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Intrageneric fusion of protoplasts from gametophytic blades and
development of fusion products in Porphyra spp.(Rhodophyta)

YAN Xing-hong
( Fishertes College . SFU , Shanghai 200090, China }

Abstract:'The protoplasts were isolated enzymatically (rom the gametophytic blades of the wild type and red mutan
of Porphyra haitanensis and from the wild type blades of Porphyra yezoensis, respectively. Protoplast fusions wen
made by treatment with polyethylene glycol (PEC) solution. Many hetervkaryocytes formed after the PEG solutior
was diluted out. The rate of inttageneric fusion was 9.7% — 12.4% for P. haianensis, and 10% - 11.5% fo
P yezoensis . The fusion tate becane higher as the molecular weight of PEG incrased from | 540 to 6 000. Fusior
products that involved one red and one wild type protoplasts in P, haitanensis were picked out and individuall:
cultured. After 30 days of culture, one of themn developed into a chimeral hlade composed of Iwo sectors showing re
and wild type color. While, a fusion product involving twa red pritoplasts developed into a red blade that has twe
rhizoids at the 10p and basal ends of the blade. However, pretoplasts isolated from the blade, regenerates] inta e
hlades, which only huve one thizoid at the hasal end of the hlade. Afier culture of 15 — 20 days, intrageneric fusior
products of P. yezoensis developed into cell-masses, which released many spores to getminate into notnal wild-1ype
blades.
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The isolation and culture of prutoplasts have been successful in more than 108 species of highcr plants. The

pretoplasls were used as tosls in physiological and cytolegical studiest' ). The somatic hybrids through intrageneric

and intergeneric proteplast fusion from 45 species were oblained-2*"7) . In recent years, many progresses of protoplast

(5-14. Some researchers have taken in producing the improved strains by

culture in seaweeds have been made
culture and fusion of protoplasts of scaweeds, especially Porphyra. There were several reperls on protaplast fusion of
seaweeds. Fujita and Migila had reported fusion of protoplasts from diffecert color type thalli of P. yezoensis Ueda

(51 Dai et al. had made protoplast fusion between two species of Porphyra ,

and develepment of the fusion products
but 1 e hybrid plant was obtained" 8- . The purposes of the present study are to mauke intrageneric fusion of protoplasts
in Porphyra hattanensis and Porphyra yezoensis , which were both extensively cultivated in China, and to understand

whether the real nuclear fusion of protoplasts in Porphyra can occur or not.
1 Materials and Methods

1.1 Strains of P. haitanensis and P. yezeensis

The wild type strain of Porphyra haitanensis Chang el Zheng was isolated from a cultivated pepulation in
Linjiang Fisheries Farm, Fujian Province, and the red variant was oblained by irradiatien of protoplasts from the
gamelophytic hlades of the wild type strain with UVE7) . The wild type strain of Pophyre yezeensts Ueda was
ohtained from a cullivaled population in Lisi Aquaculture Fann, Jiangsu Province. Stack culture of their free-living
conchocelis have been mamtaned i the lul')omtor}'.at 20°C under a photon flux density of 10 pnol phalon m?s
provided by cool-white, 40 — W [norescent lamps on a 14: 10 h light : dark cycle (14L: 10D) . The stk culture was

maintained as previously deseribed ™
1.2 Culture of gametophytic blades and protoplast isolation

