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Myostatin (MSTN), a member of the transforming growth factor (TGF)-beta family, is a potent neg-
ative regulator of skeletal muscle growth and maintenance. The MSTN prodomain inhibits MSTN bio-
logical activity. The rotifer Brachionus rofundifornis is an excellent primary live feed for fish larvae in
aquaculture; however, it is not known whether the rotifer expresses MSTN and the MSTN prodomain
along with its activity. The objective of this study was to examine the effects of recombinant MSTN
prodomains. Individual cultures of the rotifer B rotundiformis were carried out to determine the effect
of recombinant MSTN prodomains (pMALc2x-poMSTNpro and pMALc2x-sMSTNpro) on the pre-re-
productive phase, reproductive phase, post-reproductive phase, offspring, lifespan, fecundity, and
male ratio. In addition, a population culture of the rotifer was performed to confirm the effects of
PMAL2x-poMSTNpro and pMALc2x-sMSTNpro on population growth. The results showed that the
rotifer treated with pMALc2x-pMSTNpro had a reduced pre-reproductive phase at higher concen-
trations (1, 2, and 4 pg/ml) compared to the non-treated control group. Moreover, the pMALc2x-
sMSTNpro treated rotifer effectively decreased the pre-reproductive phase at a lower concentration
(025 pg/ml) compared to the pMALc2x-pMSTNpro treated and control group. Interestingly,
PMALc2x-poMSTNpro and pMALc2x-sMSTNpro significantly increased the population of B

rotundiforns.
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Introduction

Myostatin (MSTN), a member of the TGF (transforming
growth factor)-beta family, is a potent negative regulator of
skeletal muscle growth and maintenance [20] by suppressing
proliferation and differentiation of myoblasts [18,32].
Mutations of MSTN gene have been reported to cause dra-
matically increased muscle mass in a variety of mammals,
including cattle breeds [13,21,27], mice [29,37], sheep [5],
dogs [22] and recently even in human [26]. These are sug-
gests that the biological functions of MSTN are conserved
in mammals.

Various studies indicate that MSTN forms a disul-
fide-linked dimer like many other members of the TGF-f3
superfamily [13,20,31]. The cleaved propeptide molecule is
remains by non-covalently bound to the dimer mature do-
main, forming a latent complex and resulting in inhibition
of the biological activity of MSTN by inhibiting MSTN

binding to ActRIIB receptors [18,31]. The metal-

*Corresponding author
Tel : +82-33-640-2349, Fax : +82-33-640-2340
E-mail : hj-jin@gwnu.ac kr

loproteinases of born morphogenetic proteins-1/tolloid
(BMP-1TLD) activate MSTN by proteolytic cleavage of pro-
domain [33]. Study of the effect of MSTN prodomain has
also shown that more than 70% of MSIN circulates in
mouse serum as a latent complex containing MSTN prodo-
main, which maintains the C-terminal dimer in a latent, in-
active state [12]. The importance of MSTN prodomain for
mature MSTN activity was further demonstrated in trans-
genic mice over-expressing the MSTN prodomain, which
showed a dramatic muscling phenotype with a 17-30% in-
crease in body weight [35].

MSTN function is well documented in mammalian spe-
cies, role of MSIN in fish and microalgae is less known.
In contrast to mammals and chicken, fish possess two dis-
tinct MSTN genes with differential expression [24].
Moreover, although the mature MSIN in fish is 109 amino
acids and its sequence is highly conserved compared to oth-
er vertebrates and fish species [14]. By contrast, MSTN pro-
domain varies between fish species in its length and its ami-
no acid sequence [19,30]. MSTN not only inhibits skeletal
muscle growth, but also plays important roles in main-
tenance of homeostatic tissue growth, osmolality regulation,



and reproductive tissue function in fish [25]. A few recently
studies, using transgenic zebrafish of overexpressing the
MSIN prodomain [34], morpholino injections [3] and RNA
interference [1] strongly suggest that MSTN inhibit muscle
growth in fish as in mammals. Thus availability of fish pro-
domain is used for studies that elucidating the physiological
role of MSIN in fish.

