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1.1 FHEAEFETEERR( -196 C) RTF

(1) SEBRHRL SRSk BT IS 2= TS 2 4
A PSRRI (6 A6y fMENE A S R
FOC A A A Y R, B 3 B i A B AT, B T
MK CIREE 20 C) o (2) VKRR I BE
FiAb L . (D HE7K (X HR) 5@ DMSO (- HIJEEA)
15% ;@ Hil 15% ;@ EERE 0. 5 mol/L ;) DMSO
7.5% + il 7. 5% ; ® DMSO 7. 5% + H i
7.5% +JiEHE 0.5 mol/L, /A [R] 477551 4b B 44 A}
30 min, (3) AEFHFERAERE, 5300 2 B K
O F AR, PR BUE AR E T
RAS, FIBREGR 2eK ;@ AP S  FEAE 5 HE
BRETHKT, (4) AFEFCRA G, BUL B AR
TRKERT N 2 Fhor . © EHERARA (-
196 CT);@ MEET3 C2h RFET -18C
2h, BEETHAT. (5) RAARCREI, R 3
AFEAE GBS P 20 A X T DA
B FREHEE )1 PSR, SEM SR AT FE A 1R
SREDOEE SRS P R, A R A
SEAEHC 7 (0 B L BAE B AE L e
I 5 35 P AR 0 A1 T ST A s B I 2, 4 i
AEXFIE J1H TTC 3k (A = 2R S PO /e 38 i ik )
I LUSAT T I 40 B R X% 1 o 100% e
FREBE Sy MR Ay Rl P AT R s
3R . OO G A FEFEE T HE SR AE3 d Y
WLEEHL T TR B 1, 5 AR A7 B A0 TE T B I RE

VEHCHR , A B FE R I 1) B9 240 J B0 kg B~ A7 1S 1 T
T (U 40 M) BEECE Y 75% ~ 100% \50% ~
75% LA S 50% DLR 43 3ie o “ 4 R AET M
“T ., EFHIERL TR EGE S ISk [ 15 ] 1Y
Ti o
1.2 FEEAEBEITKE( -18 C)RE

(1) SEEGR R} R AR B A FEFEAE R il g pf
BHE L. 17, (2) UK DR 47 70 9 35 55 2 F Ak 21
@ MK (XHR) 5@ il 15% ;3 DMSO 7.5% +
HIH 7.5% + 0.5 mol/L, A[RSRA I Ab BT
#130 min, (3) AEFHFCARAERE 2 Bl 7 X
“1.17,(4) AFFERAEE  BUH B A R K AR R
Gk 2 B @ BEEBA -18 T;Q M E T
5%C 12 h, HET -18 T, (5) VKHEHAE10 d
J& R RAEREHEA T ORAFRICRASI , iR “1. 17
1.3 EWHELBEERE(S C)RE

(1) SEBMR}: R AR A S FEAE Ak g bt
BHE L. 170 (2) AT OR 3 701 1 0 455 B 90 Ak 2 .
O MK (X HE) 5 @ DMSO (- H L WAk ) 15% ;
@ Hih 15% ;@ DMSO 7.5% +Hilh 7.5% + ik
0.5 mol/L, RNEEEFFALFEA L 30 min, (3) A
FEFEORAFIRAS 2 RO A1 17 (4) BPRHE KL
MEIE(5 CT) . (5) TRAAARFREUS , Xb R
TR ARSI, vk A1 17

2 HiR5Phe

2.1 FHREBEEBIRE( -196 C) REF
#1230 B BoR T A FRAF I 5 xS

F1 ARFRPFRAREEERESARKEEF T EMKEERERBRFEMHEXEF NN

Tab.1 Effects of different protectants,submersed or emersed states for preservation,

and freezing procedures on the gross photosynthetic activity of the cryopreserved

receptacles tissues of Hizikia fusiformis

pmol/ (gFW - h)

