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Effects of Steroid Hormones for Sexual Reproduction of Rotifer,
Brachionus rotundiformis
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2 % E A3E rotifer Brachionus rotundiformis® /3841 FEs7] Y8 aAQl ifELR ¢ 7R A
steroid hormone (serotonin, progesterone ¥ B-estradio) A&l HE¥(Low, 30 mg/L ¥ High, 300
mg/DE W7 JARTNE 68 53t vigstaA ZASHAT viF 394 B-estradiol (E2) A24t7t & Aol
H|3 8 4E0] 20.6%E 7Y =A Uehgth vl 694 Wt AB4k4=(106 /NE 543 dakg 2oy oo
ZE serotonin®] &4 YT H5to], 9] AHZo|E s2X0| H 712 FAATA FHA9] W uX]E IF
of tis ZARE A3}, NrbP, SRY, Cyclin ¥ MrpmB F4dx7F A2gt E hormone®| W3l up-regulation®+=
AFS Bt AAE SR Y, B rotundiformis®] WFs AJAto] 71 &3HAQl steroid hormone B
-estradiol?] AL THET FAF4 BH FHAE NrbP, SRY, MrpmrB ¥ Cycling A 4= ot A% &3
ARl otk BAks 913 B9 A AgsEtgel Be 57 A BT AR weEnh

Abstract We studied the effect of several sex-related steroid hormones (serotonin, progesterone and B
-estradiol) for 6 days on the induction of sexual reproduction for the mass production of resting eggs
in the marine rotifer Brachionus rotundiformis. The highest mix rate of 20.6% appeared with the B
-estradiol (E2) treatment on the third day. The number of resting eggs was highest with E, treatment,
followed by that of the serotonin treatment group. In addition, we investigated the effect of the
hormones on the expression pattern of the genes related to sexual reproduction in the rotifer. NrbP,
SRY, Cyclin and MrpmB genes were up-regulated with all the hormone treatments. As a result, B
-estradiol was more effective than the other hormone treatments to produce resting eggs in B.
rotundiformis. We suggest that the sexual reproduction-related genes in the rotifer are the NrbP, SRY,
Cyclin and MrpmB genes. Further study is required to determine the optimum concentration of E; for

the effective production of resting eggs in the rotifer.
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1. M2

AR o 2 rotifers T84T 84S T2
St A487g0] A He BE F49484Z olo7t
ot AEYAE B oA TRES Y5 R84
Alog A} Wk AAbste] 270 d o) 744 &
AETH1L. o] rotifer W7#h @, SEHE = 9
O|PEEL seed ¥ SHAUTHER &8o] 7Fso7| Wi
o o]59] YA AF7F FuieolA £JH HF gl
U ob7HA] A83FEA] &5kl Sl A7olth Rotifer
9] §8484E FIAZ17] Hol B4, AE, FetEos
ThoFgh Ho] AtEe] gkom[2-9], AT AHREO|E
S22 of&3t EHP[10-15]0] Bard HE Qltk. X
7] B T2 ASHEE rotifer FollA skl
Brachionus plicatilis (serotonin 83)), B manjavacas
(progesterone &) 9 T B calyciflorus
(progesterone, testosterone ¥ estrogen &IP)o] o
3t A7} 5 o|FaL Qlr. ofof] whefl, =l 715=A| o)
AABt @A o FAo]9] Z7|HO|BER FE AMEE]
1 9lom S-typel& LA U= B rotundiformisell
jgt AH|Ro|E JFol T A= oR7A] Haud
b Qith mEkd B A= I rotiferd B
rotundiformis®] W A W o] dgto s &
ARBAFEE 93t aH-Q AHREO|E SEES 24
st ZF S 2Eo] A1 | B A= Fael

