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{a) PNSv. 1.0.0 beta
Parameter definition list updated at 15-10-2012
Usage: only txt file sequence.
The txt file must contain only 'g''c','a",'t' or 'u' (small) character to specify the nucleotides of the
sequence.

Result of the elaboration of file : CATEMP\EUROPA.TXT

Sequence loaded!
244 nucleotides loaded in memory.

t in position 22 There is no binding to check.
t in position 5 right nucleotide YES (t*gt)
¢ ¢ in position 11 YES(c¢)
a tin position 10 YES (a-t)
¢ g in position 8 YES {c-g)
or ta in position 8 NO (c-g)
or t g in position 8 NO (¢c-g)
or g g in position 8 NO (c-g)
ta in position 7 YES (t-a)
oraa in position 7 NO (t-a)
or g ¢ in position 7 NO (t-a)

. a in position 6 YES (. a)

Fig. 3. Result .html type file of genotyping according to the PNS method of the Europa Strain (accession number ABO00898). The 5'-UTR sequence was compared to known
Pestivirus species BVDV-1, BVDV-2, BDV, CSFV and the new proposed taxons. The three palindromic regions in sequences were identified in the sequence and shown in the
first part of the file. Genus Pestivirus characteristic PNS and BVDV-1 species characteristic PNS were identified in the palindromes and highlighted in the following section of
the file. Genotyping was completed using BVDV-1c specific PNS.

showed possible combinations of G/A/CnAC and CUnG/A which
were consecutive in the sequence. In the CSFV strains Alfort and
Brescia, starting from the V2, reading back for the V1 identification,
with the first CUnG/A sequence G in position 217 and the following
first G/A/CnAC sequence with Cin position 210, the program, with-
out correct parameters, constructed a very short V1 (not shown).
The correct combination was obtained with the G/A/CnAC sequence
in position 194.Similar aspects were observed in the BVD-2a strains
713/2, 11mi97 and 552195 and BVDV-1b Influenza2.

In case of an incomplete V1 sequences, as for BVDV-1 strains
Massimo 1, 2 and 4, the V1 palindrome was constructed according
to a predicted structure corresponding to the conserved locus in
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the genus. The program completed the construction of the V2
and V3 palindromes and the related genotyping procedure. The
genus and species characteristics were determined. The identified
genotype specific PNS were not sufficient to allocate these strains.
In the case of the V1 sequence being absent, as for BVDV-1 strain
M98, BVDV-2 strains 59386 and Scp, and BDV strain L83/184, the
program was arranged to determine species and genotype specific
PNS in the remaining two loci, V2 and V3. For example, in strain
M98 sequence the program could identify the BVDV-1 species
specific PNS G-C in position 5 in V2 and in V3.

The PNS software represents a transition in the Pestivirus genetic
characterization method by using a computerized procedure,
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(b)
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or . g in position 6 NO (. a)
t g in position 5 YES (t*g)
g ¢ in position 4 YES (g-¢)
gt in position 10 YES (g*t)
or g ¢ in position 10 NO (g*t)
¢ g in position 8 YES (c-g)
or t g in position 8 NO (c-g)
‘Species characteristic PNS ;
t a in position 15 YES (1-a)
V- t in position 5 right nucleotide YES (t*gt)
" ort g in position 15 NO (t-a)
or ¢ g in position 15 NO (t-a)
vo. 8¢ in position 5 YES (g-¢)
" oratin position 5 NO (g-¢)
g cin position 5 YES (g-¢)
a in position 10 YES (a)
V3: or a a in position 10 NO (a)
" oracin position 10 NO (a)
or g a in position 10 NO (a)
or g ¢ in position 10 NO(a)

\Genotype characteristic PNS:

Vi

] ¢ ginposition 14  YES (c-g) j
orc a in position 14 NO (¢c-g)

V2: acinposition7 YES(ac)
V3: atin position 4

YES (a-t)

Fig. 3. (Continued ).

which is an improvement, with the main advantage being the rapid
testing procedure and provision of data for accurate analyses. The
prototype of the program demonstrated it to be a simple and useful
tool for the sequence testing, giving clear results for the allocation of
unknown isolates and providing support for research work through
identification of unusual characteristics in strategic genomic
regions. In addition to the recognized PNS, all structures with sim-
ilarity or divergence, in terms of specific nucleotide base pairings
in the virus genomic sequences at the 5-UTR level with possible
expression of evolutionary changes or virus biological activities,
such as virulence (Topliff and Kelling, 1998) were made available.
The software for the PNS method we have developed
and presented here is called PNS and is available free at
www.pns-software.com. This full computerization of the proce-
dure eliminates the main limitation of manual searching of relevant
base pairings and direct observation of the sequence. It has simpli-
fied the genotyping procedure with easy access for the users and
gives rapid testing with reliable results. It takes into account the
secondary structures predicted at the three variable regions in the
5’-UTR for the classification of Pestivirus. Future improvements will
be required to further standardize the procedure and increase the
performance of the software to eliminate any possible incoherence.

This aspect could also be important for possible future adaptation
of the methodology to other positive polarity RNA virus species.
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apstract. ‘Candidatus Mycoplasma haemobos’, sometimes causative of bovine infectious anemia at various extents, has been demonstrated
throughout the world. Here, we show two distinct types of “*Ca. M. haemobos” are distributed among: cattle in Japan, by examining the
primary and secondary structures of the 163-238 rRNA intergenic spacer region that has been shown to be a stable genetic marker for
mycoplasma species. Our results may explain differences in severity of anemic condition as well as provide a genetic marker for an

epidemiological study of bovine hemoplasma infections.
kevworbs: hemoplasma, mycoplasma, rRNA.

doi: 10.1292/jvms.12-0349; J. Vet. Med. Sci. 75(3): 361-364, 2013

‘Candidatus Mycoplasma haemobos (synonym of ‘Ca. M.
haemobovis’)” is a trivial name of hemotropic mycoplasma
that may cause anemia at various degrees in cattle [11, 12,
16, 18]. Reason of different severity in anemic condition
caused by ‘Ca. M. haemobos” infection has yet been un-
known. Although this alleged species has provisionally been
identified by only nucleotide sequence of the 16S rRNA
gene because of uncultivable trait [10, 17, 20], genetic varia-
tion in this species remained unexplored. In our previous
study, the 168-23S rRNA infergenic spacer (ITS) region of
hemoplasma was found to be a useful tool for determination
of taxonomic status of this particular species [15] as well
as other mycoplasma species [2, 4-6]. Here, we show the
‘Ca. M. haemobos’ strains are divided into two distinct types
according to the ITS sequences.