TKARTERF : B A A
freezing procedure ; plunged to liquid N, directly

VKEREF :3 CT(2 h)— 18 THA
freezing procedure:3 C (2 h) — —18 C—liquid N,

Sl

protectant

ARHET RS TR KR BCRE R AT

AFHFET PRSI AEFAFER KR BCRE A

receptacles were preserved receptacles were preserved receptacles were preserved receptacles were preserved

under emersed state

under submersed state

under emersed state under submersed state

#FIK seawater 1.2+1.7 4.7£2.2 4.7+1.6 2.7+4.4
— 3L DMSO 2.5+£3.0 0.9+0.8 0.5+£0.9 1.6x1.1
Hil elycerol 3.7+2.2 3.6+3.5 2.6+3.2 3.6+3.2
HRERE sucrose 1.3+2.3 4.9 +4.7 1.6 +0.8 3.9+3.6
DMSO + H7

il 1.7+1.9 2.3+£3.7 0.8x1.1 3.2+0.7
DMSO + glycerol
DMSO + H il + 1)

i+ B 1.3+£2.3 4.2 +4.8 1.0x1.8 2.3+x2.1

DMSO + glycerol + sucrose

T ARAT R RHIY BOGA T 7509 (34. 7 £0.3) wmol/ (gFW - h) .

Notes: The gross photosynthetic activity of the receptacles tissues of Hizikia fusiformis before preservation was(34.7 £0.3) pmol/(gFW - h).
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FEARIELOR AT I BORE O B 18 1 I R 335 P R 24 i
FXE S0 B L AR R AT 5 BB D A 4
PEEUR T B, SO ORI 1. 4% ~14% , R W12 i
SR ELATE 1R 1 A AN R AR R 3G
ML ) BI04 02 JFOR G 2. 2 7%, W0 1

IelBESE d T OISR, MORMRAT S 4 i
ARSI A 2. 1% ~10.6% o 73 5h, 25 Fl
TRAFT5 15 PR AT ) A FE B AR B0 A BE T BRI RE
I, DA R AT AR S AT RCR AN AR A 1 T
SRILE P77 15 DB AR AR AT

R2 ARRFPFIRAREEITRES TRKEKREF X FFREEEBRBRTEHRIFERE TR

Tab.2 Effects of different protectants,submersed or emersed states for preservation,

and freezing procedures on the respiratory activity of the cryopreserved receptacles

tissues of Hizikia fusiformis pmol/ (gFW - h)
VKUY BB A WU 3 T (2 h)—> ~18 Tl
freezing procedure ; plunged to liquid N, directly freezing procedure:3 C (2 h) — —18 C—liquid N,
PRI
protectant ARHETHREIRGE  ARIEEAORERE G AERHET RS RO R (7
receptacles were preserved receptacles were preserved receptacles were preserved receptacles were preserved
under emersed state under submersed state under emersed state under submersed state
#F/K seawater 14.3 0.3 20.8 3.7 23.2+3.5 13.3+8.8
— HI %7 DMSO 18.0+3.3 18.9+8.5 9.4x1.1 18.8 +2.2
Hil glycerol 16.3 +3.3 17.7 6.4 13.8£7.0 14.9 £10.0
JEWE sucrose 13.6 1.2 20.8+6.8 13.1%4.3 15.7 £8.3
DMSO + H il
10.8 £3.1 16.3 £4.7 14.1+0.8 14.4 x4.4
DMSO + glycerol
DMSO + H il + Fepk
i+ 13.4+£2.8 20.0 8.4 11.6 £6.4 11.3 £5.9

DMSO + glycerol + sucrose

T PRAFHTA RO I 74247 (10. 4 £0.8) pmol/ (gFW - h) .

Notes: The respiratory activity of the receptacles tissues of Hizikia fusiformis before preservation was(10.4 £0.8) umol/(gFW - h).

