Probl Cryobiol Cryomed 2022; 32(1):068-071
https://doi.org/10.15407/cryo32.01.068

KOpOTKe NOBIAOMIEHHS short communication|

YIK 593.95:57.086.13
C. Kamnoc*, E. Napepgec, X. TpoHKoCO

UYn MOXNMBO NOAOBXUTU XKUTTE3[ATHICTb ANLIEKNITUH
MOPCbLKOro i>kaka 3a yMOB rinoTepmMmiyHoro 36epiraHHA?

UDC 593.95:57.086.13
S. Campos*, E. Paredes, J. Troncoso

Can Sea Urchin Eggs Shelf-Life Be Extended by Cold Storage?

Knro4yoBi crnoBa: Mopcbkui ixxak, ArLekniTUHa, KpioKOHCEePBYBaHHS, rinotepmiyHe 36epiraHHs.

Key words: sea urchin, eggs, cryopreservation, cold storage.

KpiokoHcepByBaHHS 0i0onOTiYHUX 00’ €KTIB TBapUH-
HOTO TOXO/KCHHS HaWJacTillle 3aCTOCOBYBAJIOCS IS
PO3BEACHHS BEJIUKOI pOraToi XyHoOW, a TakoX s
30epEeKEHHST TBAapHH, SIKi 3HAXOMATHCS i 3arpo30r0
3HUKHEHHS [5, 6]. Jlume B 70-X pokax MUHYJIOTO CTO-
JITTS 3’ ABUIIKCSI TIEPIL Iy OMiKaIii 010 BUKOPUCTAHHSI
[UX TEXHOJOTIH IO BOAHUX OpraHi3mis, a B 90-x pokax
KpPIOKOHCEPBYBAHHIO TaMET, IHIIMX KIITHH, a TaKOX
TKaHWH MOPCHKHX Ta TPICHOBOJHHUX OpPraHi3MiB BXKe
OyJ1a IpUCBSYCHA BEJIMKA KiJIbKiCcTh poOiT [1, §].

OcTaHHIM YacOM KpiOKOHCEPBYBaHHS IIIMPOKO BUKO-
PHUCTOBYETBCS B aKBaKyJIBTypi, IpOrpaMax T€HETHIHOL
ceJieKIii Ta 30epeXeHHsT MOPCHKHX PECypCiB, 30Kpe-
Ma 1 jans 3a0e3MedYeHHs] JOCTYITHOCTI IUX MaTepiaiB
JUTSL TOCIIIKEHb, BUKOPUCTAHHS B TECTaX HA E€KOTOK-
CUYHICTh, 30CpEeKCHHS MPUPOTHOI PIZHOMAHITHOCTI
HE3QJICKHO BiI CE30HHOTO PEMPOAYKTHBHOTO IIHKITY
TBapuH. Hapasi € meBHi yCHixXu y KpiOKOHCEPBYBaHHI
raMeT, eMOpIOHIB i JIMYMHOK MOPCBKHX 0Oe3xpebert-
HuX [4, 10]. OmHak mUTaHHS KPIOKOHCEPBYBAHHS SIii-
UEKITITHH TiApOOIOHTIB HAa CHOTOMIHI 3aJUIIAETHCS
HEBUPIIICHUM.

Mopchkux TKakiB pO3MISAAOTh K  MOJCIBLHUIN
00’€KT IJIs JIOCHIDKeHb y Tay3i penponykmii i 6io-
JIoTil PO3BHUTKY, a caMe: JUIS JTOCIHI/PKEHHS B3a€MOil
CIIEpMaro30iiB 1 SUIEKIITHH, PaHHLOI IU(eEepeHItia-
[ii KITHH, PI3HUX CTaaiil PO3BUTKY JIMYMHOK, a Ta-
KOX JIUISI BUBYCHHS TpoLieciB anonTo3y [3, 9]. 3aBmsku
YyTIMBOCTI TaMeT i eMOpIOHIB MOPCHKHX ’KaKiB Ta X-
HIX JHYMHOK Ha PaHHIX CTaJisX PO3BHUTKY N0 3a0pyI-
HIOBAJIbHUX pPEYOBHH Yy MOPCHKIH BOmi (HaBiTH Y
HU3BKUX KOHIIGHTPAIlSIX) [i TBAPHHHU IIUPOKO 3aCTO-
COBYIOTBhCSI B €KOTOKcHKoJorii. JIo choromHi He Ba-
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Cryopreservation has been applied to animals almost
exclusively towards cattle and endangered animals
[5, 6]. It was not until the 70’s that we found studies
applied to aquatic organisms and in the 90’s a mass
of research on cryopreservation of gametes, and other
cells and tissues of marine and freshwater organisms
was accomplished [1, 8].

