caspase-3 detection. L-NAME decreased the numbers of apop-
totic cells through inhibition caspase-3 activity. Our results indicate that NO causes anoikis throughout attenuation of E-cadherin and

activation of caspase-3 in human gastric carcinoma cell line AZ-521 cells infected with M. hyorhinis.

KEY WORDS: anoikis, apoptosis, E-cadherin, Mycapalsma hyorhinis, nitric oxide.

Mycoplasmas are the smallest self-replicating prokary-
otes, lack rigid cell walls and belong to the class Mollicutes
[25]. Most mycoplasma species inhabit plants, insects, ani-
mals and humans as normal flora in their hosts. Although
some are pathogenic, many possess an opportunistic charac-
ter [22].

Mpycopisma hyorhinis (M. hyorhinis) causes polyserositis
[7], otitis media [19), arthritis [12] and pneumonia [1] in
piglets. These mycoplasmal infections are responsible for
economical losses on swine farms. M. hyorhinis is also a
major and serious contaminant in cell cultures [2]. In addi-
tion, it has been demonstrated in human gastric carcinoma
tissues [26], and it has been suggested that lipoprotein P37
of M. hyorhinis contributes to invasiveness and metastasis
of the tumor cells [5, 14].

M. hyorhinis infection has a significant impact on the
physiology of cell cultures, including apoptosis, which has
previously been explained by mycoplasmal endonucleases
[23], preduction of nitric oxide (NO) by activating cellular
inducible NO synthase (INOS) and production of reactive
oxygen species (ROS) in various cell lines [13). NO is a
multifunctional molecule involved in a variety of physiolog-
ical and pathological processes [17). While low concentra-
tions of NO can protect cells from apoptosis, excess NO
promotes cell death in various cell types [3].

Apoptosis is characterized morphologically by cell
shrinkage and chromatin condensation and biochemically
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by DNA laddering {30). Detection of caspase activity is a
useful assay for apoptosis. The caspase family participates
in a series of reactions that are trigged in proapototic signals
and result in the cleavage of substrates, and caspases are
synthesized as inactive precursors that undergo proteolytic
maturation upon apoptotic stimulation [27].

Adhesion of cells to the extracellular matrix (ECM) is
important as detachment from the matrix triggers apoptosis
referred to as anoikis [7]. It has recently been reported that
anoikis is caspase-3 dependent [6). Epithelial cadherin (E-
cadherin) is the prime mediator of intracellular adhesion
{28]. Our preliminary examination suggested marked
down-regulation of E-cadherin expression in AZ521 cells
infected with M. hyorhinis based on a microarray analysis
(unpublished data). Therefore, we hypothesized that exces-
sive NO produced by M. hyorhinis infection leads to anoikis
in AZ-521 cells.

We previously reported that apoptosis in human carci-
noma cell line AZ-521 infected with M. hyorhinis was
enhanced by addition of L-ascorbic acid (AsA) to the cell
cultures [21]. Since M. hyorhinis infection and/or AsA
addition enhance iNOS activity [20], we proposed a hypoth-
esis that M. hyorhinis infection results in the presence of
another external apoptotic pathway including the NO path-
way. The aim of the present study was to obtain insights
into the role of NO in cell adhesion-dependent apoptosis in
cells infected with M. hyorhinis.

In the present study, we examined the role of NO in apo-
ptosis induced by M. hyorhinis infection. We used a general
competitive inhibitor of NOS, N™-nitro-L-arginine methyl
ester (L-NAME), to measure NO based on the Griess assay
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and analyzed iNOS and E-cadherin expression by real-time
PCR (RT-PCR) and caspase-3 detection. This study may
also promote understanding of the mechanism of piglet dis-
eases caused by M. hyorhinis.