EDTA-anticoagulated blood samples were collected from
25 Japanese black cattle bred on an experimental farm at
Omyojin (latitnde 39.7N and longitude 141.1E) of Iwate
University during October 2011 to March 2012. Total DNA
was extracted from 200 u/ of the whole blood samples by
using the QIAamp DNA Blood Mini Kit (QIAGEN, Hilden,
Germany) according to the manufacturer’s instructions,
eluting into 200 w4/ of buffer AE, and stored at —20°C until
examination in the PCR assay. No clinical symptom was
reported on the cattle examined, despite infection by Bovine
leukemia virus.

Hemoplasma infection was found in all the 25 cattle diag-

*CorrESPONDENCE T6: Hamssawa, R, Department of Veterinary
Microbiology, Faculty of Agrienlture, Iwate University, Morioka
020-8550, Japan.
e-mail: harasawa-tky@umin.acjp

©2013 The Japanese Society of Veterinary Science

nosed by real-time PCR by using forward primer Hemo-F1,
5-ATATTCCTACGGGAAGCAGC-3", equivalent to nucle-
otide numbers 328 to 347 of M. wenyonii and reverse primer
Hemo-R1, 5-ACCGCAGCTGCTGGCACATA-3’, equiva-
lent to nucleotide numbers 503 to 522 of M. wenvonii as de-
scribed previously [13]. Real-time PCR was performed in a
SmartCycler instrument (Cepheid, Sunnyvale, CA, U.S.A)
with SYBR Premix Ex Tag(Code #RR041A, TaKaRa Bio.,
Otsu, Japan). The reaction mixture contained 1 x4/ of each
primer (10 pmol/uf), 12.5 uf of 2X premix reaction buffer
and water to volume of 23 x/. Finally, 2 4/ of DNA samples
as templates were added to this mixture. Amplification was

carried out 40 cycles of denaturation at 95°C for 5 sec, re-

naturation at 57°C for 20 sec and elongation at 72°C for 15
sec, after the initial denaturation at 94°C for 30 sec. 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 plotting the
first derivative against the melting temperature as described
previously {7].

Of all the cattle examined, eight cattle were found in-
fected with ‘Ce. M. haemobos’ alone based on the 168 tRNA
gene analysis, and they were subjected to analysis of the ITS
region by end-point PCR. Briefly, PCR amplification was
carried out at 94°C for 30 sec, 55°C for 2 min and 72°C for 2
min for 30 cycles using forward (5-GTTCCCAGGTCTTG-
TACACA-3") and reverse (5'-CAGTACTTGTTCACTATC-
GGTA-3") primers as described previously [1]. The PCR
products were then fractionated on horizontal, submerged
1.0% SeaKem ME agarose gels (FMC Bioproducts, Rock-
land, ME, U.8.A.)in TAE (40 mM Tris, pHS8.0, 5 mM sodium
acetate and 1 mM disodium ethylenediaminetetra cetate)
buffer at 50 volts for 60 min. After electrophoresis, the gels
were stained in ethidium bromide solution (0.4 ug/m/) for
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M. hyorhinis
M. pulmonis
U, urealyticum
U. cati 956
U. canigenitalium 1000
M. penetrans 541
988 980
M. muris
M. pneumoniae
1000

M. genitalium

0.1

M. fastidiousum

Fig. 1.
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M. neurolyticumy

M, fermentans
- M. caviae

692 M. primatum

1000,

M. salivarium

954 483 M. buccale

977
M. hominis

Bear strain
1000 M. haemocanis
8§52

M. haemofelis

1000 2927

1000 Ca. M. haemobos 1

Ca. M. haemobos 2

999

M. haemomuris

Unrooted phylogenetic tree based on the ITS comparison. suggesting a monophyletic relationship

among hemoplasmas and M. fastidiosum. Following nucleotide sequences obtained from the DNA databases
are shown with an accession number in parenthesis. They are M. salivarium PG20 (X58558), M. pulmonis
m53 (X58554), M. neurolpticum Sabin Type A (X58552), M. buccale CH20247 (D89504), M. primatum
HRC292 (D89509), M. caviae G122 (D89503), M. hominis PG21 (X58559), M. fermentans PG18 (X58553),
M. hyvorhinis BTS-7 (X58555), M. penetrans GTUS54 (D89508), M. muris RI114 (D&9507), M. pneumoniae
Mac (D14528), M. genitalium G37 (D14526), M. fastidiosum ATCC33229 (AY781782). Ureaplasma urea-
Iyticum T960 (X58561), U, cati F2 (D6368359, U. canigenitalium D6P-C (D63684), M. haemomuris Shizuoka
(ABO80799), M. haemofelis Gandai2 (AB638408), Bear hemoplasma strain (AB725596), ‘Ca. M. haemobos’
typel Gandail (AB638407) and ‘Ca. M. haemobos’ type 2 B2.20 (AB740010). Scale bar indicates the esfi-
mated evolutionary distance that was computed with CLUSTAL W [19] using neighbor-joining method [14].

Numbers in the relevant branches refer to the values of boot-strap probability of 1,000 replications.

