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ABSTRACT

Natural pigment carotenoids from Dunaliella salina and Chiorella vulgans was ﬂ-kgmfen and
zeaxanthin. Crustaceans can not synthetize carotenoid de novo and they need it to provide nutnition
and possibly disease resistance, pigmentation and esthetic value. Green microalgae produce
carotenoids and can be manipulated easily by protoplast fusion. The research was conducted to

jast fusion of D. salina and C. vulgaris.

obtain some recombinants from interspesies protop :
last isolation, protoplast fusion and protoplast

Interspecies protoplas fusion was carried out by protop :
nfirm positive regenerate proioplast.

regeneration. Microscopic and cell analysis will used to co
Analysis of the obtained fusants is limited to morphological description due to the complexity and

vanability of fusant. The stabilities of fusants obtained were examined by successive subcultures. The
result revealed that conversion of the cells of to protoplasts was about 80% . The fusant maintain their
stability during three periods of subculturing. This result suggesting the potency of fusant to be used
as food supplement in liquid form. The regeneration of the protoplast was almost 100% with some of
them having diploids formation. Most colonies of the recombinant having faster growth suggesting

the positive result of potential strain.

Keywords : carotenoid, protoplat fusion, Dunaliella, Chlorella,

1. INTRODUCTION

Microalgae have a great potential for various applications including the production of compounds for
food, feed and aquaculture, of higher value products for pharmaceutical and cosmetic industries
[1)(2). Carotenoids from microalgae have been proposed as cancer prevention agents, life extenders,
and the inhibitors of ulcer, heart attack and coronary artery disease. Naturally occu;ing lutein from
microalgae like Chlorella vulgans is not only one of the most prominent has been successfully applied
to the analysis and carotenoids in human serum and foods, b i
. ; , but also the repr tive of a,

c;rotgn_lc:_idst (3]. Cruita:peans dneedhcarotenmds to provide nutrition and possit:;pd?;::st: |resistancg:
give brilliant pigmentation and esthetic value (4] [5]. Dunaliella sali ]

. - alina and Chlorella vulgans , Was
found potentially useful as source of carotenoids in food i ’ '

! e j ; supplement in aquaculture. Under stress
COf;d't'z_” ;-:U:th??" :"Qh_:'_ghl glenTty, D. salina cells turn orange due to masscilve B carot:le formation
under high light intensities. Dunaliella contains 9-cis-beta-carot ich i - \

: . ene, which is up to ten times strongéf
at preventing cancer than ordinary f-carotene and

_ o , can a i ful
ultraviolet radiation. Strains unable to accumulate B—carotenebj‘orb T e ?f h??on
while the pB-carotene-rich Dunaliella strains flourish [6] Dte wfhe; exposed to high m‘adtmno"

o : 2 . Dunali i e
zeaxanthin, a valuable antioxidant with ability to prevent prongSSiveev?s, io?wlslﬁs :Olr:‘;ar";ier‘;a;orﬂm of

dry Dunaliella, 6 mg of zeaxanthin is prod
ordinary plants. produced, compared to only 0.2 mg of zeaxanthin found in
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mereased inlerest in natural carotancige |
: . ‘as is the current o
- rend of avoidin

shemicai in focds, Strain nn I

;ZI'DIEﬂZid prodyction. P‘Otoglrg:temer“ of D calina and C. vulgaris is needed in order to increase

spesitic hybridizalion when il has n§;OQ has been used to bypass natural barriers of intra- or inter
€en possible to perform conventional crosses mutagenesis

and genctic analyses [7]. The induced fusio i
of the wall) will Zroduce complemen n of microalgal protoplasts (i.e. cells completely deprived

rhodozyma significantly increased b--'mnor' of ‘auxotrophic mutants. Interspecies hybrids of Phaffia
el St fusiun i R tOclr:arot_c-::w Production up to 30% the levels of wild type [8] [9]. The
: ‘1 microbial genetic contributed to the development of microbial

genetics Iand the Clarification of the meckani : ; .
hybridization of protoplast fusion in D, suli echanisms of microbial breeding. So far, intraspecies

