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Cryopreservation of Common Korean Bitterling
Acheilognathus signifer Sperm
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This study aimed to find an optimal diluent and cryoprotective agent (CPA) during cryopreservation of common
Korean bitterling Acheilognathus signifier sperm. The bitterling is an endangered species in Korea, and this study
will enable conservation and further technical development of artificial seed production. We tested the effects of
cryopreservation and toxicity by the type of diluent and CPA. The optimal combination of diluent and CPA for
cryopreservation was 300 mM glucose+10% methanol, resulting in a survival rate and sperm activity index (SAI)
of 96.3£1.5%, and 3.0+0.0 respectively, and no significant difference compared to fresh sperm. The survival rate
and SAI of post-thawed sperm was 9.7+1.5%, 0.8+0.3 respectively, which was significantly higher than had been

achieved with other diluents and CPAs.
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E9 A2 (Acheilognathus signifen) = 3= J1-7-0]F0 2 <
o]IH(Cyprinidae)2] ‘HAFFol K Acheilognathinae)o]] <510,
A S T ol EA R AT, e, A=,
4 2 39F Foll B she Aoz Btk o] gIti(Uchida,
1939). AR ML of=Aow FFo] Al ufjH2
B RS w3 glom, SR ueulel S eule] 7R
s zhalo] Mgk Bt teekile] Yo sk WAel A
2= AL w11 Qlo] IR (Acheilognathus koreensis)
S} A Her ol = A 717} e 52 ofFolTh LB U &
WA E 28, 0k B fF SOl oM IO R GAH
o] Q= WES7] oPIEAE 25O R(MEV, 2012), AHilo]
A HEE o e olFolth. HEATY AMAA= 5 5
Ap5t 2|20 uieto] Wt mejo] u]go] £, A Mol Sz

7b % A S Ao, Gt ofu e el AT
(Unio douglasiae sinuolatus)°] AF&tsl= SE3F Aket EAS
7}#) a1 ¢ltk(Beak and Song, 2005a, b). o] 2 213} 2 o{(Cypri-
nus carpio) W 5-0)(Carassius carassius)2} -2 AHF <o &
o g Afjgk-A g o] golstA] Lot} T3k A2 o] o] F
of Fct steette 71 o] vl o] QlFFHAA 7| s A
Aol of o] Aleh whebA gk 1R Fo F HE Y
Hedo] AR B3RE HeiAe SEARY SA-5d A
T H AT AL 7ol E asiet

o) F AX}2] Wz HEof et A= Blaxter (1953)7F Ao
(Clupea pallasii) 4 #+0] YEHES T2 02 OI& °1F, 7
& o] 7] AApY-sHEo] et w2 A A HarEar ¢l
TtH(Chang and Chang, 2002; Billard et al., 2004). ZA}-2] W&
HE 7|e2 A To SHAA qlof ofu| o) a1 A7)
7HEYASEAY, AQu|7F L2 R FE off Aok AR A7 9
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Table 1. Numerical index for the evaluation of sperm activity index
(SAI)

Index Score Motility characteristics
I 3 Sperm display forward movement rapidly
Il 2 Sperm display forward movement slowly
1l 1 Sperm display forward movement moderately
\Y) 0  Immobile sperm

SAI = score x % motile sperm/100.
v A8 EAIE s d e 4= Jlo, 7 ofn] o] Akshe]of &
Q¥ e AH S Ao 4 ek w3 AR A
WHIE 7FsSHA shaL, BEL1 710 w9l A Fe] HES 7HH
SHA & 4= Sli= A 7HA AL QItH(Chang et al., 1997; Choi
et al., 2007). ZLeut o] 78] FAYEEE A WE/alE & 4
Apo] A EE U 25 S FAISH | flsto] thaet 314 9, AR
A A (cryoprotective agent, CPA), HIA|ZH W& 4 3l
25 Fol tigt T A x2S gAstefof gt o] 34
= A e dAlst YEEE A2 AL 54
< FABH she d-E shal, CPAE Ak Ws/als Al |
2434 4 5lE Aok 4TS 2t 22y CPA= 54
ol Jlo] A AEE U L5 4e AaAl7| B, ofFE AH
CPAE HM5l= 212 wl-¢- 251t

2 Aol A= T o] aLfrolFeln] HBE]7] Rl FEAE
o] F HE 9 IFFTHAA 7] il SIRt A4H9] dgtew
B ke YEHE A 2% )40 2 CPAS obim
A}, 5490 7 U CPAY B Aol 0]t 54 U g
FHEE aIE 2AFSHIC

=z =H

0

EH
=

Ao AR FEAE A2 A abtsh YeH AT
Al oA F4]- HES Y3 AR5 A% 6.9+3.0 cm, A5
49+0.5 go =71 40ute|2EE A Fstlrt. A o] ZEE
NS A F 317 ool viAdEof| ot Ao 2 AH-g WA}
flto] 27g 24417 HEE A FH o0, AFolE 100 ppm
MS-222& upH gt o H25 FE A dalsto] g skaiet.