An aliquol of stock conchocelis (ilaments was incubaled a1l 28C lor P. haitanensis and at 23°C for P.
yezoensis under 15 ol photon m? s (10L : 14D) to induce fonmation of conchosporangia.  Once  the
conchosporangia were fermed, the conchocelis filaments were transferred into a 300 ml. Erlenmeyer flusk containing
150 mL of the MES medium * and S vinylon monofilaments (ca. 5 ¢mi long) , and cultured with aeration at 25°C for
P. haitanensis and at 20°C for . yezoensis . utnler 25 panol photon m25'(10L: 14D) to release conchospores. 'The

conchospores attached onto the monofilaments
Tab.1 Components of enzyroe solutions for isolatinn of proteplasts

were then cultured 1o obtain  gametophytic
) in P. haitanensis and P. yezsensis

blades at 22°C far P. haitanensis and at 159

N . 4 ) G \ P hatanensis P yezvensis
- O LN > ity atmponents T oo —_—
for P. vezoensis , under 4O ol phoion ™« B ! Wikl ype — Red type Wild type
(12L: 12D). Ahadone powder( %) 1.0-1.5 2.0 -
The components of the enzyme solutions Bacternal enzmes - - v
) ) ) ) ) ) Cellulase Onozmikal R - 10) 2.0 20-30 3.0
for isolation of protoplasts of P haitanensis ClucomeCaml s L-1) 20 50 ~
and P. yezoensis were given i Tab. 1. Crude Mol (mol<L™") - - 0.8
bacterial enzymes were prepared as described Seawatel - - *
ously 1 N | \ Ihstillead water + + -
reviously' 7. e wedum o prepar
previousty ¢ protedun prepare plt 6.0 6.0 6.2-6.5

abadone gul enzvines was showed as follows,
When the blades reached 0.5 -2.0 ¢m in

length, seme ol them were used to isolate protoplasis. After being cleaned with a soft brosh in fresh sterile seawater

4ol

more than five times and dried off seawater on the blade swiface, the blades werm: chapped into small pieces(1 -2
mm’) and immersed in the enzyme solution for isolating protoplasts. About 0.2 g fresh weight of the blades was

incubated in a small Petri dish containiny S ml. of enzyme solution. Incubation temperature was 26°C for P,
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heitenensisand 24 Cfor P. yezvensis. After 2.5 - 3 h of
incubation, during which time the tissue was gently
swirled on a rotary shaker (80 r* min’, the enzyme-
proteplast mixtures were passed through a 25 pw nylon
mesh 10 remove Lhe undigested blade pieces. The filtrates
were then centrifuged (800 r*min’!,5 min) to sediment
the protoplasts, The supernatants were discarded and the
protoplasts were resuspended in lhe MES medium at a
higher salinity (45.5), and washed three times in the
same ways continuously. The protoplasts thus isolated
were ready for fusion.
1.3  Protoplast fusion and culture ef [usien
products

The protoplasts with different celer were respectively
isolated from the red mutant and the wild type blades of
P. hauanensis. The protoplasts of P. yezoensis were
isolated from the wild type blades. A part of protoplasts of
P, yezeensis were stained with 0.5% neutral red solution
containing glucese in 2.0 mol* 1.=' for 5§ min to be red
celor. The method reported by Kao et al. ™! was wodified
for proloplast fusion. The protoplasts with red and wild
type coler in P. haitanensis were mixed in the raliv of | :
I.  Apprximately 150 pL of the mixed protoplast
suspension was transfcered into a slide, which was placed
in a Pelni dish, to reduce evaporalion. After the
protoplasts had settled to the slide (ca. 5 min), 450 ul
of the PEG solution showed in Tab.2 was slowly added lo
the protoplast culture. Then, the pmtoplasts were
incubated in the PEG solution for 20 — 30 min at 25 -
28%C in the dark, About 500 gL of the washing solution
showed in 'Tab.3 was gently added to this mixture. After
another 10 min, the protoplasts were washed several tirues
wilh a tolal of 10 mL of MES medium. 'The Peiri dish
conlaining the treated protoplasts was added with 20 ml. nf
MES medium and was maintained at 20 + 1 C, under 20
pmol photon m?s' (12 L: 12 B)for 40 h. And then, the
rate of pretoplast fusion was examined mictuscopically.
ldentification of heteruplasmic fusion was readily pessihle
hecause the hetervkaryocytes contained beth red-purple
chromatoplast fmm the red protoplast and light purple-
brown chromatoplast from the wild type protoplast in P.

heuunensis . The fusion products were translerred with a
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Compurunts
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R —r
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Sumbty 45.5 45.5 32.0 32.0
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fine pipette to a Peiri dish centaining 5 mL of MES medium, and cultured at 20 + 1°C under 30 zmol photon m?s™
(12L:12D).

