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morphological analysis and application in hybridizations with
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Abstract. In order to develop excellent germplasm resources for giant grouper (Epinephelus lanceolatus), cryopreservation
of giant grouper sperm was examined in the present study. Firstly, 13 kinds of sperm dilution (ELS1-3, EM1-2, TS-2, MPRS,
ELRSO0-6) were prepared with physiological salt, sucrose, glucose and fetal bovine serum. The physiological parameters of
ELRS3 (ratio of fast motion, ratio of slow motion, time of fast motion, time of slow motion, lifespan and motility) and ELS3
(sperm ratio of slow motion, time of slow motion and motility) were significantly higher than those of the other dilutions (P <
0.05). Secondly, after adding 15% DMSO and 10% FBS to ELRS3 and ELS3, most physiological parameters of frozen sperm
were also significantly higher than the other gradients (P < 0.05), and sperm motility was as high as 63.68 + 4.16% t074.75
+ 12.71% (fresh sperm motility, 80.70 £+ 1.37% to 80.71 + 1.49%). Mixed with the above dilutions, a final volume of 105 ml
semen was cryopreserved. Finally, the sperm of giant grouper cryopreserved with cryoprotectants (ELRS3 + 15% DMSO +
10% FBS) was used for electron-microscopic observation and crossbreeding with red-spotted groupers (Epinephelus akaara).
The electron-microscopic observation revealed that part of the frozen-thawed sperm was cryodamaged, e.g., flagellum
fracturing and mitochondria falling out, while the ultrastructure of sperm membrane, mitochondria and flagellum remained
intact. Also, the fertilization and hatchability rates of giant grouper frozen sperm and red-spotted grouper eggs were as high as
94.56% and 75.56%, respectively. Thus, a technique for cryopreservation of giant grouper sperm was successfully developed

and applied to crossbreeding with red-spotted grouper eggs.
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roupers belong to the subfamily Epinephelinae of the family

Serranidae in the order Perciformes. There are approximately
150 species of groupers in the world [1], 36 of which live in the
waters of both the East China Sea and the South China Sea [2]. Giant
groupers (Epinephelus lanceolatus) are distributed within the Indian
and Pacific Oceans, from the east coast of Africa to Micronesia in
the central Pacific and down to Australia in the south [3]. In China,
giant groupers are distributed in the South China Sea (the Spratly
Islands) in low quantities [4]. Giant groupers grow fast, and the
weight of a 1-year-old fish can be as high as 3 kg [5]. Known as the
“King of Groupers,” the giant grouper is the largest species in the
grouper subfamily. Currently, the giant grouper is quite rare in the
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natural environment, and it has been listed as a national protected
fish. The giant grouper is a protogynous hermaphrodite species like
other groupers. They mature only as females and have the ability
to change sex after sexual maturity. Given that natural mating and
breeding are not possible for the giant grouper in an artificial farmed
environment, reproduction is accomplished by artificial spawning
and fertilization. Moreover, due to the fast growth speed of the
giant grouper, sperm of the giant grouper can be applied to the
cultivation of a new fast-growing species [6]. Since the early 20th
century, artificial propagation, embryonic development [4], industrial
breeding [7], genetic polymorphism [8] and effects of environmental
factors on sperm motility [9] have been studied in giant groupers.
So far, no research of sperm cryopreservation in the giant grouper
has been reported.

Sperm cryopreservation technology has been developed for ap-
proximately 30 marine fish species [10], including the black grouper
(Epinephelus malabaricus) [11, 12], kelp grouper (Epinephelus
moara) [13], seven-band grouper (Epinephelus septemfasciatus)
[14], sea perch (Lateolabrax japonicas) [15] and red seabream
(Pagrosomus major) [16]. Cryopreserved sperm has been used for
artificial reproduction, seed production, sex control, induction of
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gynogenesis and breeding [17—-19]. Studies regarding cryopreservation
of giant grouper sperm and subsequent application in hybridization
could not only provide a way of supplying sperm for giant grouper
aquaculture but also break the reproductive and geographic isolation
of different groupers, resulting in a new species.

In the present study, an efficient sperm cryopreservation technology
for giant grouper was developed, and application of frozen giant
grouper sperm to crossbreeding with the red-spotted grouper was
investigated.