AT N F = FA 9| 3ty EAS dotHy] 9|5t

AR (40, 12,000 rpm, 205) 3900, YAlRa|ste]
2 A2 A A7 A 242 W5 aL(-80C)oll Bakskgict.
%

T AXJATIRE A% (Fuji Dri-chem 35001, Ja-
pan) o|-83to] A5l o0, pHet AR A s = 717t pH
Z717](DE/Docu-pH plus, Sartorius, USA)2} AIE 2 5E =
2 7](Vapro 5520, WESCOR Co., USA)&Z 24519t}
340} $5 3 CPAY SHAR 4o S4B ER
2 BE u]wsly] 9Y5te] EAANOR 7] E Jofut ofRo] A

Table 2. Biochemical properties in seminal plasma of common Ko-
rean bitterling Acheilognathus signifer (n=10)

Component Seminal plasma
Na* (mM/L) 83.6+3.0
K* (mM/L) 75.515.5
CI (mM/L) 32.3+2.1
Mg?* (mg/L) 5.912.0
Ca? (mg/L) 4.1+1.2
Glucose (mg/L) 3.5+1.2
Total protein (g/L) 0.4+0.1
pH 7.24£0.1
Osmolality (mOsm/kg) 254.618.6

APERE Ao A A17} £9FH Kurokura et al. (1984)9]
9ol ol A (artificial seminal plasma, ASP; 0.44 g NaCl,
0.62 g KCI, 0.022 g CaCl,, 0.008 g MgCl,, 0.02 g NaHCO,,
DW 100 mL; pH 7.56 + 0.2, osmolality 276 +2 mOsm/kg; 3]
Aol 1)a} of5ze] HAEEREN SO Bo 20
=300 mM glycose (5.4048 g glycose, 75> 100 mL; pH
6.13£0.1, osmolality 312 +2 mOsm/kg; 3] 1 )& AR5}
%}, CPAL o] £.9] HAPYERE Ao 714 wo] A8
+= dimethyl sulfoxide (DMSO), ethylene glycol (EG), metha-
nol ¥ glycerol, =+ 10%=2 3}ic) 3|4 F2 9 CPA
8 2R ARl 0|3 542 B SJste] 221] 9
Aok CPA7} 71 8ol A4l 100:1= FaL HApo] Ay
£8 9 LA 2SI AR AL Feteu Ao
2 7¥7F 33] jhE yhaksto] A bl tigh Aokgle= A
A=o) Hlg R AEaa APsEIth BAHY] 54 AR
B WAL slide glass (Teflon Printed Glass Slide; 21 wells;
diameter of each well, 4 mm; Funakoshi Co., Japan) ]l %
H-Z 2 uLA 230 cover slide o] st w74 0 &2 T2ts}
ok AApo] SEAL Table 19] LE |40 ufe} A4S 5
okaL, Z}7+o] 5ok 257 A vl whe} Striissmann
et al. (1994)2] W& W3 sto] PR/ A 4=(sperm activity
index, SAT)Z YEl 3Tt
SM N FF 9 CPAEE SHAT A YehE avks
H|15}7] fJsto] Zbzke] 3] il CPA7ZF 3 7He §-Hof A oH
2 20:19) Hl&-= 3] AJsto] 387 HP AR & ThS, 0.25 mL
strawol] “5-J5F3ATt. o] & 7} straws WA H 4 F7(-76C)=
3EAE 1A @7 3 ok, AA| A A(-196T)ofl HEZ Hol g4 W
Zretoint. 314 F5F W CPAM R YaH Z17He] A straw
£ WA Ao HE30Y 0] 25T Y] 32204 3027t &
%l 53t the AR AEE B &5 AS 57 -8 wskich
= ARe 3o 2 Udslgon, S W+ EE

2212 eIt -2 A= SPSS-E-A| 9 7] A (version 12.0)
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Fig. 1. Effects of diluents and cryoprotective agents (CPAs) on
survival rate of fresh sperm of common Korean bitterling Acheilo-
gnathus signifer. Different small letters indicate significant differ-
ences between CPAs in each diluent (P<0.05). Asterisk indicates
significant differences between diluents in each CPAs (P<0.05).
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Fig. 2. Effects of diluents and cryoprotective agents (CPAs) on
sperm activity index of fresh sperm of common Korean bitterling
Acheilognathus signifer. Different small letters indicate significant
differences between CPAs in each diluent (P<0.05).

