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ABSTRACT the late D-shaped

larvae were cryopreserved

This study was performed to find out the optimal kind
of additive and concentration of ethylene glycol (EG)
as the cryoprotectant on the D-shaped larvae of
arkshell, Scapharca broughtonii. The larvae in straws
was carried in the programed freezer set up at 0C,
frozen to -12C by the freezing rate of -1C/min, held
for 10 minutes, seeded at -12C, finally refrozen to -3
5T by the freezing rate of -1°C/min and then directly
plunged into liquid nitrogen. The survival of larvae
frozen in 1.0 M and 2.0 M ethylene glycol added with
0.5 M sucrose were high (50.5 = 1.3% and 51.9 +
1.7%, respectively) in the early D-shaped larvae
cryopreserved in 1 M and 2 M ethylene glycol diluted
with 0.2 M and 0.5 M fructose, glucose and sucrose. In
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according to five concentrations of ethylene glycol
added with 0.5 M sucrose, the survival of larvae frozen
in 2.0 M ethylene glycol was the highest as 51.9 %
1.7%. The morphological differences in cells between
unfrozen and frozen-thawed D-shaped larvae were not
found by the scanning and transmission electron
micrbscbpy.

Keywords: Arkshell, Scapharca broughtonii,
Cryopreservation, Cryoprotectant, D-shaped larva,
Additive.
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o WeA 2 f49 YEREE e FAHH 54 @
£, FARAY e WY Sae Dz, sl
(Patinopecten yessoensis), A% (Acanthopagrus
schlegeli) ¥} 7ro] £AA%: (protandry) s 3 54 ¢
(Epinephelus septemfasciatus), 74'3% (Oplegnathus

punctatus), 3% (Dentex tumifrons) ¥ 7& AAA%
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(protogyny) 3Me ¥ REAE Y + Uk =3 P
A Sl AR BT ] o)FAA Hfee
A% FRANH ALEFo 7R, & 277 AL o4
o]F2] SR AYelzx AHgd 4 gtk

YR oA Ay AHE &, AFA A5H AEYe
2] B)AA (ice crystal) A & W43fxAsr] 3 F3Y
A A A2 B=H<l g 4olt} (Chang et al, 1999). 53
WAAE Wl A% &8 FAATIAY $AT + 3,
ARsHE A5AA 38E FAsA s O, EEkA] A
4 A7 AxE SR ¢ 99 (Rall ef al, 1978).
Glycerol (1.0-1.4 M) & #7I3E& 7% AlZ 454 5=
+ 300 mOsm9)A 1500 mOsm7}#] Z7}Elt} (Niemann,
1982). °|X# AT FIYAA LY} 5L FHE o1F7] H
3 AR Aol w453] doju] wiiel, 83 AE &
o] wWAIH wpgew  FIAAPZL AriE]ookgirt
(Niemann, 1984).

Niemann (1984) 2] 219 25 methanol, ethanol,
ethylene glycol (EG), acetamide, propylene glycol,
dimethyl sulfoxide (DMSO) 52 AZE 2337 93] A
T2 53} o] A5 oL oY FxelA AL
pom, AT A5 wzA Axsopl YA AXE X
3% 5 ok 23 o] FIAAAEL A i AE 5
£ y¥dofrt g}, = 2 TH{FE polyvinylpyrrolidone,
sucrose, glucose, mannitol, polyethylene glycol,
dextran T TRE A9H 5] gl o5 /AR ol
AL, AELA ATE BRI UV R AFn
0.01-0.2 M) o)A Z#7} ol Fon B4 i

Ax 23 530 SHAA TR AR e 2 A 7t
A 71%ge] S AR 4A gt 1) glycerol e AlE9] £
B YEF] 5 & AAS £0l22 (Rall ef al, 1978),
|9 GG Az PEozyE &40 43} (Farrant,
1965; Lepock et al, 1978), 2) 9] A¥XE Y5EEA] -3
5CelA -45CelAE BT = ARIAR (Leibo et al,
1978) 2 MEU 223, 3) AlETe] A3} (Maurer,
1978). 13y AE3 AZRF 7)FE o}2] A8 = A
@ Aefolcth

