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W, FERA T R E A4k, 1.5 mL 0.1
mol/L W2 £h 2% rhiA ¥ (PBS, pH 6.8) 73 3 Wik
YUAIRFEAS, B e T IS TS A 2.0 mL 2R
WHBE.OE T, 7E4°CF, LL 11000 r/min % %
B0 30 ming BLOESH, K LI B R
D&, SRIGWRE | mL ISR RS 3 4%, L
B4 656 BE 1 (UV-3200) 43 51 00 5 76 % K 564,
618 11 730 nmAb W LB, LA PBS /EM2s 14,
FlAWENRE A EERET 4 °C A7, B, B
DULTEWECE , A 5 mL DMF (N,N-—H %t Fl i
i), 1E4°C FAHL 24 h, HHZEH G 6 000 r/min
BUHRE.C 10 min, MEAMSRN LIEREE 2
B A, B A 66 B T A i 625,
647, 664 1 750 nm 4b B EEE(E, H LA DMF fE
B, WLOEN PE) S8 (ngg). &K a
(Chl. a) i (mg/g) HHHE AR

PE = 0.124 7x[(Asgs— A730)—0.458 3%(Ag 5~
A730) XN

Chl. a = [12.65(Agss—A750)~2-99(Ags7—A750)—
0.04(Agp5—A750)]% V. /(IxWx1 000)
X, NATRAEL, Vv, WEEK (DMF) 114
(5mL), I RHEMLYIEE (3.5 cm), W ki
IR EEE (),

mIS AR OIS A RIPIBURK (G
J& 0.000) B3 3 120 h DL Ko BRZH (28 26.000)
BEBCAE ST Ml R2 B B B W v A A9 A (1~2 mm’),
POV BARREARICT , SR 2.5% I 1 (pH
7.5) W EE, R EFEAVIA 2.5 mL EP FE, =
IRICE 2 h [EE)GE T 4 °CI#£4F. 11 PBS (pH
7.4) BEVRAEAR 3k, BIR 15 min, Z 5 1%
2 (pH 7.4) #E = T HE[E % 7 h, [ H PBS (pH
T4 3R, HARVINIK, BEEEE., BE
FEHEY) -, oS P T TR - A Ak P A O Y 3
AT YL (A, {6 H 57 HT7800 %Y 3% 5 M 5% (TEM) F
WEE, REEUGITHIT T

it oMl Excel 2007 #4641 500
A3, SR FH SPSS 19.0 3R A4% 4% A i i A T L N 2R
72581 (One-Way ANOVA), P<0.05 1E 225
FHEART, BRI EEREZE SRR

2 4R
21 RERESKESHEHLEEHEFERES L
T B A RS20

WLEE T SEI6 F ) (28 d) PN B 20258 B i AR K
TEM . 4ERER, AT 12 h KB a5 a] D
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Bl1 EIERZAEREMELEFREE
EHILEESR 28 d BT
Fig.1 Number of regenerated buds of the algal
fragments during 28 days of normal salinity culture after
different treatments of hypo-osmotic stress in

G. lemaneiformis

T 75 i B A RS 38 JE KA 28 0E  $h B R
FR TSR 28 d 5, BB FW RGNS B AAAE 22
5 (Do WKMHARTE/NT 6 h (EEEBIN ERZE,
FCXF R RGR# my, S X HRAIAH L 22 7 b 3
(P<0.05), X57% 28 d B, IR/AKWME 3 hit) BB FW
W2, AKEERER, RGR HIA 0.91%/d,
IR T 61.27% (18] 2)0 IR K JHlpats st ] 8
I 12 h 3B FW I B 0, e M il 4
MR WS, IRZOET. WRAKIPNA 20 h BEELZ
B, XA HR N -8.62 %/d, B
BN ERIET:, (RA k. RUI/NT 6h
AR T30 X6 R A Ik 8 05 5 2 R A R A0 1)
B A HAEHER, LAR/KIE 3 h RCR A