Recently cryopreservation has been applied in
aquaculture production, genetic selection programs
and conservation in marine environments. Through
this technique, genetic resources are available for re-
search, toxicity tests, or conservation whenever this
material is needed, regardless of the seasonal repro-
ductive circle of the animal. Gametes, embryos
and larvae of marine invertebrates have been cryo-
preserved with different levels of success through the
years [4, 10]. However, oocyte cryopreservation of
aquatic organisms is still under research.

Sea urchins are considered as model orga-
nisms to study the larvae biology and different de-
velopment events, reproduction and early cell dif-
ferentiation, sperm-oocyte interaction and apoptosis
[3, 9]. They have also been considerably used in eco-
toxicology due to gamete and early stages sensitivity
to pollutants in seawater, even at low concentrations.
Cryopreservation of sea urchin eggs is yet to be suc-
cessfully achieved as is well known that the cell
is very sensitive and easily damaged by the freezing
process [8]. Eggs have been shown to be more chal-
lenging to cryopreserve due to quite a few reasons:
large size and consequently their low surface area to
volume ratio, high water and lipid content, low per-
meability and high sensitivity to chemicals in wa-

ter.
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LIEKITITHH MOPCHKOTO 1Kaka, 30KpeMa dYepe3 IXHii
BETIMKHUI PO3Mip 1, SIK HACHTIJIOK, Yepe3 HU3bKE CITIBBiI-
HOIIIEHHSI TUIOII MOBEPXHi JI0 00’ €My, BUCOKHI BMICT
BOIIM Ta JIMiAIB, HU3bKY MPOHUKHICTh 1 BHCOKY YyT-
JIUBICTH IO BMICTY Pi3HHX PEUOBHUH Yy BOJi [8].

Mera nmocmimKeHHs — OIIHKa MOXIIUBOCTI 30epi-
TaHHS SHIEKIITHH MOPCHKHUX DKAaKiB 32 TITOTSPMIYHIX
yMOB 03 3aMOpPOKYBaHHS sl MMOJOBXKEHHS CTPOKY
X JKUTTE3MATHOCTI.

SitnexniTHHE MOpChKOTO 1kKaka Paracentrotus li-
vidus BUKOPWUCTOBYBAJM Ui BUBUCHHS BIUIUBY HH3b-
Kol TeMIlepaTypu Ha IXHIO JKHUTTE3JATHICTh Yy MOPCh-
Kiii BOmi 3 pi3HMMH KOHIeHTpamismu Ca** y mpucyt-
HOCTI KpiomporekTopiB. Bimomo, mio ionn Ca** Ge-
PYTh y4acTh y 3aIUTiJHEHHI Ta akTuBalii kiaituH [11].
Jlo TOro > HPHUIYCKAETBhCS, MIO IOHU KAIBI[IO Bij-
MOBiaNbHI 32 (QYHKIIOHANBHI HACIIIKH IOIIKOMXECHB
ia3MaruaHoi MemOpanu [2, 12]. Ilpu mpomy, K i B
JOCTIDKCHHIX Ha pubax [13], kpiompoTekTopu [0-
JaBajH JUIs MEPEBIPKU 3AaTHOCTI iX IO 3aXUCTY KIITHH
BiJ] XOJIOZIOBHUX IOIIKO/I)KEHb.

SWIeKTiTHHE BUIUJSUTA 31 CTaTeBO3PIUIMX MOPCh-
kux DkakiB P [ividus, SKUX BUPOIIYBIA y HEBOJI,
MOTIM TaMeTH BUTpuMyBaiu rpu 4°C npotsarom 5, 20,
40 xB ta 1, 2, 4, 24 TomUH i3 BUKOPUCTAHHAM IITY4-
HOi Mopchkoi Bogu (ILIMB) 3 pi3HOIO KOHIIEHTpa-
miero Ca*" (100, 75, 50, 25, 0% Bix MOYATKOBOI KOH-
unenrpanii y IIMB). Llty4Hy MOpcbKy BOmy TOTY-
BaJIA 3 BHECCHHSAM COJICH Y KOHIICHTPAISIX 1 TOPSAKY
JI0/laBaHHs, 3a3HaYeHUX y Tabmuui, y 70% Bin O6axaHo-
ro KiHIeBoro 06’emy po3uuny [7]. Ilicns mporo ioro
Oe3MepepBHO MEePEMIllyBadl MOHAWMEHIIE MPOTITOM
TOMMHU JUIs 30ajaHCyBaHHsS KapOOHATHOI CHCTEMH.
[TotiM po3umH noBOMMIM 70 TIoTpiOHOTO 00°eMy (1 J1)
IUISXOM JONaBaHHS BOIW 1 BUMIpOBAIN (Pi3UKO-Xi-
miuni mapamerpu: pH (8,0 £ 0,2) i comonicts (34 =+
+0,5) %o.