MATERIALS AND METHODS

Cell cultures: Human gastric carcinoma cell line AZ-521
was obtained from the Health Science Research Resources
Bank (Osaka, Japan) and was maintained in Dulbecco’s
modified Eagle’s minimum essential medium (DMEM)
supplemented with 10% fetal calf serum (Gibco BRL,
Grand Island, NY, U.S.A.), 1% penicillin and streptomycin
(100 U/m/) at 37°C in a humidified 5% CO, atmosphere. To
minimize the pH change by L-NAME (Nacalai Tesque Inc.,
Kyoto, Japan) addition to the cell culture, 4-(2-hydroxy-
ethyl)-1-piperazineethanesulfonic acid (HEPES) buffer (pH
7.5) was added to the DMEM at a final concentration of 50
mM. The cell culture was tested for the absence of myco-
plasma contamination by using a PCR Mycoplasma Detec-
tion Set (TaKaRa-Bio, Shiga, Japan) according to the
manufacturer’s instructions. The cells were seeded into
chamber flasks at 8.5 x 10° cells per chamber (Asahi Techno
Glass, Tokyo, Japan). .

Five hundred uM of L-NAME were added to the final
concentration as indicated. The vehicle for L-NAME was
distilled water, and distilled water was used as a control.
Addition of distilled water or 500 M of L-NAME to AZ-
521 cells did not produce any differences in this study (data
not shown) using trypan blue staining after 30 hr of incuba-
tion in order to monitor the cytotoxic effect of distilled water
[16]. The reagents were freshly prepared and dissolved in
distilled water before pretreatment.

M. kyorhinis strain and its growth conditions: The BTS-
7 strain of M. hyorhinis was used in present study. M.
hyorhinis was grown at 37°C in PPLO broth (Difco, Detroit,
MI, U.S.A.) supplemented with 20% horse serum (Gibco
BRL, Grand Island, NY, U.S.A.), 5% fresh yeast extract
(ICN Biomedicals, Inc., OH, U.S.A.) and 0.5% glucose
instead of bacteriological mucin [15]. The propagation of
M. hyorhinis was expressed as Colony-forming units
(CFU). M. hyorhinis was inoculated into the AZ-521 cell
culture at a multiplicity of infection (MOI) of 10° afier seed-
ing the cells into Chamber Slide II wells (Asahi Techno
Glass, Tokyo, Japan). M. hyorhinis grown in PPLO broth
containing 500 2M of L-NAME and HEPES (pH 7.5) was
calculated after 30 hr of incubation at 37°C. Viability of the
AZ-521 cells and M. hyorhinis strain were not affected by
incubation with distilled water or 500 zM of L-NAME afier
30 hr post-inoculation (data not shown).

Quantitative RT-PCR for iNOS and E-cadherin mRNA
transcription: Total RNA was extracted from AZ-521 cells
inoculated with M. hyorhinis, after 20, 24 and 28 hr using
RNA-Bee™ (Tel-Test, Inc., Pearland, TX, U.S.A.), precipi-
tated by isopropanol and dissolved in diethyl pyrocarbon-
ate-treated water.

Similarly, total RNA was extracted from AZ-521 cells

inoculated with M. hyorhinis and treated or not treated with
100, 250 and 500 #M of L-NAME after 24 and 28 hr. The
RNA was transcribed with Moloney murine leukemia virus
reverse transcriptase (Invitrogen, Carlsbad, CA, U.S.A.)
according to the manufacturer’s instructions. First-strand
complementary DNA was quantitatively analyzed for the
expression of iINOS and E-cadherin gene in a SmartCyclet
instrument (Cepheid, Sunnyvale, CA, U.S.A.) with TaKaRa
Ex Tag R-PCR (TakaRa Bio, Shiga, Japan). The reaction
mixture contained 1 x4l of each primer (10 pmol/zd), 2.5 4/
of 10 x reaction buffer, 20 nmol of each deoxynucleotide,
0.25 44 of 250 mM MgCls, 0.2 zd (5 U/ul) TeKaRa Ex Tag
HS DNA polymerase (TaKaRa Bio, Shiga, Japan), 2.5 2/ of
1:3,000 SYBR Green I (TaKaRa Bio, Shiga, Japan) and
water to a volume of 23 yd. Finally, 2 zJ of RNA as a tem-
plate was added to this mixture, The conditions of amplifi-
cation were as follows: after initial melting at 94°C for 2
min, amplification was performed with 40 cycled of 94°C
for 10 sec, 55°C for 30 sec and 72°C for 30 sec. The primer
sequences used were as follows: 5'- CGG TGC TGT ATT
TCC TTA CGA GGC GAA GAA GG-3’, forward, and 5’-
GGT GCT GCT TGT TAG GAG GTC AAG TAA AGG
GC-3’, reverse, for INOS (394 bp) [13]; 5’-AGA ATG ACA
ACA AGC CCG AAT-3’, forward, and 5’-CGG CAT TGT
AGG TGT TCA CA-3’, reverse for E-cadherin (132 bp) [4];
and 5’- GTC TTC ACC ACC ATG GAG AAG GCT-3’,
forward, and 5°-CAT GCC AGT GAG CTT CCC GTT CA-
3°, reverse, for glyceraldehydes-3-phosphate dehydroge-
nase (GAPDH; 420 bp) [13]. The amount of target gene
transcription was calculated from the standard curves and
was normalized using the transcription of the housekeeping
GAPDH gene as an internal control. The value for the
mock-infected control was scored as one.

