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Abstract Viable cell count was used to determine whether Metschnikowia sp. C14 can colonize the intestine of juvenile sea cu-
cumber Apostichopus japonicus. Sea cucumber individuals were divided into two groups, which were fed the control diet for 38 days
or the C14-supplemented diet at 10°cells g ' diet for 28 days, then the control diet from day 29 to day 38. The number of C14 cells in
the intestine of sea cucumber fed the C14-supplemented diet significantly increased from day 7 to day 28, and decreased from day 29
to day 38. Sea cucumber fed with the diet containing C14 showed a significant increase in trypsin activity and lipase activity from
day 21 to day 33 compared with the control. Feeding C14 significantly improved the phagocytic activity and respiratory burst in
coelomocytes from day 21 to day 35 and from day 14 to day 38, respectively. In addition, there was an obvious enhancement in ly-
sozyme activity (from day 21 to day 38 or day 33), phenoloxidase activity (from day 21 to day 28) and total nitric oxide synthase
activity (from day 14 to day 38) in coelomic fluid supernatant and/or coelomocyte cell lysate supernatant compared with the control.
There were significant positive correlations between the number of C14 cells colonizing the intestine and trypsin activity of the intes-
tine, lysozyme activity of the coelomic fluid supernatant and coelomocyte lysate supernatant from sea cucumber. These data sug-
gested that the number of C14 cells should be maintained at 10’ cfu (colony-forming units)g ' intestine material for the maximum
benefit.
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1 Introduction

Probiotics are live microorganisms that can benefit the
health of the host (FAO/WHO, 2001). For the aquatic ani-
mals, the beneficial effect may be reached by various me-
chanisms including, for example, nutritional complement,
improvement of the digestibility of feed, enhancement of
innate immunity, antibacterial activity, stimulation of bio-
logical processes, improvement of the quality of the water
among others (Verschuere et al., 2000; Prado et al., 2010;
Newaj-Fyzul et al., 2014). In recent years, bacterial and
yeast probiotics such as Bacillus subtilis (Zhao et al., 2012),
Bacillus sp. BC26 (Liu et al., 2013), B. baekryungensis
(Yan et al., 2014a), B. cereus (Yang et al., 2015; Zhao et al.,
2016), the mixture of B. subtilis and B. cereus (Li et al.,
2015), Hanseniaspora opuntiae (Ma et al., 2013, 2014),
lactic acid bacteria (Li et al., 2018), Metschnikowia sp.
(Liu et al., 2012; Yang et al., 2014), Paracoccus marcusii
(Yan et al., 2014b), Pseudoalteromonas elyakovii (Chi et al.,
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2014), Rhodotorula benthica (Wang et al., 2015), R. mu-
cilaginosa (Zhang et al., 2017), Rhodotorula sp. (Yang
et al., 2015a, 2015b), Shewanella japonica (Chi et al.,
2014), Vibrio sp. (Liu et al., 2017) and Vibrio tasmaniensis
(Chi et al., 2014) have been demonstrated to improve
growth, digestive enzyme activity and immune response
of sea cucumber Apostichopus japonicas, and enhance
their resistance to pathogen attack. In addition, dietary ad-
ministration of probiotics do not affect significantly the
intestinal microbiota of sea cucumber (Ma et al., 2018,
2019). Analysis of gut microbiota revealed a significant
difference in the relative abundance of Lactococcus gar-
viaeae between diseased and healthy sea cucumbers (Zhang
et al., 2018). The intestinal microbiota homeostasis of sea
cucumber can be improved by probiotics (Yang et al.,
2017).