'The neutral-red-slained protoplasts were mixed with the wild type protoplasts in the prepottion of 1:1 in P.
yezoensis. The fusion methods and culture conditions for fusion products were the saine as deseribed above. 'The
fusion products in P. vezensis were identified acconling to whether the fusion products contained red-stained

chromatoplast from the neutral-red-stained protoplast or not.
2 Results and Discussion

2.1 Protoplast (usien and culture of fusion products in P. haitanensis

'The adhesion of protoplasts oceurced immediately after introduction of PEG solution in the mixture of red and
the wild type pretoplasts, Not only 1wo protoplasts aggregated together, but also more than two protoplasts adheted
tightly. 'The protoplasts with differcnt color adhered over a large area of their surfuce as well as did the protoplasts
with the sane color (Plate | a-b). As the incubation of protoplasts in PFG solution prolonged, a few of protoplast
fusion occurred . However, a great number of proloplast lusion occurred after the PEG solution was diluted by the
washing solution (Plate [ ¢). The fusing cell was 8-shaped initially, however, as the fusion did further, the shape
became to be oval, and gradually to be spherical (Plate 1 d—g). In the fusion pruducts, the chrumatoplasts in
different colors intetmixed very slowly, and they could be distinguished even 46 h alter addition of the washing
solution to the protoplast-PEG preparation. Therefore, 1t was easy to idenlify 1he lusion producls comaining two
chromatoplasts with different color. The molecular weight (MW ) of PEG pluyed an important role in protoplast
fusion of Porphyra . The frequency of heterkaryocyte fonunation was 4.6%, 11.5% and 11. 8%, respeclively,
when the protoplasts were incubated in the solution containing 309 PG in MW ol 1 540,4 000 and 6 X)0. ‘The
higher the MW of PEG, the higher the fusion rate. Besides, the pll value and Ca®' concentration in the PEG
solutions also influenced the rate of protoplast fusion.  As showed in Tab.4, the higher the pH vae and Ca®*
concentration, the higher the fusion rate. These

. - Tah.4 Effecl of washing solution on the fusion ratc
result were the same as those of high plani 2”. &

) ) of protoplasts
{ncubation temperatun: also allected the protoplast
fusion. The optimal incubation temperature was Weehrg ~olutin pH Sabn Fusion 1ate( %)
28%C lor P. haitanensis . A relative higher fusion W 7.0 55 9.7
I btai I { . } | | L3 9.0 45.5 14
renuency  was  ohtained  when  ncubated  the W, 08 20 124
(rotoplasts in PEG solution at 28°C lor 25 min, %, 05 2.0 1.8

When the incubation lemperature weal up W 30

. the fusion rate relatively increased, however,

the survival rale of fusion products was very low and sorietimes the treated pratoplasts died off within 12 h. ‘Three
fuston products containing only a red and a wild type protoplists, and two fustion pradocts mvolving two red
protoplasts were picked out and transferred into Petri dishes for culture individually. One of the former regenerated
cell wall in 5 days, and subsequently began to cell division. In 30 days of culture, it developed inte a chimeral
blade composed uf a red and a wild type sectors, which was comparimentalized by a clear line{ Plate [[ b). One of
the latter regenerated cell wall in 6 days and develuped inlo a med hlade that have two rhizoids at both ends of the
blade (Platc [ a). After | month of culture, it was transflerred and cultured in a flat bottom flask to get lacge
blade. When it grew up to S cm long, it was uscd to produce protoplasts again. All of the protoplasts developed into
red hlades. Most of them have unly onc rhizoid, and a few of the blades had no rhizoid. However, no blades had

two rhizeids (Plate [ ¢).
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2.2 Pmteplast fusion and plant regeneration in I’. yezoensis