15 min and visualized under UV transilluminator. DNA in
a clearly visible band was extracted by using NucleoSpin
Extract II kit (Macherey-Nagel, Diiren, Germany) and was
subjected to direct sequencing in a 3500 Genetic Analyzer
(Applied Biosystems, Foster City, CA, U.S.A.). The Gen-
Bank/EMBL/DDBJ accession numbers for ITS sequences of
‘Ca. M. haemobos’ strains used 1n this study are AB740009
through AB740016.

The nucleotide sequences of ITS regions of the ‘Ca.
M. haemobos” strains were compared with authentic my-
coplasma species in phylogenetic analysis. In the present
study, we examined the phylogenetic relatedness among 23
mycoplasma species including not only 3 ureaplasmas but
also 6 hemoplasmas, M. haemomuris, M. haemofelis, *Ca.
M. haesmominutum’, bear strain and 2 types of *Ca. M. hae-
mobos™ (Fig. 1). In addition to our previous illustration of
ITS from “Ca. M. haemobos’ type 1 [15], the present analy-
sis revealed existence of another type of ITS among ‘Cea.
M. haemobos’ strains. Alignment of nucleotide sequences of

ITS regions defined so far indicated 94% similarity between
these two genotypes (Table 1). Of the eight strains, six were
identical to the ‘Ca. M. haemobos’ type 1, and the remaining
two strains showed an identical but were distinct from type 1
sequence. Although we examined only Japanese black cattle
without clinical symptom, this variation can be used for an
epidemiological marker of *Ca. M. haemobos’ infections in
cattle population, since nucleotide sequences in ITS region
have been conserved within a mycoplasma species or sub-
species [2, 6, 8].

The secondary structures of the ITS were predicted accord~
ing to the algorithm of Zuker and Stiegler [21]. Five stem-
loop domains were allocated n ITS of ‘Ca. M. haemobos’
(Fig. 2). Domains 11 and V were well conservative, despite
several deletions in others domains. Secondary structures in
ITS region have sometime provided a key character to dis-
tinguish closely related species of mycoplasmas [3, 6, 7, 9].
In the present study, ITS regions of the two genotypes of
‘Ca. M. haemobos” showed characteristic features of myco-
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Table 1.

BOVINE HEMOPLASMAS

Similarity matrix showing nucleotide sequence homology among the ITS regions of hemoplasmas. Nucleotide sequences

of ITS regions have been determined on only four species. Numbers indicate homology percentage between two ITS sequences.

M. haemocanis M. haemafelis  Bearstrain  Ca. M. haemobos 1 Ca. M. haemobos 2 M. haemomuris
M. haemocanis 100
M. Baemofelis 95 100
Bear strain 3 93 100
Ca. M. haeniobos 1 80 81 81 100
Ca. M. hasmobos 2 82 82 83 94 100
M, haemomuris 44 44 44 43 44 100
Domain 1 Domain I Domain Il Domain IV Domain V
7
AT A
-4 T.M* AT
¢-6 AT A A
T-A A A T T-A
TG -4 6 T TY T-A
T-A AT AT T8 c-G
A AT ¢-6 & T-A A-T
A-T T-A T-A 2 T-A AT
T4 G&T 46 L T-A T-A
A-T -G T-A GET T-A
ATCTTCTOTTATTAATGRTTAGATGAGRTTITACTTGGACACC - GATAATGACCAAGGCGRATGAT-AAGCTATTTACTTTCTCAAGARTH GAARAAGATAATAACCGAGE TCATACBTAARTTAATA
‘Ca. M. haemobos’ 1 boxB
TT A
TT c &
- cA TA
-G AT AT
T-A L8 Ao
T-4 G 17 T-A
. L T-A &8 Y T T-A
T-A A-T A-T T G C-
c-& AT [ ] < T-A A-T
AT T-A T-A 3 T AT
T-A A-T TG L0 T-A T-A

A-T

c~-G T4 G . T-A
ATCTTCTRTTATTAATA-TTAGGTGAGGTTTTTACTTRGACACC-GATAATOACCAAGGCAGATOAT-AAGCTATTTAACTITCTCAGABAATE GAARAAGATAATAACCOAGATCATACATAAATTAATA

363

‘Ca. M. haemobos® 2

Fig. 2.

boxB

Hypothetical secondary structures for the ITS regions of ‘Ca. M. haemobos’ type 1 (top) and ‘Ca. M. haemobos’ type 2 (bot-

tom). Canonical Franklin-Watson-Crick base-pairing is hyphened, and a wobble base-pairing tolerated in the secondary structure is
shown by an asterisk. The boxA was a part of the stem region of domain TV, and boxB was located between domains I1I and IV.

plasmas, lacking spacer tRNA genes and having boxA and
boxB motifs [15].

In conclusion, 2 genotypes of ‘Ca. M. haemobos’ were
demonstrated by analyzing the primary and secondary struc-
tures of ITS regions. This may provide a clue to elucidate
differences in severity of anemia in cattle, though virulence
of these 2 genotypes remained unexplored. These genotypes
can also be used for a genetic marker for bovine hemoplasma
infections.
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Our previous studies showed that urea in acidic broth induced swarmer morphotypes in Proteus
mirabilis, but the effects to other bacterial species remain unsolved. Here we report effects of urea on
morphology and size distribution of urease-negative Escherichia coli and Salmonella enterica serovar
Abony grown in urea-containing broth. Statistical analysis indicated lognormal distribution of the
cellular lengths below a threshold level, suggesting that the growth process of bacterial cells obeys
some random multiplicative process below a threshold value, despite any other factors affecting the
process above the threshold value, to produce elongated cells. In urea broth, the distribution shifted to
larger size and enormously elongated cells appeared. Morphological studies in urea broth revealed that
filamentous cells of E. coli and S. Abony, accompanied with incomplete chromosomal segregation
without forming hyperflagellates were induced at logarithmic growth phase, unlike swarmer cells in P.
mirabilis. Since cell division protein FtsZ (filamenting temperature-sensitive mutant Z) assembled round
the chromosome segregated point and cells were divided into short rods after cell counts had reached
to a threshold level, urea in broth was responsible for delay of chromosomal segregation.