Po34nHu pi3HUX HAHOUTBII MOMMPEHNX KPiOTIPOTEK-
TopiB (mumetwicyabpokcuna (JIMCO), eTuneHrikonb
(ED) i mponinenrnikons (I1I7)), mpuroroBani y ¢imsrpo-
BaHii MopceKiit Bomi (PMB; dinerpoBana yepes CiTKy
0,22 MkM i onpoMiHeHa yinsrpadionerom B YDA -niamna-
30Hi), y KiHIEeBiil koHIeHTpanii 1 M oxpasy nomasanu
10 po3uuny [IIMB, B sikoMy 30epiranucs SHICKITITHHH.
[icns 3akingennst excrosutii npu 4°C (5, 20, 40 xB Ta
1, 2, 4, 24 ronuHM) SHUNCKITITHHN BiAQIIETPOBYBAIH,
nepeHocuin B ®MB, 3ammigHOBamu Ta iHKYOyBasu
B IUIACTUKOBHX KOHTeiiHepax o00’emom 20 M mpu
18°C mpotsirom 48 romuH. Ilicis nporo eMOpioHn ¢ik-
cyBal  (OpMasbIETiIoOM 1 MiApaxoByBaJld BiJICOTOK
eMOpIOHIB, SIKi PO3BUBAIOTHCS, MO BiJHOUICHHIO [0
3arajibHO1 KiTBKOCTI SHICKITITHH.

Iokaszano, mo micis momaBanus EI' mpu S5-xBu-
JTuHHIA excno3uiii 1 4°C KiNbKICTh eMOpIOHIB, SKi
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Mopsaok AoAaBaHHA Ta KOHLEHTPALis conemn Ans BUrotos-
neHHs 1 N WTy4YHOT MOpPCbKOi Boaw [7]

Order and quantity of salts needed to make 1 L of artificial
sea water [7]

nzz;:‘s::;?b Cinb KinbkicTb, r/n
Order Salt Amount, g/L
1 NaF 0.003
2 SrCl, 6H,0 0.024
3 Na,B,0, 10 H,0 0.0475
4 KBr 0.100
5 KClI 0.700
6 CaCl, 2 H,0 1.47
7 Na, SO, 4.00
8 MgCl, 6H,0 10.78
9 NaCl 23.50
10 NaHCO, 0.200

The aim of this study was to see if sea urchins
oocytes can be kept at low temperatures without free-
zing to extend their viability.

Sea urchin Paracentrotus lividus eggs were used
to see the effects of low temperature in seawater with
different Ca?* concentrations on the viability of these
cells in the presence of several cryoprotecting agents
(CPAs). Ca*" ions take part in fertilization and cell
activation events [11] as well as calcium ions have
been proposed as mediators of the functional con-
sequences of plasma membrane injury [2, 12], and
CPAs were added in order to test if they could protect
the cells against chilling injury as it has been stu-
died with fish [13].

Eggs were collected from mature sea urchins
P. lividus reared in captivity. The gametes were kept
at 4°C for 5°, 20°, 40°, 1 hr, 2 hrs, 4 hrs and 24 hrs
using artificial seawater (ASW) with decreasing
concentrations of Ca?* (100%, 75%, 50%, 25%, 0%
of initial concentration in ASW). ASW was made
by adding the salts in the quantity and order indi-
cated in table in 70% of the desired final volume [7].
The solution was kept stirring continuously for at least
1 hour to balance the carbonate system. Then, it was
even to the desired volume, 1 L in this case, and mea-
sured the physicochemical parameters, these were:
pH (8.0 £0.2) and salinity (34 + 0.5 %o).

