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pentaenoic acid (EPA), Docosahexaenoic acid (DHA)S} o}r|i=2t
30| =2 Debarymyces sp. Y-149} Candida sp. Y-162 o]
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17218312 AFE3th B2 YM agar plate (3g of malt
extract, 3 g of yeast extract, 10g of dextrose, 5g of peptone
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Isotope Ratio Mass Spectrometer System (Micromass. Ltd.)Z}
CHN Elemental Analyzer (EuroVecter Co.)& ©]-83}o] #-2J31%
o,

27 9 og
Xkt =M

EWE M macrocopa] ¥l Hol2 ALS-H sfFa e} o
ZT2 FIAAAT Erythrobacter sp. Sn-12] A WA 2331 EH
521 Mmacrocopa® o158 FAYRS Wl EvSAUS] Ak
S BA18F A3l Table 1 3 2t}

Debarymyces sp. Y-14= Oleic acid (C,q,)7F 39.1%, Palmitic
acid (Cpe )7t 22.9%2 =& S Ho|il, DHAR 3.6% EA)
sl= Aol F& & Holt. Candida sp. Y-162 Oleic acid
(C,s.)7F 39.4%, Palmitic acid (C,.,y= 15.8%, EPA7} 04% &6
Ho Ao 22 Hol A AW Enythrobacter sp. St-12 Oleic
acid7} 70.5%2 =7 4= Aok

o1& HolE M macrocopa® T3t At o] HslE
B A3} &% Debarymyces sp. Y-142] 739+ Palmitic acid”}
17.5%, Oleic acid 7} 25.7%, DHA7} 55%% B9,
Candida sp. Y-162 53 7Z-$-= Palmitic acid 7} 14.9%,

4

Kor. J. Microbiol

Oleic acid”} 28.9%, EPA7} 2.1%, DHAZ} 0.6%= #21% ]t
=T Erythrobacter sp. Sm-12] 739 Palmitic acid7} 222
%, Oleic acid’} 24.5%, EPA7} 43%=2 A=t} |FER Y-
144 Y-16& FARL Wl M. microcopa®] A WollM= A5F
o] Apake] M7 dojue AS & 5 Uth 5 Y-149] A5
X 8% gtFo] Palmitic acid 22.9%3.0 1} EHE A oA
= 17.5%, Oleic acid®] 7% A185%9] o] 39.1%7} 25.7%=
ZH-E a1, ¥FA EPAE 3.6%001A 5.5%E Z718F3aT. Y-162] 7
= Al5F9] Palmitic acide 15.8%7F EH &2 A Wol=
14.9%, Oleic acid= 39.4%7} EHE AA] YolH= 28.9%= 7
2 QAR EHE A Yol thkst Aite] =T &
3] YA Woll EPA7} 0.4%01A4 2.1%Z AlFol] EAF]A] gkl
DHA7} 0.6%Z #-45= 548 Bt olefst dde AlEF
o] Anksto] EHIE AYA| ol A 9] (conversion)@oiukar ATk
= Al it Aol 9] g} BE] T3 JES s
Zlo] axe] Exst Apitolgiar stk ko] Exs) Ak
o] Agd 79 Ao oFtAY WAo] s HAE ALY
Aol & A ke AU ATkG, S, 11, 16, 19). 354 2
|ojo] AT A& 52 I EFTS] st Exsl A
A1 EPAS DHACIH, 279 ol AE QoA o5 s =
°o]7] fIste] o 7A] Y& AsAE Fuls s a8t

Table 1. Fatty acid composition (% of total fatty acids) of the diets (Erythrobacter sp. St-1, Debaryomyces sp. Y-14 and Candida sp. Y-16) cultured
at 25°C with YM broth, and Moina macrocopa cultured at 25°C and fed different diets. Sw-I, Y-14 and Y-16