Materials and Methods

Sperm collection

Giant grouper sperm was obtained from male broodstocks (body
length, 1.3—-1.6 m; body weight, 34-48 kg) cultured at Hainan
Blue Ocean Marine Science and Technology Breeding Company
(Lingshui County, Hainan Province) and Laizhou MingBo Aquatic
Products (Laizhou, Shandong Province). Three to five male fish were
used in each experiment. Milt was collected from individual males
anesthetized with 50 ppm Eugenol by abdominal massage, and a
separate 10 ml syringe was used for each male. Milt was dispensed
into 1000 ml glass bottles and immediately placed on crushed ice.
The total volume of milt collected in this experiment was 105 ml.
After 20-fold dilution with various diluents, the sperm concentration
(4.6 x 10° cells/ml) was determined by a hemocytometer under a
microscope. Motility (percentage of swimming spermatozoa) was
determined by microscope (x 200) using 1 pl of sperm placed on a
glass slide with the addition of 200 pl of seawater (28%o). The sperm
samples with motility greater than or equal to 86.67 + 2.89% were
selected for the following cryopreservation test.

Preparation of sperm diluents

Sperm diluents were prepared with a base solution consisting of
sucrose, KHCO;, KCI, NaHCO;, MgCl, 6H,0 (Sinopharm Chemical
Reagent, Shanghai, PR China), NaCl, CaCl,-2H,0 (Tianjin Regent
Chemicals, Shanghai, PR China), NaH,PO, (Tianjin BASF Chemical,
Tianjin, PR China), glucose, TRIS alkali (Beijing Solarbio Science
and Technology, Beijing, PR China) and fetal bovine serum (FBS,
Gibco, Life Technologies, Carlsbad, CA, USA). In the present study,
cryoprotectants and fetal bovine serum (FBS) were added to basic
solutions before use. The following additional diluents were also
used: EM1-2 [20]; TS-2 [21]; MPRS [15]; an ELS series, ELS1, ELS2
and ELS3; and an ELRS series, ELRS0, ELRS1, ELRS2, ELRS3,
ELRS4, ELRS5 and ELRS6 (Table 1). In addition, dimethyl sulfoxide
(DMSO) was added to these diluents with a final concentration of 10%
(v/v). The pH and osmolality of sperm dilutions were measured with
a PHS-25 pH meter (Shanghai Electronics Scientific Instruments, PR
China) and Fiske 210 Micro-Sample Osmometer (Fiske Associates,
Al Instruments, Norwood, MA, USA).

Sperm cryopreservation and thawing

Dilutions (ELS1, ELS2, ELS3, EM1-2, TS-2, MPRS, ELRSO0,
ELRSI1, ELRS2, ELRS3, ELRS4, ELRSS5, or ELRS6) (Table 1) were
mixed with DMSO (v/v =4:1) and then mixed with sperm (v/v=1:1).
The diluted spermatozoa were dispensed into 2 ml cryovials (1 ml/
tube) and equilibrated for 5 min at room temperature (20-25 C). The

cryovials were placed into cloth bags (56 cryovials/bag), suspended
10 cm above the surface of liquid nitrogen (LN) vapor (—60 to —80
C) for pre-freezing at a rate of —20 C /sec, equilibrated for 10 min
and then plunged into LN for 4-5 h. For thawing, cryovials were
first equilibrated at 20 cm above the surface of LN vapor for 1-2
min with a thawing rate of 1.69 C /sec and then immediately placed
in a water bath at 38 C for 50-60 sec with agitation for thawing at
arate of 2.16 C /sec.

Measurement of frozen sperm parameters

The ratio of fast motion, ratio of slow motion, time of fast motion,
time of slow motion, lifespan and motility of the frozen sperm
were measured by a computer-assisted sperm analysis (CASA)
system (CASAS-QH-O, Tsinghua Tongfang, Beijing, PR China).
Determination of sperm parameters of each sample was replicated six
times, and 500-800 sperm were analyzed. Ratio of fast motion is the
percentage of spermatozoa with a swimming speed exceeding 50—60
um/sec, and ratio of slow motion is the percentage of spermatozoa
with a swimming speed between 5 pm/sec and 50-60 pm/sec. Time
of fast motion is the time between observation of fast movement and
slow movement of sperm, and time of slow motion is the time between
observation of slow movement and immobility of sperm. Lifespan
is the period of time from activation of movement to immobility,
and motility is the percentage of swimming spermatozoa (Table 2).