The invertebrate rotifer belongs to the Lophotrochozoa
and used worldwide as the primary live feed for the initial
larval stages of marine fish. They also have been used as
models in ecotoxicology and population dynamics because
of sensitivity against the chemical substance which in-
troduced into aquatic environment, rapid population growth
and easy culture [2,11,23,36]. The monogonont rotifer
Brachionus rofundiformis is ability to reproduce both asexually
and sexually. In asexual or amictic reproduction, amictic fe-
male produces amictic eggs that are diploid (2N) and hatch
only into amictic females via ameiotic parthenogenesis,
whereas in sexual or mictic reproduction, female produces
haploid (N) eggs via meiosis. These eggs will develop into
haploid males but if fertilized they will become diploid rest-
ing eggs that undergo dormancy, eventually hatching as
amictic females.

In zooplankton rotifers, presence and function of MSTN
is not known. Thus, this study was designed to investigate
the effect of two fish species (Paralichthys olivaceus and
Sebastes schlegell) derived recombinant MSTN prodomains
(pPMALc2x-pMSTNpro  and pMALc2x-sMSTNpro,  re-
spectively) on rotifer B rotundiformis pre-reproductive phase,
reproductive phase, post-reproductive phase, offspring, life-
span, fecundity and male ratio by individual culture. And
flask culture of the rotifers performed to confirm the effects
of pMALc2x-poMSTNpro and pMALc2x-sMSTNpro on its
population growth.

Materials and Methods

Rotifers

The zooplankton rotifers used in these experiment are
Brachionus rotundiformis (S type), Uljin strain, which were
continuously cultured in the live food lab, Faculty of Marine
Bioscience and Technology, Gangneung-Wonju National
University, Korea. Rotifers were cultured in 15 psu seawater
at 28°C under constant fluorescent illumination 1,000 lux.
Freshwater Chlolella, C/lolella vugaris was fed to B rofund-
formis every two days for 7x10° cells/ml.
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Recombinant protein expression and purification

Two fish species (Faralichthys olivaceus and Sebastes schlege-
f) recombinant MSTN prodomains (pMALc2x-poMSTNpro
and pMALc2x-sMSTNpro, respectively) were expressed and
purified as previously described [16,17]. Purified recombi-
nant MSTN prodomains were dialyzed in Tris-HCl (pH 7.0)
and freeze dried. And it was stored at -80°C deep freezer.

Reproduction test

Recombinant MSTN prodomains were investigated the ef-
fect on reproduction of rotifer. Rotifers were pre-cultured
to acquire enough population. Rotifers which having eggs
were chosen from the batch culture population, transferred
to 6-well culture plate containing 15 psu seawater and cul-
tured at 28°C incubator without changing the medium. The
hatched neonates (age<2 h) were used for the individual
culture. Individual neonates were transferred into 24-well
culture plate containing 1 ml of 15 psu seawater and re-
combinant MSTN prodomains. Tested concentrations of re-
combinant MSTN prodomains were 0 (control), 0.25, 0.50,
0.75, 1, 2, and 4 pg/ml. Because Tris-HCl (pH 7.0) buffer
was used as a solvent, solvent control was included in all
experiments. After 12 h, treated of recombinant MSTN pro-
domains the rotifers were observed every hour and recorded
the time of appearance the first egg (pre-reproductive
phase). Eggs hatched, offspring were transferred to new cul-
ture well without recombinant proteins to avoid confusing
them with mother during subsequent observations. The fe-
cundity, offspring and male ratio were counted every day
until in all experiments rotifers died. Based on the ex-
perimental data, reproductive phase, post- reproductive
phase and lifespan were calculated. Duncan’s multiple range
test using SPSS was conducted to identify significant differ-

ences (7<0.05) among treatments.

Population culture

Flask cultures were inoculated 50 ml of 15 psu water con-
taining 5 rotifers/ml and incubated at 28°C incubator under
darkness without changing the medium. Recombinant
MSTN prodomains were 0 (control), 0.5, 1, 2 and 4 pg/ml
and Tris-HCI (pH 7.0) buffer was used as a solvent control.
In order to confirm the recombinant proteins effects on pop-
ulation growth, rotifers were counted every other day until
day 8. All experiments were in triplicates. Duncan’s multiple
range test using SPSS was conducted to identify significant
differences (p<0.05) among treatments.
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Results and Discussion