2.2 RIKEMBI RMEEEL Fv/IFm B2

P A T R 40 3 e BEAE TR A2 AS [ B[R] A 3R 7K
(ERJE 0.000) 8 J5 K 52 2 IE H B (EhE 26.000)
ek b Fv/Fm (78S, 53R ER, £ 1h
3 hiRAK MG, BB FviEm BB %, (H
55 % R AT, TG R8 28 IE 0 SR 1T 9% 5 el
HR A 2 A K-, EE 2 E T X R (B 3-a),
X 2% W e 2 3 AT LA iy e st B4 A BR ARG 78 ikt
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Elhfy BEWREEFEEEIES 28 d NEMTEENES
1 X B, 2~5. %K (R EE 0.000) ﬁ%ﬂﬁl‘iﬂil‘ 3. 6 112 h; 6~10. ThE 6.500 /K4 FIAHEE 1. 3. 6. 12 F120 h; 11~15. 5 13.000 K
S HIALEE 1. 3. 6. 12 A120h; 16~20. £ 19.500 #E/K 3 HIALEE 1. 3. 6. 12 120 h; 21. #EEOEKIIE 20 h, AL 4 d WABRAET.

Plate I Morphology of 28 days old algal fragments cultured at normal salinity after different treatments with
hypo-osmotic stress in G. lemaneiformis

1. control group; 2-5. freshwater (S 0.000) treatment for 1, 3, 6 and 12 h, respecitively; 6-10. seawater (S 6.500) treatment for 1, 3, 6, 12 and 20 h, respe-
citively; 11-15. seawater (S 13.000) treatment for 1, 3, 6, 12 and 20 h, respecitively; 16-20. seawater (S 19.500) treatment for 1, 3, 6, 12 and 20 h, respe-
citively; 21. the algal fragments under freshwater for 20 h, all of them died within 4 days.
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R1 ETERRENEBEAREZESEET 28d RHEHEETL

Tab. 1

Changes of fresh weight in the fragments of G. lemaneiformis cultured at normal salinity after

different treatments of hypo-osmotic stress g

AL PRI [ /b

treatment time

P salinity

0.000

6.500

13.000

19.500

26.000

20

0.121 1£0.000 9™
0.136 7+0.000 1™
0.124 9+0.004 5™
—0.034 2+0.020 6™

—0.418 2+0.001 5™

0.081 9+0.011 1
0.089 6+0.003 4"
0.084 9+0.007 4
0.082 9+0.000 8

0.102 4+0.002 9™

0.085 3+0.000 8

0.082 2+0.002 0

0.074 3+0.009 5

0.086 2+0.004 3

0.085 1+0.000 3

0.084 0+0.002 1
0.078 5+0.001 3
0.076 7+0.000 2
0.085 7+0.000 7

0.088 7+0.002 2"

0.081 4+0.002 1

W RN G0 7 R B (P<0.05), % 3R 5 0] I 4H.(26.000) 2 5 4] i 35 (P<0.01)
Notes: “*” indicates significant difference from the control group (P<0.05); “**” indicates extremely significant difference from the control group (26.000) (P<0.01).
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HK P IE I [A]
freshwater stress time

R A K 2 /(%o/d)
relative growth rate

|
oo
T

-9 L e
2 RMSCEERKMEERREZEESHRE
155 28 d NIRRT A K E

1~6. 2 SR KA EL 00 1. 34 64 12 F120 he ANEI/NE FRER
AN [E) A 3R 2H 1) 72 R B 3 (P<0.05).

Fig.2 Relative growth rate of G. lemaneiformis frag-
ments cultured in normal salinity medium for 28 days
after treatment of hypo-osmotic stress with freshwater

1-6. freshwater treatment time within 0, 1, 3, 6, 12 and 20 h, respect-

ively. Different letters indicate significant differences (P<0.05).

