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.. ISOLATION AND FUNCTIONAL EVALUATION OF Dirkmeia
0

S churashimaensis  FROM AQUACULTURE PONDS FOR EFFICIENT
NITRITE AND AMMONIA REMOVAL AND PROBIOTIC APPLICATION

Hsueh-Li Lin, Chun-Hung Liu

s11100407041@gmail.com

Department of Aquaculture National Pingtung University of Science and Technology Pingtung, 912301, Taiwan

This study focused on the 1solation and characterization of a novel microorganism with the capacity to remove nitrite and ammonia from aquaculture
environments, aiming to improve water quality. Among several microbial consortia screened, the FW4’ group exhibited superior nitrite removal efficiency,
from which 20 bacterial strains were successfully isolated. The most effective i1solate, FW4’-T3, completely eliminated nitrite-N within 72 h (Fig. 2).

Morphological and molecular analyses confirmed that FW4’-T3 was 1dentified as D. churashimaensis, showing 99.86% sequence similarity with
reference strains (Fig. 4). Safety assessments in multiple aquaculture species demonstrated its non-pathogenic nature, supporting its potential application

in aquaculture systems.

Nitrogen removal efficiency was significantly influenced by carbon source and carbon-to-nitrogen (C/N) ratio. Sucrose outperformed glucose,
achieving complete nitrogen removal within 24 h at C/N ratios of 15 and 20. Optimal performance was observed at 30 C in NaCl-free conditions.
Statistical analysis further confirmed that salinity, temperature, and incubation time significantly affected nitrogen removal, with synergistic interactions

between salinity and temperature.

Results

Table 1. Assessment of safety and environmental
conditions of aquatic animals after a 7-day
Immersion challenge with Dirkmeia
churashimaensis 768 FW4'-T3. F: Freshwater; S:
Saltwater (35 psu).

Categories Common name Organism Body weight (g) Environment Mortality (%)

Fish Malawi hawk cichlid Aristochromis christyi 0.09 £ 0.001 F 0

Common carp Cyprinus carpio 1.44 £ 0.05

Hump-head Cyrtocara moorii 0.13+0.01

Milk fish Chanos chanos 1.49 £ 0.05

Speckled blue grouper Epinephelus cyanopodus 97.00 £ 19.11

Blue-and-yellow grouper E. flavocaeruleus 115.01 £ 13.66

Suckermouth catfish Hypostomus plecosiomus 0.55+0.03

Tilapia Oreochromis sp., 241 +0.08

Poecilia reticulata 0.21 £0.01

Guppy

Blunthead cichlid Tropheus moorii 222+0.11

Crustaceans  Red claw crayfish Cherax quadricarinatus 049 +0.02

White shrimp Penaeus vannamei 533+0.16

Tiger shrimp P. monodon 0.03 + 0.001

Spiny lobster Panulirus homarus 27331197

Bivalves Iron clam Cyclina sinensis 3256+ 1.17
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Portuguese oyster Crassostrea angulata 129.66 + 8.65

Table 2. Components in N media with varying
C/N ratios for the evaluation of nitrite N and
ammonia-N reduction in water.

C/N ratio
Components
10 15 20
Glucose / Sucrose (g/L) 0.1250/0.1191 0.1875/0.1786 0.2500/0.2381
KHa2PO4 (g/L) 2 2 2
MgSO4-7H20 (g/L) 0.05 0.05 0.05
FeSO4-7H:20 (g/L) 0.02 0.02 0.02

Table 3. Tolerance of Dirkmeia churashimaensis
FW4'-T3 to varying temperature and NaCl
concentrations. -: no observable growth; +: colony
diameter 1 mm.

Table 5. Effect of carbon source and C/N ratio on
ammonia-N reduction of Dirkmeia
churashimaensis FW4'-T3. The data are presented
as mean T standard error (S.E.). Within each
carbon source, different superscript letters (a, b, ¢)
denote statistically significant differences among
C/N ratios, whereas within each C/N ratio,
different superscript letters (x, y) indicate
significant differences between carbon sources.
Statistical significance was determined at p < 0.05.

Table 7. Variations in the relative gene expression
of nitrite reductase in Dirkmeia churashimaensis
FW4'-T3 across different carbon sources and C/N
ratios. Different letters within each carbon source
indicate significant differences among various
C/N ratios (a, b, ¢), while within each C/N ratio,
different letters indicate significant differences
between carbon sources (X, y). The significance
level was determined at p<<0.05.

