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Abstract
A new population of Urostyla grandis, collected from a freshwater pond of northeastern
China was investigated by living observation, silver impregnation, and molecular phylogeny based on
small subunit ribosomal rRNA (SSU rRNA). Besides, its ultrastructural characteristics were investigated
carefully by scanning electron microscopy (SEM) and transmission electron microscopy (TEM) methods.
Complementary descriptions of some inner ultrastructures were provided and some new organelles were
also found. Especially, the oral inner microtubule system was illustrated by SEM and TEM for the ﬁrst
time and a new type extrusome was reported. These results may supply complement taxonomic data and
ingestion mechanism on ciliates in genus Urostyla.
Keyword: Urostyla grandis; phylogeny; ultrastructure; new population

1 INTRODUCTION
Species of the hypotrich genus Urostyla are
frequently distributed in marine, semiterrestrial, and
limnetic habitats (Stokes, 1886; Kahl, 1932; Borror,
1979; Alekperov, 1984). Urostyla grandis was
originally reported by Ehrenberg (1832), and it was
subsequently reported in diﬀerent names (Ehrenberg,
1832, 1838; Stokes, 1885, 1891; Borror, 1972; Aescht,
2001). Berger (2001, 2006) stated that the type
ﬁxation was valid according to the original designation
and monotype.
Urostyla species can be distinguished by their body
size and outline, size and numbers of the nuclear
apparatus, the arrangement and color of the cortical
granules, morphology of their oral apparatus, and
general somatic ciliary pattern (Stokes, 1886; Kahl,
1932; Suganuma and Inaba, 1967; Ruthmann and
Noll-Altmann, 1980; Alekperov, 1984; Song and
Wilbert, 1989; Ganner, 1991; Shin, 1994). There were
a few reports on the ultrastructure characteristics and
identiﬁcation at the molecular level for Urostyla

species (Inaba and Suganuma, 1966; Hoﬀman and
Prescott, 1997; Croft et al., 2003; Hewitt et al., 2003;
Dalby and Prescott, 2004; Zhang et al., 2007; Zhao et
al., 2009).
Ehrenberg (1838) originally provided the
illustration and more or less detailed description of
Urostyla grandis, and synonymized Trichoda patens
with this species. Later, Stein (1859) provided very
detailed living observation of U. grandis, and
considered Bursaria vorax Ehrenberg as a junior
synonym of U. grandis. Wang (1925) did not illustrate
and describe U. grandis in detail. Then Kahl (1932),
Reuter (1961), Jerka-Dziadosz (1963), Lundin and
West (1963), and Chorik (1968) redescribed
U. grandis without discussing them in detail. Jerka-
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Dziadosz (1972) ﬁrstly provided the protargol
preparations of U. grandis in which midventral cirri
were presented. Jankowski (1979) established the
new genus and Metaurostyla polonica based on this
population, which Berger (2006) considered to be a
junior synonym of U. grandis. Song and Wilber
(1989) ﬁrstly provided the very detailed morphometric
characterization of U. grandis. Croft et al. (2003)
made the molecular analyses without supplying any
morphologically description in his report.
In this study, a new population of U. grandis was
collected from a pound in Harbin, China. Samples
were observed in vivo, after protargol silver-staining
and by both SEM and TEM. The three-dimensional
structure of oral apparatus and the inner surface of the
cortex, including microtubules system, blood cell like
cortical granules, were illustrated by SEM for the ﬁrst
time. A new type extrusome was found by TEM. In
addition, molecular phylogeny was investigated
based on small subunit ribosomal DNA (SSU rDNA)
sequence data.