Selection of optimal concentrations of DMSO and FBS

To obtain an appropriate DMSO concentration, five different
final concentrations of DMSO (5%, 10%, 15%, 20% and 30%) were
added to ELS3 and ELRS3. CASA was used to measure the ratio of
fast motion, ratio of slow motion, time of fast motion, time of slow
motion, lifespan and motility of sperm (Table 3).

Based on the screened DMSO concentration, FBS was added to
ELS3 and ELRS3 at four different final concentrations, 5%, 10%,
15% and 20% (v/v), to determine the optimal FBS concentration.
The methods of cryopreservation and thawing and the measures of
sperm physiology and viability parameters were the same as above
(Table 4).

Morphology observation

Sperm were cryopreserved with ELRS3 + 15% DMSO + 10% FBS
and thawed in a water bath at 38 C. For scanning electron microscopy,
the frozen-thawed sperm were fixed with 2.5% glutaraldehyde and
then 1% osmium tetroxide, dehydrated with graded ethanol and dried
with dry ice. Observation was carried out under a JEOL JSM 840
(JOEL, Tokyo, Japan) scanning electron microscope. For transmission
electron microscopy, the frozen sperm was fixed carefully in 2.5%
glutaraldehyde with seawater after centrifuging. The fixed sperm
sample was washed consecutively with 0.1 M phosphate buffer saline
(PBS) and then fixed in 1% osmium tetroxide. When it appeared
entirely black, it was washed 2-3 times with 0.1 M PBS, and it was
then kept in the PBS overnight at 4 C. Subsequently, the sample was
treated with graded acetone (30, 50, 70, 80, 90 and 100% acetone
respectively) to make a sample for dehydration. After that, the sample
was infiltrated with different concentrations of EPON812 resin
(acetone:EPONR812 resin ratio of 2:1 and 1:2 and 100% EPONS812,
respectively). Then it was embedded with EPON812 resin and cut
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Table 1. Sperm diluent formulations for the cryopreservation of giant grouper (E. lanceolatus) sperm

Dilution Sucrose  Glucose  NaCl NaHCO; KCl KHCO; Tris  CaCl,-2H,0 NaH,PO, MgCl,-6H,0 FBS Osmolality pH
(mM) (mM) (mM) (mM) (mM) (mM) (mM) (mM) (mM) (mM) % mOsm/]
ELS1 277.37 171.12 5.95 10 520.45 7.09
ELS2 138.68 171.12 5.95 10 437.11 7.11
ELS3 92.46 171.12 5.95 10 409.34 7.10
EM1-2 0 147.16 0 99.88 10 507.69 7.11
TS-2 109.99 0 0 0 99.98 9.99 10 335.00 8.20
MPRS 101.79 60.40 2.98 5.23 1.16 1.83 1.13 10 202.00 6.98
ELRSO 0 111.23 2.38 1.88 0.82 0.08 10 233.33 7.03
ELRSI 92.46 111.23 2.38 1.88 0.82 0.08 10 288.89 7.03
ELRS2 138.68 111.23 2.38 1.88 0.82 0.08 10 316.66 7.05
ELRS3 277.37 111.23 2.38 1.88 0.82 0.082 10 400.00 7.03
ELRS4 369.82 111.23 2.38 1.88 0.82 0.08 10 455.55 7.04
ELRSS 462.28 111.23 2.38 1.88 0.82 0.08 10 S11.11 7.03
ELRS6 554.73 111.23 2.38 1.88 0.82 0.08 10 566.66  7.04

Table 2. Post-thaw sperm physiology and viability parameters for the giant grouper (E. lanceolatus) with different sperm diluents (10% DMSO)

Sperm diluents Ratio of fast motion ~ Ratio of slow motion ~ Time of fast motion ~ Time of slow motion Lifespan Motility