Diets Moina macrocopa

Sn-1 Y-14 Y-16 Sm-1 Y-14 Y-16
Capric acid C,, - 2.8 1.48 - - -
Lauric acid C,,,, - 1.1 - - - 0.6
Myristic acid C,,, 0.7 0.9 1.6 35 - 2.8
Mpyristoleic acid C, ., - - - - - 1.5
Pentadecanoic acid C 5, - - 0.6 - - 1.7
cis-10-Pentadecenoic acid C,s,, - - - - - 1.3
Palmitic acid C, g, 2.6 229 15.8 222 17.5 14.9
Palmitoleic acid C¢, 1.6 1.4 11.2 9.8 8.5 14.0
Magaric acid C,,, - 1.1 0.4 - - 1.0
Magaroleic acid C, ;| - - 0.99 - - 1.3
Stearic acid C, 4, 52 10.1 43 8.5 - 53
Oleic acid C,,, 70.5 39.1 39.4 24.5 257 28.9
Elaidic acid C,g,; ;000 9.9 10.4 17.7 137 6.7 11.3
Linoleic acid C\g, - 3.5 2.1 - - 0.6
Linolenic acid Cg , - - - - - 1.0
Arachidic acid C,,,, - - - 29 - 0.8
Eicosenoic acid C, - - - - - -
cis-11,14,17-Eicosatrienoic acid C, 4 - 3.6 1.4 - - 39
Heneicosanoic acid C,, - - - - -
EPA C, 5 - 0.4 43 - 2.1
Tricosanoic acid C, - - - -
Lignoceric acid C,,,, - - - -
DHA C,, . 3.6 - 5.5 0.6
Unknown 9.6 32 2.7 10.6 36.2 6.5

-; not detected
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ATh(13). 283l DHA:EPAS] HIZ} A}x]o]e] ARa) Ao 8
sokar BuE ok, 10, 17, 18). 53] sik&X Candida sp. Y-
165 M. macrocopa®] HolZ T & w EPA, DHAY] &=z}
TRkt Absko] EAE O] -85 209l 21 HofFal Qi

ofo| =k =N

S| FEE Debarymyces sp. Y-149} Candida sp. Y-16, ~12]3L
ZTZE Erythrobacter St-19] olu]|xt 12 Avlel o] A|lgE
EWE2] M macrocopad] TGS wf A ofw]=2t gke]
BEAAME Table 290 2o SUa® Y-14, Y-163
Erythrobacter sp. Sn-12] olu]:=2b 48 B olw|=it 283
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Table 298] ¥4 A7E HH ojn|ieite] F o] SSarR
Debarymyces sp. Y-147} 349%, Candida sp. Y-16°] 46.2%,
Erythrobacter sp. Sn-1°] 19.6%Z A= At} Debarymyces sp.
Y-14Fee 2 X2 B4E AL 5 oAk
Histidine®] 9.5%, W¥kolv]:=2F F Glutamic acid”} 11.2%,
Aspartic acid?} 9.3%°]3L Y-1659= Glutamic acid”} 9.3%, 2
Zrolm] Akl Histidine©] 10.4%, Lysine©] 10.2%©]aL, thzT-<]
Sn-12 Alanine®] 14.8%, Z5=o}u]=AFQ1 Histidine®] 18.3%,
Leucine®] 10.7%, Valine®] 9.7%°]t}. o] A 8-S Er]So]| Bo]
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P o} =2k Leucine®] 9.6%% A VERGL, Y-162] A
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M macrocopa®] 71Z%H 0|9l F Fo| S|UET Debarymyces
sp. Y-148} Candida sp. Y-16, Z12]3L Erythrobacter Sm-1 (ESP-
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Table 2. Amino acid composition [mg g'sample (% of total amino acids)] of the diets (Erythrobacter sp. Sm-l1, Debaryomyces sp. Y-14 and
Candida sp. Y-16) cultured at 25°C with YM broth, and Moina macrocopa cultured at 25°C and fed different diets Sn-1, Y-14 and Y-16