2 MATERIAL AND METHOD
2.1 Sample
identiﬁcation

collection

and

morphological

Urostyla grandis was collected on 10 Jun 2016
from a freshwater pond (45°86′N; 126°68′E) in
Harbin, Heilongjiang Province, northeastern China
(water temperature 20°C and pH 7.3). Ciliates were
maintained and cultured in Petri dishes at 20°C with
Pringsheim solution. Some rice grains were added to
promote the growth of bacteria as a food source for
the ciliate. Living observation was carried out with
bright-ﬁeld and diﬀerential interference contrast
microscopy at a magniﬁcation of (40–1 250)×. The
protargol silver-staining method, following Shi and
Frankel (1990), was used to reveal the infraciliature.
Measurements of stained specimens were observed at
a magniﬁcation of 1 250×. Systematics and
terminology are mainly according to Lynn (2008).
2.2 Analysis of molecular phylogeny
DNA extraction, PCR ampliﬁcation, and
sequencing
Genomic DNA of Urostyla grandis was extracted
from puriﬁed cells using the DNeasy Tissue Kit
(Qiagen, CA) following Gong et al. (2009). The SSU
rRNA gene was ampliﬁed using universal primers
Euk A (5′-AACCTGGTTGATCCTGCCAGT-3′) and
Euk B (5′-TGATCCTTCTGCAGGTTCACCTAC-3′)
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(Medlin et al., 1988). The ampliﬁcation cycles were
as follows: 5 min at 94°C for initial denaturation; 30
cycles of 94°C for 30 s (denaturation), 30 cycles of
58°C for 45 s (annealing), and 30 cycles of 72°C for
45 s (extension); and a ﬁnal extension for 8 mins at
72°C. The PCR product was puriﬁed using the UNIQ5 DNA Cleaning Kit (Sangon, Shanghai, China) and
inserted into the pMD19-T Simple Vector (TaKaRa,
Dalian). Escherichia coli DH 5α cells were used for
transformation, and positive clones were identiﬁed by
PCR screening using the M13-47 and M13-48
primers. Sequencing was performed in both directions
on an ABI 3700 sequencer (Invitrogen sequencing
facility, Shanghai, China) using primers M13-47,
M13-48, as well as two internal primers, namely
primer 900F (5′-CGATCAGATACCGTCCTAGT-3′)
and 900R (5′-ACTAGGACGGTATCTGATCG-3′).
Phylogenetic analyses
The SSU rRNA gene sequence of our new
population of U. grandis and 33 reference sequences
from the GenBank database were aligned using the
online server GUIDANCE with the alignment
algorithm MUSCLE (Penn et al., 2010a, b). The
automated removal of unreliable columns was carried
out using default parameters (below 0.93), yielding
an alignment of 1 720 characters. The sequence
identity matrix of ﬁve populations of U. grandis were
generated using BioEdit 7.0.0 (Hall, 1999).
Four ciliates in the subclasses Oligotrichia and
Choreotrichia were chosen as outgroups. Maximum
likelihood (ML) analyses were carried out using
RAxML-HPC2 on XSEDE v7.2.8 (Stamatakis, 2006;
Stamatakis et al., 2008) as implemented in the online
CIPRES Science Gateway server (Miller et al., 2010)
using the default model. By bootstrapping with 1 000
replicates, the reliability of internal branches was
appraised. Bayesian inference (BI) analysis was
performed using MrBayes on XSEDE v3.1.2
(Ronquist and Huelsenbeck, 2003) on CIPRES
Science Gateway with the GTR+G (0.562 7)+I
(0.574 6) model, which was chosen under the Akaike
Information Criterion (AIC) in MrModeltest v2
(Nylander, 2004). By using the default settings of a
chain length of 1 000 000 generations and trees
sampled every 100 generations, Markov Chain Monte
Carlo (MCMC) simulations were run with two sets of
four chains. The ﬁrst 25% of sampled trees were
discarded as burn-in. By using a majority rule
consensus, the posterior probabilities (PPs) were
calculated from the remaining trees. MEGA 5 (Kumar
et al., 2008) was used to visualize tree topologies.
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Table 1 Characteristics of Urostyla grandis (Harbin population)
Chracteristic

Maxmium

Minimum

M

SD

CV

Mean

n

Body length

288

165

215

43.5

19.2

226.5

10

Body width

138

72

97

23.9

22.9

104.2

10

Adoral zone, length

120

86

108

10.2

9.6

106.2

13

Macronuclear number

133

67

89

21.2

22.8

92.9

10

Adoral membranelles number

55

39

47

6.5

14.1

46.2

10

Buccal cirri number

7

4

6

1.4

24.6

5.5

10

Midventral pairs number

18

16

17

0.8

4.7

16.8

10

Transverse cirri number

13

9

9

1.8

17.3

10.6

10

Left marginal rows number

4

4

4

0

0

4.0

10

Right marginal rows number

6

6

6

0

0

6.0

10

Cirri in outermost right marginal row, number

54

42

50

3.6

7.5

48.3

18

Cirri in outermost left marginal row, number

47

34

38

4.3

11.1

38.9

18

Dorsal kineties number

4

4

4

0

0

4.0

10

All measurements in μm. CV: coeﬃcient of variation in %; M: median; SD: standard deviation; mean: arithmetic mean.