Measurement of NO oxidation products, nitrite and
nitrate: NO is chemically unstable and undergoes rapid oxi-
dation to nitrite, and cellular components catalyze its further
oxidation to nitrate. Therefore, production of NO was deter-
mined by measuring the formation of the stable oxidation
products of NO, nitrite and nitrate as described previously
[10]. After the cells had been infected with M. hyorhinis for
20, 24 and 28 hr, total nitrite and nitrate concentrations in
the cell culture were determined based on the Griess reac-
tion by using a Total Nitric Oxide Assay Kit (Assay Designs
Inc., Ann Arbor, MI, U.S.A.) according to manufacturer’s
instructions. The cell culture was collected after centrifuga-
tion at 1,000 x g for 5 min. The collected supernatant fluid
was stored at —80°C until measurement of nitrate. The
absorbance was measured at a wavelength of 570 nm in an
NJ-2000 multiwell plate reader (InterMed, Tokyo, Japan).

Fluorescent microscopic analysis for apoptotic cell
count and caspase-3 activity detection. The AZ-521 cells
were examined for apoptotic changes by using a fluorescent
dye, Hoechst 33258 (Dojin Chemicals, Kumamoto, Japan).
We observed fluorescent nuclei showing apoptotic changes,
mainly due to chromatin condensation, at 400 x magnifica-
tion by using 352 and 461 nm band pass filters for excitation
and emission, respectively, on an Eclipse E400 fluorescent
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microscope (Nikon, Tokyo, Japan). At 24 and 28 hr post-
inoculation, we counted the number fluorescent cells
infected with BTS-7 showing apoptotic changes at 400 x
magnification in 200 AZ-521 cells each treated with or
without 100, 250 or 500 uM of L-NAME. Apoptosis was
expressed as the percentage of cells with an apoptotic
nuclear morphology in relation to the total cell number,

Furthermore, to detecte caspase-3 activity in AZ-521
cells, we used an APO LOGIX™ FAM-DEVD-FMK Car-
boxyfluorescein Caspase Detection Kit (Cell Technology
Inc., Mountain View, CA, U.S.A)). AZ-521 cells grown in
the DMEM containing 500 M of L-NAME were examined
more than 24 and 28 hr after inoculation with M. hyorhinis,
according to manufacturer’s instructions. Caspase-3 activ-
ity of AZ-521 cells was examined by counting the number
fluorescent cells that were positive for caspase-3 in 200 AZ-
521 cells at 400 x magnification.

Statistical analysis: The data was analyzed using analysis
of variance (ANOVA) for comparison between groups
using StatView ver. 5 (Hulinks Inc., Tokyo, Japan). Differ-
ences were accepted as significant values at P<0.05. Each
test was repeated three times. Data were expressed as mean
1 SEM values.