A great deal of protoplasts aggregated ws soon as the PFG solution was arllded into the mixed protoplast
suspension containing the neutral-red-staincd and wild type protoplasts (Plate lll a - 1)}, When the protoplasts were
incubated in 30% of PEG, g solution at 26°C lor 25 min, and diluted with W5 or Wy solution (Tab.3), the lusion
rate was 10% — 11.4% . Fusion process between two protoplasts with dilTerent colors was olserved. The fusion
process of two protoplasts, from 8-shaped to oval shape and finally became spheucal, were cempleted within 55 min
after addition ol the washing solution to the protoplast-PEG preparation (Plate Il ¢ — £). Three fusion products
containmg two protoplasls of one neutral-red-stained and one wild type, were picked out and individually cultured.
Two of them hegan to cell division in 7 duys of culture, and developed into ecell-masses in three weeks ( Plate I
g). Maoy spores released from the cell-masses lately, and germinated into nornal wild type blades (Plate 1 h).
This result was similar te that obtained by Fujita and .\Tigitam- .

2.3 Influence factors on preloplast fusion and analysis of the regenerated plants from fusien products

Not only the MW of PEG, pH value and Cua®* concentration affccted protoplast fusion, but also did the
following factors. The percentage of true protoplasts was the most important 1o make fusion. Proteplasts isolated from
the voung blades cultured in the lah (0.5 cm leng, aged 25 ~ 30 davs) were the hest matenals for fusion. The
fusion rate of such protoplasts was much higher than the pmtoplasts from the blades, which were cultivated in neri-
net i the sea. The bludes gowing en thr non-net were thicker lhan those growing in the lub even in the samne
length and at the same age, because the former are often exposed o the air for several hours every day. Therefore,
the percent of tue prolaplasts from the laiter was higher than from the lonner.

The tool eniymes were one of the mast important factors 1e obtain good tme proloplasts. According to the
results of the repeated experiments , niore than 0% of true protloplasts of P haitanensis could be obtained by using
the enzyme mixture centaining abalone enzyme and cellufase (R-10). However, using the same enzyvine mixture to
prodnce P. yezoensis protoplasts, only 80.3% of true protoplasts were obtained. Sitilarly, 98% of true proteplastz
of P. vezoensts ceuld be isolated hy enzyie mixture of baclerial enzymes and cellulose (R-10), but using the same
enzyme mixttre only 50% — 649% of Lnie protoplasts of 2. haitunensis were obtained . These results indicate that the
cell wall comprsition of P. haitanensis is different from that of P. yezoensis. 'The heller enzyme to produce
proteplasts, ix abalone enzymes for /2. haitanensis, but is the hacterial enzvies for P, yeaoensis. For P
haitanensis, using the protoplasts isolated hy enzme mixture of abalone enzyme and ¢rllulase (R-10), resulted
nuch more heterokarvocvte and higher fusion rale than using proloplasts isolated hy enzyme mixture of hacterial
enzymes and cellulose (R-10) . ITowever, the contrary results were oblained in P, yezoensis .

2t

The fonnation of plani chlorplasts is mainly controlled by nuclear genes The fusion product of P,
hattanensis , which involved a nxl and a wild type protoplasis, developed inlo a chimera) blade with two seclors
showing red and wild type color, whicli probahly resulted from evtoplasmic fusion and no real nuclear fusion
occured. The red hybnd plant of P, haitenensis, which had two rhizoids al both cods of the blades, is also
considered as result of a evtoplamic fusion, because none of the sane blade appeared i the blades regenerated from

the protoplasts of il. lsoenzyie analysis and cliromosome hehavior of the hybrid plants in P, Adaitanensis need 10 do,
Acknewledgments

This rescarch work was carded out under the auspices of the Asian Fisheries Society and the [ntemational
Development Research Center (IDRC) of Canada (Gramt No 89 - 006). The author wishes 0 thank Dr. Cavino
Trono, Jr.,Manne Science lustitute, Univetsily of philippine, Dr.Chua Chia-Eng, Asian Fisheries Society, Prof.