2.3 Observation of ultrastructure

3 RESULT

Scanning electron microscopy (SEM)
Samples were prepared according to the method
described by Gao et al. (2011). Ciliates were ﬁxed in
diﬀerent concentration of KMnO4 for diﬀerent
purposes: 4% KMnO4 for the whole cell preparation;
0.5% KMnO4 for breaking cells preparation. Cells
bursts and the cytoplasm overﬂows by the hypotonic
pressure of ﬁxative. After being washed with
distilled water for several times, the cytoplasm
totally removed, leaving the peeled oﬀ pellicle and
the exposed inner face. Then the samples were
dehydrated, critical-point dried, and gold sprayed by
conventional method (Gao et al., 2011). In the last
step, ciliates were observed using scanning electron
microscopy under 5.00 KV (SEM; HITACHI
S-3400).
Transmission electron microscopy (TEM)
According to the method described by Gu et al.
(2002), samples were ﬁxed with 2% OsO4 and 5%
glutaraldehyde miscible liquids at 4°C for 30 min.
Cells were washed with the sodium cacodylate and
gradient acetone dehydration for several times and
then embedded with an Epon 812 and polymerized at
40°C for 20 h and at 60°C for 48 h. The embedded
samples were then ultrathin sectioned and stained
with uranyl acetate and lead citrate. At last, they were
led for transmission electron microscopy (TEM)
observation and photography under 100 KV (FEI
TECNAI G2).

3.1 Morphological identiﬁcation of live and silverstained specimens (Fig.1; Table 1)
Description of Harbin population: The body size
was (165–288)×(72–138) μm in vivo; the body
outline was elliptical, with a convex left margin and
straight to concave right margin. Both of the anterior
and posterior body ends were broadly rounded, while
the posterior end curved slightly rightward. About
67–133 macronuclei were found. Contractile vacuoles
were found left of the proximal portion of the adoral
zone of membranelles (AZM). The cortical granules
were about 0.5–1 μm in diameter and colorless, and
were found on the ventral side in groups of 2–3
granules near each cirrus (Fig.1b, black arrow); on the
dorsal side, they were arranged in oblique longitudinal
rows (Fig.1e). Somatic cilia about 8 μm long in life.
Cytoplasm colourless to slightly grey. Movement
slowly sliding.
The AZM occupied one-third of the body length,
and comprised of 55–39 membranelles (Fig.1d).
Undulating membranes (UM) were long and curved,
which intersected optically slightly below the equator
of cell. A row of about three buccal cirri was likely
present (Fig.1i). Slightly enlarged cirri arranged in a
bicorona were present. Some smaller cirri were
observed between the buccal cirral row and the
anterior portion of the midventral complex. The
midventral complex comprised cirral pairs (shown in
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Fig.1 Urostyla grandis in vivo (a–c, e) and after protargol staining (d, f–i)
a. ventral view of a representative individual; b. ventral view, to show cortical granules (black arrow) near each cirrus and trichite extrusomes (white arrow);
c, d. adoral zone of membranelles (arrows); e. cortical granules arranged in longitudinal rows (arrow); f. dorsal kineties (arrows); g. ventral view, arrows
denote midventral complex with cirral pairs in posterior portion of body; h. posterior part of cell, arrows show transverse cirri; i. anterior part, to show buccal
cirri (arrows). Scale bars: 60 μm (a, d); 3 μm (b, e); 20 μm (c); 30 μm (f, g, h, i).