£ 0]-8-5}9] Independent samples t-test2} one-way ANOVA-
test=2 HAAsIR o, Uzt th5H]aE Duncan's multiple
range testol] &J3l] H53FATHP<0.05).

Z4 J_-'-I'
HHEY
SRR Hog daEsiel de Al siskd 54
< Table 2] e Sict. A72] Na*, K 9 Cl s%+= 212t

83.6+3.0,75.5+£5.5,323+2.1 mM/L, Mg ¥ Ca** 5=+
ZVZF 59420, 4.1 1.2 mg/LE YeRgTh 29 glucose?}
TP 717 3.5+ 1.2 mg/L, 0.4+0.1 g/L 0]Q1.0.0, pHe} A=
A= 242 7240.13 254.6 + 8.6 mOsm/kg= LEFGTE
= % CPAY S4E7}
Ao 57 3 CPAY SA)o] AT Ao AEe 3 &
90l A= FIS AR A}, Fig. 13} 20 YRS
CPA7} H7}eE|A] o2 B]A9H T - T of] JARE HA A2}
o] WZE7} SAI= 25 100%, 3.0 2 Fresh A&} 55}
At g4 1 o 10%2] DMSO, EG, methanol ¥ glycerol
o] k7t A7kel Gelo] WA Bl HApe) HE RS 242t
80.3+2.5,64.0+£3.6,91.7+2.1 ¥ 66.3+3.2%= methanol ]|
ARG SRR A2po] AEEo] thE CPAS] A5 A} 1
o} FOJ8HAl E=UTHP <0.05). 314 Tof 2+2+e] CPAE &
7t -g-ofofl A gt AR AL &S 27863+ 1.5,
733+4.2,963+1.5 % 83.7+1.5%= methanolo] 2 X|5t &
WA 4 Ape] 80| th2 CPAS] A2 A wrk f2j5t
7] EFTH(P<0.05) (Fig. 1). 31419 1 o 10%2] DMSO, EG,
methanol ¥ glycerolo] 2z} Z7he oo HA| gt FdAL+
AR SAI=2+2+2.740.3,22+40.3,28+03 2 1.8+0.3°
2 methanol®} DMSO¢| A A3t BYAF H=}2] SAIZ} EG
U glycerol W} 2151 9kTH(P<0.05). 31449 T o 22k
o CPAZ 71et $20] AA|g BHAT 4740 SAL: 212}
2.5+0.0, 1.84£0.3,3.0£0.0 ¥ 2.3+0.3.° % methanolef 3
A& EGAE A 2] SAIZ}F T CPAS] A3t A} Bt &
OJHA| & QITH(P<0.05) (Fig. 2). Z2+9] CPAC]|A] 3] Aol &
AR ARl AEEE slHo] [ 1} 34 17} olal
329TH(P<0.05). L2/} SAL frofgk 2ho| & wo| 7] ghske
(P>0.05).
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1
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34N F7 9 CPAE R YshE 3t BgAE FAH9| sis
T AES Y 2542 Fig. 33} 4ol e QI

CPAZ} H7Fe]A] o2 BIA Y T - Tof AR HdA+ 4
Ako] Ws/allE - BEET SAl= B 0 of itk A 1
7} 10%2] DMSO, EG, methanol ¥ glycerol2 AR8-5lo] |
FHE I SRR A dE $ AEES 247 3.0+ 1.0,
1.0£1.0, 53+£1.5 ¥ 0.0£0.0%% methanol-& AME-5Fo] W
FRE T ofls A YEES THE CPAE AEot] Ysk
= 3 3lE A Hok f-of8HA] =8k ThH(P<0.05). 349 T o
128] CPAE 71et 8ol I x|5}o] W5 HE ot HdA+
29| B T AELL 771 3340.6,2.0+1.0,9.7+1.5 D
0.7+ 1.2%= methanolS AFg5}o] WEH= 3 gl A9
AYEE0] thE CPAE ARESto] Ya & et ol A Hek &
9|8} =9FTH(P<0.05) (Fig. 3). 31449 T 7} 10%2] DMSO,
EG, methanol & glycerol& ARg3lo] ZH2F W 2 oF Byt
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Fig. 3. Effects of diluents and cryoprotective agents (CPAs) on
survival rate of post-thawed sperm of common Korean bitterling
Acheilognathus signifer. Different small letters indicate signifi-
cant differences between CPAs in each diluent (P<0.05). Asterisk
indicates significant differences between diluents in each CPAs
(P<0.05). ND: no date.