Several studies have applied different feeding durations
varying between 7 and 45 days to improve the immune res-
ponse in sea cucumber (Liu et al., 2012; Ma et al., 2013;
Chi et al., 2014) though the reason for choosing different
durations is not clear. Three strains of marine yeast have
been confirmed to be capable of colonizing in sea cucum-
ber intestine for at least 31 days after cessation of feeding
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following 15 days of administration (Ma et al., 2014; Yang
et al., 2014; Yang et al., 2015a). In the South African aba-
lone Haliotis midae, there is a positive correlation between
yeast/bacterium quantity and enzyme activity (Macey and
Coyne, 2006). The yeast Metschnikowia sp. C14 was ori-
ginally isolated from the intestine of healthy adult sea
cucumber (Liu ef al., 2012). It can effectively colonize the
juvenile sea cucumber intestine via dietary supplementa-
tion and improve their specific growth rate and digestive
enzyme activity (Yang et al., 2014) and immune response
and resistance to pathogen infection (Liu et al., 2012).
Nevertheless, no information is available for the correla-
tion between the number of probiotic cells in sea cucum-
ber intestine and the probiotic effect. Therefore, the aim
of this study was to determine the effect of C14 with dif-
ferent feeding durations on digestive enzyme activity and
immune response of sea cucumber.

2 Materials and Methods

2.1 Yeast and Diet Preparation

The yeast C14 was cultured overnight in yeast-peptone-
dextrose (YPD) broth at 25°C with constant shaking. The
cellular suspension was centrifuged at 1000 x g and 4°C for
10min with the pellet washed and re-suspended in 0.9%
NaCl. The concentration of the yeast suspension was ad-

justed to about 10°cellsmL ™" using a haemocytometer slide.

The formulation and proximate composition of the control
diet were prepared following the method described by Liu
et al. (2012). Suspension was added to the control diet
and mixed thoroughly to achieve 1x 10°cellsg ', which
was prepared each day to guarantee the vitality of C14.
Selection of the C14 dose in the diet was based on the
data documented previously (Liu et al., 2012).

2.2 Feeding Trail

Sea cucumber individuals purchased from a commer-
cial farm were acclimated to the rearing condition for two
weeks. Then selected sea cucumber individuals with simi-
lar size (0.92+0.01 g) were randomly distributed into six
plastic tanks (100 L), 100 each. Sea cucumber in three
tanks was fed the C14-supplemented diet for 28 days, then
the control diet from day 29 to day 38 while the animal in
other three tanks was fed the control diet for 38 days. Sea
cucumber was fed once a day at 16:00. Water temperature
ranged from 17°C to 22°C, salinity from 33 to 34 and acid-
ity from pH 7.8 to 8.2. Dissolve oxygen was maintained at
or near saturation by aeration via air stones. Fifty liters of
water each tank was replaced with fresh seawater every
day.

2.3 Sample Collection

After the start of feeding, ten sea cucumber individuals
each tank were randomly sampled for enumeration of live
yeast, digestive enzyme activity and immune parameter
assays on days 7, 14, 21, 28, 29, 31, 33, 35 and 38. Before
sampling, sea cucumber was starved for 16h (Liu ef al.,
2013). Fifty microliters of coelomic fluid from each of ten
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sea cucumber individuals was pooled and mixed with an
equal volume of isotonic aqueous anticoagulant solution
(Xing et al., 1998). Four hundred microliters of the coe-
lomic fluid was taken for phagocytic activity and respira-
tory burst tests while the remaining was centrifuged at
800xg and 4°C for 10 min with the supernatant collected
and used directly for lysozyme (LSZ), phenoloxidase (PO)
and total nitric oxide synthase (T-NOS) activities assays.
The coelomocyte lysate supernatant (CLS) was prepared
following the method described by Ma et al. (2018) and
used for LSZ, PO and T-NOS activities assays.

The intestines from ten sea cucumber individuals were
pooled and homogenized in nine volumes of sterile 0.9%
NaCl. A portion of the intestinal homogenate was taken
for enumeration of live yeasts, and the remaining was cen-
trifuged with the supernatant used for digestive enzyme
activity analysis.

2.4 Protein Content Assay

The soluble protein content of the coelomic fluid, CLS
and the supernatant of intestine homogenates were meas-
ured following the method described by Bradford (1976).

2.5 Determination of the Number of C14 in Intestine

Intestinal homogenates were serially diluted using 0.9%
NaCl, and 0.1 mL volume was spread onto the surface of
duplicate plates of yeast-peptone-dextrose agar and incu-
bated at about 25°C for 7 days. The yeast cell number is
recorded as colony-forming units (cfu) per gram of fresh
intestine material (cfug ™).