RESULTS

RT-PCR analysis of iNOS and E-cadherin transcription:
The transcription levels of iNOS and E-cadherin were
examined by using RT-PCR (Fig. 1). At 20, 24 and 28 hr
post-inoculation, a significant amount of iNOS mRNA was
detected in the M. hyorhinis-infected AZ-521 cells. On the
other hand, no significant difference in INOS mRNA tran-
scription was observed in the mock-infected controls at any
hour post-inoculation. These resuits suggested that M.
hyorhinis induced INOS mRNA expression in the AZ-521
cells.

Similarly, E-cadherin mRNA transcription was examined
in AZ-521 cells treated with or without 100, 250 or 500 2/
of L-NAME at 24 and 28 hr post-inoculation (Fig. 2). M.

20 hr

24 hr 28 hr

Fig. 1. Expression of INOS in AZ-521 cells was analyzed by
quantitative real-time PCR. The cells were treated with M.
hyorhinis for 24 and 28 hr. The intensity of iINOS mRNA
expression was normalized by that of GAPDH, and the value
for mock was estimated as 1. Means + SEM for 2 separate rep-
lications are shown. Statistical significance was determined
using ANOVA. * p<0.0S,

=172~

hyorhinis infection caused decreases of E-cadherin mMRNA
transcription at 24 and 28 hr post-inoculation as compared
with the mock-infected controls. Also, the amount of E-
cadherin mRNA was significantly decreased in the M.
hyorhinis-infected AZ-521 cells treated with 500 z/ of L-
NAME at 24 hr and in those treated with 250 and 500 4/ of
L-NAME at 24 hr and 28 hr post-inoculation. M, hyorhinis
infection did not alter GAPDH mRNA transcription. These
results suggested that M. hyorhinis infection attenuates E-
cadherin mRNA transcription by NO-dependency in AZ-
521 eells.

Measurement of NO oxidation products, nitrite and
nitrate: To determine whether or not the expressed iNOS in
AZ-521 cells produces NO, NO synthesis was assayed by
measuring the accumulation of the NO end products, nitrite
and nitrate, in the medium (Fig. 3). At 20 hr post-inocula-
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Fig. 2. E-cadherin expression in AZ-521 cells was analyzed by

quantitative real-time PCR. The cells were infected with M.
hyorhinis and treated with (b) no L-NAME, (c) 100, (d) 250 or
(e) 500 M of L-MAME or (a) mock for 24 and 28 hr. The
intensity of E-cadherin mRNA expression was normalized by
that of GAPDH. The value for mock was set at 1. Means + SEM
for 2 separate replications are shown. Statistical significance was
determined using ANOVA. * p<0.05.
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Fig.3. Nitrate production in AZ-521 cells infected with M.
hyorhinis at 20, 24 and 28 hr post inoculation. Means + SEM

for two separate replications are shown. Statistical significance
was determined using ANOVA. * p<0.0S.
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Fig 4. The effect of L-NAME on M. hyorhinis-induced apoptosis
in AZ-521 cells. The cells were infected with M. hyorhinis
treated with (a) 500, (b) 250 or (c) 100 £M of L-MAME or with
(d) no L-NAME for 24 and 28 hr. Means + SEM for 2 separate
replications are shown. Statistical significance was determined
using ANOVA. * p<0.05.
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Fig. 5. Caspase-3 activity of AZ-521 cells infected with M

hyorhinis at 24 and 28 hr post inoculation. AZ-521 cells were
treated with 500 M of L-NAME. AZ-521 cells infected with
M. hyorhinis at 24 and 28 hr post inoculation; in the non-treated
AZ-521cells, the number of caspase-3 positive cells was scored
as 1, and the numbers of caspase-3 positive AZ-521 cells were
counted in M. hyorhinis-infected cells treated with 500 uM L-
NAME or without. Means + SEM for 2 separate replications are
shown. Statistical significance was determined using ANOVA,
¢ p<0.05.

tion, no significant NO production was evident among the
different M. hyorhinis-infected AZ-521 cells or in the mock-
infected controls. Together with the augmentation of iNOS
mRNA expression, nitrite and nitrate increased in the M.
hyorhinis-infected AZ-521 cells at 24 and 28 hr post-inocu-

lation compared with the mock-infected controls AZ-521
cells. These results corresponded to the results of the RT-
PCR analyses for iINOS expression.