AR Wl FEAAY 57 4xE gEiAed,
Renard (1991) & #A4%°] 3L methanol (MW 32.04)
< e AR FAFFe] ol B sucrose (MW
342.3) = }F3A X3 slgich w3 FHAA Y =
7} FoVeta HPA o] AoAH, 2R fALS AA o ¢
%3S wh=d], methanol©] ethyene glycol, 1,2-propan-
diol, DMSO, glycerol, sucrose 5 Rt} v wdo] £AHS
g g5l Ao ¢¥A v} (Renard, 1991). 183 A7}

A} FAYAAIE FFH R AHE3IGS dols YEshe 5
ob el oidt RIEINI} FolXE Aoz WA ot
(Takahashi and Kanagawa, 1985).

o)g} o} FA LA A At wje] YERE AANE 35
= Fad 23 9 e, 2AF FAE ALt
I ZA3E AR d7-AeE )k} Toledo et al (1989)
2 AFSR (Mytilus edulis) & ) DMSOE 43}
UE F RS &R 2ABRY 2 & (Crass-
ostrea) °|A Renard (1991) + methanol®} sucrose%,
Paniagua-Chavez et al (1998) 2 15% propylene glycol
%, Chao et al (1997) 3} Naidenko (1997) + trehalose
£ %7K} DMSOE AH83ste] QEREA FHLAAL -+
ol WlAE FFe ek ol o) 2R AR T
AAAE Fol wiet 22t o2e] AR FE A e
2t FEEE AEgo] 24 9E 397t Yo} (Paniagua-
Chavez and Tiersch, 2001), 4§l g JErEA 53|
A AR 5ze] et el Dasid,

szfe AdHET} ofeY AF TEA g3 FHE
g dae] W & FUULh oA AF FRALS
FARE AZ37] AT W] SR vzl DY /S
WERE&sy] A3 A A7 FaAAY Ads=E
Zaa gt & d7olAE o dfiFe wieA 4 f8e 3
ERZEX wWo] o)lfgsE AR fructose, glucose,
sucroses} TR A2 ethylene glycold Hlz ZH &3]

Mz H Yy

1. %3 38

AL FAE 47 3t A=) oA (4¥) o A o
20 ZHE FANA 247 53t F7] 258 v, 23TellA
1Az AA 6T p245 AL Fof MY, A
o, 235 RS 10 m® $RAN AFsEA Helz:
Isochrysis galbana®} Chaetoceros calcitranss 5t} A
L S8 e 50% Aol 2719 $7] DY Al 2
g e AME3glet (Fig. 1, Table 1).

2.Y5REANN
H7HAE Q85 (NaCl 2.7 g, KC1 0.07 g, NaHCO;

0.05 g, CaCl; 0.12 g, MgCl; 0.46 g, %5 100 m)) &
o] &35l uE ZAZ 02 M, 0.5 Mol HA ¥ fructose,
glucose, sucrose -£2 A&3P)  FIAMRAERE
ethylene glycolS A83}%2m (Choi and Chang, 1999),
zZ+ A7 A 4205 M, 1.0 M, 1.5 M, 2.0 M, 2.5 Me] =
Al & ethylene glycols A-&3}5it}

F gHile] DY fA8S AL (237) oA 72 &40 10% %
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Table 1. Measurement of D-shaped larvae of Scapharca
broughtonii used in the cryopreservation
experiments.

Time after Shell length Shell height

L 1 R
arval stage fertilization (gm) (pm)

Early D—shaped 51 hr. 85.2 £ 32 655 % 3.4

Late D—shaped 64 hr. 89.3 £ 3.1 674 %+ 2.7

Early D-shaped larva Late D-shaped larva

Fig. 1. D-shaped larvae of Scapharca broughtonii used in
the cryopreservation experiments. Bar = 10 um.

ot A3 % 0.5 ml straw (FHK, Japan) o 93, % 2
57 0CE AAs Sl Z:aIs)
Freezing Engineering Co., Busan, Korea) °ll*4 -12T7}
Al EEsAch olF -12TelA 108 B¢ FHA AW
(seeding) ¥ o=, T4 YEE ((1T/F) = -35T7HA 4
SBI5ch -85C e 308 FAIE F, AL FA -196T2] o
AALE (MVE, USA) o &4 233l9c} (Fig. 2). 147
F 25T golA F53Est AFErE ASAE o
Faran| el o3 AreFol o7 F97 AFgds QR
AEES AR

