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Investigation of Cryoprotective Agents for
Cryopreservation of Pacific Oyster Crassostrea gigas and

Abalone Haliotis discus hannai Embryos

Jong Kyun Chung

Department of Fisheries Biology, Graduate. School,
Pukyong National University, Busan 608-737, Korea

Abstract

This study was performed to find out egg development of Pacific oyster
Crassostrea gigas and. abalone .Haliotis discus hannai and tolerance against the
cryoprotective agents (CPAs) -and cryopreservation method by using their

embryos.

Egg development

The optimum ranges of water temperature for egg development were 20°C
in Pacific oyster and abalone. The required times for development of
trochophore were 13 hours at same temperature, development of D-shaped
larvae were 18 hours at 20°C in Pacific oyster, veliger were 36 hours at

20C in abalone.



Tolerance of embryos against CPAs toxicity

The tolerance of embryos against CPAs was determined by using
dimethyl sulfoxide (DMSQO), ethylene glycol (EG), propylene glycol (PG),
polyethylene glycol (PEG) with each of four different concentrations 0.1,
0.5, 1.0 and 2.0 M with 0.2 M sucrose.

The range of larval activity index (LAI) in Pacific oyster and abalone
were 1.68+0.2 to 344+04 and 1.02+0.2 to 3.05+0.3, respectively. Also, LAI
were increased with decreasing the concentrations of CPA. Especially, EG
showed 3.44+0.4 regardless of it concentrations. The range of development
rates (DRs) to 4-cell, morula, trochophore and veliger larvae in abalone
were 80.8+1.5%, 99.1£0.6%, 96.7+0.2% and 96.3+0.3%, respectively. DRs were
increased with decreasing the concentrations of CPAs, however, the DRs

were decreased with increasing immersion time.

Cryopreservation

When 50% of embryos reached to trochophore and D-shaped larvae with
active motility were used in each experiment. Trochophores and D-shaped
larvae in Pacific oyster Crassostrea gigas and trochophores and veliger larvae
in abalone Haliotis discus hannai were immersed in different concentration of
DMSO, EG, PG (0.1, 0.5, 1.0 and 2.0 M) with 0.2 M sucrose. The ranges of
survival rate were 8.0£1.5% to 88.8+4.2%, respectively. However, the

thawed abalone trochophore and veliger were all died in freezing process.
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glycerol (Merry et al., 1984, Ware and Boland, 1987; Cocero et al.,, 198§;
Schiewe et al., 1991, Shelton, 1992; Sakul et al, 1993), propylene glycol
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Table 1. Post-thaw survival rate of frozen shellfish embryos and larvae

Species  Stage Diluent CPAs Survival(%) Reference
Oyster] ~ Qocyte None EG (10%) 51" Tervit et al.(2005)
T  None PGC (10%) 60> Gwo(1995)
T Trehalose(0.06M) DMSO (2.0M) 75 Chao et al.(1997)
D Trehalose(0.15M) DMSO (1.0M)’ 50 Nidenko(1997)
Oyster2 T None PG (10%) ~100 Chavez and Tiersch (2001)
D  None PG-(15%) 24 Chavez et al.(1998)
Pearl
Sucrose (0.2M) DMSO (1.0M) 97 Chang et al.(1999)
oyster
T Sucrose (0.2M) EG (1.0M) 90 Chang et al.(1999)
Late-D' Sucrose (0.2M) DMSO (2.0M) 87 Choi and Chang (2003)
Surf
) T Sucrose (0.2M) DMSO (2.0M) 97 Chang et al.(2001)
clam
T Sucrose (0.2M) EG (2.0M) 85 Chang et al.(2001)
Early-D"Sucrose (0.2M) DMSO [(2.0M) 79 Chang et al.(2001)
Late-D  Sucrose (0.2M) DMSO- (2.0M) 61 Chang et al.(2001)
Hard
) T Glucose (0.06M) DMSO-(2:0M) 84 Chao et al.(1997)
clam
Arkshell D Sucrose (0.5M) EG (2.0M) 52 Jo et al.(2002)
Abalone* Embryo None PEG (5%) 94 Roux et al.(2008)