Fluorescent microscopic analysis for apoptotic cell
counis and caspase-3 activity detection: The AZ-521 cells
were examined for apoptotic changes by using a fluorescent
microscope. Addition of 100, 250 and 500 »M L-NAME to
AZ-521 cells infected with M. hyorhinis at 24 and 28 hr
post-incculation showed that L-NAME significantly inhib-
ited apoptosis depending on the concentrations, except for
100 42M of L-NAME at 28 hr (Fig. 4).

To examine whether caspase-3 was involved in apoptosis
induced by BTS-7 infection, we examined caspase-3 activ-
ity in AZ-521 cells by using an FAM-DEVD-FMK kit (Fig.
5). M. hyorhinis-infected AZ-521 cells showed significant
caspase-3 activity at 24 and 28 hr post-inoculation com-
pared with the mock-infected controls. This indicated that
M. hyorhinis has another apoptotic pathway other than its
endonucleases as previously reported {23]. Furthermore, at
both 24 and 28 hr after inoculation with 500 &M of L-
NAME, M. hyorhinis-infected AZ-521 cells were signifi-
cantly less caspase-3 positive than non-treated M. hyorhinis-
infected AZ-521 cells. These results suggested that NO pro-
duced by AZ-521 cells infected with M. hyorhinis plays an
important role in activating caspase-3 and finally promoting
apoptosis.

DISCUSSION

The present study is the first to provide data showing that
the BTS-7 strain of produces excessive amounts of NO and
attenuates E-cadherin expression, leading to anoikis.

Two regular apoptotic pathways have previously been
identified. The extrinsic pathway is triggered by receptor/
ligand interaction such as TNF receptor-1/TNF-alpha [31]
and is mediated by “initiator” caspase-8 to the death recep-
tor complex [24). This leads to activation of “executioner”
caspase-3, which can further activate downstream substrates
involved in apoptotic changes [27]. In the present study, we
showed that caspase-3 activity increased in AZ-521 cells
infected by M. hyorhinis, and L-NAME-treated AZ-521
cells infected by M. hyorhinis had decreased caspase-3
activity as compared with the mock-infected AZ-521 cells
(Fig. 5). Activation of caspase-3 is a downstream event in
apoptosis and may occur before apoptosis. Thus, the “true”
caspase-3 activity may be higher than in this study (at 24
and 28 hr). The more NO increased, the more cellular apo-
ptosis and caspase-3 activity increased.

Different stress situations may alter matrix proteins, and
such alteration may affect cell-matrix adhesion [28]. Dur-
ing cell-matrix adhesion, adhesion molecules on cell mem-
brane surfaces recognize their matrix protein receptors as an
initial step of adhesion. The present study showed that M.
hyorhinis infection decreased E-cadherin mRNA expression
in AZ-521 cells (Fig. 2). Since E-cadherin is the prime
mediator of intracellular adhesion [28), E-cadherin down-
regulation means the collapse of cell-matrix adhesion,
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occurs anoikis in dependent on caspase-3.

NO can promote or inhibit cell death [3] in various cells
depending on the concentration of intracellular NO in com-
bination with the intracellular environment and its interac-
tions with other biological molecules such as oxygen or
superoxide. Excess NO induces apoptosis in various cells
(3]. Also, NO rapidly reacts with superoxide anion radicals
to form peroxynitrite, which is an oxidant substance produc-
ing cytotoxic effects in many cells [29]. It is known that
peroxynitrite induces apoptosis [29]. Overproduction of
NO resulting from M. hyorhinis infection may induce a
caspase cascade. The present paper presents evidence
showing that the unselective NOS inhibitor L-NAME pre-
vented apoptosis induced by M. hyorhinis infection (Fig. 4).
This suggests that excess amounts of NO or the NO reactant
peroxynitrite resulting from M. hyorhinis decrease E-cad-
herin expression (Fig. 2) and lead to anoikis in AZ-521 cells.