Key words: Chromosomal segregation, enterobacteria, filamentous cells, urea.

INTRODUCTION

Bacterial shapes differ among various genera, and it is a and classification of bacterial strains, though a particular
characteristic feature of some bacteria to grow and species may show variations of shape and size according
multiply in filaments, clusters or chains. All these to environments including nutrient conditions. For
morphological properties are of value in the identification example, bacterial cells grown in rich nutrient medium are
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significantly larger than in nutrient-poor medium
(Schaechter et al.,, 1958). The small cell sizes due to
starvation conditions increase resistance to acid,
oxidative stress and proteases (Clements and Foster,
1999; Watson et al., 1998). Although, other
environmental factors such as temperature (Wiebe et al.,
1992) and osmotic shock (Baldwin et al., 1988) have
been reported to affect the size of bacteria, cell size
reduction appears to be induced predominantly by
nutrient limitation. On the other hand, harmful
environments such as low water activity (Mattick et al.,
2000), refrigerated temperature (Mattick et al., 2003),
host innate immunity (Justice et al., 2006), high
hydrostatic pressure (Ishii et al., 2004) and presence of
chelating agents (Fujihara et al., 2009) inhibit bacterial
cell division resulting in the production of filamentous
cells by unknown mechanisms. Similarly, several
antibacterial reagents blocking FtsZ, the tubulin
homologue that forms cytokinetic Z ring (L6éwe and Amos,
1998) are also known to yield filamentous cells (Beuria et
al., 2005; Jaiswal et al., 2007; Wang et al., 2003).

We have previously demonstrated that urea, a
denaturation agent for protein structure, induced swarmer
morphotypes of Proteus mirabilis strains in acidic broth
(Fujihara et al., 2011). Although, biological functions of
urea remain largely undocumented, urea is known to
delay cell cycles and induce apoptosis in eukaryotic cellls
without inhibition of DNA synthesis (Michea et al., 2000).
To assess the biological function of wurea to
enterobacteria, in the present study, we examined effects
of urea to morphology and cell tength distribution of
urease-negative Esherichia coli and Salmonella enterica
subsp. enterica serovar Abony.

MATERIALS AND METHODS
Bacterial strains and growth condition

Escherichia coli FDA strain (same progenitor of ATCC 25922) and
Salmonella enterica subsp. enterica serovar Abony K103 strain
(same progenitor of NCTC 6017) were grown in Luria broth
(SIGMA-ALDRICH, Tokyo, Japan) for 18 h at 37°C. Testing broth
consisting of 5 g sodium chloride, 5 g dipotassium hydrogen-
phosphate, 0.651 g magnesium chloride hexahydrate and 2 or 50 g
of Bacto-Peptone (Becton, Dickison and Company, Sparks, MD,
U.S.A.) was supplemented with 25 g urea (P2U or P50U) or without
urea (P2 or P50) in 1 L of distilled water. The amount of urea used
in this study was based on the level of human urine (Griffith et al.,
1976). The broth medium was adjusted to pH 7.1 and filter-
sterilized.

Small amount of bacterial cells approximately 10? colony forming
unit obtained from the Luria broth cultures were inoculated into the
testing broth and incubated at 37°C. After 6, 8, 10, 12, 14 h
incubation, living cells were counted by plating on MacConkey agar
plates (NIHON Pharmaceutical, Tokyo, Japan).

Measuring of bacterial cell length

Bacterial cells were harvested after 8, 10 and 12 h incubation, since
countable cells were not apparent until 6 h incubation. They were
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collected by centrifugation at 1,000 g for 1 and suspended in broth
to adjust to an appropriate numbers of bacterial cells for
observation using an Eclipse TE2000-U fluorescence microscope
(Nikon, Tokyo, Japan) equipped with a VB-7010 digital camera
(KEYENCE, Osaka, Japan). After the microscopic images recorded
as color scale data were converted into binary data, the area of
each bacterial cell was measured by numerical analysis software,
MATLAB (MathWorks, Natick, MA, U.S.A.). Then, we calculated the
tength and the width of more than 1,000 bacterial cells from an area
as described previously (Wakita et al., 2010).

Immunofluorescence microscopy

Chromosome and FtsZ ring organization were observed as
described by Den Blaauwen et al. (1999) with a modification. Cells
grown for 8 h were fixed in 2.8% neutral-buffered formalin and
0.04% glutaraldehyde for 15 min at ambient temperature. Cells
were washed twice in phosphate buffered saline (PBS), pH 7.2, and
subsequently suspended in 0.1% Triton X-100 in PBS for 45 min at
ambient temperature. The cells were washed three times in PBS
and resuspended in PBS containing 100 ug of lysozyme per ml and
5 mM ethylenediaminetetraacetic acid (EDTA) for 45 min at ambient
temperature and then the cells were washed three times in PBS.
FtsZ was stained with a polyclonal anti-FtsZ rabbit antibody (1:200;
Agrisera, Vannas, Sweden) diluted in PBS containing 1% bovine
serum albumin (BSA) for 2 h at 37°C. The cells were washed three
times with PBS containing 0.05% (v/v) polyoxyeethlene sorbitan
monolaurate. The cells were then ftreated with secondary
antibodies, Cy3-conjugated goat anti-rabbit antibody (1:1000;
Rockland Immunochemicals, Inc., Gilbertsville, PA, U.S.A.) diluted
in PBS containing 1% BSA for 2 h at 37°C. The cells were further
washed three times in PBS-0.05% polyoxyethylene sorbitan
monolaurate.

In contrast, nucleocids were stained using 2.5 pg/ml of 4',6-
diamidino-2-phenylindole (DAPI) (Dojindo, Kumamoto, Japan) and
visualized with a fluorescence microscope Eclipse TE2000-U.
Images were captured and submerged by using a VB-7010 digital
camera.