In order to investigate the impacts of recombinant MSTN
prodomains on rotifer reproduction, recombinant MSTN
prodomains of various concentrations were treated on iso-
lated individuals. Rotifer (B. rofundiformis) treated with 1, 2,
and 4 pg/ml pMALc2x-poMSTNpro was significantly short-
ened the time of appearance the first egg (pre-reproductive
phase) compared to that of non-treated one, but low concen-
trations 0.25, 0.50, and 0.75 pg/ml of pMALc2x-poMSTNpro
had no significant effects. In pMALc2x-poMSTNpro treated
rotifer, lifespan was shortened and percentage of male was
increased overall in dose-dependently. Especially,
PMALc2x-poMSTNpro at 4 ug/ml resulted in a significantly
decrease in reproductive-phase, fecundity and offspring.
However, there were no significant difference in re-
productive phase, post-reproductive phase, offspring, life-
span and fecundity with pMALc2x-poMSTNpro treatments

except at 4 pg/ml concentration and control groups (Table

1). Also, pMALc2x-sMSTNpro was significantly effective in
pre-reproductive phase from 0.25 pg/ml to 4 pg/ml com-
pared to those of pMALc2x-poMSTNpro treated groups and
control ones. And reproductive phase, offspring, lifespan
and fecundity of pMALc2x-sMSTNpro treated groups were
increased than those of the control ones. The percentage of
male in pMALc2x-sMSTNpro treated rotifer groups was in-
creased in dose-dependently like that of pMALc2x-
poMSTNpro. But no significant difference in post-re-
productive phase (Table 2).

To determine the effects of two recombinant MSTN pro-
domains on its population growth, flask culture of the rotifer
(B. rotundiformis) was carried out. pMALc2x-poMSTNpro
and pMALc2x-sMSTNpro had a significant effect on the
population growth of rotifer B rofundiformis. The increase
in population growth by 0.5 ug/ml pMALc2x-poMSTNpro
treated (300+8.82 and 446.67121.43 individuals/ml for day
4 and day 6, respectively) (Fig. 1 and 2) and 1 pg/ml
PMALc2x-sMSTNpro treated (297.78+50.04 individual/ml

Table 1. Effects of pMALc2x-poMSTNpro on reproduction and life cycles of Rotifer, B rofundiformis

C}(Zilc\iigft};?s Pre-reproductive Reproductive Post-reproductive  Offspring Life pan Fecundity Male ratio
(ug/ml) phase (hr) phase (day) phase (day) (ind.) (day) (+%) (%)
Control 27.8+0.57° 6.8+ 0.52¢ 2.5+0.39° 92+1.09%  10.1+ 0.41% 14.1£1.72%  0.0£0.00°

Tris buffer 24.1+0.67° 6.6+ 0.34% 2.7+0.39° 96+0.65% 103+ 0.44 1354092 0.0+0.00°
0.25 24.9+0.43° 5.7+ 0.29%¢ 25+0.27° 6.8+ 0.52% 93+ 031°¢  104+081™  0.0£0.00°
0.50 24.5+0.50° 5.8+ 0.42%¢ 21£023° 71+0.86™ 8.8+ 0.40™ 102032 2.0£0.10°
0.75 23.1+0.63™ 5.0+ 0.36° 23+0.29° 6.3+0.48" 8.3+ 0.32° 88+0.85°  8.0+0.35

1 19.8+0.21° 6.5+ 0.35% 1.9+0.25° 11.0+ 0.99° 92+ 039°¢  158+145°  8.8+0.25°
2 19.7+0.22° 54+ 0.44% 2.0+0.19° 83+085™ 82+ 048" 11.6+1.33%¢  9.0+0.50°
4 22+117° 3.3+ 0.43° 2.3+0.40° 384045 6.5+ 0.59° 48+0.60°  15.0+0.42¢

*Values (meantS.E. n=24) in the same column not sharing a common superscript are significantly different (7<0.05). Control contained

food suspension only, without recombinant protein.

Table 2. Effects of pMALc2x-sMSTNpro on reproduction and life cycles of Rotifer, B rotundiformis

coilhfesgtlli}iir;ns Pre-reproductive Reproductive Post-reproductive  Offspring Life span Fecundity Male ratio
(ug/ml) phase (hr) phase (day) phase (day) (ind.) (day) (+%) (%)

Control 21.9+0.69° 49+051° 2.0+0.23° 33+0.61° 7.6+ 0.46° 44+087  0.0+0.00°

Tris buffer 19.5 +0.42¢ 50+ 051° 1.8+0.27° 28+0.26" 7.6+ 0.44° 40+040°  0.0+0.00°

025 19.2 +0.51>¢ 9.4 + 047 2.0+0.23° 135+1.73% 122+ 051° 20.1+257°  1.0+0.02°

050 17.9 +0.49° 9.3+ 0.46° 1.8 +0.17° 23.0+1.75' 11.9 £ 0.44° 33.6+250°  1.2+0.05°