M. hyorhinis infection in cell cultures causes diverse bio-
logical effects. For example, it has been reported that M.
hyorhinis infection activates nNOS expression in human
neuroblastoma cell line YT-nu [9]. Therefore, it is neces-
sary to ascertain the absence of mycoplasma in cell cultures
prior to study [11]).

In conclusion, we first showed that M. hyorhinis induces
anoikis in AZ-521 cells through NO production and E-cad-
herin down-regulation. Although we have obtained similar
results in MDBK cells infected with M. Ayorhinis (unpub-
lished data), our results await application to other host cell
types. Since M. hyorhinis is very common in nasal and tra-
cheobronchial secretions of young swine [22], a few of
strains of M. hyorhinis may induce apoptosis in vitro. In
fact, we have shown that there is a difference in the amount
of induced iNOS mRNA expression, NO production and
apoptosis in AZ-521 cells between M. hyorhinis strains
(data not shown). The difference of virulence to piglets
among M. hyorhinis strains may depend on the ability to
produce NO and induce apoptosis in vivo. However, we did
not elucidate the relation between pathogenecity to piglets
and the difference in ability to preduce NO by cells infected
with M. hyorhinis strains. It might be necessary to confirm
whether serious lesion of piglets infected with M. hyorhinis
presents mainly apoptotic cells. The present study will lend
us further understanding of the mechanism of the piglet dis-
eases caused by M. hyorhinis. Our results also underline the
potential application of NOS inhibitor in the treatment of M.
hyorhinis-induced swine diseases. However, the molecular
mechanism of effect of NO on swine diseases needs further
exploration.
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AssTRACT. Hemoplasma infections in wild ungulates have not been reported yet in Jepan. We examined presence of hemoplasmas in
blood samples collected from 147 sika deer (Cervus nippon) in the Iwate prefecture by real-time PCR, and found 13 (9%) were positive.
Almost entire region of the 16S rRNA gene of the representative strains from positive samples was amplified by conventional PCR. The
nucleotide sequences of the 16S IRNA gene were further determined and compared with those of other hemoplasmas. Our examinations
Ist revealed the presence of 2 distinct hemoplasma species in sika deer, which are previously not described. One of them was closely
releted to M. ovis by the 165 rRNA sequence analysis, but was found distinct by comperison of the RNase P RNA gene sequences.

Pathogenicity of these two hemoplasma species in sika deer is currently unknown.

KEY wORDS: hemoplasma, mycoplasma, sika deer.

Hemoplasmas are tiny epierythrocytic bacterial parasites
that lack a cell wall like other mycoplasmas, but have never
been cultured in vitro [6]. Hemoplasmas infections, may
lead to hemolytic anemia in animals, have been reported in
wild ungulates such as reindeer (Rangifer tarandus) raised
on a farm in Michigan [12] and splenectomized deer cap-
tured from a wild population in Texas [5] in the United
States. However prevalence of hemoplasma infections in
free-living ungulates have not well been understood. Sika
deer (Cervus nippon), middle-sized ungulates, are found in
the temperate forests of eastern Asia, and Japan has large
populations of native sika deer. Therefore, we have exam-
ined hemoplasma infections among free-ranging sika deer
in Japan.

Blood samples were collected from 147 wild sika deer
hunted for the population control measures in Iwate prefec-
ture, Japan from 2004 to 2006, and stored at -20°C prior to
examination. Total DNA was extracted from 200 2/ blood
samples collected from sika deer using the QlAamp DNA
Blood Mini Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. Negative controls consisting of
200 4 phosphate-buffered saline were prepared with each
batch. Extracted DNA samples were stored at —80 °C prior
to use.

For the preliminary screening of hemoplasma infections,
specific PCR primers (forward primer: 5’-ATATTC-
CTACGGGAAGCAGC-3’ and reverse primer: 5’-ACCG-
CAGCTGCTGGCACATA-3") for the 16S rRNA gene of
hemoplasmas were used as described previously [9]. Real-
time PCR was performed in a SmartCycler instrument (Cep-
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heid, Sunnyvale, CA) with SYBR Premix Ex Taq (Code
#RR041A, TaKaRa Bio., Shiga). The reaction mixture con-
tained 1 2/ of each primer (10 pmol/zd), 12.5 s of 2X pre-
mix reaction buffer and water to volume of 23 /. Finally, 2
Ml of DNA samples as templates were added to this mixture.
Amplification was achieved with 40 cycles of denaturation
at 95°C for 5 sec, renaturation at 57°C for 20 sec, and elon-
gation at 72°C for 15 sec, after the initial denaturation at
94°C for 30 sec. Fluorescence readings in a channel for
SYBR Green I were taken throughout the experiments.