2.6 Digestive Enzyme Activity Measurement

Trypsin, amylase and lipase activities were measured
according to the methods described by Ma et al. (2018).

2.7 Immune Parameter Assay

Phagocytic activity of coelomocytes was measured us-
ing the uptake of neutral red stained zymosan particles
based on the method of Ma et al. (2013). The respiratory
burst or superoxide anion generation of coelomocytes was
measured spectrophotmetrically using a nitroblue tetra-
zolium (NBT) assay (Song and Hsieh, 1994) except that
the assaying temperature was changed from 37°C to room
temperature (about 20°C). The absorbance of the dissolved
cytoplasmic formazan was read at 630nm and expressed
as NBT activity per 100 puL coelomic fluid (Sajeevan et al.,
2006). LSZ activity in coelomic fluid supernatant (CF)
and CLS was estimated following the method of Ma et al.
(2018). PO activity was determined spectrophotometri-
cally using L-3,4-dihydroxyphenylalanine as a substrate
and trypsin as an elicitor as previously described by Ma
et al. (2013). T-NOS activity was determined by colori-
metric analysis using a commercial test kit (Nanjing Ji-
ancheng Bioengineering Institute, China) according to the
manufacturer’s instructions except that the temperature
for the reaction was changed to room temperature (about
20°C).
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2.8 Statistical Analysis

Statistical analysis was conducted using the SPSS 19.0
for windows. Data of the digestive enzyme activity and
immune parameter between two groups were analyzed
using an independent samples #-test. The number of live
yeast was analyzed using one-way analysis of variance. If
significance was detected, Tukey’s multiple range test
was used to compare the means between sampling dates.
Pearson’s product moment correlation coefficient was used
to determine the strengths of the association between di-
gestive enzyme activity/innate immune parameter and yeast
cell numbers. Prior to statistical analysis, the yeast cell num-
ber was logarithm-transformed to alleviate heteroscedasti-
city. Differences were considered significant if 2<0.05.

3 Results
3.1 Colonization and Persistence of C14 in the
Intestine of Sea Cucumber

C14 was only isolated from the intestine of sea cucum-
ber fed the probiotic-supplemented diet. Moreover, the num-
ber of C14 cells was significantly increased from day 7 to
day 28 (P<0.05) with the highest 4.43 x 10°cfug ' on day
28. However, the C14 cell number in the intestines de-
creased significantly within 10 days following cessation of
feeding with the Cl4-supplemented diet (P<0.05) (Fig.1).
There was no significant difference in C14 cell number be-
tween day 21 and day 33.
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Fig.1 The number of C14 cells in the intestines of sea cu-
cumber during 28 days of feeding with C14-supplemented
diet and after reverting to control diet for another 10 days.
Means without a same letter differed significantly (P<0.05)
between the feeding regimes.

3.2 Digestive Enzyme Activity

The intestinal trypsin and lipase activities in sea cucum-
ber fed with Cl4-supplemented diet for 21 and 28 days
were significantly higher than those in the animal fed the
control diet (P<0.05) (Figs.2—-3). Furthermore, there was
significant difference in trypsin and lipase activities be-
tween two groups from day 29 to day 33 after the cessa-
tion of feeding (P<0.05). However, no significant differ-
ence in amylase activity was observed between the con-
trol and the C14 feeding groups.
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Fig.2 Intestinal trypsin activity of sea cucumber cross 38
days of feeding; Data represent means+SD (n=3). * Sig-
nificant difference (P<0.05) from the control group at the
same sampling date.
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Fig.3 Intestinal lipase activity of sea cucumber cross 38
days of feeding; Data represent means+SD (n=3). * Sig-
nificantly difference (P<0.05) from the control group at
the same sampling date.

A correlation analysis was conducted to determine the
strength of the association between digestive enzyme ac-
tivity and the number of C14 cells in intestine in sampling
period. The Pearson’s product moment correlation be-
tween trypsin activity and the C14 cell number was posi-
tive (R=0.68; P<0.05). Nevertheless, there was no cor-
relation between lipase or amylase activity and the C14
cell number (Table 1).