RESULTS
Growth curve

Growth curve of both bacterial strains were shown in
Figure 1. Although, no marked difference in growth speed
was evident depending on the concentration of peptone,
viable bacterial counts in the stationary phase increased
under the conditions of high level of peptone. On the
other hand, addition of urea delayed the proliferation.
Higher cell counts were measured in P2 and P50 as
compared to P2U and P50U after 8 h incubation, though
after 12 h incubation higher counts were obtained in broth
of higher concentration of peptone irrespective of addition
of urea.

Statistical
distribution

analysis of bacterial cell length

Cell length distributions after 8, 10 and 12 h were shown
in Table 1. Average cell length was longer in the
logarithmic growth phase in all the broth media. In
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Figure 1. Growth curves of E. coli and S. Abony in broth. About
100 bacterial cells were inoculated in each broth and after 6, 8,
10, 12, 14 h incubation at 37°C; living bacterial cells were
counted by plating on MacConkey agar plates.

addition, cells increased length in P50 rather than in P2.
In urea-containing broth, the highest counts of cells over
5 m long were seen in the logarithmic phase and cells
had divided into shorter rods along with growth. The
microscopic observation revealed that elongated cells
divided irregularly into short and long cells. Similarly with
average of cell length, P50U produced highest counts of
E. coli cells longer than 10 m, whereas P2U did in S.
Abony. The probability densities of cell length about E.
coli and S. Abony after 8 h incubation are shown in
Figure 2a and b, respectively. It is noticed that the
distributions with urea shift to longer direction of cell
length from that without urea. Furthermore, all the
distributions in Figure 2a and b have thick tails. It just
reminds us of lognormal distribution.

Figure 2c and d show that the cumulative length
distributions are well fitted except the tail part by the solid
curves which are lognormal distributions in cumulative
form given by:

NGx) = %{1 - erf[lr—l\(/—%/—o_@D

Where ¥, O and L are the length, the standard

deviation, and the median, respectively. erf (2) is the
error function defined by

erf(z) = (2/ \/;>J' exp-y° )dy_

0

After 10 and 12 h incubation, cell length distribution had
shifted to shorter direction (data not shown).

Effects of urea on the chromosome and cytokinetic Z
ring organization

We examined the effects of urea on Z ring assembly and
karyomitosis by fluoresence microscopy (Figure 3). While
the chromosome of short rods grown in urea-negative
broth replicated by binary fission and Z rings located at
the middle of cells, the multiple chromosomes distributed
haphazardly in elongated cells grown in broth containing
urea. The lateral length of nucleoid in elongated cells was
not equal and chromosomal segregation was not seen in
the middle of cells. FtsZ assembled round the point of
karyomitosis as well as cells grown in broth without urea.
No bacterial cells were stained in negative controls
without anti-FtsZ antibody.

DISCUSSION

In the present study, broth medium containing urea
induced elongated cells during logarithmic phase of
growth, though optimum peptone concentration was
different between E. coli and S. Abony. Most elongated
cells had divided into short rods after stationary phase. In
general, cell length and DNA content start to decrease
transition point between the logarithmic phase and the
stationary phase (Akerlund et al., 1995) and cells grown
in nutrient-rich medium exhibit longer cell length than in
nutrient-poor medium (Schachter et al., 1958). Our
findings in broth medium without urea confirmed this, but
P2U shifted to longer length in large majority of S. Abony
cells than P50U. It remained unclear why optimal
peptone concentration to produce elongated cells was
different between E. coli and S. Abony. Polymerization of
FtsZ, one of the central cell division proteins
(Madabhushi and Marians, 2009) depends on multiple
factors including pH, concentrations of magnesium,
potassium, calcium, competing nucleotide tri-phosphates,
macromolecular crowding and the presence of FtsZ
interacting proteins (Gonzalez et al., 2003; Mukherjee
and Lutkenhaus, 1998, 1999; Mukherjee et al., 1998).
Inhibitors such as antibiotics against Fts proteins were
known to produce filamentous cells, though they did not
affect karyomitosis (Beuria et al., 2005; Jaiswal et al.,
2007). Additionally, induction of sulA (sfiA), one of the
SOS genes, also mediates inhibition of FtsZ assembly
without influence on karyomitosis in E. coli (Bernhardt
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Table 1. Celi length distributions after 8, 10, 12 h incubation. More than 1,000 cell lengths were measured and the abundance ratio of shorter than 5, 5 to 10, 10 to 20, 20 to 30, 30
to 40, 40 to 50 um and longer than 50 um was shown.

Cell length (um) distribution (%)

Broth  Incubation period (h) Measured cell number Average+S.D. (um) 5 510 10-20 20-30 3040 4050 50< Max (pm)
8 1999 3.211+0.011 93.7 6.2 0.1 0 0 0 0 121
P2 10 1379 2.912+0.010 97.6 24 0 0 0 0 0 6.8
12 1189 2.467+0.009 99.1 0.8 0.1 0 0 0 0 10.1
8 1095 5.538+0.014 40.2 53.1 5.1 1.0 0.2 0.3 0 44.5
P2U 10 1383 4.049+0.014 74.5 237 1.6 0.1 0.1 0 0 36.1
12 1302 2.967+0.012 93.3 6.1 0.4 0 0.2 0 0 31.6
E. coli
8 1067 4.131+0.010 73.6 23.4 2.9 0.1 0 0 0 20.7
P50 10 1148 3.691+0.010 88.9 11.1 0.1 0 0 0 0 174
12 4168 2.844+0.010 97.9 2.1 0 0 0 0 0 1.7
8 1057 6.885+0.017 22.8 55.2 13.3 4.6 2.3 1.1 0.7 112.5
P50U 10 1469 6.610+0.016 25.5 54.9 13.5 3.8 0.8 0.7 0.7 152.3
12 2675 5.319+0.014 451 48.1 4.7 1.5 0.7 0.1 0.3 97.4
8 2485 2.87910.011 97.5 25 0.1 0 0 0 0 16.0
P2 10 2026 2.595+0.011 99.1 0.9 0 0 0 0 0 10.5
12 1748 2.28810.010 99.3 0.7 0 0 0 0 0 8.4
8 1350 5.785+0.016 37.2 52.7 8.6 1.1 0.2 0 0.1 93.9
pP2u 10 2838 3.653£0.016 79.0 18.0 2.2 0.6 0.2 0 0 58.6
12 1709 3.119+0.015 89.1 8.8 1.8 0.2 0 0 0 31.25
S. Abony
8 1117 3.754+0.011 85.1 14.9 0 0 0 0 0 9.9
P50 10 1270 2.912+0.009 88.9 1.0 0.1 0 0 0 0 23.4
12 1057 2.375+0.008 99.8 0.2 0 0 0 0 0 6.6
8 1045 4.322+0.019 70.9 28.6 0.5 0 0 0 0 14.2
P50U 10 1118 3.989+0.013 76.7 22.5 0.8 0 0 0 0 16.9
12 1168 3.015+0.010 95.7 4.2 0.1 0 0 0 0 15.8