After real-time PCR, melting experiment was performed
from 60 to 95°C at 0.2°C/sec with smooth curve setting
averaging one point. Melting peaks were visualized by plot-
ting the first derivative against the melting temperature (7m)
as described previously [2]. The 7m was defined as a peak
of the curve, and if the highest point was a plateau, then the
mid-point was identified as the Tm. The input amount of
DNA, the copy number of the target as well as presence of
co-infections with several targets did not influence the 7m.
Out of the 147 blood samples tested by real-time PCR, 13
(9%) were found to be positive for hemplasma infection.
The Tm of the positive samples was 82.79 £ 0.18°C.

The positive samples were further subjected to conven-
tional PCR to amplify entire region of the 16S rRNA gene.
The conventional PCR was carried out with 50-2/ reaction
mixtures containing 1 4/ of DNA solution, 0.5 m/ of
TaKaRa LA Tag ™ (5 units/ul), 5 ul of 10X LA PCR™
Buffer II, 8 x4 of 25 mM MgCl, (final 4.0 mM), 8 a4/ of
dNTP mixture (2.5 mM each), 0.2 2 of forward primer (5°-
AGAGTTTGATCCTGGCTCAG-3’, equivalent to nucle-
otide numbers 11 to 30 of M. wenyonii (AY946266), or 5’-
ATATTCCTACGGGAAGCAGC-3", equivalent to nucle-
otide numbers 328 to 347 of M. wenyonii), reverse primer
(5’-ACCGCAGCTGCTGGCACATA-3’, equivalent to
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nucleotide numbers 503 to 522 of M. wenyonii, or 5'-TAC-
CTTGTTACGACTTAACT-3", equivalent to nucleotide
numbers 1446 to 1465 of M. wenyonii) (50 pmol/su! each)
and water to a final volume of 50 z. After the mixture was
overlaid with 20 x/ of mineral oil, the reaction cycle was
carried out 35 times with denaturation at 94°C for 30 sec,
annealing at 58°C for 120 sec and extension at 72°C for 60
sec in a thermal cycler. Conventional PCR products that
showed a clearly visible band were subjected to direct
sequencing and the nucleotide sequences of the almost
entire region of the 16S rRNA gene have been deposited to
the DNA database under the accession numbers AB558897
to AB558899. The remaining 10 samples are still examined
for determination of the nucleotide sequences.

The 16S rRNA gene sequences from the sika deer isolates
were aligned with other hemoplasma sequences from DNA
database using Clustal W [12]. An unrooted phylogenetic
tree was generated with the neighbor-joining method [10]
from a distance matrix corrected for nucleotide substitutions
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by the Kimura two-parameter model [4). The dataset was
resampled 1,000 times to generate bootstrap values (Fig. 1).
16S rRNA gene sequences of the two strains, Sika99 and
Sikal22, from the blood samples of sika deer showed 100%
homology each other, but were distinct from the sequence of
Sikal52. The 16S rRNA gene sequences are widely used in
microbiology for assigning uncultivable microorganisms as
new species, and reclassification of haemotropic Myco-
plasma species has been based on the16S rRNA gene
sequences [7, 8]. In our examinations, hemoplasmas were
divided into two genetic groups, haemofelis and wenyonii
clusters, and the hemoplasmas detected in sika deer were
both assigned into the wenyonii cluster.