15
X
S
£ 12 b
Pl
= b
S 09 r
£
2 o6 b |
) . ab a a a
2
(L]
e
¥ 03
2]
[e]
o ND ND ND
00 1 1 1 1
Fresh DMSO EG Methanol Glycerol
| mDiluent | o Diluent 11|

Fig. 4. Effects of diluents and cryoprotective agents (CPAs) on
sperm activity index of post-thawed sperm of common Korean
bitterling Acheilognathus signifer. Different small letters indicate
significant differences between CPAs in each diluent (P<0.05).
ND: no date.

A2 ARl djE & SAI= 7H2E 0.5+0.0,0.3+0.3,0.7+0.3
2 0.04+0.0°2. & methanol AMg-35lo] Wis R = 3t 85 A4}
O} SAIZF frofatA| =94 TH(P<0.05). 5]4{ 9l T of 2+2-] CPA
£ H7Iet §Aof I Asto] YaHE g SHAF A sfE
3 SAI= 7F7F 0.5+0.0, 02403, 0.8+0.3 2 02+030%
methanol& AME-8F0] W5 & 2t dlls AALS] SAIZ} 2] 5t
Al =JTHP<0.05) (Fig. 4). Methanol-& AlE-dlo] YERE
gt AR Bl E & BEES SAY T K} AN [T5 A
S Wl -2 sHAl EUTHP<0.05). ZLefut SAL= #+-2f 7t 2}
o5 Ho|A| YRITHP>0.05).

47rol Zel-skeha] E4dof wet A4 o) 7o w4
B7AY 47172 olslish=tl $83t 7IEo] Hrk(De
Kruger et al., 1984). & Q15741 52] 1 110] o]a} a0l 7
9] A& Na* %+ 150-165 mM/L (Chang et al., 1997; Lim
et al., 2007, Jeong et al., 2012), E<=o]F2] A& Na™ 5=
62-96 mM/L (Morisawa et al., 1983; Morisawa, 1985; Alavi
et al., 20002 AR A Na' S5 A2 gol
79 37 Na' 5= 991 £ahict. ol2je] K, CI, Mg 3
Ca 35 thE 0] £2] (1 o] AubHlel gideol 72 ¥lol] %
skeltt. si=ol 79 A ARAsEe vt (Platichthys
stellatus)®] 73-%- 337.0 mOsm/kg (Lim et al., 2007), ZF ]
(Thamnaconus modestus) 322.8 mOsm/kg (Le et al., 2007),
-5 (Acanthopagrus schlegelii) 337.3 mOsm/kg (Jeong et
al,, 2012) o|3le ], ol 7ol A HAFAEE=Y] B9 56
OY(Carassius auratus) 317 mOsm/kg, A |(Cyprinus carpio)
302 mOsm/kg (Morisawa et al., 1983; Morisawa, 1985), 9
2 x]o} Aol (Acipenser persicus) 82.6 mOsm/kg (Alavi et
al., 2004)2 34015 HT} Hol o] AR USRI} ke,
& Aol A EEAE B AHE A= 254.6 mOsm/kg =
A Harol i 482 AR s ool &3kt