0.75 18.2+0.62 85+ 051™ 1.6+0.16° 1734173 108+ 0.56™ 25342619 20+0.25

1 17.3+0.45" 8.4+ 0.63™ 1.8+0.25° 1374101  11.0+ 0.69™ 19.7+157°  3.0+0.50%

2 18.1+0.46™ 83 +0.60" 1.7+0.19° 133+122° 109+ 057 189+1.80°  35+0.22¢

4 17.7 +0.45% 75+ 063" 1.6+0.16° 10.5 +0.85" 9.8+ 0.67° 145+130° 55035

*Values (meanS.E. n=24) in the same column not sharing a common superscript are significantly different (£<0.05). Control contained

food suspension only, without recombinant protein.
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Fig. 1. Population growth of B. rofundiformis treated with
PMAL2x-poMSTNpro at various concentrations. Level
of significant difference (*p<0.05) of each treatment
compared with the control on the same day is indicated
top of the bars. All experiments were in triplicates.
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Fig. 2. Population growth of B .rofundiformis treated with
PMALc2x-sMSTNpro at various concentrations. Level
of significant difference (*7<0.05) of each treatment
compared with the control on the same day is indicated
top of the bars. All experiments were in triplicates.

for day 4) was significantly greater than that by control
(227.78+7.78 and 304.44£29.90 individuals/ml, day 4 and
day 6, respectively) (Fig. 2).

The switch from asexual to sexual reproduction is trig-
gered by external signals which excreted into the medium
by the rotifers themselves as quorum sensing in bacteria [15].
A 39 kD amixis inducing protein (MIP) was isolated that
the 17N-terminal amino acids of this protein were strong
similarity to a steroidogenesis inducing protein reported
from human follicular fluid [28]. Thus MIP likely acts an
important role in steroidogenesis, probably by binding to
a membrane receptor that triggers a signal transduction. As
the rotifer signal transduction molecules were through to be
similar to hormones characterized in other animals, this led
to an examination of several animal hormones for their effect
on the rotifer B plicatilis [6-10]. These authors investigated
the effects of vertebrate growth hormone, human chorionic
gonadotropin, 17B-estradiol, and triiodothyronine, as well as
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the insect steroid 20-hydroxyecdysone, 5-hydroxytryptamine
(5-HT or serotonin) and gamma aminobutyric acid (GABA)
and juvenile hormone on rotifer sexual female production
and body size. Juvenile hormone significantly increased the
rate of mixis to about 30% from a 10% rate in the control
when exposed at 0.05 and 0.5 ug/l, but at concentrations
of 50 mg/1 mixis rates significantly decreased compared to
controls. It was reported that increase of the mixis rate in
individual rotifer cultures from 4% in controls to 8% in the
F2 generation of females exposed to 5 and 50 mg/1 juvenile
hormone. They showed that exposure to 50 mg/l 17 8
-estradiol increased the mixis rate to about 2-fold compared
to controls, but lower concentrations had no effect. GABA
at 50 mg/1 increased rotifer asexual reproduction in stressful
environmental conditions such as low food and high free
ammonia levels as in mass cultures. In contrast, 5-HT en-
hanced sexual reproduction.

In this study, capacity of recombinant MSTN prodomains
to impact rotifer reproduction also was examined. Treatment
of recombinant MSTN prodomains for rotifer resulted in
shortened the time of pre-reproductive phase and also ob-
served reproductive effects in lifespan and percentage of
male in dose-dependently compared to those of control one.
These results propose that the shorter pre-reproductive
phase attribute to promote the reproductive cycle in the ini-
tial growth of B rofundiformis, further it will be increase the
population numbers. So, the growth promoting activity of
recombinant MSNT prodomains on B rofundiformis was
measured and the results showed a significantly increase on
the population growth of rotifer B rotundiformis by them.
Most rotifers have mechano- and chemoreceptors, which are
sensitive to environmental stimulations and in direct contact
with external medium [4]. Even if the molecular weights of
recombinant MSTN prodomains are large, if they have a re-
ceptor in B. rotundiformis, then would have an effect. These
observations of significant biological effects by exposure of
recombinant MSTN prodomains on B. rofundiformis, suggest
the presence of the MSTN signaling cascade in rotifers that
regulates reproduction and growth. But presence of MSTN,
receptors and molecular mechanisms are yet unknown,
therefore to understand the effects of MSTN on B. rofund-

formis, more studies are needed.
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