‘1@ and C. vulgaris had never been done yetl.
2. MATERIALS AND METHODS

g food additives and synthetic

2.1. Microalgae strains and Culture Conditicns

. salina and C. ulgaris was obtained from BEPAP (Balai Besar Pengembangan Budidaya Air
Payau) Jepara. The Walne medium was used for culturing L. salina and C. vulgaris was modified
from [10]. The medium consist of EDTA 45 g/L, FeCly 6H,0 1.3 mg/L, HyBO; 33.6 g/, MnCl,.4H,0
0.36 g/L. NH4NO; 100 g/L, Na,PO, 20 g/L, 3% Sodium thiosulfate, B, vitamin 0.001 £ o, distilled
waler u.ntrl 1L Slgnhzaitm; was done by autoclaving at 15 Ib/in? (103 kPa and 120°C) The medium
was using by adding 0.5 ml solution to cach 1L of seawater. For induction of B-carotane synthesis,

cells were grown in a sulfate-depleted media (MgCl, instead of MgSO,), under intenss illumination
conditions 6C0 lux and with 2 — 4 Ppm Ol2 passmg to the iiquid[2].

Early growth phase cells (approx. 107-10° cells/ml) were washed with potassium : hosphate buffer as
osmose solubilizing solution followed by suspension in 3 % sodium chlorida buffer, 1 mM CaCl, and
0.1 M 2-mercaptoethanol. The cells were treated with 1 % 10 mg/ml of lysozyme on 35°C for 20
minutes. Thg protoplast was mixed and kept ir Walne medium containing 60 mM polyethylene glycol
(Mr. 6000; Sigma), 5 mM glycine and 10 mM CaCl, for 45 min. The process was followed by serial
washing with suspension containing 5 mM giycine and 10 mM CaCl,  Microalgal colony of
recombinant were growing on Waine media. Growth curve for 7 days were examined followed by
three periods of subcultures,

2.2. Protoplast fusion

Protoplast isolation. Microalga protoplasm were isolated using a modified method of [10][11]. Cell
density were 10° cells. Release of cell wall was induced using 3 % NaCl, 1 mM CaCl,, 1 % lisozyme
for 20 minutes on 35°C. Protoplast fusion were induced using 60 mM PEG 6000, 10 mM CaCl, and 5
mM glisin, mixed with Walne medium and incubated for 15 minutes on 30°C. Cell were washed twice
using sorbitol/manitol, 10 mM CaCl, and 5 mM glisin adding with Walne Medium and incubated 15
minutes on 30°C. Recombinant were grown on Walne Medium. Protoplast Regeneration will done
after incubation for 5-7 days. Analysis of the obtained fusants is limited to morphological description
due to the complexity and variability of fusant. The stabilities of fusants obtained were examined by

successive subcultures.

3. RESULTS AND DISCUSSION

The most exciting possibilities in working with protoplasts are their use in genetic transformation of
macroalgae and in their application to somatic hybridization and breeding.

3.1. Formation of protoplast

id of cell walls. Protoplast is a viable cell wr_':ose wall and other
lemma have been removed, but it retains all internal components
sues with specific cell wall Iytic enzymes r_esuns in total removal of
de cell wall. Treatment of different osmotic buffer to the protopiast
s highly sensitive to the osmotic ;uppon medium.
f the protoplast using sodium chloride buffer caused
e. The buffer will enter to the cell and increase the
tabilize the extracellular medium optimally. A
f protein synthesis are two common effects of

Protoplasts are living cells devo
materials external to the plasmal
[12]. Treatment of either cells or tiss
their rigid and complex polysacchari
of D. salina has shown that the protoplast wa
Method modification of [9)(10] in the formation 0
degradation of peptidoglycan cell wall by lysozym )
cell size to spherical. Sodium chioride buffer can

condensation of DNA in cell nuclei and decreased o
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D. salina was digested with lysozyme 4 otall
I and allow protoplast to release, Unlesg thr
8

dium. The rupture of D. saling cel way

he cell wall of
e the wa
smolic me

osmotic stress on the cell. When t o
partially, a hypotonic shock can rup

extracellular medium 1S stabetl;zed with buffe D iy S erefore anticipate such condition e
release the spheroplast can
use of potassium phosphat

agent to manage the streng

[ 1 mM CaCl,) in a
concentration (1 m 2 ey ; l
an construct the protoplast.

e seen in Fig 1.

buffer. The use of potassium phosphate buffer offers more suilabl:
e :

he best protoplast. The use of ga) ;

Il wall and produce altin |
e thd?j'tt:%n of stabilizes the membranes of the cell under treatmegy, o
i f fusion. The result of D. salina protoplast g, of

enzymes degradation, also increa
that 80 percent or almost all of the colony €

Figure 1. Spheroplast of C. vulgaris (left) and D. salina (right) (1000x)