£3 FRFRPFRAREEERSERRKERERF X FEREERERE
RIF R BB XS 1 R

Tab.3 Effects of different protectants,submersed or emersed states for preservation,

and freezing procedures on the relative viability of the cells in the cryopreserved

receptacles tissues of Hizikia fusiformis %

VKRR : EIET AR

TKERAERF :3 C(2 h)— -18 T—ifA

freezing procedure ; plunged to liquid N, directly freezing procedure:3 C(2 h) — -18 C—liquid N,
PRI
protectant ERACT ARSI RO KRRE I AT IRA R AR AR S A7
receptacles were preserved receptacles were preserved receptacles were preserved receptacles were preserved
under emersed state under submersed state under emersed state under submersed state
7K seawater 10.0 £2.0 9.1£7.0 5.6 0.4 6.7+6.0
— H ALV DMSO 3.8+1.5 5.7x1.5 2.3 %0.1 2.3%0.6
Hd glycerol 5.5+3.9 5.7+2.8 2.5+1.6 5.7+5.5
HERE sucrose 7.1%2.8 3.8x1.4 3.1%1.1 3.1%£0.7
DMSO + H7
HH 2.1+0.3 5.4+3.8 6.8+6.7 4.4 +2.2
DMSO + glycerol
DMSO + H i + i bE
o+ 4.8+2.8 2.7+1.6 3.5+1.9 3.1+0.9

DMSO + glycerol + sucrose

2.2 FWREEFEKE( -18 C)REF

A G5 MR 6 T RN T AR RAT 7 ik %
FHRHAKRBRAT G B S I8 35 1 A 240 A o
10 ARG I ERAT SR e a0 TR T 2 ok
190 ~0.5% , FWI 2N A AR 52 2RI 2L 55 o

T PR G P P R AR AP PR AT ) /N0 AR
VKURDRAT Ja A AR 15 3N 1. 0% ~9.0% , 7R

R0 5Bl UK ORAT J5 85 DR AT I AR S AT AR

WEA BT REILRE ST W LA, FHUKR DA A 50
FERPRHI A I T i RAT AR A AR
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Tab.4 Effects of different protectants,submersed or emersed states for preservation,
and freezing procedures on the gross photosynthetic activity of the freezing( —18 °C)

preserved receptacles tissues

of Hizikia fusiformis pmol/ (gFW - h)

VKRR : HARACA —18 T

VKFEFER 5 C(12 h)—-18 C

freezing procedure ; plunged to —18 Cdirectly freezing procedure:5 T (12 h)——18 C
Sl
protectant ERFET RS IAE  ARIOKR RS RAE AT RS R AR A A7
receptacles were preserved receptacles were preserved receptacles were preserved receptacles were preserved
under emersed state under submersed state under emersed state under submersed state
WFK seawater 1.4+1.9 1.9+1.2 0.9+0.5 0+0
Hd glycerol 00 1.8+0.8
DMSO + H il + gk
M + R 1.3+1.1 1.3+0.5 00 00

DMSO + glycerol + sucrose

TE  BRAF BB BOGA TR (34. 7 £0.3) pmol/ (gFW - h)

Notes: The gross photosynthetic activity of the receptacles tissues of Hizikia fusiformis before preservation was(34.7 +0.3) wmol/(gFW - h).

x5 AEFRPFRAREELREE RTREKEREF I RE G RIERE 8200
Tab.5 Effects of different protectants,submersed or emersed states for preservation,
and freezing procedures on the respiratory activity of the freezing( —18 °C) preserved

receptacles tissues of Hizikia fusiformis pmol/ (gFW - h)
VKRR : B —18 T UKERRT:5 C(12 h)—-18 C
freezing procedure ; plunged to —18 Cdirectly freezing procedure:5 C(12 h)—»-18 T
{7]?(1:)3%'] 5 Y N Y Y
protectant ARSCT USRS RO IRERE AR TRRERE ARG KR A
receptacles were preserved receptacles were preserved receptacles were preserved receptacles were preserved
under emersed state under submersed state under emersed state under submersed state
WF/K seawater 11.5+3.3 13.6 £1.8 14.3 +5.2 9.4 1.0
Hili glycerol 10.8 £4.0 11.0+1.2
DMSO + H i + ks
o+ T 12.3+0.8 11.4+1.3 11.0+£0.6 11.5+0.9

DMSO + glycerol + sucrose

T PRAFRIAT R G 4 0 (10. 4 £0. 8) wmol/ (gFW - h) .