P (%) (%) (sec) (sec) (sec) (%)
ELS1 11.66 + 1.37b 26.36 + 1.38¢de 27.52 + 5.29¢% 115.35 +32.09¢ 721.05 + 87.87% 38.03 + 0.94de
ELS2 5.60 £ 1.669%¢f2 17.38 +2.52¢ 65.32 +27.54d 115.33 +43.944 746.57 + 121.574% 22.98 + 3.291¢
ELS3 12.78 £ 0.39%¢ 38.3183 + 1.50° 114.63 + 3.49b 334.58 +20.63> 955.52 + 37.314%¢ 51.10 + 1.88¢
EM1-2 3.89 + .88 16.22 +1.87¢ 26.05 + 4.82¢ 89.05 + 14.664 622.23 + 135.37¢ 20.12 +2.74¢2
TS-2 9.15 + 1.80% 19.81 + 3.63% 84.27 + 18.82¢d 239.17 + 54.75¢ 958.48 + 38.60%¢ 28.97 + 5.35¢°2
MPRS 1.62 + 0.668 29.78 + 8.34bed 54.43 + 5.94de 155.68 + 18.494 865.50 + 71.85bd 31.40 + 8.57°f¢
ELRSO 8.70 + 5.39¢de 24.25+9.15% 45.66 + 9.05¢ 121.43 +12.684 788.42 + 67.21¢de 32.95 + 14.5]4cfe
ELRSI 434+ 1.03¢f 30.38 £ 9.47bcd 30.45 £ 3.41¢ 115.29 + 25.864 656.28 + 33.03¢ 34.72 £10.014f
ELRS2 6.77 £1.919¢f 21.40 £ 12.16% 104.45 + 16.71¢ 234.27 +13.29¢ 875.32 + 132.08b<d 28.17 £ 11.44¢f2
ELRS3 15.04 + 4.95b 54.40 +7.29% 121.37 + 10.84% 336.27 + 10.65° 1039.60 + 72.28° 69.44 + 8.06
ELRS4 9.60 + 4.37¢d 26.55 + 3.6]1¢de 133.88 +£9.24° 232.38 + 46.48° 860.97 + 69.95bd 36.15 + 7.96%f
ELRS5 8.74 + 2.64¢de 36.23 + 1.43bc 42.07+9.31¢ 95.73 + 11.064 670.40 + 101.48¢ 44.97 +3.61
ELRS6 1.24+0.158 21.49 £ 2.624¢ 82.31 +£9.52d¢ 211.05 £24.77° 904.17 + 43.96b4 22.74 £2.73f
Fresh sperm 3034+ 1.172 50.37 +0.322 450.43 £105.75*  1114.67 + 155.67° 1919.96 + 364.522 80.71 + 1.492

All motion-related parameters were better for sperm in ELRS3 and ELS3 than those in other solutions, although their values were significantly lower
than those of fresh sperm (n = 6, P < 0.05). Values are means + standard deviation, and means with different letters (a, b, c, d, e, f, g) are significantly

different (P < 0.05).

with an LKB slicer. After sectioning, the sperm slices were stained
with sodium acetate and lead citrate. Then we observed the sperm
slices under a JEOL JEM-1200EX transmission electron microscope
[15,23].

Cryopreservation of a large number of giant grouper sperm,
hybridization and fertilization

Spermatozoa of giant grouper from Hainan Blue Ocean Science and
Technology Breeding Company were cryopreserved with ELRS3 +
15% DMSO + 10% FBS and ELS3 + 15% DMSO + 10% FBS, shipped
to Shandong Laizhou MingBo Aquatic Products and maintained
in a LN container. The total volume of cryopreserved sperm from
the two companies was 105 ml. Thirty red-spotted groupers were
cultivated in a pond (30 13; S, 28%o; T, 22 C; DO, 7-8 mg/1). Female