ST 50 1 2 % e 20 35 4 D 2 3T 1 TS At 7 7
T2 o SRR K BRI 20 h i, BB Fv/Fm (Hif
R R 0, #E AW R R SRR A E
A (B 3-b), U BH e 205 i B A K B TR IR 7K
T Z B TR

23 REBEIERXN

HHEFEEMN R, SXRAM L, &
RK (R 0.000) i3 J5 VK 5 2 OE 8 $h B BR
26.000) 15 % 1) e 250 25 B B 7 7] — BURE Bisf 1] 45 1)
PE & B ZES B F (P<0.05), ChlLa S RHEREF
(P<0.05) (K] 4), SXFHBZHAH LA, IRKALHS B
JSEARIN PE. Chl a &t FFEEA R (P <0.05), &
TR A2 220 #h BE K G 3R f5 . & iROK A 3 h
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#EBLRY PE. Chl. o & Thi, HBEE KR 5
R[] G 3G M 4P 22 T i o B PE % f2 7% R6 41
T B KO, BOxt BEZH 3 2.33%. Chl. @ B
FEXTENE , #F R1T ZH 46 0 380 1L 355 o e ok %o Mt 2]
K-, IR HRLE 2.78% SR, ZRIR/KIMNE 20 h
3B PE. Chl a &l TR, HAES 6 RIL
FERT B IARAIREET, RAEIE H A&,

24 YRR

i ST A LSS, KR4 R 26.000) i
IR e BE 1Y) 6 M 22 AN M 9 A B g HE B #E5%, TE R
AU, IR LT EE YIS A . Al P e
BERE, ARERNEENRER S EEETE
Wi, HESUA T . RIS, B R BN BR i
BAERBEIRPY, — SBT3y By 0B A /D & 1Y R T
A3 T (R -1, 2). 20 BESE # 58
JZU A (BT -3),

XA, 2K @G 0.000) Hra Y
TR 3 e B V9 g VI 11 Ak 1) 2 12 200 B 1) S0 40 i 4 4
PR T AR, FEEW R ERK ., 8E
KR A /INER LA SRR B R A (R TT -4~5,
T~8)o £ 3 hIRIKMA G, B3R 200 M 174 20 ff B
SRR FFEE M 83, M B R IRES M IE S, (A4
BEVEM BURLE BRI, B/ NERIS £, BB UIAR R
TR K (IR T -4~5) 0 Jpae 45 Rk &2 28 00 o R 15
BT E 2 d, N BRI G SRR
FIZEHHRSR %, Be PR EETE G, HEEH
IR 7L 1375 2 T 135 TR A9 U R BT 4 /N 3K 5 o
B, BB L (BII-6,9). S&T,
WRKIHNE 20 h )5, BB B AN M Y R s # &R
TR, R AN R, 2T E R
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T ST
0.60
0.56
0.54 0501
0.52 + 0.40 +
s s —>—S0.000 20 h
L\; 0.50 + % 0.30 | —o— XFI&  control
= 048} =020 |
0.46 0.10
0.44 : : : : : : ) 0 : : : : :
OS ST R2 R6 RIl RI6 R21 OS ST R2 R6 RIl RI6 R21
NG AR AL
different treatments different treatments
(a) (b)

B3 RKBBX RN BEIIES Fv/Fm B§0
(a) ¥RIKW3E 1 1 3 h 51 FviFm 2 4k; (b) SRZKBME 20 h 510 Fv/Fm 846 . OSAKMpIERT, STHHALZHE, R2. R6. RI1. R16. R21 435l
NEEBWE BIEH IR 2, 6. 11, 16 Ml 21d, FH.
Fig. 3 Effects of hypo-osmotic stress with freshwater on Fv/Fm during the regeneration of
algal fragments in G. lemaneiformis

(a) changes of Fv/Fm after treatments of hypo-osmotic freshwater stress within 1 h and 3 h, respectively; (b) changes of Fv/Fm after treatment of hypo-
osmotic freshwater stress within 20 h. OS. before hypo-osmotic stress; ST. after hypo-osmotic stress; R2, R6, R11, R16, R21. sampling at the fragments

restored to culture at normal salinity for 2, 6, 11, 16 and 21 days, respectively. The same below.