Notes ; The respiratory activity of the receptacles tissues of Hizikia fusiformis before preservation was(10.4 £0.8) pmol/(gFW - h).

*x6 AEARPHFEARDEFETRSERRKEFERFTRESTRAEBETE DN
Tab. 6 Effects of different protectants,submersed or emersed states for preservation,
and freezing procedures on the relative viability of the cells in the freezing( —18 °C)

preserved receptacles tissues of Hizikia fusiformis %
VKRRRIF : H3EIRA -18 T KRR 5 €(12h)—»-18 T
freezing procedure ; plunged to —18 Cdirectly freezing procedure:5 T (12 h)——18 C
PRI
protectant AR T RS AT AORRE T ARGTT RS ARG KRR A A7
receptacles were preserved receptacles were preserved receptacles were preserved receptacles were preserved
under emersed state under submersed state under emersed state under submersed state
WE/K seawater 3.3+1.2 4.2+1.3 1.3%0.7 1.7+0.1
i glycerol 9.0+10.9 2.7+0.4
DMSO + H il + fFep
-+ 1.2+0.1 1.9+1.2 1.0+0.3 2.6x1.8

DMSO + glycerol + sucrose

2.3 FWREERMRE(S C)REF

T8 MK AR T AFRAFTT %
XA RMIGHR PR AT A R KRR o6 T P RIS
PEFNANMEARXTE 7o FAAS R 7 i AR DR AT A

5.10 130 d J5 , B4R A I P 530 O B Y
75% ~119.2% 13. 8% ~ 118. 0% Fl 1. 0% ~
70.0% , Ferp DUATIEE K AR B0 A9 A AT TE T HIRES
MR AR AT S e R . AR Y7
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RIROEATERRL 510 d 5 AR IR TE 1 AR AN
A MRAE 30 d JE R A T RS (T T R
AR IEIR 16 MR AR ) o AN TRN Y 7 i
TRIRAELEREL 5,10 F1 30 d J5, AR 20 i AH T
W15y 43.5% ~95.8% 12.0% ~170.6% .
F11.7% ~63. 4% , Hor DL K A 2R A9 A 5 46
TE HRAS T IR PR A 1 48 A AE T 376 7 2 B
o TIAN MR JG BRI L TR RE T Y LS

RT ARFRPFARAREEEREHEEREARRBURM RIS

T LRI RAT 5 dJ , SRR A7 IR AL B 4T
MRS TR RE I ¥ 0 45, fRAF 10 d 55 30 d g,
FHIRE /K AL FRAE A AR ZS N PRAF 19 A2 BB I 5 R
RES1 00 ™ 5 AT o £E 30 d JR B TIA
R PRAT (0 A FEAE I TR RE 1 O 227, B AR
A —ERIBCTREICRE ST o d st n] UL, A= 54T Vg
IRAE B AE T HARES S BEAT R PR AT O SOR AR B
A X R AL T — AR BT R AT S PR AT T ik

LR AR

Tab.7 Effects of different protectants,submersed or emersed states for preservation on the gross photosynthetic
activity of the low temperature preserved receptacles tissues of Hizikia fusiformis pmol/ (gFW - h)