Abalone: Haliotis midae, Arkshell: Scapharca broughtonii, Hard clam: Meretrix lusoria,
Opysterl: Crassostrea gigas, Oyster2: C. virginica, Pearl oyster: Pinctada fucata martensii,
Surf clam: Spisula sachalinensis. 1post—thaw fertilization rate, 2% of Control,3 treatment
of antifreeze protein before diluent and cryoprotective agent (CPA), *(southern Afri-
can abalone) is not cryopreservation report, but cytotoxicity test. D: D-shaped lar-
vae, DMSO: dimethy Isulfoxide, EG: ethylene glycol, PEG: polyethylene glycol, PG:
propylene glycol, PGC: propylene glycerol, T: trochophore.



oJgtoli} ZAkg el BHHstHI e AAAD 7o vi-¢AF HEol
W A EAd acle ATt A FEANA a3For FEE F U= 7
g7} A Fo o & Aol

2 AFdAE AHgA 2 a3 AXE Hstads F= Crassostrea gigas
D A E Haliotis discus hannai® LA w973 RES 3l 252 A
A g DA GA S AV, A FAATS IS5t YEERE A AR
TAGA S FAsAT ob&e A CPAE Wsl7] s &94, v=4, 3
AANZE DA o] B 2AStY, AA FF AL, AR WesEE 29 @

BEE s} 5 YU YERE HPS AAsAT



2]

(e}

= =

=24 g

=

Fa. ol

22y
)

TAYSA =4
3t A TH(Fig. 1). Z3j <]

i<t

Tl B
2

=
3ol

o F>=

=
=

1. dEAy

Al

P2
oH
oju
W

S 20CT=E FAS

SFATH.

AetRom, z+ wATA o o277}

25 m ZEE 13 o3}
ATt

|

WA o] 50% o] go] s AP A o

(o]

U T

T Akl
|=]

EF 150 ppme & &%
o A 3

7} 467 /mLe] =

%1—

R 2 DI
AL, oW o] L aA



Fig. 1. External shape of Pacific oyster Crassostrea gigas.



Fig. 2. Shell opening (@), fully matured gonad (®), spent stage (©)

in Pacific oyster Crassostrea gigas.
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Fig. 3. Fully matured female (&) and male (B) of abalone

Haliotis discus hannai.



Fig. 4. Air exposured abalones Haliotis discus hannai (@), ultra violet ray
apparatus (®) for the spawning induction, sperm (©) and eggs

(D) waters after spawning.
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Fig. 5. Tolerance test of Pacific oyster Crassostrea gigas embryos to

cryoprotective agents.
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Table 2. Numerical calculation for evaluation of larval activity index

Index Score Movement characteristics
I 4 Embryo display spiral ‘movement rapidly
I 3 Embryo display spiral movement slowly
I 2 Embryo display a little movement
v 1 Embryo display cilial movement only
N 0 Immobile embryo
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Fig. 6. Tolerance test of abalone Haliotis discus hannai embryos to

cryoprotective agents.
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Fig. 7. Experiment on developmental rate of abalone Haliotis discus hannai

embryos in various concentrations of cryoprotective agents.
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Table 3. Osmolalities of three cryoprotectants with 0.2 M sucrose used in

experiments
Kind Concentration (M) Osmolality (mOsm/kg)

Dimethyl sulfoxide 0.1 1434.3£9.1
0.5 2624.7+43.5
1.0 > 3000
2.0 > 3000

Ethylene glycol 0.1 1322.0+10.6
05 1799.0+22.6
1.0 2397.9+6.7
20 > 3000

Propylene glycol 0.1 1411.23+8.7
0.5 2137.0+3.6
1.0 2858+17.0
20 > 3000
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Table 4. Protocols used in freezing and thawing of Pacific oyster Crassostrea
gigas embryos

Freezing protocol I Freezing protocol II Thawing protocol

o . .. . Liguid nitrogen
Initial temperature 0C Initial temperature 0°C

(-1967C)
l l l
Freezing rate -1C/min.— Freezing rate -1C /min. 25C water bath
l !
Temperature -12°C Temperature -12°C
l y
Seeding Seeding
l l
Holding 10 min. Freezing rate -1°C/min.
l l
Freezing rate -1°C/min.  Final temperature -35C
l l
Final temperature -35C Holding 30 min.
l l
Holding 30 min. Liquid nitrogen (-196C)
l

Liquid nitrogen (-196C)
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Table 5. Protocols used in freezing and thawing of abalone Haliotis discus

hannai embryos

Freezing protocol

Thawing protocol

Initial temperature 0C

l

Freezing rate -1°C/min:

l

Temperature -12°C

l
Seeding

l

Freezing rate -1°C/min.

l

Final temperature -35C

l
Holding 30 min.

l
Liquid nitrogen (-196C)