red-spotted groupers were allowed to mature naturally, and then
ovulation was induced. Fresh eggs were collected from the female
red-spotted groupers by artificial extrusion during the spawning
season. In total, 3800 ml of red-spotted grouper eggs were fertilized
with frozen sperm from the giant grouper at a ratio of 1:200 (v/v)
by dry fertilization. The final concentration of sperm was 4.6 x 10°
cells/ml. As a positive control, 0.5 ml of fresh sperm from a red-
spotted grouper was used to fertilize 200 ml of red-spotted grouper
eggs 3 times. The fertilized eggs were poured into a nylon net and
washed with equal amounts of seawater to remove dead fertilized
eggs and mucus. Fertilized eggs were hatched in 22 C seawater.
The fertilization rate was calculated as the percentage of fertilized
embryos recorded at the blastula stage (5 h post fertilization) under
a microscope. The hatching rate was calculated as the percentage
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Table 3. Post-thaw sperm physiology and viability parameters for the giant grouper (E. lanceolatus) with different DMSO concentrations in ELS3 and ELRS3

Sperm Concentration Rati9 of fast Ratior} of slow Tim.e of fast Tim.e of slow Lifespan (sec) Motility (%)
diluents of DMSO (%) motion (%) motion (%) motion (sec) motion (sec)
ELS3 0 0.66 £ 0.48° 420+ 1.55¢ 49.73 £ 8.474 155.53 £50.03¢ 356.60 + 89.57d¢ 4.86 +1.66°
5 6.87 +3.20° 23.03 + 4.70b¢ 56.93 +23.48¢ 165.83 + 43.92¢ 673.00 +266.38°¢  29.90 + 3.45¢
10 15.74 + 6.41° 35.64 +5.08%® 200.37 +31.38¢ 430.43 +132.84"  868.67 +218.65° 51.38 £3.25°
15 28.85 £ 8.992 39.51£17.79%  331.67 +24.34° 558.97 + 37.34% 1373.67 +£238.34° 68.37 +25.23%
20 15.90 + 9.45b 39.45+16.63®®  306.10 +46.13° 421.20 + 84.03b 1258.90 + 119.39b 55.35+16.98>
30 5.75 +£3.33¢ 8.87 £ 1.50¢ 202.23 £27.79¢ 360.13 + 52.80° 162.67 £32.13¢ 14.62 £4.17¢
ELRS3 0 3.16 £2.29° 7.35+1.45¢ 47.23 £ 15.34¢ 106.70 + 7.074 293.50 + 86.10¢ 10.51 +3.69¢
5 7.04 + 3.49° 14.86 + 1.35¢ 91.37 +36.83¢ 186.23 +55.524 320.57 £ 103.95¢ 28.56 + 8.12b¢
10 20.56 +10.812 21.52+10.11¢ 132.00 +43.21°¢ 268.70 + 51.524 774.47 + 166.41%¢ 3542+ 11.92°
15 33.43 +£11.65° 41.33 +2.68° 327.47+£27.81° 814.87 + 31.14° 1795.13 + 38.26° 74.75+£12.712
20 5.47 £2.04° 20.55 +1.69°¢ 156.23 +£43.35¢ 426.40 + 76.69°¢ 1221.30 £ 532.15° 26.02 + 3.22b¢
30 4.90 +3.55° 17.73 £ 6.39¢ 90.90 + 10.09¢ 203.23 +31.584 499.40 + 38.34¢d 22.63 + 9.43bc
Fresh sperm 30.33+£1.072 50.37 £0.312 450.23 £ 105.85*  1114.57 £ 156.67*  1919.90 + 367.52% 80.70 £ 1.372

The highest sperm parameters were obtained using 15% DMSO in ELRS3, and relatively high average values were obtained for sperm parameters using 15%
DMSO in ELS3 (n =3, P <0.05). Values are means + standard deviation, and means with different letters (a, b, ¢, d, €) are significantly different (P < 0.05).