This is the 1st demonstration of the existence of 2 geneti-
cally distinct hemoplasma species in sika deer. Although
Sika99 and Sikal22 showed close relatedness to ‘Candida-
tus M. haemotaradirangiferis’ detected from reindeer [12],
similarity of the 16S rRNA gene sequences between them
was 95.7%, suggesting different species [1]). Thus, we ten-
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An unrooted phylogenetic tree based on the 16S rRNA gene sequence comparison among mycoplasmas including 16 hemoplasna

species (accession numbers are given in a parenthesis) and putative taxa created by Sika99, Sikal22 and Sikal52. Genetic distances were
computed with CLUSTAL W [14]. Hemoplasmas were divided into two genetic clusters, haemofelis and wenyonii. A nucleotide
sequence of the 16S rRNA gene of M. fermentans PG18 strain with accession number FJ226561 was included as an out-group. Sika%9,
Sikal22 and Sikal52 represent hemoplasma strains detected from the sika deer in the Iwate prefecture. Numbers in the relevant branches
refer to the values of boot-strap probability of 1,000 replications. Scale bar indicates the estimated evolutionary distance.
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Fig. 2. An unrooted phylogenctic tree generated by comparison of the RNase P RNA (rnpB) gene sequences among mycoplasmas
including 11 established species (accession numbers are given in a parenthesis) and a putative taxon created by Sikal 52. Genetic dis-
tances were computed with CLUSTAL W [14]. Two genetic clusters, haemofelis and wenyonii, were also revealed in this tree, A nucle-
otide sequence of the rmpB gene of M. fermentans with accession number U41756 was included as an out-group.Sika152 represents a
hemoplasma sequence detected from the sika deer in the Iwate prefecture. Numbers in the relevant branches refer to the values of boot-
strap probability of 1,000 replications. Scale bar indicates the estimated evolutionary distance,

tatively designated ‘Candidatus M. erythrocervae’ for
Sika%99 and Sikal22. On the other hand, Sikal52 showed
close relatedness to M. ovis, and sequence similarity
between them was 98.4%, which may not be enough for
establishment of a new species according to the cutoff value
of the 16S rRNA gene sequence identity for species defini-
tion [1]. M. ovis is also close to ‘Candidatus M. haemovis’,
and their similarity is 97.9% [3). Thus, we further examined
the nucleotide sequence of the RNase P RNA (rnpB) gene of
Sikal52 to compare with other hemoplasma species [10).
The rnpB gene has been shown to be suitable for phyloge-
netic discrimination of closely related taxonomic groups
when examined by 16S rRNA sequence comparison [13).
Partial nucleotide sequence of the rnpB gene of Sikal52 was
amplified by conventional PCR with forward primer mpB-F
(5’-AGTCTGAGATGACTRTAGTG-3" equivalent to
nucleotide numbers 1 to 20 of M. wenyonii (EU078610))
and reverse primer mpB-R (5’-TRCTTGMGGGGTTTGC-
CTCG-3’ equivalent to nucleotide numbers 170 to 189 of M.
wenyonii (EU078610)). Reaction was the same as used for
the amplification of the 16S rRNA gene except for the
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annealing temperature at 60°C instead of 58°C. Amplified
PCR product was subjected to direct sequencing and the
nucleotide sequence of the rnpB gene of Sikal52 has been
deposited to the DNA database under the accession number
AB561882. The rnpB gene sequence of Sikal52 was
aligned with other hemoplasma sequences from DNA data-
bases using Clustal W [14). A phylogenetic tree was con-
structed with the neighbor-joining method [11] from a
distance matrix corrected for nucleotide substitutions by the
Kimura two-parameter model [4). The dataset was resam-
pled 1,000 times to generate bootstrap values (Fig. 2). The
rnpB gene sequence of Sikal52 showed close relationship to
M. ovis (90% similarity) as well as M. wenyonii (84%simi-
larity), which was compatible with the results from the 16S
rRNA gene comparison, and supported the notion that the
Sikal52 was distinct from other hemoplasma species. Sim-
ilarly, M. haemocanis and M. haemofelis have been recog-
nized as a distinct species due to difference of the rnpB
gene, though they showed 99.2% homology in the 16S
TRNA gene sequences. Therefore, we provisionally desig-
nated ‘Candidatus M. haemocervae’ for Sikal52.