and de Boer, 2005; Mukherjee et al., 1998). Urea
in broth did not inhibit assembly of FitsZ despite

random segregation of chromosomes, though
formation of matured Z ring was not explored in

the present study. Therefore, it is most likely that
appearance of filamentous cells was due to delay
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Figure 2. Probability density (a: E. coli, b: S. Abony) and cumulative distributions (c: E. coli, d: S. Abony) of bacterial cell length. The
distributions of E. coli and S. Abony after 8 h incubation are shown and fitted by solid curves which are the lognormal distributions in

cumulative form. Total numbers of bacterial cells are normalized to one.

of chromosomal segregation. Since normal segregation
of chromosomes was evident in swarmer cells in P
mirabilis (Fujihara et al., 2011), appearance of
filamentous cells in urea-containing broth may be
accounted by another mechanism distinct from
differentiation of swarmer cells. In addition, statistic
distribution of bacterial cell length showed a lognormal
distribution under growing process that was consistent
with those commonly observed in each body growth
according to a random multiplicative stochastic process
(Walita et al., 2010). Thus, our data demonstrated also
guantity of the temporal cell length and the effects of urea
on bacterial cell division, while to identify the statistical
characteristics of bacterial growth process.

In conclusion, we demonstrated urea-containing broth
medium induced elongated cells in logarithmic phase of
growth of enterobacteria, though exact mechanism
remained unsolved. FtsZ localized at the chromosome-
segregated point, despite yielding short and long cells at
rondom from the elongated cells. We indicated

cumulative distribution of bacterial lengths for E. coli in
P50 and P50U, and for S. Abony in P2 and P2U were
lognormal after 8 h incubation except for the tail part of
the distributions along with an evidence for a threshold
value of cell lengths. This implies that the growth process
of bacterial cells obeys some random multiplicative
process below a threshold value, despite any other
factors affecting the process above the threshold value,
to produce elongated cells. In urea-containing broth, the
distribution shifted to larger size and enormously
elongated cells appeared.
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Figure 3. Fluorescence micrograph of E. coli grown in P50/P50U and S. Abony in P2/P2U grown for 8
h. Short cells in broth without urea are shown in upper left windows and these windows are same
magnification as larger windows showing elongated cells in urea broth. Cells were immunostained with
polyclonal anti-FtsZ rabbit antibody followed by Cy3-conjugated goat anti-rabbit secondary antibody.
Nucleoids were visualized by treating the cells with DAPI. FtsZ is shown in red, and the DAPI-stained

nucleoids are shown in blue. Bar = 10 ym.
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ABSTRACT. Mycoplasma haemomuris is a causative organism of infectious anemia or splenomegaly in rodents. Here we report two distinct ge-
netic groups among M. haemomuris strains detected from rats and mice, respectively, by examining the nucleotide sequences of the 16S-23S
TRNA intergenic transcribed spacer region that has been shown to be a stable genetic marker for mycoplasma species. Our results may reveal
host-tropism of each cluster of M. haemomuris strains, and suggest an idea to distinguish M. haemomuris into two different genetic clusters.

KEY worDS: hemoplasma, mycoplasma, IRNA
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Hemotropic mycoplasmas also called hemoplasmas
are causative of infectious anemia in various mammalian
animals [15]. Hemoplasma strains have been isolated as
an anemic pathogen from rodents including mice, rats and
hamsters and had once been identified by only microscopic
observation of blood smears [18]. Hemoplasma infections
in laboratory rodents have been concerned to undermine
the validity of animal experiments [1, 13]. They are often
unrecognized, because of clinically silent infections. Such
latent infections have been reported in Sprague-Dawley and
Wistar rats [2, 3]. Currently, only one hemoplasma species
Mycoplasma haemomuris Mayer 1921 formerly Bartonella
muris or Haemobartonella muris, is established in rodents
[16, 17]. Nucleotide sequence of the 16S TRNA gene of M.
haemomuris has been determined on the Shizuoka strain that
was the only strain maintained in vivo at that time [19]. Sub-
sequently, nucleotide sequence of the 165-23S rRNA inter-
genic transcribed spacer (ITS) region of the same strain was
defined [10]. However, genetic variation in the 16S rRNA
gene or ITS region remains unexplored, because no other
rodent hemoplasma strains except for the Shizuoka strain
have been available. Here we report two genetic clusters in
M. haemomuris strains by examining nucleotide sequence of
ITS region as well as the 16S rRNA gene.

Anti-coagulated blood or spleen homogenates were ob-
tained from black rats (Rartus rattus) or small field mice
(Apodemus argenteus) infected with hemotropic mycoplas-
mas in Aomori and Fukushima Prefectures [5], and from
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for Wildlife Diseases, Morioka 0200816, Japan.
e-mail: harasawa-tky@umin.ac.jp

©2013 The Japanese Society of Veterinary Science

black rats with splenomegaly trapped in Okinawa Prefec-
ture, Japan. Detail of these samples examined is given in
Table 1. Blood smears were prepared for Giemsa staining.
Total DNA was extracted from 200 u/ of the whole blood or
spleen homogenate by using the QlAamp DNA Blood Mini
Kit (QIAGEN, Hilden, Germany) according to the manu-
facturer’s instructions, eluting into 200 u/ of buffer AE, and
stored at —~20°C until examination in the PCR assay.