Table 4. Post-thaw sperm physiology and viability parameters for the giant grouper (E. lanceolatus) with different concentrations of FBS in ELS3 (15%
DMSO) and ELRS3 (15% DMSO)

Sperm Concentration Rati9 of fast Ratiq of slow Tim'e of fast Time.: of slow Lifespan (sec) Motility (%)
diluents of FBS (%) motion (%) motion (%) motion (sec) motion (sec)
ELS3 0 1.94 +0.99¢ 20.20 + 3.49° 14420 + 75.37° 227.13 + 53.92¢ 663.53+ 166.47¢  22.14 +4.44¢
5 3.78 + 1.67% 22.75£6.17° 189.13 + 78.02b 31517+ 13.71%  823.47+196.10°  26.53 + 7.83b¢
10 29.68 +4.17 41.49 +5.39 309.63 £31.60% 43270+ 51.75>  1319.83 + 71.91° 71.16 + 1.343
15 10.40 + 5.23b 21.83+5.87° 310.20 + 153.45%  305.10 £ 99.78%  825.30 + 42.80¢ 32.22 + 5.25b%
20 10.57 £ 3.24% 29.03 +8.07° 126.47 +22.76° 168.87 +47.90¢ 894.67 +106.06°  39.60 + 11.29°
ELRS3 429 +2.63¢ 18.99 + 5.90° 66.97 +£30.92¢ 227.17+61.07° 476.93 + 58.77¢ 23.28 +3.89¢
5 6.14 +3.15° 25.85 + 7.46° 133.53 £ 54.56"  270.50 £ 93.71° 525.00 + 189.90°  31.99 +9.97°
10 20.59 +2.47° 43.09 +6.512 239.83 +47.05° 35470+ 58.07°  1080.67 + 53.01° 63.68 + 4.16"
15 7.25+3.35¢ 18.95 + 1.89° 132.77 + 33.97b 245.43 +36.18> 573.77 + 85.64¢ 26.20 + 4.79¢
20 10.35+3.61° 21.74 £ 6.25° 148.47 £ 52.90b¢ 327.90 £ 73.91° 511.27 £ 13.57¢ 32.09 + 4.63¢
Fresh sperm 30.33 + 1.07° 50.37 +0.312 45023 +105.85°  1114.57 + 156.67*  1919.90 + 367.52*  80.70 = 1.372

The highest sperm parameters were obtained for 10% FBS in ELS3 and ELRS3 (n =3, P <0.05). Values are means + standard deviation, and means with

different letters (a, b, c, d) are significant.

of'hatched larval fish recorded during the embryoid bodies’ rotation
period (33 h post fertilization).

Statistical analyses

All data were analyzed by one-way analysis of variance (ANOVA)
using the SPSS 11.5 software. A Student-Newman-Keuls (SNK)
test was used to analyze differences. All sperm motility data are
presented as means + SD, and differences are represented by the
letter identification method (a, b, ¢, d, e, f and g). The significance
level was P < 0.05.

Results

Selection of the appropriate sperm cryopreserving diluents
To screen appropriate sperm cryoprotective diluents, several

types of cryoprotective diluents, including ELS1-3, EM1-2, TS-2,
MPRS and ELRS0-6, were used with 10% DMSO and 10% FBS
to cryopreserve sperm (Table 2). The thawed sperm ratio of fast
motion, ratio of slow motion, time of slow motion and motility were
significantly highest in ELRS3 (P <0.05). Excluding the ratio of slow
motion, the parameters of ELRS3 were significantly lower than those
of fresh sperm (P < 0.05). The thawed sperm ratio of slow motion,
time of slow motion and motility were highest in ELS3 among the
various diluents (P < 0.05), although they were significantly lower
than those of fresh sperm (P < 0.05). This indicates that sperm in
ELRS3 and ELS3 behaved better than other solutions with regard
to all motion-related parameters (Table 2). The osmolarity and pH
values of ELRS3 and ELS3 were 400.00 mOsm/1 and 409.34 mOsm/1
and 7.03 and 7.10, respectively (Table 1).
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Selection of appropriate DMSO concentration

On the basis of 10% FBS six different concentrations of DMSO
were added to ELS3 and ELRS3 (Table 3). The significantly highest
ratio of fast motion, ratio of slow motion, time of fast motion, time of
slow motion, lifespan and motility were obtained with 15% DMSO
in ELRS3 (P <0.05). The ratio of fast motion, lifespan and motility
showed no significant difference compared with the fresh sperm (P
>0.05). The significantly highest sperm ratio of fast motion, ratio of
slow motion, time of fast motion, lifespan and motility were obtained
with 15% DMSO, 10-20% DMSO, 15-20% DMSO, 15-20% DMSO
and 10-20% DMSO, respectively, in ELS3 compared with the other
concentrations (P < 0.05). In term of the motion parameters, the
sperm performance with 15% DMSO was better compared with the
other concentrations (Table 3).