Carbon CN Ammonia-N concentration (mg/L) after inoculation (h)
sources ratios 0 6 12 24 48 7
10 10 496+0.14% 396+002% 0.73+£0.14% 0.09+£0.08% 0.00+0.00%
Glucose 15 15 499005 4.02+0.05% 0.00£0.00% 0.00£0.00%% 0.00£0.00 %
20 20 492+003% 406+0.16% 0.00£0.00% 0.00£0.00% 0.00+0.00%
10 10 496+0.12%% 419+£0.07% 0.17+£0.04 0.00+0.00* 0.00+0.00**
Sucrose 15 15 501£0.029% 397+£0.03% 0.00+£0.00% 0.00£0.00% 0.00+0.00%
20 20 499+0.08° 389=0.12% 0.00£0.00% 0.00£0.00% 0.00+0.00

Carbon  CN Relative gene expression of nitrite reductase after inoculation (h)

source  ratio 0 6 12 24 48 7
10 10£04%  1650+46°  507.0+£294° 3STL4L1Y TRTE1412% 1932243311

Glucose 15 L0£04%  7382+93.0%  8304£342% 170551220 122¢1.0% 40422795
20 10£04%  4913£779%  12062£1176%  18783£1378% 1994435 359450
10 L0£04%  2406£377%  2149£278% 1178549225 98211774 924153%

Sucrose 15 10£04%  7309£1493% 78274725 17722£1505% 1245995 195+£25%
00 L0+£04%  7294+1648% 20784+3989%  17046+3632%  328+28% 143+ 14%

Table 6. Under a C/N ratio of 15, with sucrose as
carbon sources, Dirkmeia churashimaensis FW4'-
T3 effectively reduces the nitrite-N concentration
in the medium following inoculation. Different
letters within each NaCl level indicate significant
differences among different temperature (a, b, ¢),
while within each temperature, different letters
indicate significant differences between NaCl

Table 8. Under a C/N ratio of 15, with sucrose as
carbon sources, Dirkmeia churashimaensis FW4'-
T3 reduces the ammonia-N concentration in the
medium following inoculation. Different letters
within each NaCl level indicate significant
differences among different temperature (a, b, ¢),
while within each temperature, different letters
indicate significant differences between NaCl