69

@%



po3BuBaroThes, ckinagana 8§0%, IMCO — ~60% ta
' — ~15%. 3a ymoB 30iJbIICHHS TPHBAIOCTI XO-
JIOJIOBOT €KCITO3UIIil MOHAJ TOJMHY KiIBKICTh eMOpio-
HiB, SIKi PO3BUBAIOTHCS, 3MEHIIIYBaNACs O HYJS MiCIs
24 romgmH ekcmo3umii. [Ipy HBOMY 3HIKEHHS KOH-
uentpaiii Ca’" TakoX BIUTMBAIO Ha 3MEHIICHHS Kilib-
KOCTi eMOPiOHIB, IO PO3BHBAIOTHCS (PUCYHOK).
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TakuM YHMHOM, pe3yabTaTH IBOTO JOCIIKECHHS
MOKa3ajM, IO TiloTepMiuHe 30epiraHHs B IOETHAH-
Hi 3 BUKOPHCTAHHSIM Pi3HUX KpiomporekropiB i Ca’*' B
NEKUTPKOX KOHIICHTPAISX BIUIMBAE HA SIALICKITITHHH
MopchKoro Dkaka. 3acrocyBanHs LIIMB i3 Hu3pkuMu
koHnenrparisimu  Ca?* Ta NPHCYTHICTH KPiOMPOTEK-
TOpIB HE 3arn00irac BHHUKHEHHIO TONIKO/KCHb KIITHH

Also, IM final concentration of different CPAs
prepared with  Filtered Sea Water (FSW, filtered
through 0.22 pm mesh and UVA radiated) (dimethyl
sulfoxide (DMSO), ethylene glycol (EG) and propylene
glycol (PG), the most used ones in cryopreservation
studies) was added in 1 step to the solution of ASW
containing the eggs before cold storage. Once the
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Bincotok emMbpioHiB, siki po3BMBalOTbLCSI 3a YMOB 3acTo-
CyBaHHSA LWTYYHOI MopcbKoi Boan 3i 100% (A), 75% (B),
50% (C), 25% (D), 0% (E) Ca?* Ta pi3HUX KpionpoTEKTOPIB:
KOHTponb — cuHA niHiga, AJMCO — yepBoHa niHia, EIN —
3eneHa niHis, M — dgionetosa niHis.

Percentage of development through time for artificial
seawater with 100% (A), 75% (B), 50% (C), 25% (D),
0% (E) Ca?* and different CPAs: control — blue line,
DMSO -red line, EG — green line, PG — purple line.

exposure time (5°, 20°, 40°, 1 hr, 2 hrs, 4 hrs and
24 hrs) to 4°C had passed, they were filtered, trans-
ferred to Filtered Sea Water, fertilized and incubated
in 20 ml plastic vessels at 18°C for 48 hours. After
48 hrs, the embryos were fixed with formaldehyde
and the developing embryo rate (percentage of de-
veloping eggs out of total eggs number) was measured.

Results have shown that up to 80% of the develo-
ping embryo rate was reached when using EG and
5 minutes of cold exposure at 4°C, followed by DMSO
(~60%) and PG (~15% developing embryo rate ) after
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mij Jac 30epiraHHs, IO CYNPOBODKYETHCS 3HUKCH-
HAM iX XKUTTe3AaTHOCTI. OTXKE, SUIEKIITHHA MOPCh-
KOro iXKaka MOMKJIMBO YTPUMYBaTH 3a BUIIEOIMCAHUX
YMOB JIMIIE MIPOTATOM KOPOTKOTO 4acy (He IOBIIE To-
nuHK). [Ipy nboMy SHIEKITITHHA MOPCBKOTO DKaka MO-
KyTb 30epiratucs y ®MB 6e3 momaBaHHS Oymb-sIKHX
IHIIUX PEeYOBHH 3a KiMHATHOI Temmeparypu (18—20°C)
OpoTAroM 8§ TOAWH 1 YTPUMYyBaTH BHCOKHU PiBEHBb
KHUTTE3JATHOCTI, TOOTO BHUKOPHUCTAHHS HU3BKUX IIO-
3UTHUBHHX TEMIIEpaTyp HE 301IbIye TepMiH iX 30epi-
TaHHS.
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48 h post-fertilization. On the other hand, an exposure
time at 4°C longer than 1 hr resulted in a drop of
the percentage of development down to zero after
24 hours. The decreasing concentrations of Ca*" also
seemed to cause an effect as a slightly decreased in
development was observed (figure).

This study showed that low temperatures, different
type of cryoprotectans and different concentrations
of Ca*" in combination affect sea urchin eggs. Using
ASW with lower concentrations of Ca* do not pro-
tect against chilling injury, neither does the presence
of CPAs without affecting their viability. So it seems
that we can only maintain them for a very short pe-
riod of time (no longer than lhr) under these con-
ditions and not affect their viability. Sea urchin eggs
can be kept in FSW without the addition of any
substances at room temperature (18-20°C) for 8 h
and still be perfectly viable, which means that using
low temperatures above 0°C do not increase their
shelf-life.
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