Protoplast isolation from macrophytic benthic marine algae was reported as early as 1970.
Preparation of protoplasts and their subsequent applications for both basic and applied research of
marine macroalgae remains largely under developed due to lack of development of reliable methods
with consistent yields of viable protoplasts [11]. The success in producing large numbers of viable
protoplasts became possible only through the development of an enzymatic methods. There are 16
species of marine green algae from which successful protoplast isolation and regeneration has been
reported. Recently, report about simple method for mass isolation of protoplasts from species
of Monostroma, Ulva and Enteromorpha was done using an enzyme mixture containing 2% each of
Cellulase Onozuka R-10 and Macerozyme R-10 dissolved in 3% NaCI[10].

The research result showing high yields obtained by the method have been attributed to the high
activities of the enzymes as a result of dissolution in a medium with a low NaCl content. As the NaC!
content used in their method corresponds to that of seawater concentration, an effort was made to
further modify their method by optimising several protoplast isolation parameters including enzyme
constituents and NaCl concentration in enzyme mixture. Berliner (1981) stated that the induced
protoplasts of fresh-water algae lose the mechanical barrier that maintains their internal osmotic

pressure. They retain their integrity and viability in an osmotically protective medium of equal or
greater tonicity than that of the normal internal cellular osmolarity.

3.2. Protoplast Fusion Process

A fusogenic agent, such as polyethylene glycol (PEG) could induce th i i

S : : ; ) e fusion and transient hybrids o
diploids formation. During this hybrid state, the genomes of chromosomes would reassort whyi?h lead
to a genetic recombination. The result as shown on Fig 1., and microscopic examination, suggested
i o g occurin a single step, but rather through step-by-step reactions in which
each step did not proceed at the same rate. Each cell had a diff ili i

; o e , : erent ability to make a fusion a$
!rllustrateac:eln Fig. 2.. Afﬁer becommg_a hybrid, each hybrid did not have eitger the same ability t0
egenerate or grew well on the medium. In the medium, some possibilities may occur: (a) the cell

ggzlg rr:gi gfg;e;;zlgo‘g :Si"t‘t?;a;gr:z;?‘szz_ﬁme treatment, nor recombined completely, (b) protoplast
r S, +
completely and made a perfect hybrids frts;m “"o(;) r“:‘grslgﬁglast could not fuse, (d) protoplast fu

The 3 International Seminar on New i
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Figure. 2. Fusion protoplast of 0. salina and C vulgaris
The protoplast and recombinant viabil

) 2oty can be asses v the a i i
living cells as ‘1llustraled on the fig 3 using crystal violet Th: dsyecds bré‘ol; 'C;:nc::;(:: S;;;er: ’{'f:pgf,
blue, cr_yg.{al _\no!et, neultra! red, and fluorescein diacetate Pageneration of an ouler wall followed by
cell division is the de_’swed outcome of most protoplast experimental work. Berliner (1981) showing
that protoplast formahonl and regeneration are theoreticelly ideal tools for'the understanding of cell
wall structure and formation. Research experiment using as fusogenic agents indicates that almost all
of the protoplast (86.5 %) were able to fuse under concentration of 10mM PEG 8000 PEG
suggesting that of PEG ap_p!ied was optimal in inducing fusion. The observalion was supported by
microscopic fefatu_resl showing that hybrids tended to form a recombinant cell than to disperse as the
parental cells, indicating that some hybrids had form a ploidy, as previously suggested by (10](11).

heterokaryon

Figure 3. Viability of heterokaryon recombinat

3.3. Protoplast Regeneration

Under condition favoring early and efficient regeneration, such as regenerating on a complete or rich
medium, the heterokaryon is induced to form a cell wall and divide before the chromosomes have
been replicated, thus reducing the opportunity for genetic recombination to occur. Protoplasts are cell
unded only by cytoplasm membrane. After treatment with PEG to induced fusion, the prolo_plasts
Were able to generate cell wall and grew normally on the medium. After 7-10 days of incubation on
C . some hybrids have been obtained. Regeneration of protoplast resulted in high frequency,
eaching the value of 80% of all protoplasts that have been induced by PEG. Protoplasts in culture
Show rapid cytoplasmic streaming, decrease in size, and mos! of the cell organelles, in particular the
loroplasts, aggregate conspicuolusly around the nucleus. The result of the research shows that the
Usion protoplast process gaining number of prutoplasts formed and regen_eratson percentages was
'gh enough although it was lower comparing to interspecies protoplast fusion of Phaffia rhodozyma
18] also other microalga [12). Their overall regeneration rate of the protoplasts isolated was usually >




is. This result probably caused by different genus g be
esis.