(Samwon

3.YFAF #4994
1) 599 2

Az DY 749 HFYehE setstaa FAAERA
Agg AFsIYel. #A4L 0.1 M phosphate buffer
solution (PBS, pH 72 23 SEA31 25%
glutaraldehyde £ 4Toll A 2417F E<t 13} A8}
olojA PBSE 1047t AH3 & 1% osmium tetroxide
(0s04) 2 4TA 2217F 5k 22 mAsge}, 1A o]
AEE PBSE AH3E 50-100% A9 ethanololA
10-202% &3tk @7} 3 ARE critical point
o439  gold

dryer®2 7%3% % ion sputterE

Arkshell larvae cultured at 28T

Loading with cryoprotectant and additive for 10 min

Cooling to -12TC at -1C/min

Seeding at -12C and holding for 10 min

Freezing to -35T at -1TC/min

Holding at -35T for 30 min

Quenching in liquid nitrogen

Storage for 1 hour

Rapid thawing in 25T water bath

Fig. 2. Flow chart of the optimized two-step
cryopreservation protocol (required time for
cryopreservation was 85 minutes).

palladium-coating (15-20 nm) ¥ t}g, FAAAERA
(DMS 940-A, Carl Zeiss, Oberkochen, Germany) 2%
A,

2) Uiy a3

Hz709 DY 7S FRAAEAr Ao w s}y H3) Al
2E ARG R H4AAEE A5 AR AN g2
gt 2R AR AP FUsA X sk
o} @47} By A8+ propylene oxide$} epon (A + B)
9 E3Ee 9ol 1-3A7F &2 F8417] vb2, Epon 8129
Fojsigict. Eoidk DY {49 A&+ ultramicrotome
(LKB, Nova, Sweden) °l 3} %7 05-1.0 gm#%
semithin sectionZt ©}Z, toluidine blue® <A3}o 33t
g FHE ARGk A7 A AlsE obA 60-90
nm F72 2}A3}te] 200 mesh copper gridel| #2}3tgic}.
Ultrathin sectiond ¥ uranylacetate®} lead citrate
S0 olFgAsley ExAzHr (JEM 1200 E-XII,
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Fig. 3. Survival rates of post-thawed early D-shaped larvae
with 1 M and 2 M ethylene glycol (EG) as a
cryoprotectant (A) and three kind of additive (B).
Different superscripts are significantly different (p <
0.05).

60-80 kv, JEOL, Tokyo, Japan) ©.& #2&lgic]

4. 3AAE

REE A8+ SPSS AT 2238 o]83l probit £4%
39, A 2= one-way ANOVAZ AA3le, £ 459
277 (least significant difference test, LSD test) ©l] <
3 A 73 fF (p < 0.05) € wHolslgich

2 4

1. 37 #-99) AEd

RS AVHE 2] sl 47 0.2 M 05 M9
fructose, glucose, sucrose®l ethylene glycold #7}3lo
3% 5571 1.0 M3} 2.0 Mo] S22 3t} o7)e] 271 D
g TS A B A, % E YEEL Fig 39
A9} Fel 0.2 M fructose, glucose, sucrose”} 71 1.0
M ethylene glycolelld Z+7} 13.9 + 2.5%, 4.1 + 0.9%,
2.9 + 0.2%%t} 2.0 M ethylene glycololX+& z+7h 1.9 +

60

50

40

30

Survival rate (%)

20

10

0.5 1.0 15 2.0 25
Ethylene glycol (M)

Fig. 4. Survival rates of post-thawed late D-shaped larvae
with five different concentrations of cryoprotectant
mixed with 0.5 M sucrose. Different superscripts are
significantly different (p < 0.05).

0.3%, 0%, 0.8 + 0.0%%it}. 0.5 M fructose, glucose,
sucrose’} 371 1.0 M ethylene glycoldlA 42 A&%
< 27 119 + 3.1%, 0%, 504 = 13%%3, 20 M
ethylene glycol*|A+ 2}7} 6.0 + 0.8%, 1.5 + 0.3%, 51.8
* 1.7%3. mebA 22/ DY #4409 B5REA WAR
0.5 M sucrose’} 23t 2oz eyt

2. FMAA s 4 B d
A7MAIZ 0.5 M sucrose”} 3715l ethylene glycols A}

83t FEARE o) YE&o] 71 5} (Fig. 4). o) &
2 7] DY 42 H7HHZ 0.5 M sucrose, E3urA] 4|
2 ethylene glycol $5H =2 Hrlsle] Y53 47} sz
o] PFE&-L ethylene glycol = 1.5 MT 2.0 MoilA 2+
7t 50.5 = 1.3%, 51.9 * 1.7%% ¥t} EGelA 2.0 M7}
Ae 27t 2oHESE 749 AEEC) Y5 HolA=
AEE Rgovlh 25 MAAE A& FosH Wolxid
(p < 0.05).