AFEFET AR RAF ABEFTI KR BORA RAF
. receptacles were preserved under emersed state receptacles were preserved under submersed state
PAFRE(d) S— A—
reservation days /K Him DMSO -+ il + Hpk 7k Hh DMSO + il + FEH
pre v / DMSO ! DMSO + glycerol + 5 DMSO ! DMSO + glycerol +
seawater glycerol seawater glycerol
sucrose sucrose
5 49.1%9.5 30.9%5.0 42.6 2.5 4.1+4.1 42.1%1.2 22.2+7.6 41.7x4.7 43.6 2.6
10 48.6 £4.1 11.7x0.5 28.6x1.8 26.5%4.7 24.4+0.5 5.7«1.1 18.9 7.1 24.2 +6.1
30 28.8+4.3 0.4+0.5 15.4 +2.0 3.7+0.4 6.1+5.5 0.7+0.6 0.7x1.1 1.8+2.3

TEAAFRTRPRI SO AR N (41.2 £1.1) pmol/ (gFW - h)

Notes : The gross photosynthetic activity of the receptacles tissues of Hizikia fusiformis before preservation was(41.2 +1.1)umol/ (gFW - h).

®8 AREMFRIFFIRAREEIERERERRTFARREUSH BT IRE R 2 0m
Tab.8 Effects of different protectants,submersed or emersed states for preservation on the respiratory
activity of the low temperature preserved receptacles tissues of Hizikia fusiformis pmol/ (gFW - h)

AFEAC T AR AT A FHFEIE KR BORA AT
. receptacles were preserved under emersed state receptacles were preserved under submersed state
WAFRE(d) N— S
reservation days /K il DMSO + il + ik il DMSO + Hil + febk
D S b 7 Y D Vi v
P Y DMSO f DMSO + glycerol + v DMSO ! DMSO + glycerol +
seawater glycerol seawater glycerol
sucrose sucrose
5 11.4£1.9 13.4£0.8 15.1£1.2 10.7£1.5 13.0x1.5 15.8+1.8 12.7+1.8 11.3 £1.1
10 11.8+0.7 13.0+0.2 12.3 0.2 13.4 2.5 14.8+1.2 13.3+0.6 15.0 0.7 13.1+0.9
30 9.6+1.3 5.7+1.7 11.6 £2.0 10.5+3.3 5.7+1.5 6.5+1.2 5.9+1.2 5.8x1.4

TE BAFRIRPRHAYIFIE M4 (1.3 £1.6) pmol/ (gFW - h)

Notes : The respiratory activity of the receptacles tissues of Hizikia fusiformis before preservation was(13.3 £1.6) umol/ (gFW - h).

R ARFPFRAR EEIEREHERRTFA B REUEM R A X E TR

Tab.9 Effects of different protectants,submersed or emersed states for preservation on the relative

viability of the cells in the low temperature preserved receptacles tissues of Hizikia fusiformis %0
AFEAT T AR R A BRAEIE KR BURS AT
. receptacles were preserved under emersed state receptacles were preserved under submersed state
WAFRE(d) N Ny
reservation days sk Him DMSO + 11t + 4 Ik Hi DMSO + it + b
P Y DMSO ! DMSO + glycerol + DMSO f DMSO + glycerol +
seawater glycerol seawater glycerol
sucrose sucrose
5 95.8+18.7 60.2 5.1 44.5 +15.1 68.3 +21.2 68.7+5.7 43.5+6.0 47.6 9.2 58.5%5.5
10 70.6 £21.4 34.3 £7.1 34.2 6.9 45.0+3.3 32.3+3.6 12.0£5.2 22.4 +11.0 24.4 £13.0
30 63.4x13.7 11.7+8.4 24.4£15.8 13.4+7.7 20.1+6.9 13.3+7.6 11.7 8.4 14.1 £7.4