90% and showed normal morphogen
mevee™ tion depend on the state of differentiation of the donor
rmati

i f cell wall formati s,

ecies. The process 0 :

and the pla“:e?gd in two to several days. Protoplasts !osm
P : lete. According observation from som

alcofluor white showing that the freshly formegq
es an exogenous supply of a ready

ils: this requir - o .
ﬁbrr:t " edium. lonic osmotic stabilizers in the medium
f a proper wall. Soon after the formation of a wall aroung

siderable increase in size anq first divisions generally
occur between 2 to 7 days. Subsequent divisions give Tse to small I;:lzlltgo;c:\l‘:!'so.pﬁhw(g:'rzc:‘ ;?é?gmshlp
exists between wall formation and cell divisions. Protoplasts capa o incompléte cm::-am-"
are more often observed in 2 protoplast culture. They form ashaheterokaryon gl inesis
during first division which, results in spontaneous fusgon. S:;c“on ntinued
growth and some, are capable of continued growth and differentiation.

Analyzing of heterokarion will be better when followed by analyses of recombma!ttl?f Ofrgteﬂ?mltc DNA.
However. the analyses on the integrated genomic DNA in the cel!s_as a dresu_ b'l‘tp ofofp ast fusion
process have been puzzling researchers for decades for the complexity an vana' ility of fusant DNA.
Scientist had reviewed that quantitation of the dominant genome In the fu_sa'nt culture is not possible.
Often analysis of the obtained fusants is limited to morphological c_!escnpﬂon and n}easurement of
enzymatic activity. The stabilities of fusants obtained were examined by successive subcultures

[13][15].

The rate and regularity of cell wall fo

conditions of isolation of progoplasts.
within few hours after isolation and
characteristic spherical shape once t
researcher under @ fluorescence
cell wall is composed of loosely arrant
metabolized carbon source (sucrose) IN the
are reported to suppress the development O
the protoplast the reconstituted cells show con

nged micro
nutrie

n of significant amount of data regarding stabifity or
ysis is still incomplete. Fusants posses whole genome
be predicted. Even powerful and highly informative
licable due to absence of specific genetic markers

for sequencing in the fusant cultures. More difficult is analysis of the genom. Random amplification
polymorphic DNA (RAPD) and polymerase chain reaction (PCR) techniques have been used recently
to investigate genetic similarities among fusants. RAPD technology can scan numerous loci in the
genome through DNA amplification with several random primers, which makes it particularly attractive
for analysis of genetic relationship between species or kingdoms. Unfortunately, this system has been
found unreliable due to the fact that obtained profiles are subject to significant variations.
Standardization is difficult, even not possible when the technique is applied in different laboratory
settings. Other molecular typing techniques such as Multi Locus Enzyme Electrophoresis (MLEE),
Pulse Field Gel Electrophoresis (PFGE), Ribotyping, Restriction Fragment Length Polymorphism
(RFLP) and DNA sequencing are not reliable for various reasons [14] [15] [16] [17] [18] The main of
which is low typeability of the fusants. One of the most striking features was reséarch on the
pathogenic genus Beauvera on variability of pathogenicity among the hybrids of protoplast fusion but
no correlation between molecular pattern and pathogenicity was found [19]. Nevertheles So,;,aﬁc
hybridization via protoplast fusion provides an attractive method for th ‘ ic imp nt
especially when dealing with diff s , e genetic improveme
pecially v ling erent host ranges and involving species with i i

vegetative incompatibility. s with isogamous species

4. CONCLUSION

Although there has been an accumulatio
segregation of the fusants, the genetic anal
rearrangements which are not possible to
technique such as the DNA sequencing is non app

The protoplas fusion of D. salina and C. vulgaris tend i

| | , to ach i i

recombinant _wh:ch almost 80%. The observation showing thl:tv sgb?:g: twe!ds i el inant
cell than to disperse as the parental cells, indicating that some hybrids l'?:c? ?(:’l‘rtt? éoglrgig;e?ggg?:sun

indicated a potency of recombinant micr i
pesiomsy oalga to produce higher carotenoids comparing with their
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