Table 1 Pearson’s correlations between parameters and
logarithm-transformed numbers of C14 cells

Parameter Correlation
Trypsin activity 0.68*
Lipase activity 0.55
Amylase activity 0.24
Phagocytic activity 0.58
Respiratory burst 0.54
LSZ (CF) 0.82%*
LSZ (CLS) 0.83%*
PO (CF) 0.61
PO (CLS) 0.48
T-NOS (CF) 0.63
T-NOS (CLS) 0.55

Notes: * Significantly different at P <0.05; ** Significantly
different at P<0.01 (n=9).

3.3 Immune Parameter

The phagocytic activity of sea cucumber fed C14-supple-
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mented diet showed a significant increase compared to
the control after 21 and 28 days of feeding (P<0.05) (Fig.4).
Moreover, there was significant difference in phagocytic
activity between two groups from day 29 to day 35 after
the cessation of feeding (P<0.05) (Fig.4).
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Fig.4 Phagocytic activity in coelomocytes of sea cucum-
ber over 38 days of feeding. Data represent means+SD (n
=3). * Significantly difference (P<0.05) from the control
group at the same sampling date.

Sea cucumber fed with C14-supplemented diet for 14,
21 and 28 days had a significant higher respiratory burst
than those fed the control diet (P<0.05). When the ani-
mal was shifted to the control diet, significant differences
were still observed between two groups from day 29 to
day 38 (P<0.05) (Fig.5).

OControl mCl4

o
T N

0.8F
0.6}
04f
0.2t

Respiratory burst (ODy,,)

0 7 14 21 28 29 31 33 35 38

During C14 feeding After reverting to control diet
Days of treatments

Fig.5 Respiratory burst in coelomocytes of sea cucumber
over 38 days of feeding. Data represent means=SD (n=3).
* Significantly difference (P<0.05) from the control group
at the same sampling date.

There was a significant increase in the LSZ activity of
CF and CLS of sea cucumber fed C14-supplemented diet
on days 21 and 28 compared with the level observed in
the control (P <0.05) (Figs.6—7). Furthermore, the LSZ
activity of CF and CLS from the experimental sea cu-
cumber was statistically higher than those of control ani-
mal from day 29 to day 38, and from day 29 to day 33,
respectively, after the cessation of feeding (P<0.05).

Sea cucumbers fed with Cl4-supplemented diet had
significantly higher PO activity in the CF on days 21 and
28, and in the CLS on day 14 compared with those fed the
control diet (P<0.05) (Figs.8-9). However, no significant
difference in PO activity was observed between two groups
on the other days.

The T-NOS activity in the CF and CLS of sea cucumber
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fed Cl4-supplemented diet was statistically different from
that of control from day 14 to day 38 (P<0.05) (Figs.10-11).

Different digestive enzyme activities and immune pa-
rameters were observed among the 38 days from the con-
trol group. A correlation analysis was conducted to deter-
mine the strength of the association between innate im-
mune parameters and the number of C14 cells in the in-
testines over the 38-day sampling period. The Pearson’s
product moment correlation between LSZ activity in CF/
CLS and the C14 cell numbers revealed a positive corre-
lation (R=0.82/0.83; P<0.01). Conversely, no correlation
was found between the other innate immune parameters
and C14 cell numbers (Table 1).
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Fig.6 Lysozyme activity in coelomic fluid supernatant of
sea cucumber over 38 days of feeding. Data represent means
+SD (n=3). * Significantly difference (P<0.05) from the
control group at the same sampling date.
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Fig.7 Lysozyme activity in coelomocyte lysate superna-
tant of sea cucumber over 38 days of feeding. Data repre-
sent means+SD (n=3). * Significantly difference (P<0.05)
from the control group at same sampling date.
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Fig.8 Phenoloxidase activity in coelomic fluid supernatant
of sea cucumber over 38 days of feeding. Data represent
means+SD (n=3). * Significantly difference (P<0.05) from
the control group at the same sampling date.
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Fig.9 Phenoloxidase activity in coelomocyte lysate super-
natant of sea cucumber over 38 days of feeding. Data rep-
resent means+SD (n=3). * Significantly difference (P<
0.05) from the control group at the same sampling date.
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Fig.10 Total nitric oxide synthase activity in coelomic fluid
supernatant of sea cucumber over 38 days of feeding. Data
represent means+SD (n=3). * Significantly difference (P
<0.05) from the control group at the same sampling date.
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Fig.11 Total nitric oxide synthase activity in coelomocyte
lysate supernatant of sea cucumber over 38 days of feed-
ing. Data represent means+SD (n=3). * Significantly diffe-
rence (P<0.05) from the control group at the same sam-
pling date.