Temperature (°C) . c c c
- - = - - = -~ — levels (x, y). The significance level was levels (x, y, z). The significance level was
+ + + H H : : determined at p<0.05. determined at p < 0.05
NaCl (%)
0.5 10 15 20 30 40 50 60 NaCl(%) T —_— Nitrite-N concentration (mg/L) after inoculation (h) NaCl (%) Temperature (°C) Ammonia-N coneentration (mg/L) after inoculation (h)
o T - - - - - - K s ) 0 6 12 24 48 i Vo 6 12 24 18 7
. 20 5.06£0.02 5030047 455+£0.06% 294+0.09% 0.00£0.00% 0.00+£0.004" 20 505+£0.16% 422+0.15% 1940297 0.00+£0.00% 0.00+0.00%" 0.00+0.00"F
Table 4. Effect of Carbon SOUrcces and C/N ratios on o 25 504+£014°F 495£007% 408£0.06% 027+0.10% 0.00+0.00% 0.00+0.00 0 25 498+0.09%% 398+£0.06% 030£0.14%7  0.00£000% 0.00£0.00% 0.00+0.00%
nitrite —N I'eduction Of D ~rk . h 7 h . . 30 5.06+0.08% 488+003% 29910087 0.00+000% 0.00+0.00% 0.00+0.00% 30 488+£0.12%% 3.16+0.14% 0.03x001% 0.00£0.00% 0.00£0.00% 0.00+£0.00%
l mela C u aS ZmaenSlS 20 5.07+£0.07%  501+£007% 491+£003%° 393+0.03% 0.00£0.00* 0.00+£0.00%" 20 5.04£017% 4.65+0.12% 3790107 0.00£0.00% 0.00+0.00%" 0.00+0.00"F
FWA4'-T3. The data are presented as mean i 35 25 5024£009°F  505£007°% 469005 2.18+0.11% 0.00+0.00%* 0.00+0.00% 35 25 494+017° 4340155 201£020%  0.00£0.00% 0.00+0.00%  0.00+0.00%
o o 30 5.09+£0.06% 502+£012% 418+£0.07°* 0.00+£0.00 0.00£0.00%* 0.00+0.004" 30 498+0.09% 4.11+001% 053+£030° 0.00+£000% 0.00+0.00% 0.00+0.00
standard error (S.E.). Within each carbon source, -
. . 6
different superscript letters (a, b, c¢) denote A - - - - . o °
statistically significant differences among C/N 5. - —
ratios, whereas within each C/N ratio, different
. L o 5 4 - -
superscript letters (x, y) indicate significant E
differences between carbon sources. Statistical Z 3 - :
significance was determined at p < 0.05. o —&—FWC  —-FW4'L1 ——FW4"L2
9 - {1 —A—FW4-L3 —<FW4-l4 —%FW4'L5
Carbon C/N Nitrite-N concentration (mg/L) after inoculation (h} ——FW4'-L6 —O—FW4'-L7 ——FW4'-L8
source ratio 0 6 12 24 48 72 ——FW4'-L9S ——FW4-L10 -=—FW4'-T1
1 - { ——FW4-T2 —B-FW4-T3 —FW4"-T4
10 507+£002%% 431+£0.117° 271+£0.08% 201+£003% 182+002% 121061 —A—FWA4'-T6 — e FW4'-T7 5 FW4'-T8
Glucose 15 5.144£0.06% 415+0.12% 2.15+0.05%° 092+0.13% 041+026>° 0.03+0.03 %" ——FW4'-T9 '
20 5.15+0.12%% 4.13+£0.08% 2.02+0.09% 0.13+008°" 0.00+0.00°" 0.00+0.00> 0 | | : : 0 I |
10 503+£0012° 414+£0.139° 240+0.16% 1.05+0.17% 074+0259% 0.51+0.369" 0 24 48 72 a6 120 0 24 48
Sucrose 15 5.09+0.062° 4.13+0019% 233+0.159° 0.00+£0.00% 0.00+0.002 0.00+0.00 2~ Time {h} Time {h)
20 501£0.102 423+£0.09% 252+021%% 0.00+£0.00°% 0.00+0.002% 0.00+0.00%"
C onc hlSi on Figure 1. Reduction of nitrite-N in media Figure 2. A comparative analysis of nitrite-N
inoculated with water samples from four prawn reduction by isolates derived from FW4’ samples.
Based on the results of this study, D. ponds. FWC: control medium without FWC: control medium without microorganism

churashimaensis FW4’-T3 was identified as a
highly effective nitrite- and ammonia-N-reducing

yeast strain with strong potential for application
in aquaculture water quality management. The

strain demonstrated complete nitrite-N removal

under optimal C/N ratios (>15), particularly when

sucrose was used as the carbon source. Its

efficacy was closely linked to the upregulation of
nitrite reductase gene expression, which was

enhanced wunder higher C/N conditions.

Furthermore, FW4°-T3 exhibited robust nitrogen-

removal capacity across a broad salinity (0-3.5%)
and temperature (20-30 'C) range, aligning with

its optimal growth conditions. The strain was also

shown to be non-pathogenic to a range of aquatic

species, underscoring its safety for practical use.

Collectively, these findings highlight D.

churashimaensis FW4’-T3 as a promising

probiotic candidate for mitigating nitrogenous

waste 1n intensive aquaculture systems.

inoculation; FW1’-FW4’: media inoculated with
water samples from different prawn ponds.
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Figure 3. Microscopic 1mage of Dirkmeia
churashimaensis FW4'-T3 1solated cells displayed for
observation.

mnoculation.

53 Dirkmeia churashimaensis strain VPCIL 2271/P/17(MN 758679.1)

9%

Dirkmeia chuvashimaensis strain UZ271 17(MF 062257.1)

B | FW4'-T3

| Dirkmeia thailandica strain CBS 10006(NR 155686.1)

9 | Dirkmeia thailandica strain M9933(AB 089354.1)

9% Dirkmeia tsukubaensis strain KM160{AB 855769.1)

Dirkmeia tsukubaensis strain CBS:6389(KY 104690.1)

58 | Dirkmeia hubeiensis strain ABS1(KY 828935.1)

0 | Dirfomeia endozyma hubeiensis strain AASI(KY 806122.1)

Dirkmeia prolifica strain CBS 319.87(NR 077129.1)
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Figure 4. Phylogenetic tree constructed based on ITS
sequences from various Dirkmeia species. The tree
was generated using the neighbor-joining method,
with bootstrap values derived from 1000 replicates
provided for each internal node. The tree 1s scaled
with uniform branch Ilengths, and evolutionary
distances are represented accordingly.
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