Diets Moina macrocopa
Sn-1 Y-14 Y-16 Sn-1 Y-14 Y-16
Non-essential
Alanine 2.9 (14.8) 3.9(8.4) 3.8(8.2) 2.5(6.9) 3.5(7.1) 2.0 (6.6)
Aspartic acid 0.5(2.6) 43(9.3) 4.1(8.9) 3.7(10.2) 4.8 (9.8) 3.0(9.9)
Cystein 0.6 (3.1) 0.1(0.4) 0.6 (1.3) 0.5(1.4) 0.7 (1.4) 0.5(1.7)
Glutamic acid 0.8 (4.1) 5.2 (11.2) 43(9.3) 42 (11.5) 5.7 (11.6) 3.3(10.9)
Glycine 1.5(7.7) 2.6 (5.6) 2.5(54) 2.7(74) 34(6.9) 2.0 (6.6)
Serine 0.2 (1.0) 1.8 (3.9) 1.6 (3.5) 2.0(5.5) 3.2 (6.5) 1.9 (6.3)
Proline 0.9 (4.6) 1.6 (3.5) 1.7(3.7) 1.9(5.2) 25(5.1) 1.5(5.0)
Tyrosine 0.4 (2.0) 1.6 (3.5) 1.4 (3.0 1.7 (4.7) 1.8(3.7) 1.4 (4.6)
Essential
Arginine 0.1(0.5) 2.6 (2.8) 34(74) 1.54.1) 2.6 (5.3) 1.8 (5.9)
Histidine 3.6 (18.3) 4.4 (9.5) 4.8(10.4) 2.8(7.7) 29(5.9) 1.6 (5.3)
Isoleucine 1.6 (8.2) 3.1(6.7) 2.5(5.4) 1.54.1) 1.8(3.7) 1.2 (4.0)
Leucine 2.1(10.7) 3.7 (8.0) 32(6.9) 2.4 (6.6) 4.7 (9.6) 3.0(9.9)
Lysine 0.2 (1.0) 2.8(7.8) 4.7(10.2) 1.8 (4.9) 29(5.9) 1.5(5.0)
Methionine 0.9 (4.6) 04 (1.5) 1.124) 0.8(2.2) 1.3 (2.6) 0.9 (3.0
Phenylalanine 1.0 (5.1) 2.1(4.5) 1.7(3.7) 1.8 (4.9) 1.8(3.7) 1.4 (4.6)
Threonine 0.3 (1.5) 3.0 (6.5) 24(52) 2.4 (6.6) 2.6 (5.3) 1.6 (5.3)
Valine 1.9 (9.7) 33(7.1) 2.6 (5.6) 2.1(5.8) 32 (6.5) 1.7 (5.6)
Total 19.6 349 46.2 36.4 49.2 30.3
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Table 3. Diet §"*C value (%o) of the diets (Erythrobacter sp. Sm-1,
Debaryomyces sp.Y-14 and Candida sp. Y-16) cultured at 20°C with
YM broth, and Moina macrocopa cultured at 25°C and fed on
different diets Sm-1 and marine yeasts

813C, %o

Diets

Debaryomyces sp. Y-14 -11.5(+0.4)
Candida sp. Y-16 -10.1(x0.8)
Erythrobacter Sn-1 -24.1(20.8)
Moina macrocopa

Debaryomyces sp. Y-14 -11.7(x0.9)
Candida sp. Y-16 -10.9(20.6)
Erythrobacter sp. Sm-1 -21.8(£1.4)

33 2t} SYERE HolZ vl M. macrocopa] §'3C2]
L _10.9%02 EAE UL, Erythrobacter Sm-12 W|$EH M
macrocopa®] 8PC FxL -21.8%0% 2o]E KT

M. macrocopa 2] 378

ARl ghae] 3HES AHEY] flste] TR wiE7]
ol 24z} MZ B2 U8 Debarymyces sp. Y-149} Candida
sp. Y1622 vt S o] w8710 5 Erpthrobacter
St-12 HiFHolE v A widE F AIRPAE T wel M
macrocopa A3 §5CY & A3 A¥+= Fig 13 2} A
Hz7100 -15%02} -13%0 FE2] §CHE HAQY M macrocopa
AW kA FHAA B Fhe HolE uHro] uiYekA] 209
AT At & -19%0 FEZ A7) Ho] A slEE A3
BAT. M. macrocopa®] $-78°] 204 olslel= HS 1Es) &
o g Al Foll AT whAe] S 3] (turnover)S $H4
7] &= 20 Yt