RLENL T C

t

L= rotifer=  Brachionus
rotundiformis= 2015¢ 6%, AeEE GGolA &
ZjE &, @4 ol e dKIOST)oNA 44 =
2 [2, 28C; ¥&, 15 ppt; BV, 121:12D; Hol,
At 5= Chlorella (Daesang Co. Ltd.)] & HiF/
A ol ATHIL.
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2.2.1 Rotifer?Q|
AHL [ee and Sim (2016)2] = o] u}

oHOl. Q9F5HH, 12 wells culture plate (<,

0

63

ml)ol F/g84 5ol 2t Raet 2% (K12 E 5 7H
A/mLE2 AEst] 28T, 121:12D2 FA=E w7
oA HolZ Hit 5% ChlorellaS TF5tHA 6Y
ot w3kt Rotiferd] A4S, SARAE ¢
E A4S 9ol 4 7 (0%, 2%, 2% € D99
femaleS 1Y 13] Al5steh. AR AR AH o]
T SEHQo B-estradiol (Bp) %
serotonin (product number : 22} P7556, E4389
9 14927)°1¥ 2™ X% Sigma-Aldrich Chemical
Co.BRE FUsHth. BE TEE2 33 F/RFE &
W2 3to] 0.05 g/L =9 stock solutionS AIZ3Y
t}. Rotifero] ot Z+ S22 24T sE=
Gallardo et al. (1997)[15]& HF3sto] AsZ(Low,
30 mg/L)%t 5% (High, 300 mg/L)& A74sto] 35t
& AASH

A
+%

progesterone,

2.2.1 |AALS0| ot 222 5t

9] AgojlA] AR&SE AB|Zo]E T 2X (progesterone,
E; ¥ serotonin)©] rotifer®] F4A4HA FHA9]
Tdlo] mX= FFel s ZAIITE 50 mL test
tube (BI¥Z, 50 mL)oll ¥ ZACZ 8iFsIE rotifer
£ 100 inds./mLE FZE3sl1 2+ AHZEolE S2E(30
ppm)y& F7RE & 12 AIRE 1 vttt 1, 6, 12
9 24 AA 45 pm sieveE ARESE] SR &
TRIzol reagent (Invitrogen, CA, USA)S A&3}o] A|
ZA] manualo] WEl RNAE FE313t o], Lee
et al. (2014)9] #Ho=Z cDNA AT real-time
RT-PCRE &35to] R840 RARte] SdaGS
= BAsIotE Ado] ARERE A R
Cyclin B2 (Cyclin), mate recognition protein
motif repeat B (MrpmrB), histone H2A type 1-like
(H2A1),

subunit

Cyclin-dependent kinases regulatory
B (CksB),

protein, (NrbP), sex-determining region Y (SRY),

nuclear receptor binding
transcription factor SOX-1-like (SOX1), putative
histone-like transcription factor (HItf), histone
H2B (H2B)Z XA7st99°2™ housekeeping FHAIZ
18s-rDNA (BR-18s)& AM&5l¥tt. Real-time pers
et 2+ 5] primer AE2 Table 13 Zth.
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Table 1. Primers used for real time RT-PCR

Gene Primer Sequence (5'—+3)
MrpmrB F GAGATGCTGTTCCACTTGTTTC
R CCCAATAAAGTCAAAGCAGAGC
H2A1 F TTTACTTGGCTGCCGTACTC
R AAGTGACGTGGTATGATTCTGG
CksB F ATGGAGGTCGATTGGTGTTC
R TTGATCTTTGGTTTGCAGCTG
NrbP F ATCCAATGAGTCGATGAGCTG
R GGTATGGTTGCACTAGAAATGTT
C
SRY F GTTTGGTTCATTCGGCTCTTC
R CTGGATATGGTTGTGGTACTGG
SOX1 F ATTATCTGTGCACGAGTGGAG
R GATGACGAGGATGAGGAAGAC
Hitf F GTGACGTGGGATTCTAACTGG
R GCTTTCGGTTCATTCGACTTATC
H2B F TGAGGCCGCTAAATTGTCTAAC
R GGTAACAGCCTTAGTGCCTTC
Cyclin B2 F TGTTGGACTTTGAGTTTTCTGTG
R GCATTCCATGTCTCAGATCTACC
BR-18S F CGCAAATTACCCACTCCTAGA
R TCATTTCAATTACCGAGCCTCA