0.14 - b 1.6
® S0.000 3h b a ® S0.000 3h b
012 | ™M control 1.4 | = XfE  control a
. . o S0.000 20 h . o S0.000 20 h ¢
0 20
ED s 010 L a ED 12 r b b a
g — g m
= = b © = 1.0
i O 0.08 IE 5
41 © 1z 08
s E 0.06 m 8
, F_.g) H.E{ § 0.6 a
¥ S 0.04 o
= a 2 04
0.02 0.2
O 1 1 1 0 1 1 1
R2 R6 RI11 ST R2 R6 R11
R PNCl
different treatments different treatments

(@ (b)
El4 3720 hRKMEEREEEREIEFRNLICKIBRNRLEBNHERE a ST
(@ MER a TEZMN; (b) BAEAEELRN. ARG TR R — ORI (] 53R S R ) 4 B ) 22 57 2 2% (P<0.05).
Fig. 4 Changes of contents of phycoerythrin and chlorophyll a during the regeneration of algal fragments of
G. lemaneiformis cultured at normal salinity after 3 h and 20 h treatments with hypo-osmotic freshwater stress

(a) changes of contents of Chl. a; (b) changes of contents of phycoerythrin. Different letters indicate significant differences (P<0.05).

2, EEREESAREN, KBAEmIE, Fik/N 28 dJE RN Z A B 2RO EE E RN, SBH

SRR AR (P 1T-7-8). AR BLIIYOK 3 h B R AT
o SR R T R TIAL 6 o AECTRIE R, o
3 e A T LR D2 S0 6 6 4 10

KT B K225 (6 ok S

= 1 BB 5] 5 BB AL E 4 A B R ‘ ;e

31 BERMQREISHOREESH0HE ORI, FEIEMIOT PR M £ % KPR
ABgEh, ZIROK (B 0.000) il 3 h BB WY, SRR R, ST, SIRZEE
BRI BUET, SRR AR R BRI, B, SN, SR,
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L R B D B 4549

1~2. BEFR 55 1 RO IR B R 40, &A se B iE . D & B0 BRI R AR /MR . RIS A, EERERE: 3. 04
FEBL ML RE; 4~5. JR/KACHE 3 h PEBLANA N RAEG FE LLTIER . B/ NER DL B AR R KR R AR 6. AR B OK A 3 h E
St 2 d IR AR, AURE A LD B IR . R M/ BRI D, IR ARIZ I 22 7~8. K IPME 20 h ¥ BLAN AL A, ANRIESZHT . M
MM HESREL AR ARG 0. 0 IRAL TR BN R 25 3 RINAMBIAE o ow. IMIBE, c BAFRAK, s LCHIEMRL, p. FiAR/NER,
Id. g FAA, thy. MR, n Q0L nu %12,

Plate Il Ultrastructure of epidermal cell of algal fragments in G. lemaneiformis after 3 and 20 h treatments with

hypo-osmotic freshwater and during rehydration with normal salinity culture medium
1-2. the epidermal cell of the first day cultured algal fragments in the control group contains complete cell walls, a small amount of floridean starch
grains and plastoglobuli, sporadic lipid droplets and abundant chloroplasts; 3. enlarged view of the cell wall of epidermal cell in the control group; 4-5.
abundant floridean starch grains, plastoglobuli and lipid droplets with increased volume are accumulated in the epidermal cells of algal fragments after
freshwater stress for 3 h; 6. the freshwater treatment of algal fragments for 3 h, and then it undergoes two days of normal culture, floridean starch grains
and plastoglobuli are reduced and lipid droplets in cytosol gradually disappeared; 7-8. after hypo-osmotic stress with freshwater for 20 hours, the epi-
dermal cell is deformed, and its cell membrane is damaged, organelles are disordered and involve obvious swelling; 9. the ultrastructures of algal frag-
ments in the control group until being cultured for three days. cw. cell wall, c. chloroplast, s. floridean starch grains, p. plastoglobuli, 1d. lipid droplets,

thy. thylakoid, n. nuclei, nu. nucleolus.