5"3C (°loo)

-24 T T T T T T T
0 4 8 12 16 20 24

Days after switching diet

—@— from Sn-l to Yeast-16
—O— from Yeast-14 to Sz-l
—¥— from Yeast-16 to S=-l

Fig. 1. Change of 8"*C value in Moina macrocopa tissues depending
on diet switch.
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Fig. 2. 8"°C value of Moina macrocopa offered a mixed diet of marine

yeast (5"°C=-10.8%o) and commercial feed (Erythrobacter sp. Sm-1,
813C=-24%o).

M. macrocopa®] BolX T =

Holo] AsTE HrIsl7] st Debarymyces sp. Y-14,
Candida sp. Y-16 2 Erythrobacter Su-1e &A1 M. macrocopa
Hj 8710l Fofdte] gt - AZFA T WE M macrocopa
A g b oA 2] WES A% AF= Fig 29
2}, 8 49 FRE M macrocopa ABA §C FE -13%001
Al -10%0At0] 2] SIS UERAITE o] fEe sigFaRe §°C
gkl wi-%- 77 AO 22X M macrocopa?t @A AlTE<L
Erythrobacter St-1Xt} #2]¥ S|YERE J35 = Aoz
= QAT

Ad AYE vfgoz AHRH o2 A3} gzl vl
Candida sp. Y-162.2 W43t M macrocopa®] 735 B4 A+
A} P4 ofmliitbe] ko] E9kom, o] x|ofe] Hol AR
A FLAQ AHolA 93 Holo] ThsAde] Slthal w0
2.

LAl o

B A4= BAYEw 20023 % YA A G skEed
H] 2|4l 213 Asjo| 2 g oo ZAL=H T,
s
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ABSTRAST : Isotopic Evidence of Marine Yeast to Artificial Culture of Moina macrocopa
Mu Chan Kim', Chang Keun Kang?, Hye Young Park, Dae Seong Lee, Yun Sook Kim and
Won jae Lee* (Microbiology, Pukyong National University, Busan 608-737, Republic of
Korea, 'Department of Marine Environmental Engineering, Gyongsang National University,
Tongyeong 650-160, Republic of Korea, *Division of Biological Science, Pusan National Uni-
versity, Busan 609-735, Republic of Korea)

A feeding trial was conducted to test the use of marine yeasts isolated from seawaters and sediments as a dietary
source in cultivating a Cladocera, Moina macrocopa which is available as an alternative live food for fish lar-
vae. The marine yeast-fed M. macrocopa had similar essential amino acid profiles to the documented values for
Rotifers and Artemia enriched in microalgae and commercial diets. Erythrobacter sp. Sm-1 lacked ®-3 high
unsaturated fatty acids (HUFAs), 20:50-3 (EPA) and 22:60-3 (DHA), which were also poor but detected in both
the marine yeasts. An increase in the 20:50-3 and 22:6®-3 levels, compared with the levels in marine yeast
strains themselves, was more pronounced in the 22:6m-3 level of Moina fed the Candida sp. Y-16, resulting in a
high DHA:EPA ratio. When the Moina diets were switched, their §'>C values shifted gradually toward the val-
ues of the switched diets. Diet switch from Erythrobacter sp. Sn-1 to Candida sp. Y-16 resulted in a more rapid
turnover of Moina tissue carbon than that in the inverse case. When fed a mixed diet, the §'°C values of Moina
tissue approached the value of marine yeasts immediately. These temporal changes in the §'>C values of Moina
tissue indicate the preferential ingestion of marine yeasts and a selective assimilation of the carbon originated
from marine yeasts. These findings suggest that marine yeasts, particularly Candida sp. Y-16, are highly avail-
able to mass cultures of M. macrocopa, providing better nutritional and dietaty values than the commercial diet

(Erythrobacter sp. Stm-1).