2.3 HO|Ef &M

AHEOE 32E &0 et B rotunditormisS
+4E ¢ vt A4 B One-way
ANOVA testS AASHAoH, #=|¥3te] Fo44(P
<0.05)2 Duncan® ©5dAH(Duncan's multiple
range test) 02 EA5IQtt ZE FA E4L SPSS
Version 25.0(SPSS Inc, Chicago, IL, USA)& AR5}
o] AAJsH3ich

ol

3.1 Rotifer2| A%+ 2

Ak 9 Vst TEZ A A A1}, Wi 6¢A
rotifer FITYEE= A T2E X277 AT A
TET f9H¥or =4 UEHeH olF Ask
serotoning A2|et A7t 392 inds/mLE 7FY &
Al WERATH/X0.05; Fig. 1, 2, Table 2). ¥ 394 %
HARYXEL TEE  B-estradiol AHTEIHS ],
20.6%% 7P =A YEEth 1k 27 Ayt

Aesr AHZFHET @2 £HE&E HYow 59
serotonin®} progesterone®] ¥ £4E&E FL=5 A

o2 UEGTH/X0.05; Fig. 1, 2, Table 2).
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Hig 69A U=t Al A 228 A7t
fFodor =4 Yeht o o] & B-estradiol& A
gk A7t 106708 BAFCE 7P #=9ka1(/X0.05;
Fig. 3), dix7et §9% Aol= HolR USkA|T
serotonin A= THE Ao Hls| EA Vet
(P0.05; Fig. 3).
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Fig. 1. Changes in culture density (female), mixis and
fertilization rate in Brachionus rotundiformis
exposed to low concentrations of steroid
hormones (A, control; B, Ez; C, progesterone;

D, serotonin).
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Fig. 2. Changes in culture density (female), mixis and
fertilization rate in Brachionus rotundiformis
exposed to high concentrations of steroid
hormones (A, control; B, Ez; C, progesterone;

D, serotonin).
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Table 2. Maximum density, fertilization rate on day 6
of the culture and mixis rate on day 3 in
Brachionus rotundiformis exposed to low
and high concentrations of steroid hormones

Reproduction Concentrations

traits Hormones Tow High
Maximum Control 256.3+9.61° 256.3+9.61°
giﬁii/ZL) E2 296.7413.38%  170.7417.68"
Serotonin 392.0+£13.32° 92.0+£18.00"
Progesterone  336.7+14.62° 77.3+23.25°
Mixis rate (%) Control 10.0+2.06* 10.0£2.06"
Ea 8.6+3.7° 20.6£1.52°
Serotonin 7.8+1.18" 7.7£6.2%
Progesterone 7.3+1.46" 4.2+2.10°
Fertilization Control 0.7£0.15" 0.7+0.15"
rate (%) E 0.7+0.09° 0.5+0.14®
Serotonin 0.8+0.09" 0.240.22°
Progesterone 0.8+0.12° 0.2£0.17*

¢ “Values (meants.e. of triplication) in the each trait not
sharing a common superscript are significantly different

(X0.05).

3.2 QAAMAITLR

AE| 2o
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H2A1 FARE ALet YA A] §-824= Alzto] Aol
w2t up-regulation®E S B E9] Wi 12
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Fig. 3. Number of cysts in Brachionus rotundiformis

exposed to low and high concentrations of
steroid hormones on day 6 of the culture.
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Th 6h 12h 24h| Fold  Color
NrbP 08 11 46 sg >0
SRY 13 gl 75
HITF 11 28] >5
SOX1 18 1.6) >3
(A) [H2b 14 >2
Cyclin 19 23 41- >18
MrpmB 18 15_ >15
CksB 32| >1.3
HZAT 1
1.1 13 <0.8
14 2.1 <0.6
HITF 1.0 23 <0.6
SOX1 18 2.0) <0.5
(B) |H2b _ 11 26 <03
Cyclin <0.2
MrpmB 14 17 <013
CksB - 08 <0.10
HZA 07
23
SRY 1.4
HITF
SOX1 l 11
(C) |H2b 08
Cyclin 49
MrpmB 15 45
CksB 08 13 18 22
H2A1 06 1.0 13 0.8

Fig. 4. Changes in sexual reproduction related genes
expression pattern in Brachionus rotundiformis
exposed to several steroid hormones (A, E;
B. progesterone; C, serotonin) for 24 hours.