gAY HE Aol JaFe vl 2oz e 34
o, CPA, FFAREL WeE 9 sese 50] 3o, o] 5 3]
Al 2 Ao WEHE Bl A A HA = Selsfof o
ot} YukA o pAbsEo] YAbe AltollA A9z W=
W B4 S48 vl S5AS AMISH B, 3j4ele
HA0] B RSl WERE A B A8 S5
A 5h= 282 FHtH(Ohta and Izawa, 1996). 121} Zojch
A7 sjAollo] TRt w7t Dot Q5 (artificial seminal
plasma, ASP), glucose, Ringer's solution, MFRS (marine fish
Ringer's solution), sucrose G 98] 7}#] JANS FE o
ejsto] AHgSHL Slek. CPAL AAHo| WEHE A 713 Fa
3 RAR NE AR AR Y AP 5 98k 2 U5
L oJ3kS krH(Jamiseon, 1991). wehA] CPAL FA4 B o] o]
of &}, 214-40] el L, A muto] gt Eakao] 1, AlE
ol tf gk 54do] & ofof stk (Kuwano and Saga, 2000). 121}
7} o}0] A= CPAS] F50] et 5 Sol 4 & wol7| i
off E o}fto] q FEA R A 4 9l CPAL o} 4] ¥
21 v} glow, CPAZL AT WA AES B 561 AN 7]
ol 2ol A2 o} 4] 227 7] 3L Slek(Kho, 2007). wetA of
R A0 WERE A A4 CPA SR 9 S5 S 3 A2 )
&z s},

£ Q5o 4] 340 £2 9 CPAY EAjo] B AA

W 2] n A Qg dtohi] Slste] B4

7Fgt A3k, methanolof] =ZA Y] SHARE A} EE

(0]
BEE
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T} Z Aol 5 Holx| gt webA] methanol
SRR Aol 2 RS ulAX] R Ao B
et 28U EGRY glyceroldll leEA17] S AL AR o
Zol| Hs AEET FA o] s Hasled, o] 59 =
Ao BA el ARl RS vl Al Ao BeHHr), Eat
2 Aol A FA T (Yo ASP) Er}t 34 T (300 mM
glucose)oll Z718F CPAL] =4 o] F-2l5H Wkt Gwo et al.
(1991)& A#}o] W29 93t 3]4]9H 0 7 &= sodium chol-
oride, glucose ¥ sucrose@} - 7Hehat £/ 9] 3]4 o] {2
slrhar 3191al, Chang et al. (1997)2 G2 o] g 3]4 ol
A} TSR] QA HE PN A BEATHE Slra B
SEICE webA 2 Atoll A ARERE B A T = HARe] <
AAA) 7= et oh g}, CPAL] SEAHCZHE HAE K
w3t Ao 24,

B2 AFASS ofFe] BAdEEE Al DMSO7E o2
CPA Rt} YsRZE g7 £2 2 0 & B35 th(Ciereszko
and Dabrowski, 1993; Lim et al., 2007; Jeong et al., 2012). ~1
2]t CPA= & 50142l 8ol Zsh7] wlwoll 2= o 7ol A
3 UF o7 AREE 4= Q)= CPA= o} & LR &) 7] ¢ttt 2 o
oM Bk ko] WEHE x| DMSO= EGL glycerol
Hrp Y gEE a3t £kt 181 methanole ARg-5ko] 1
ERE T BUAT 449 HE T AEE U SALE DMSO
wth ejshA| 27 eR, methanolo] By ko]
FHE A AA CPAR HHE Tt SRR} vls=gh Zhd At
2 A= YERZE 3 Ohta et al. (2001)2] Lo A= 10%
methanol& AH8-8F3E ff ThE CPA Rt} s JA4He &%
Jol =8kl H sl o] e Ao (Oncorhynchus
masou masou) 2 F-2|7}<o)(Oncorhynchus mykiss)2} 22
S0l 59 AAWERE AT methanoke: ThE CPA
B} Y5 EE a7} 9tk (Lahnsteiner et al., 2002; Lim et
al., 2008).

Lim et al. (2008)2 o]5H 274 CPA= 5Yg Folzt &4
2t CPAS} 3] Al o] 239t =Yg Hiof wheh depal 4= Q)
cFa sRck. ujebA 1 CPA Al
of FaFe A= of] 7] fRlEs THA e ® HESIoof
Stk 2 Aol A BT FARe] WEEE Al 314102 300
mM glucose, CPA= 10% methanol& AH-319S wf 714 &
o WERE ATFE eIk el 2 Ao AREE
FRE 24 9 wo] Holekn B ole) 714
7h wk veha] B gate) WERE A 17 54,
CPA, BRAE Y58 9 dle2= 5 o7 71| a.2lof thet
Hop Al RAQl A7t o BRE A O 2 AlrETh

X
rlo
flo =
EN

oL

1% o
o
0
ol
o
rir
9
>
1o
ol
_t:l‘

Al AL

AT AP AR AL TR AN E F
HE 9 5 A4 7] T EAR S RP-2014-AQ-001)2]

o1te] A o] 23] 3= A5 )
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