Wang Kc-zheng, Shanghai Fisheries University, China, (oc their encouragement during this research, | also wish to



114 E Wk P= K¥%¥® 10 %

thank Prefs. Wang Su-juun, Meng Qing-wen and Su Jin-xiang, Shanghai Fisheries Univeisity, China, for their

valuable recommendations. The appreciations are due lo mumy colleagues of Shanghai Fisheries University for their
kind help.

References

(1]

(2]

(3]

(4]
(5]
(6]
(7]

(8]

(9]
[10]
[11]
[12]
[13]
[14]
L1s;
[16]
[17]
(18]

{19]

[20]
(21

Lu S H, Xu Z H. Tissue culture of economic: mel: M]. Beijing: Science Press liouse, 1988.1 - 50 (in Chinese ).

Xiu 2 H. Advancement of pmtoplast fusion in high plants [J]. Plant Physiology Communicati ns,1989,2:1 -6 (in Chinese) .

Evans D,Branva },Gleba Y. Int Rev C)tol[C] .1983,16(Suppl. }: 143 - 159.

Harms C. Proteplasts| I~ . Bitkhausen Verlag, Basel, 1983, 69 - 84,

@hen L C M. Patoplast morphogenesis ol Porphyro Leucastica | J 1. Bot Mar, 1987,30(5) : 399 - 403.

Cheney B P,Mar E, Saga N, van der Meer J. Protoplast isalation and cell division in the agar-producing seaweed Giecilaria ( Bhodophwta) (11.1
Phycol , 1986,22:238 - 243.

Fujita Y, Migita S. lsolahon snd eulture of preteplasts fron: some waweeds| J1. Bull Far Fish Nagasaki Univ, 1985,57:39 - 45 (in Jupunese with
English abstract) .

Polne-Fulleer M, Giber A. Development studies in Forphyra 1. Blade differentiation in Porphym perforte. as expressed by morphyalogy, enzymuc
digeston, and proteplast regeneration] ) .J Pliycol, 1984,20:609 - 616,

Polne-Fullier, M, Gilwr A. Calluses, cells, and protoplasts in wiudies wands genctic mprovement of seaweeds[ J 1. Aquac, 1986,57: 117 - {23
Sags N. Isalatinn o protoplasts from edible seuwessts| )] . Bol Mag Tokyo, 1984,67:423 — 427,

Saga N, Sukai Y. lsolation of protoplasts from Laminaria and Perphyral J | . Bull Jup Soc Fish, 1984,50(6) : (08S.

Tang Y L. Isalatinn and cultivation of Lhe vegetitive cells and protoplasts of Porphyra suborbiculate Kjellm[1].) Shanglong Coll Oveanol, 1982, 12
(4):37 - 58(in Chinese wilh Fnglish absteset) .

Wang S J, Zhang X P, Xu Z D, et ul. Studies on the cultivation of the vegtative cells and protoplasts of Porphyra hauanensis Chang et Zhengt ) |
Chin J Oceano! Linmol, 1986,17(3):217 — 221 {in Chinese with English absieact) .

Yan X HyWang S J. Studies on the development and dilferentiation of the somatic cells in Porphyra spp. (Rhadophyta)| 1] . Manine Sciences, 1990,
2(3):195-208.

Fujita Y, Migila S. Fusion of protoplusts frum thalli of twa different color types in Porphiyra yezeensis Usdi and development of fusion products( )],
Jap J Phyeo!, 1987,35:201 - 208.