4. 1%

A AHZolE 259 progesterone (5-10 mg/L)
2 B manjavacas®} B. ibericus /341 FE519]
Yot Baks S7RAZITHI0-11]. 9] HF5E9
progesterone &A1} v|=9t 3EHE SE&A7F B
manjavacasHloll £A45F= Zl°] Y8 A progesterone

o] rotifer®] SAFARGEEZ F2] shteh= Ao AW
A& Yotal JHi12l. AW B plicatilis?t B

calyciflorus®'= 37t gl A2 Yt 3 74
BAGEELL tE 0= AT QUHI0l. £ A+
oAM= progesterone B. rotundiformis® W7+ A3
Ato] JF= ”]i]z] 9k 25138 E¢} serotonin®] o
Zto] Hlg] &2 We g4kZ Hole Ao' yeht
rotifer Foll w2}t §/4484)0 G vX|= AHRCIE
SEE2 F EoldY ACo= wokHrt. $HH, serotonin
(5 mg/L)2 @2 Ho|dw RANAN B plicatilis?] &

AR ES Z7HA L H[13], estradiol (0.01 mg/L)ol
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2% B calyciflorus® 7882 g2+ ] &4
EPtout RojAQl 2 vXA] P AR LA
AH16). ¥ AT ME serotoninT E.Z 30 & 300
mg/L9 H|1A £2 FZo rotiferg =E2AF =, L
B5xolA B rotundiformis® FAARBAEL +HEO|
2 e 76kl Wtk AR W2 5
2o Hls] =4 YE ol&o] §8484R T 2 2R
g Aog watEr sk XA WFt Jito
A Uit A skl gt F40E Qg =AY
2EHANIPHE, FAS A 2 EEAE 5)7F A
Q1o R FZt=m(17-18] A% 7+ S22 9] {4/
A shtgel T3 F7Hde] 8Hh
Rotifero4] 584841700 #RE AHEC|E 32
2 ASAgIgS 8 8419 484 2 Td
5ol oaff 2E=EH19]. & AFollA NrbP -84 &
£ AHECIE TE2E eEoA A7t wet F716kA
o E3|, 24A7H E:9F serotonin k=&
progesterone®2th 2 AP Ho] Y7t Ao
o] Sl= A0 R waE™ o] thgt Bt AAgE A+
7h 993t Aog watEnh ZJ3FO Y FAAOIA T
AE= SRY+= SOX&} ¥ 39 424l Tofgiet
[20]. Rotifer®] f-9484]0] 4RI = Qg 39 &
o= RE Ao 57| wfiZo]| SRY A= rotiferd
A Fagt IS o Aog FZEH £
AFoA SRY F-HAH= NrbP f-384ke} B3t IdS
Yoy B rotundiformis® 5/3/84 g0l A o
£ o= AoZ Btk MrpmrB -8R = B. plicatilis
oA Aol oJgt 4H 9] wrldAS ETICH21). £
Aol MrpmrBe B2 ARTOA 24417 A oHE &
AAEC] o =2 EES HYoH o]= wHdIES
=o] tek A4t 7]3E o= wtEoh
Cyclin®} CksB& BAMI4RE A3 Aol
k= Ao2 IeA 9l rotifere] /8484 TA
SEGo) gt A4l Tofohs AR PZhEL
tH19l. & AANAE Cyclin 879 w2 THO
Hol B rotundiformis®| /324 A3gto|| Hofsh= A
o8 AZ"ct. H2Al, Hitf ¥ H2BE |3z
promotor25-8 FAX AL JAoto] 442 LE
& 2@ B calyciflorus® /84841 o] Q=
AoZ RIUFHAJH19]. IHY B rotundiformiso)A
2HZO|E SEE ofgt FAAPTE2 HolA] ekttt

—

6. 28

£ AFE 9o B, rotifer?] W=t A4kl 71
&3¢9l steroid hormone f-estradiol?] ZHOZ
TaEE §AA84 B fHAE NibP,  SRY,
MrpmrB % Cyclin At 4 ik A5 a9l
FAYARES Flet Eo2 HH AElsatiel #'t 5
7} A7 9% Aoz wrkdc
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