Seven DNA samples were subjected to PCR to amplify
entire region of the 16S tRNA gene and ITS region. The
PCR was carried out with 50-u/ reaction mixtures contain-
ing 1 ul of DNA solution, 0.8 ul of Tks Gflex ™ DNA
polymerase (5 units/ul), 25 pl of 2X Gflex PCR Buffer,
0.2 ul of relevant forward and reverse primers and water
to a final volume of 50 u/. The forward (5-AGAGTTT-
GATCCTGGCTCAG-3, equivalent to nucleotide numbers
11 to 30 of M. wenyonii(AY946266), or 5'- ATATTCCTAC-
GGGAAGCAGC-3, equivalent to nucleotide numbers 328
to 347 of M. wenyonii), and reverse (5'- ACCGCAGCT-
GCTGGCACATA-3', equivalent to nucleotide numbers
503 to 522 of M. wenyonii, or 5'-TACCTTGTTACGACT-
TAACT-3', equivalent to nucleotide numbers 1446 to 1465
of M. wenyonii) (50 pmol/ul each) primers were used to
amplify the 16S rRNA gene. On the other hand, ITS region
was amplified by using forward primer Hemol6-23S-F
(5'-GTTCCCAGGTCTTGTACACA-3') and reverse primer
Hemo16-23S-R1 (5'-CAGTACTTGTTCACTGGTA-3') as
described previously [6]. After initial denaturation at 94°C
for 5 min, the reaction cycle was carried out 30 times with
denaturation at 98°C for 10 sec, annealing at 55°C for 60
sec and extension at 68°C for 30 sec in a thermal cycler.
The PCR products were fractionated on horizontal, sub-
merged 1.0% SeaKem ME agarose gels (FMC Bioproducts,
Rockland, ME, U.S.A.) in TAE (40 mM Tris, pH8.0, 5 mM
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Source of the samples examined in the present study

Sample designation ~ Host animal

Place of animal trapped
(Prefecture, City)

Date of sampling

Condition of sample

Ikemajima 5—1 Black rat Okinawa, [kemajima 1-Sep-10 Whole blood
Ikemajima 14-1 Black rat Okinawa, Ikemajima 1-Sep-10 Whole blood
S151-2 Small field mouse Fukushima, Fukushima 15-Dec-85 Erythrocyte suspension
S152-2-4 Small field mouse Fukushima, Fukushima 22-Mar-86 Spleen homogenate
S152-5-7 Small field mouse Fukushima, Fukushima 22-Mar-86 Spleen homogenate
S154 Black rat Fukushima, Kawamata 22-Feb-87 Spleen homogenate
S159-11-13 Small field mouse Aomori, Owani 29-May-88 Spleen homogenate
§151-2
56 S$152-2-4
a5z 315911413 Ciluster A
sza| $152:5.7
M. haemomuris Shizuoka {ABGB07Y9)
oo 5154
’;%“D*lkamaiimﬁdd } Cluster B
tkemajima 5-1
M. fastidiosum ATCC33229 {AY781782)
] ™ Bear strain (AB7255%6)
*gf!"i’! M. haemocanis HHfinois (CP003199)
M. haemofelis Gandai2 {AB638408)
0 ‘Ca. M. haemobos' type 1 Gandait (AB638407)
'Ca. M. haemobos' type 2 B2.20 (AB740010)}
M. {D89505)
a8 M. arthritidis {E03295)
041 337 M, pulmonis {£30233)
—_— “‘“'{j@ M. muris {D88507)
b M. neurolyticum {E03294)
Fig. 1. Phylogenetic tree based on the hemoplasma ITS comparison with other rodent mycoplasmas. Following nucleotide sequence

obtained from the DNA databases is shown with an accession number in parenthesis. They are M. pulmonis m53 (E03293), M. neuro-
Iyticum Sabin Type A (E03294), M. arthritidis PG6 (E03295), M. caviae G122 (D89505), M. muris R1114 (D89507), M. haemomuris
Shizuoka (AB080799), M. haemofelis Gandai2 (AB638408), Bear hemoplasma strain (AB725596), ‘Ca. M. haemobos’ typel Gandail
(AB638407), and ‘Ca. M. haemobos’ type 2 B2.20 (AB740010). Mycoplasma fastidiosum ATCC33229 (AY781782) was included as
an out-group. Scale bar indicates the estimated evolutionary distance that was computed with CLUSTAL W [24] using neighbor-joining
method [20]. Numbers in the relevant branches refer to the values of boot-strap probability of 1,000 replications.

sodium acetate and 1 mM disodium ethylenediaminetetrac-
etate) buffer at 50 volts for 60 min. After electrophoresis, the
gels were stained in ethidium bromide solution (0.4 pg/ml)
for 15 min and visualized under UV transilluminator. DNA
in a clearly visible band was extracted by using NucleoSpin
Extract II kit (Macherey-Nagel, Diiren, Germany) and was
subjected to direct sequencing in a 3500 Genetic Analyzer
(Applied Biosystems, Foster City, CA, U.S.A.).

Almost entire nucleotide sequences of the 16S rRNA gene
and ITS region of the seven strains were successfully deter-
mined. Nucleotide sequences of the 16S rRNA gene of these
samples were almost identical (99% homology) and also
showed 99% homology to those of M. haemomuris Shizuoka
strain (accession number U82963) isolated from a small field
mouse in Japan [19]. This allowed us to classify the seven
strains as M. haemomuris, though the Shizuoka strain used
as a reference has been lost and unavailable (Rikihisa, per-

sonal communication). Hemoplasma species has provision-
ally been classified or identified by only nucleotide sequence
of the 16S rRNA gene because of uncultivable trait [16, 17].