Fig.1g). Thirteen transverse cirri, arranged in a
slightly oblique and subterminal row, are projecting
slightly beyond the rear body end (Fig.1h). About
20 μm in life. Six right marginal rows and four left
marginal rows were found in the ventral side. Three
dorsal kineties were visible in specimens shown in
Fig.1f. Dorsal bristles about 4 μm long in life.
3.2 Molecular phylogeny based on SSU rRNA gene
sequence analyses (Fig.3; Table 2)
The SSU rRNA gene sequence of the Harbin
population of U. grandis was deposited in GenBank
with the accession number KC894729. The length
and G+C content of the new sequence were 1 767 bp

Table 2 SSU rRNA gene sequence similarity of diﬀerent
populations of Urostyla grandis
Population

U. grandis
Korea pop

Shanghai pop

USA pop

Shanghai pop

0.944

USA pop

0.998

0.943

USA pop

1.000

0.944

0.998

Harbin pop

0.994

0.940

0.994

USA pop

0.994

and 44.29%. The SSU rRNA gene sequence similarity
of four populations of U. grandis is shown in Table 2.
The sequence similarity between the new population
found in Harbin, China and other populations ranged
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Fig.2 Ultrastructures of Urostyla grandis using both SEM (a-c, e-i, k, m ) and TEM (d, j, l, n)
a. ventral view of the typical individual; b. external morphology of cell after breaking and washing oﬀ the cytoplasm; c. the curly membranelle of oral apparatus;
d. mucocyst-like extrusome; e. the ﬁrst microtubule system. Arrows show the ﬁshnet-like microtubules; arrowheads show the paralleled microtubules; f.
the inner microtubule system of oral apparatus. Arrows show the ﬁrst microtubule system, which contains the ﬁshnet-like microtubules and paralleled
microtubules. Arrowheads show the second microtubule system; g. cortical granules appeared as blood cell; h. The inner surface of the membranelle of
oral apparatus; i. m. the branches of the second microtubule system; j. cross-section of trichite extrusomes (arrows); k. heads of the extrusomes outside
cell surface; l. cross-section of the inner microtubule system of oral apparatus. Arrows show the paralleled microtubules; Arrowheads show the second
microtubule system; n. longitudinal-section of trichite extrusomes. Scale bars: 100 μm (a); 50 μm (b); 5 μm (c, e, m); 0.5 μm (d, n); 10 μm (f, k); 1 μm (g,
h, j, l); 2.5 μm (i).

from 0.94 to 0.994, which supports the morphological
identiﬁcation of the new population.
The topologies of the SSU rDNA trees constructed
using BI and ML analyses were almost identical,
therefore only the ML tree is presented here with
support values from both algorithms (Fig.3). Four
well-supported, clearly separated clades of core
urostylids were recovered in both the BI and ML
trees. The Harbin population and the other four
populations of U. grandis grouped together in the
clade II branch of core urostylids with full support
(ML 100%, BI 1.00); this is consistent with the
morphological classiﬁcation.

3.3 Ultrastructure descriptions based on SEM and
TEM observations
SEM and TEM were combined to study the
subpellicular ultrastructure of U. grandis.
Firstly, the three-dimensional structure of oral
apparatus beneath the cortical was illustrated (Fig.2f).
The ﬁrst microtubule system spread around the root
of AZM and separated into two parts (Fig.2e). The
ﬁrst part, ﬁshnet-like microtubules system, situates on
the left of cell along the left margin of the oral
apparatus (Fig.2e, arrows). The second part, paralleled
transverse microtubules projecting from the ﬁrst part,

No.1

CAI et al.: Descriptions of a new population of U. grandis

261

SSU rDNA
ML/BI

Oxytrichids-stylonychids

0.02

Clade II

Clade III

Core Urostylids

Clade I

Clade IV

Oligotrichia
Choreotrichia

Fig.3 Maximum likelihood (ML) phylogenetic tree based on the small subunit rRNA gene sequences of Urostyla grandis and
other spirotrichs.
Numbers at the nodes represent the bootstrap values of ML analyses and posterior probability of BI analyses. Fully supported (100%/1.00) branches
are marked with solid circles. Asterisk (*) represents disagreement between BI and the reference ML tree. The scale bar corresponds to 2 substitutions
per 100 nucleotide positions. Species newly sequenced in the present study is shown in bold and with an arrow.