BARENE Q2N B A A A TR APk, XM I A AR PR A7 2 21 T2 1
TR FIVKUR CRAE I — 27 i AR AR IR REHERR T o ooy et st DF A b0 RHOR A (1 3R
KA ETNE AT BRI BRI R A A . WA T — 22, ATR 245 b5, s
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P AR AR 6 7 AR AR SR IE TR CRE 1) 48, X
SEARAR A ARG I B R 1k o ASBIETE R, X 240
SRAFFEHATIRIR (5 C) AP ATATH . X T
WS B IARLE S AT P2 B4 781 A AR R A7 12
ARWETE, of LU R RO T P 14 TR AL, X 48 1o
TR BRI e 5 A T, I HonT LAE R AT
R, SLBU M A= 5 IR S g o T o T L,
o FEEA RS R AR (A2 2 2~ H)
PR A B 8 PR A58 I a3 5 18 DA BE A 2
TN TIE KERER A A PSS ] . AT T
TR A FE AT T PR AT, Dy it — 25 7 FA i A=

Wp2F UL SRR R AT it
3 455

A BHAE AT LAZEAR TR T BT BRI A 850 DR AT, Ab
FTHRE T AR FE GRERK) 76 5 TR
730 d, HAR GG AR MAR X 7 DL e Rk
RE SIS HRIEAIE 7 . fE N T A A |, RS
168 30 M e 1 T LA [R5 1 1) 8, R A S
YA FEACIEA TR AR LA A F o R, ZE AR
PRAEZEAETS AT DA SR AP SE R S A T 28 4 FC i
I Sz . 0 AR AR B AT AR Bk
IRAT, WA R FHOREAE N

SE Wk
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Preservation methods for isolated receptacles of Hizikia fusiformis
at low and ultra-low temperatures

ZOU Ding-hui'** , GAO Kun-shan’
(1. College of Environmental Science and Engineering ,South China University of Technology ,Guangzhou 510006, China;
2. The Key Lab of Pollution Control and Ecosystem Restoration in Industry Clusters ,Minisiry of Education ,
South China University of Technology ,Guangzhou 510006, China;

3. State Key Laboratory of Marine Environmental Science ,Xiamen University , Xiamen 361005, China)

Abstract: Due to the high economic value and market demand of Hizikia fusiformis ( Harvey ) Okamura
( Sargassaceae , Phaeophyta) , the aquaculture of this alga is now being considered for larger scale production
in China. Complete artificial seedling of Hizikia via sexual reproduction is essential in both conserving the
natural resource and further promoting cultivation development for this economic important species.
Obtaining a large number of male and female receptacles of Hizikia with identical developmental stage is the
prerequisite for increasing the efficiency and effectiveness of artificial seedling. However, the developments
of the male and female receptacles of Hizikia are usually not synchronized. In the present work,we tried to
research the preservation methods for isolated female receptacles of Hizikia at low and ultra-low
temperatures, and explore their application in artificial seedling of Hizikia via sexual reproduction. Mature
plants of Hizikia were collected from the low intertidal zone at Yunao Bay, Nanao Island, Shantou, China
during June when Hizikia reached the peak of sexual reproduction. The female receptacles were cut from the
middle part of the plants and were maintained in seawater with room temperature of about 20 C. Firstly the
isolated receptacles were pre-treated. The pre-treatments procedures included election of protectants( such as
seawater, DMSO, glycerol, sucrose, DMSO + glycerol + sucrose ), putting receptacles in submersed or
emersed states,and the freezing steps. The receptacles were then preserved at ultra-low temperature ( liquid
N,, =196 ), freezing temperature ( — 18 C), or low temperature (5 C) respectively. We had adopted
several indicators, i. e. , the photosynthetic and respiratory activities, relative viability of cells, and the
capacity of gamete release,to check the reliability of all kinds of preservation methods. The results showed
that the protocols of ultra-low and freezing temperatures preservation were not ideal. However, the
photosynthetic and respiratory activities, relative viability of cells, and the capacity of gamete release were
nearly maintained after the receptacles were preserved for 30 d at low temperature in emersed state. This
supplied a simple and safe approach of receptacles preservation. We discussed the application of receptacles
preservation. Low temperature preservation of isolated receptacles of Hizikia can be applied to artificial
seedling. Additionally ,receptacles of Hizikia can be safely transported to another site for a long time as long
as the receptacles are preserved at low temperature.
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