The nucleotide sequences of ITS of the seven strains were
compared with those of authentic rodent mycoplasma spe-
cies in a phylogenetic tree that was generated with the neigh-
bor-joining method [20] from a distance matrix corrected for
nucleotide substitutions by the Kimura two-parameter model
[14]. Phylogenetic analysis indicated that the seven isolates
were divided into two clusters A and B (Fig. 1). Nucleotide
sequence similarity between these two clusters was 84.9%.
This variation can be used for a genetic marker of M. hae-
momuris strains.

Next, we examined primary and secondary structures
of the ITS region of the isolates. Nucleotide sequences of
ITS region from the seven isolates were compared with six
other hemoplasma sequences in an alignment created by
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(M haemobosl
{M haemobos?

5152-2+4

4 haemobos?

Fig. 2. Nucleotide variations appeared in alignment of the 13 ITS sequences from
different hemoplasma strains. The nucleotide sequence numbers are given from a
consensus sequence. Homologous nucleotides are shown as inverted characters.
Dashes indicate nucleotide gaps between adjacent nucleotides introduced for the
alignment. Ikema Is 5-1, Ikema Is14-1, CM haemobos1 and CM haemobos2 repre-
sent Ikemajima 5-1, Ikemajima 14-1 and ‘Candidatus M. haemobos’ type 1 and type
2 [22] strains, respectively.

CLUSTAL W [24]. Of the seven strains, ITS sequences of  Ikemajima 5-1 and Ikemajima 14—1 (Fig. 2). ITS sequences
the five strains consisting of S151-2, S152-2-4, S152-5-7 of these five strains were identical to those of M, haemomuris
and S159-11-13 were distinct from three other strains, S154, Shuzuoka strain. ITS region has been used for a comple-
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6-C A 6 A 6-c L T6 AT
Cc-G C-6 5 1 AT T-A c-6
c-G AT T-p G-C GIT T-4
T-A AT T-& AT T-A T-A
- TGETAT-AGTGCATATA-TTAC- GGCGEATGGCTTTCAGCTTTG- CTTRGGT-ATAACCGAGT TAACT TAAKTARAGTTGAA- TAAGTTAAGAGC TAGAGG -3
Cluster B boxB
Fig. 3. Hypothetical secondary structures for the ITS regions of the two clusters, A (top) and B (bottom), of M. haemomuris. Canonical

Franklin-Watson-Crick base-pairing is hyphened, and a wobble base-pairing tolerated in the secondary structure is shown by an asterisk.
The box A was a part of the stem region of domain V, and box B was located between domains IV and V.

mentary genetic marker for identification and classification
of mycoplasmas, since this region is characteristic to each
Mycoplasma species [7-9, 11, 21, 25]. Thus, difference in
nucleotide sequence of ITS region may raise a hypothesis
that M. haemomuris species contains at least two distinct
clusters. We also found the ITS region of seven strains
lacked spacer tRNA gene, but contained box A and box B
motifs previously identified in other mycoplasma species
[12]. These motifs are obvious in the sequence alignment of
ITS regions of these hemoplasmas.

The secondary structures of the ITS were predicted ac-
cording to the algorithm of Zuker and Stiegler [26]. Six
stem-loop domains were allocated in ITS region of the
clusters A and B (Fig. 3). Domains V and VI were common
between the clusters. Domain II was well conservative, de-
spite a single nucleotide substitution at loop region. Stem re-

gion of domain IV was well conserved between the clusters.
Secondary structures in ITS region have sometime provided
a key character to distinguish closely related species of my-
coplasmas [8, 9, 22]. Thus, in addition to our previous illus-
tration of ITS for M. haemomuris [10], the present analysis
revealed existence of two genetically distinct clusters among
M. haemomuris strains.

Collective analyses on the primary and secondary struc-
tures of ITS indicated M. haemomuris strains were divided
into two clusters. This variation may not attribute to a geo-
graphical difference of locations where the hemoplasmas
isolated, because cluster A included strains from Fukushima,
Aomori and Shizuoka Prefectures, and cluster B included
Fukushima and Okinawa Prefectures. Thus, this variation
is most likely to depend on difference of natural host of
hemoplasmas. In fact, cluster A strains have been isolated
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Fig. 4.

from small field mice, while cluster B was from black rats.
Mycoplasma haemomuris, that was first observed in the
blood of rats and named Bartonella muris ratti by Martin
Mayer in 1921, was confirmed to be the causative agent of
infectious anemia in albino rats following splenectomy [4].
Subsequently, another type of Barfonella morphologically
distinct from B. muris ratti was found in the blood of albino
mice by Schilling, and he called this variant as B. muris
musculi [23]. Taken together, it turns out that the scientific
designation, M. haemomuris, is composite of B. muris subsp.
ratti in rat and B. muris subsp. musculi in mouse, despite
possible cross-transfer between these animal species by ex-
perimental infection. Therefore, this raises a hypothesis that
M. haemomuris Shizuoka strain isolated from a mouse may
correspond to formerly B. muris musculi. In our microscopic
observation, hemoplasma strains from each cluster appeared
as tiny round bodies sometimes in chain within the red blood
cells, though some of those from small filed mice might
appear as projections from the red blood cell surface (Fig.
4). However, this minor difference may not be sufficient for
differentiation of these two clusters on blood smears.

In conclusion, two genetic clusters of M. haemomuris
were demonstrated by analyzing the primary and secondary
structures of ITS region of M. haemomuris strains. Besides,
our findings support the hypothesis that the cluster including
M. haemomuris Shizuoka strain represents M. haemomuris
subsp. musculi, and the another cluster corresponds to M.
haemomuris subsp ratti. This may provide a clue to elucidate
differences in severity of anemia in rodent, since virulence
of these two clusters is currently unknown. This variation
can also be used for a genetic marker for monitoring of M.
haemomuris infections in laboratory rodents. The GenBank/
EMBL/DDBJ accession numbers appeared for the first time
in this study are AB758434 through AB758440.
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