each of which is about 0.6 μm in diameter (Fig.2e,
arrowheads).
These
paralleled
microtubules
constructed a rib-like structure for paroral membrane
(PM) (Fig.2l, arrows).
The second microtubule system started from the
left top of oral apparatus with three bulky microtubules,
each one consisted of bundles of microtubules, which
was about 1 μm in diameter (Fig.2f, arrowheads).
Every bulky microtubule forms 3–4 branches after
crossing the oral apparatus and extends to the right
margin of cell. These branch microtubules interweave
together to shape a tree root-like structure (Fig.2i, m).
Above SEM discovery also was supported by TEM
(Fig.2l).
Secondly, two types of extrusomes were found.
One is trichite extrusomes and the other is mucocyst-

like extrusomes (Fig.2d, j, k, n). The mucocyst-like
extrusomes distributed widely under the pellicle
were about 0.5 μm in diameter, long elliptical shape
with two parts: the head and the body (Fig.2d). The
trichite extrusomes have three elastic parts: the
outerest part was lowest density in three parts and
wrapped whole extrusome, the second part situated
at the top was the highest density and the third part
located at the bottom (Fig.2j, n). Heads of these
extrusomes outside the cell surface were illustrated
clearly by SEM (Fig.2k).
At last, some other structures were also showed by
SEM including some blood cell like cortical granules,
0.5–1 μm in diameter (Fig.2g). The inner surface of
the membranelle of oral apparatus with rich
microﬁbers (Fig.2c, h).
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4 DISCUSSION
4.1 Comparison of the Harbin population with
other populations of U. grandis in morphological
characteristics
So far, four populations of U. grandis have been
well described, as follows: (i) Song and Wilbert
(1989) reported a population from a eutrophic pond in
Germany; (ii) Ganner (1991) described two
populations: population 1 was from the River Oichten
and population 2 was from the Salzach River in
Austria; and (iii) Shin (1994) analyzed specimens
from limnetic habitats in western South Korea.
It is accepted that the most important criteria for
species identiﬁcation and separation in U. grandis are
the body size, the number of adoral membranelles,
marginal rows and various cirri (Song and Wilbert,
1989; Ganner, 1991; Shin, 1994). Harbin population
can be separated from other population by: 1) body
sizes [(165–288)×(72–138) μm in the present work
vs. of (162–238)×(72–108) μm in Song and Wilbert
(1989) vs. (242.5–330.0)×(92.5–132.5) μm in Ganner
(1991) vs. (170–298)×(87–125) μm in Shin (1994)];
2) The number of macronuclear nodules: [67–133 in
the present work vs. 72–142 in Song and Wilbert
(1989) vs. 125–227 in Shin (1994)]. 3) The number of
adoral membranelles: [39–55 in our study vs. 53–60
in Song and Wilbert (1989) vs. 52–69 in Ganner
(1991) vs. 43–64 in Shin (1994)]. 4) The number of
buccal cirri: [4–7 in the present work vs. 4–10 (Song
and Wilbert, 1989) vs. 7–11 (Ganner, 1991) vs. 6–8
(Shin, 1994)]. 5) The number of transverse cirri: 9–13
in the present work vs. 8–13 in (Song and Wilbert,
1989) vs. 9–15 in (Ganner, 1991) vs. 7–13 in (Shin,
1994)]. 6) Left marginal rows: 4 in present study vs.
6–8 in (Song and Wilbert, 1989) vs. 4–7 in (Ganner,
1991)]. 7) Right marginal rows: [six in the present
work vs. 6–8 in (Song and Wilbert, 1989) vs. 5–7 in
(Ganner, 1991)]. 8) The number of dorsal kineties: 4
in our study vs. 3–4 in (Song and Wilbert, 1989) vs.
3–4 in (Ganner, 1991) vs. 3 in (Shin, 1994)].
The morphological characters of the Harbin
population correspond well with those of populations
(i) to (iii), thus our Harbin population can be identiﬁed
as U. grandis with no doubt. Nevertheless, we believe
these diﬀerences to be conspeciﬁc.
4.2 SSU rRNA gene sequence analyses
The sequence similarity between the population
found in Shanghai, China and other populations
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ranges from 0.940 to 0.944, which is much lower than
those between other populations (around 0.99; Table
2); the phylogenetic tree also shows a relatively long
branch of this population (Fig.3). These may be the
result of the direct PCR product sequencing of the
Shanghai population, which resulted in errors at the
beginning and the ending of the sequence and made a
major contribution to the low similarity (Li et al.,
2008). The high similarities of SSU rRNA gene
sequence show the close relatedness among diﬀerent
populations, and indicates that the SSU rDNA
sequence is very stable and conservative.