Dai J X.Zhang Q Q,Bao £ M, ct al. Studies on the pure line cullure, autagezstion and interspeeilic fusion of Porphyra protoplasts” J] . China
Oceanal Limnol, 1990,21(3):293 — 296( in Chincsc) .

Yaun X H.Studies on color type vanants [rom mutagenized protoplasts of Pogphym haitenenses Chang o Zheng & P yezaenses Leda{ Riadophycear )
(17 Chin J Oveanad Limnel , 1993, 11(3):235 - 244

Kato M, Arugst Y. Comparative studies on the growth and photesynthesis of the pigmentation mutiuus of Porphyra yezoenses in laboratary culturel J
Jap J Phveal, 1984,32:333 - 47.

Yan X 11, Preparation of hacterial enmymes, isdation and eulture of protop asts in Forphyra spp. | A 1. 1991, Alsteact of the Ist Svmposiun of
Chinese Marine Biotechnolag[ G .17 Cin Chinese) .

Kao K N, Michayluk M R. A method for high-fiequency wtergeneric fusion of plam protoplasts[ 1] Plants, 1974, 115(4) :335 - 367.

Zhen C C. Cytobiolagy | M. Bejing: People Education Press House, 1980, 165 — 185 (in Chinese) .



FEeit s BRFRN N IR AE I AR O MR i gL 115

Plate I Freshly isolated pentoplasts and protoplast fusion in P. haitanensis
4. Mixture of the red and wild trpe protoplasts. Arrows indicate the eed protoplusts,

b, Aggvgated protoplasts 28 min wlier wldition of PEG salution to the nuxlune uf protuplists

e. Fusion cells (F) 10 mn alter addition of the washing solution (o the protaplast-PEG ey

d- g. Progressive: stges of (usenn hetween oae 1ed and vac wild grotaplisis, 10,2025, 35 and 58 vwun, tespectively. altes
akhtion of the washeng soluteen 1o B prutepled — FEC prep

a.b ant f, it the some miganfication cod.c aml g, o8 1w meggnificaton . Seale bars 25 10 oy and 20pm in e,
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Plaw T Regenerating blade from fusion product in P. haitanensis

a. The rereperated blaly (uw.l'JU dava ) wiile 1w doamds at both ends of 1l blade, whueh <|e'w|u|ht~<| {rom u fusion lll«}duvl
wvolving 1w wd protoplasts

I The segencraled blade (o, 36 daysd composed af Two sectong et R) el wald 1y pet W enlor, which developed feom o
fusion pn)«iurl invelving ope ed and one wald Bpe |>(n|op].hl~

o Ared B Y fage, 25 dased regrmenaten ] Toom 2 prafoplast of B hlade showsd m Plage 1] oo

a— el the e uggifieaion Sesde ba 25 anm a,

10 #
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Plake [l Freshly isalatd protoplasts and protoplast fusion in P yezvensis
a, Modure of the nedial-red damed and the wyid type prdaplasts_ Arrows edseaste e nentiai-iabdannd prfyplast,
b, \gegaral pranplasts 15 mun afier whltion of PFG ol 1o the protoplasts austure.
e = d. Prggesane stges al o between e nedral-rod-stamesd and one ikl tge profoplast<, 15 aid 35 s negeivedy,

ies bl of the wadung <oliion 1o the hroteplad-PEG prepaation,

¢ = {, Progresorve otages of fuawon between Lage newteal -ood-amed motoplast=. 3} axl 5O sun sespueebivelyidter  ubon of the:

wuah'mg wluton 1o the pmlupla:,l-l)li(; propetdtion.
g A collomass Cage B8 davs} developed from o fusion prduct mvolving two neutzal- ad-staued o toplasts.,
h. Young blades Cage, 15 days) developedd (com the sposes ooleased by the blade showed in Plae 1 g0

=1y the swoe agndication. Seale bars .25 panin a, 20 pan mog, 58 e he