Selection of the appropriate FBS concentration

To select the appropriate concentration of FBS, four concentrations
of FBS were added to ELS3 + 15% DMSO and ELRS3 + 15% DMSO
(Table 4). The sperm ratio of fast motion, ratio of slow motion,
lifespan and motility were significantly highest for 10% FBS in
ELS3 and ELRS3 (P < 0.05). The time of fast motion and time of
slow motion with 0-20% FBS showed no significant difference (P
> (.05). But the average sperm motility parameters with 10% FBS
were higher than those for the other concentrations. The ratio of fast
motion, ratio of slow motion and motility with 10% FBS in ELS3
showed no significant difference compared with fresh sperm (P >
0.05), while the parameters for the other concentrations were less
than those of fresh sperm (P < 0.05) (Table. 4).

Observation of sperm morphology

The transmission electron microscope observations revealed
that, for the majority of frozen-thawed sperm, their nucleus (n),
plasma membrane (pm), flagellum (f), mitochondria (m) and basal
body (bb) structure remained intact, and typical “9 + 2 axonemal
structures (nine peripheral and one central pair of microtubules)
of the flagellum (f) could be distinctly observed (Fig. 1, I-11I). On
the other hand, the morphological abnormalities were observed
only in a small number of frozen-thawed sperm, with the plasma
membrane shrunken, mitochondria of internal structure unclear and
the nucleus dispersed and expanded (Fig. 1, IV). Scanning electron
microscopic observation showed that the sperm head, midpiece and
tail remained intact in most of the frozen-thawed sperm (Fig. 1, V).
For a few frozen-thawed sperm, different degrees of abnormalities
were observed, such as a dehydrated head and midpiece, rough
plasma membrane surface, or detached midpiece or tail (Fig. 1, VI).

Cryopreservation of a large number of giant grouper sperm,
fertilization rates and hatchability

A total of 105 ml of spermatozoa from giant grouper was cryo-
preserved using the ELRS3 + 15% DMSO + 10% FBS and ELS3
+ 15% DMSO + 10% FBS cryoprotectants at Shandong Laizhou
MingBo Aquatic Products. Sperm motility reached 63.68 + 4.16%
to 74.75 + 12.71%, so a giant grouper sperm bank was developed
with the above cryoprotectants.

The fertilization and hatching rates of red-spotted grouper eggs and
frozen giant grouper sperm were as high as 94.56 + 1.03% and 75.56 +

Fig. 1.
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Transmission electron microscopic photographs (I, I, IIT and V)
and scanning electron microscopic photographs of frozen-thawed
giant grouper sperm (V and VI). I, II and III: Ultrastructure
of a normal frozen-thawed sperm with a clear nucleolus; the
ultrastructure of the sperm membrane, mitochondria, flagellum
membrane is intact, and typical “9 + 2” axoneme structures
are present. IV: Ultrastructure of a frozen-thawed sperm with
cryodamage and a dissolved nucleolus; the membrane of the
sperm is shrunken and fractured, and the internal ultrastructure
of the mitochondria is not clear. V: A frozen-thawed sperm
with an intact structure. In IV, 1, 2 and 3 represent sperm with
different degrees of cryodamage, respectively. The sperm
membrane shrank, and the flagellum fell out. A = axonemal; m =
mitochondria; f= flagellum; n = nucleus; pm = plasma membrane;
h = sperm head; bb = basal body; t = tail; md = midpiece.
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6.94% at the blastula stage, respectively. For red-spotted grouper eggs
fertilized with fresh conspecific sperm, the fertilization and hatching
rates were 86.44 + 7.72% and 81.54 + 8.34%, respectively (Fig. 2).
There was no significant difference in fertilization and hatching
rates between the frozen giant grouper sperm and fresh red-spotted
grouper sperm (P > 0.05). Approximately 800,000 surviving hybrid
fry were obtained with normal growth and development (Fig. 3).