3. 9% A¥ #A< gana

9z DY F49 AFFeE FAAARNFE o451
BEE 2, PF A FAAME 5718 A (ciliary
band) 7 7<) sizte] Feir} = le} (Fig. 5@). 2.0
M ethylene glycolZ M3t WE-slE F AL 4=
5 A FA4F vlzste] 5o HelA zlolg LAY 5 g
it} (Fig. 5®).

3270 DY 449 WIHHE SAAAAN AL o] Lsle)
W2 A3, 35 A DY KA dupn 9, Az 409
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Fig. 5. External feature of Scapharca broughtonii
D-shaped larva in every cryopreservation
experiment. ®: Unfrozen D-shaped larva. ®:
Frozen-thawed D-shaped larva. c: cilia, s: shell.
Bar = 20 um.

A Az} Aol E YepdA| dsket (Fig. 66). ot 4
2 AEeA e $53 AxAe TEs} B

o

71&9 25 DA YERE AN ARSE dAT
Ae AxEd 2719 w7l diREelgick Toledo et al
(1989) & AFFx o] HAAAA F 2-8M T FEAES AHE
g YR EoM gEAle YEREe] e #3ch £ 4
FAAE gz DY FAE ol &3le WEAEe AN 2
#, 05 M sucrose® H7Ig 1.5 M3 2.0 M9 ethylene
glycold AHE3IS o, 50% ©14e] WEEE B Yer e

Fig. 6. Fine structure of cells in Scapharca broughtonii
D-shaped larva in every cryopreservation
experiment. ®: Unfrozen D-shaped larva. ®):
Frozen-thawed D-shaped larva. c¢: cilia, m:
mitochondrion, n: nucleus. Bar = 1 um.

o] 7b5EE 4 5 gtk

Gwo (1995) ¥ =2 AFH (morula), @4 (gastrula),
“&4  (trochophore) 3 10%, 20%, 30%< DMSO,
glycerol, ethylene glycol, propylene glycerolell J55F&
& A7}, F#47) 10% propylene glycerol # §%53 SE2}
7} HEF AEE 95%F 7P F9hoh Ruslitt. Chao et
al. (1997) & 329 F7] 9ist 27] FA4F 0.06 M
trehalose% 343 2 M DMSOE EsAIARE AR5l
62.3-75.1%% HE=4L Agon W3l (Meretrix lusoria)
2 7] wigk 27) 4L 0.06 M glucoseE 343 2 M
DMSOE SHuAAZ F53gs o, 5 F A&
73.3-74.2% okl dgich £ ATeAE Hxs DY A4S
0|43l AH7}A|R fructose, glucose, sucrose 5 0.5 M
sucrose, E3HA| A2 2.0 M ethylene glycolS AHE3151S
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e F AL 7MY 4ok FEAAS 22 AR

S e AR Aslel e &4 dsle
o7 oe#} 922 (Renard and Cochard, 1989), ¥ 4
of AMg-gh FAe AERCE £ IS TIAA ZIglen
sucrose?} ethylene glycolS &35l AL S o] A&
o] &9ir) ol HIAAIR <l At AL HuHAIQL
sucrose”} A|Eu}; 2] F-ollA 3hA7]7] Wil Aoz AR
t} (Choi and Chang, 1999).

U )

to

(o]
=

t0

Az DY 8& WERES] A AAE A F7
8} 5 9 FIAIAIR 2L3F ethylene glycol®] FXoi
gt YERE FAAEHE AR AEde). AL 0TE AR
-—i——’—"’\ﬂ B2 &A 10/ Y5 EE 1207 Y58
F 10¥ &< /A AelelA AYsty 35T AvdEg
v, FA AAARE ARsge 1.0 M} 20 M
ethylene glycolS F3ldA|A 2 A}&3le HriAHEE D
A& U533 27, 0.5 M sucrosedl| Al AZEo] 27 50.5
+ 1.3%, 51.9 = 1.7%= 7}% £9t} 0.5 M sucroseE #
713t ethylene glycol®] 554 YEoAs 2.0 Mo| AZS
519 = L.7%% 7P vk $4 2 FAAAA AL o4
3o RS R An, B A, F A A-FE L A
ZY 729 xo)7} AR A skl
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