4 Discussion

In the present study, C14 was only recovered from the
intestine of sea cucumber receiving the yeast diet. This
suggests that C14 can survive and withstand the condition
of the sea cucumber intestine. The number of C14 cells
reached about 10°cfug ™ after sea cucumber fed with C14-
supplemented diet at 10°cellsg ™' for 21 to 28 days. How-
ever, the number of C14 cells dropped one order of mag-
nitude 7 days after sea cucumber was shifted to the con-
trol diet. There was significant difference in trypsin activ-
ity between two groups from day 21 to day 33. We ob-

served a positive correlation between the intestinal trypsin
activity and the number of C14 cells while no correlation
was observed between the C14 cell number and lipase/
amylase activity. Although the yeast is able to colonize
the intestine of 4. japonicas (Yang et al., 2014), cells must
be at a concentration of approximately 10°cfug ™' to in-
crease the trypsin activity. Similar results have also been
observed in different abalone species. Feeding South Af-
rican abalone with a diet containing each of the three pro-
bionts (Vibrio midae SY9.8, Cryptococcus sp. SS1, and De-
baryomyces hansenii AY1) at a concentration of appro-
ximately 10" cellsg™' for 21 days resulted in cultivatable
probionts at 10° to 10”cfug ' gut material (Macey and Coy-
ne, 2006). Once the probiotic-supplemented feeding was
stopped, the number of probiont cells declined. There was
a positive correlation between the number of Cryptococ-
cus sp. SS1 cells and amylase activity and between the
number of Vibrio midae SY9.8 cells and protease activity
in abalone intestine while no correlation was found be-
tween the number of Debaryomyces hansenii AY1 cells
and protease and/or amylase activities (Macey and Coyne,
2006). A positive correlation was also observed between
amylase or protease activity and the number of Entero-
coccus sp. s6 cells in the gut of Japanese abalone Haliotis
gigantea whereas there was no correlation between amy-
lase or protease activity and the number of Lactobacillus
sp. a3 cells (Iehata et al., 2009).

Marine yeasts have been used in sea cucumber aqua-
culture and were verified to have effects on non-specific
immune response parameters such as phagocytic activity
and LSZ, PO and T-NOS activities (Liu ef al., 2012; Ma
et al., 2013; Wang et al., 2015; Yang et al., 2015b; Zhang
et al., 2017). Although different feeding durations, such
as 30, 45 or 56 days, were chosen in the different reports
about effects of dietary yeasts on the immune parameters
of sea cucumber (Liu ef al., 2012; Ma et al., 2013; Wang
et al., 2015; Yang et al., 2015b; Zhang et al., 2017), the
basis for choosing these periods was unclear. In the pre-
sent study, sea cucumber fed a diet containing live cells
of C14 showed significantly higher phagocytic activity/
respiratory burst of coelomocytes from day 21/14 to day
35/38, higher LSZ activity of CF/ CLS from day 21 to day
38/33, and higher T-NOS activity of CF/ CLS from day 14
to day 38 than the control. A correlation analysis suggested
a positive association between colonization of C14 in the
intestine and LSZ activity of CF and CLS, indicating that
cultivatable C14 cells should be maintained at 10°cfug ™’
to make a significant contribution to the cellular and hu-
moral immune responses of sea cucumbers.

In addition, the varied enzyme activities/immune para-
meters observed in the control group over the 38 days may
be related to environmental factors, such as temperature,
and metabolism and growth of sea cucumbers, as well as
other factors.

5 Conclusions

Yeast C14 can successfully colonize sea cucumber in-
testine when supplemented with control diet. There is a
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positive correlation between the number of probiotic cells
colonizing intestine and the trypsin activity/LSZ activity.
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