Discussion

It is necessary to screen sperm diluents for different fish sperm
cryopreservation solutions due to differences in physiological charac-
teristics, including coelomic fluid component, osmotic pressure and
pH. The MPRS, TS-2 and EM1-2 diluents have been proven to be
effective for cryopreservation of sperm of the sea perch (Lateolabrax
Jjaponicas) [15], kelp grouper (Epinephelus moara) [20], Japanese
flounder (Paralichthys olivaceus) [21], turbot (Scophthalmus maximus)
[22], and spotted halibut (Verasper variegatus) [24]. The diluents,
MPRS, TS-2, T-2 and ES1-3, could be useful for cyroprotection of
giant grouper sperm, but the survival rate was too low to meet the
requirements for application. In the present study, ELS3 and ELRS3
were screened to successfully cryopreserve spermatozoa of the giant
grouper. Also, our experiment indicates that glucose and FBS have
important effects on the cryopreservation of spermatozoa, as shown
in studies of canine sperm cryopreservation [25, 26].

Due to their function in reducing solution toxicity and buffering
osmotic pressure, FBS and bovine serum albumin (BSA) have been
often used for sperm cryopreservation [14, 27]. In the present study,
10% FBS, in either ELS3 or ELRS3, could restrain sperm motility
before cryopreservation, reduce the toxicity of environmental solu-
tions and cryoprotectants and improve the motility of frozen sperm.

The appropriate concentration of a cryoprotectant, such as DMSO,
plays an important role in maintaining the sperm osmotic pressure,
protecting sperm cell membrane structures and preventing cell frostbite
[10] at a concentration of 5% to 20% [12, 15, 21, 28]. In the present
study, 15% DMSO was found to be the optimal concentration for
the cryopreservation of sperm from the giant grouper.

Selection of the appropriate osmotic pressure is also one of the
key problems for sperm cryopreservation in the giant grouper, as
it has been shown in marine fish sperm that a hypertonic solution
can activate the motility of sperm [29, 30]. Our study indicates that
glucose plays important roles in regulating the osmotic pressure and
providing a rich store of sperm energy, which is similar to results
reported in mammals [31, 32].

The sperm head and mitochondria are prone to cryodamage
during cryopreservation and thawing due to their relatively large
sizes [33-36]. In the present study, an incomplete and deformed
sperm plasma membrane, shrunken sperm head and the fractured
mitochondria of the midpiece and tail were observed in a small number
of frozen-thawed sperm. These morphological abnormalities were
likely caused by cryopreservation, dysfunctional spermatogenesis
or even the experimental process [34].

The breeding time of the giant grouper in South China and the
red-spotted grouper in the East China Sea are primarily summer
(28-31 C) [4] and spring (2223 C), respectively. The genetic basis
for hybridization in their same karyotype (2n =48) [37]. In the future,

120 A
OE. lanceolatus

100 4 a a DE. akaara b

80 A

60 -

percentage (%)

20

fertilization rate hatchability rate

Fig. 2.  Fertilization rate and hatchability rate of red-spotted grouper (E.
akaara) eggs fertilized with frozen sperm of E. lanceolatus and
fresh sperm from red-spotted grouper. There was no significant
difference in rates between frozen sperm of the giant grouper and
fresh sperm of the red-spotted grouper (P >0.05). Giant grouper
sperm cryopreservation using ELRS3 + 15% DMSO + 10% FBS.
Values are means + standard deviation, and means with different

letters (a, b) are significantly different (P >0.05).

Fig. 3.  Hybrid fish (E. akaaraQ x E. lanceolatus (cryopreserved sperm))

at 1 day post hatching.

sperm cryopreservation technology for the giant grouper may make
crossbreeding possible and break through the reproductive isolation
caused by temporal and geographic isolation.

In conclusion, the appropriate concentrations of glucose, FBS
and DMSO for cryopreservation of giant grouper sperm were
determined, with ELS3 and ELRS3 selected as the optimal diluents.
A large number of giant grouper spermatozoa were cryopreserved
and used for crossbreeding with the red-spotted grouper. This study
not only established a successful method of sperm cryopreservation
for the giant grouper but also supplied a technological approach for
crossbreeding groupers experiencing reproductive isolation.
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