4.3 Ultrastructure of Urostyla grandis
There are only a few ultrastructural data can be
found in several reports of U. grandis populations, e.
g. Suganuma and Inaba (1966, 1967), Ruthmann and
Noll-Altmann (1980), Bardele (1981), Preisig et al.
(1994), Zhang et al. (2007) and Zhao et al. (2009).
Inaba and Suganuma (1966) investigated the nuclear
apparatus and macronuclear division with electron
microscopy. Ruthmann and Noll-Altmann (1980)
found that the cytoplasm of U. grandis contains
numerous bacteria. The cilia of membranelles and
cirri were observed to be covered by a perilemma
(Bardele, 1981; Preisig et al., 1994). Zhang et al.
(2007) described the mucocysts of U. grandis as
investigated using SEM and TEM. Diﬀerences of
microtubular, macronuclei and cytoplasmic organelles
of the ciliate under diﬀerent physiological status were
revealed using TEM by Zhao et al. (2009).
4.3.1 The inner microtubule system of oral apparatus
The cirral patten and oral apparatus of U. grandis
were investigated using SEM by Berger (2006). The
oral apparatus consists of three parts: adoral zone of
membranelles, endoral membranelles and paroral
membranelles. A three-dimension structure of the
inner microtubule system of oral apparatus and
organelles beneath the pellicle had never been
reported before. In this paper, a clear inner microtubule
system of oral apparatus is reported for the ﬁrst time,
additionally, we found that the inner microtubule
system of oral apparatus mentioned above also
consists of three parts. This result suggests that the
swallow behavior of Urostyla sp. might be controlled
by both external and internal structures of the oral
apparatus, and external structures of the oral apparatus
are tightly connected with the inner microtubule
system.
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So far, the investigation of the oral apparatus of
ciliate only been reported in few species including
Paramecium caudatum, Chilodonella cullulus,
Tetrahymena vorax, Stylonychida mytilus (Allen and
Staehelin, 1981; Smith-Somerville and Buhse, 1984;
Sui et al., 2001). Moreover, the oral apparatus of
Tetrahymena has been regarded as a useful model for
the study of the formation, positioning, and
functioning of microtubules and ﬁlament systems in
ciliated protozoans (Sattler and Staehelin, 1976,
1979; Smith, 1982; Smith-Somerville and Buhse,
1984).
In Tetrahymena vorax, the microtubule system of
the oral apparatus can be divided into four parts,
namely ﬁne ﬁlamentous reticulum (FFR), ﬁbrillary
sheets, oral rib region, and cross-connective structure
(connection between FFR and ﬁbrillary sheets). As
ﬁbrillary sheets collecting the food, the FFR
contracted and draw the oral rib walls toward the
anterior and left sides. At the same time, the left and
anterior portions of the other wall, lined by extensions
of oral ribs, would be pulled (Smith-Somerville and
Buhse, 1984). According to our new discovered
features using SEM and TEM, the structure and
mechanism of the oral apparatus in U. grandis are
obviously diﬀerent from those of Tetrahymena
species.
4.3.2 The extrusomes and other structures
Zhang et al. (2007) have reported that mucocyst
was one type of extrusome in U. grandis, which was
a long ellipsoid organelle and containing three parts:
head, body and tail. In this study, we found that there
is another type of extrusome besides the mucocyst.
Referred to the description from Rosati and Modeo
(2003), we consider the new extrusome to be a type of
trichite. In addition, blood cell like cortical granules
and the inner surface of membranelle of oral apparatus
with microﬁbers were illustrated for the ﬁrst time in
this paper.

5 CONCLUSION
A ciliate specimen collected from a pound in
Harbin were identiﬁed and described. The morphology
observation by normal taxonomy method and
phylogenetic analyses based on SSU rRNA gene
sequence supported it was a new population of U.
grandis. Moreover, observation on the ultrastructural
level provided the complementary data for taxonomic
studies of this species, and theoretical support for the
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possible ingestion mechanism of the ciliates oral
apparatus.
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The original data of SSU rRNA gene sequence of
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the GenBank under the accession number KC894729.
The sequences for all other isolates are available from
GenBank with the accession number shown in Fig.3.
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