BEESEERWATKZT, BEHHZ S
i RS, X LB SRR IE W R T
TRGHAR I LA S T I 7 2 T 1)l 1) PR A — R
IR [ 3 B P AT BERA X2 a8 AYaE I RE T, H
33K — I 5] A 55 BE A T AN 2 0 e i 2R 0 A K
PRI, B A BT AR AR R A
EIZIR /KB E R 5 20 h 1 e 2R B U 4 R A T
AN A ) 14 2 T 200 0 2 B IR B 11 35 3
S, T A ) A SN DG S A B,
FERHAR SR R B R T J34h, th TAERTE
o H ) S 9 bR e 205 A e B e S i L 2 2%

HHE K752 ) sponsored by China Society of Fisheries

ERam/MIZE, DA SER A5 e A BRI B M A B
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(A Aab BN (4T 5 8k — AP S

3.2 FEELRIKIEN SRR IR BE IR
Gib A=l b )

TEREI T, SCE AU R RERE L 1L
FREM L ZLE AR, HOGE S L i Je— Rl R
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U IO RS PS T H KBk 2 7 i (Fv/
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Effects of different hypo-osmotic stress treatments on budding regeneration and
photosynthetic physiology of algal fragments in
Gracilariopsis lemaneiformis

SHE Tingting *,  ZHONG Chenhui', LINQi", TANG Longchen ',
HUAN Zhongyan ', ZHOU Wenfa*

(1. Key Laboratory of Cultivation and High-value Utilization of Marine Organisms in Fujian Province,
Fisheries Research Institute of Fujian, Xiamen 361013, China,
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
3. Putian Zhengyang Fisheries Development Co., Ltd., Putian 351100, China)

Abstract: In order to explore the physiological acclimation of Gracilariopsis lemaneiformis to hypo-osmotic
stress, in this study, the morphogenesis, photosynthetic physiological responses and ultrastructure changes of algal
fragments from the main branches after being cultivated at combinations of four different low salinities (S 19.500,
S 13.000, S 6.500 and S 0.000) and for five different periods (1, 3, 6, 12 and 20 h) and then cultured at normal
salinity for 28 days were analysed. The results showed that less than 12 h hypo-osmotic stress treatment could pro-
mote the regeneration of buds in algal fragments of G. lemaneiformis. After 3 hours of hypo-osmotic stress with
freshwater, increased fresh weight and number of regenerated buds obviously emerged in these fragments during
normal salinity of culture. The relative growth rate (RGR) of algal fragments treated with freshwater for 3 hours
was 0.91%/d, which was 61.27% higher than that of the control group. Furthermore, 1 h or 3 h hypo-osmotic stress
with freshwater had no significant negative effects on the photosynthetic physiological responses of algal frag-
ments, manifesting their photosynthetic activity was stimulated after restoration to seawater at normal salinity. It
suggested that the cell metabolic activity of algal fragments might be enhanced after hypo-osmotic stress with
freshwater. Ultrastructural observations showed that abundant floridean starch grains and plastoglobuli, sporadic
lipid droplets emerged in the epidermal cell after 3 hours of hypo-osmotic stress with freshwater which would
provide metabolic energy and membrane components for the algal fragments upon budding regeneration. On the
contrary, long-term hypo-osmotic stress with freshwater caused irreversible structural damages to the organelles
such as chloroplasts and thylakoids. These results indicated that the 3-hour treatment of hypo-osmotic stress with
freshwater for algal fragments from main branches would stimulate their budding regeneration. This study would
provide technical reference for rapid asexual propagations of G. lemaneiformis seedlings.

Key words: Gracilariopsis lemaneiformis; hypo-osmotic stress; fragment regeneration; photosynthetic physiology;
ultrastructure
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