Liquid nitrogen (-1967C)

!
25C water bath
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Table 6. Size of Pacific oyster Crassostrea gigas used in the experiments

Sex Shell height Shell length Toatal weight Meat weight

(mm) (mm) (®) (®)
145.2 57.1 89.7 15.2
134.3 54.5 o I 124

Male 135.0 62.2 85.9 14.7
116.7 75.0 93.2 212
150.0 65.3 76.6 7.9
115.6 ! 66.9 9.3
130:1 70.0 84.7 14.5

Female 137.5 72.8 77.6 9.6
102.1 64.3 75.1 18.7
124.6 62.7 75.9 13.5

Average  129.1+14.6 65.5+7.0 82.3£9.4 13.7+4.2
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Fig. 8. Blastula (@) and D-shaped larvae (®) of Pacific oyster
Crassostrea gigas used in developmental experiment.

Bar=100 /m.
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Table 7. Size of abalone Haliotis discus hannai used in the experiments

Sox Shell length Shell height Toatal weight
(mm) (mm) (&)
147.5 45.7 85.7
146.7 54.7 90.8
Male 150.7 38.6 79.1
138.6 43.5 70.5
150.1 47.5 73.5
137.5 48.1 70.1
1435 43.2 80.4
Female 147.6 39.4 83.0
147.6 53.5 79.0
138.5 50.1 76.0
Average 144 845 46.4£55 78.7+6.6
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Fig. 9. 1st polar body (@), 2-cell (®), 4-cell (©), morula (D), trochophore

(®) and veliger (®) stages of abalone Haliotis discus hannai used in

developmental experiment. Bar=100 zm.
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Fig. 10. Larval activity index of Pacific oyster Crassostrea gigas trochophores
and D-shaped larvae according to CPAs. Same letters indicate no
significant differences (P>0.05). DMSO: dimethyl sulfoxide.
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Fig. 11. Larval activity index of abalone Haliotis discus hannai trochophores

and veliger larvae according to CPAs. Same letters indicate no
significant differences (P>0.05). DMSO: dimethyl sulfoxide.
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Larval activity index
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12. Time course of larval activity index of abalone Haliotis discus hannai
trochophores according to cryoprotective agents immersion and
ASW dilution.

_29_



0.5M
3 : i
: L |
= :
o - ,
k- 1
g 1 i
>' [ : PG [ i
E o & A - e i A e l*. I:
'5 i 2.0M
LY . :
[ i
> ; i
E H
. 1
wd ” E
- i
H
1 ¢ L ;
i
o i & i i g ™~
10 20 30 10 20 30 10 20 30 10 20 30
Immersion Dilution Immersion Dilution
Times (min.) Times (min.)

Fig. 13. Time course of larval activity index of abalone Haliotis discus hannai

veliger larvae according to cryoprotective agents immersion and
ASW dilution.
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DMSO: dimethyl sulfoxide, EG: ethylene glycol, PG: propylene gly-

col, PEG: polyethylene glycol.
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Table 9 Survial rates of embryos of Pacific oyster Crassostrea gigas in three

CPAs with freezing protocol 1 and II

. Freezing Equilibration Survival
Exp. Stage CPA (M) Diluent (M) . )
protocol  time (min.) rate (%)
1 Trochophore EG 2.0 Sucrose 0.2 I 10 0
2 Trochophore DMSO 2.0 Sucrose 0.2 I 10 0
D-shaped
3 [ DMSO 2.0 - Sucrose 0.2 I 10 0
arva
D-shaped
4 e EG 2.0 Sucrose 0.2 ! 10 0
larva
EG 2.0 0
D-shaped
5 1 Sucrose 0.2 I 10
arva
DMSO 2.0 0
6  Trochophore 'pDMSO 2.0 Sucrose 0.2 1 10 0
D-shaped
7 [ DMSO 2.0 Sucrose 02 I 10 10
arva
EG 2.0 63
8  Trochophore DMSO 2.0 Sucrose 0.2 1 10 10
PG 2.0 0
EG 2.0 38
D-shaped
9 0 DMSO 2.0 Sucrose 02 I 10 40
arva
PG 2.0 10

CPA: cryoprotective agent, DMSO: dimethyl sulfoxide, EG: ethylene glycol,

PG: propylene glycol.
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Fig. 18. Survival rate of trochophore and D-shaped larvae of Pacific oyster
Crassostrea gigas according to cryoprotective agents. Same letters in-

dicate no significant differences (P>0.05).
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