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ABSTRACT _

BALESTRI, E.; LUCCARINI, G., and CINELLI, F., 2001. Isolation of leaf protoplasts from Pancratium maritimum
L. and two other dune plants: possible applications. Journ al of Coastal Research, 17(1), 188-194. West Palm Beach
(Florida), ISSN 0749-0208.

Protoplast techniques can be applied for studying physiological and biochemical processes in plant cells. In order to
utilize these techniques, a method for isolation of viable protoplasts from dune plants was established. Using a com
bination of cellulase R-1 0 Onozuka, hemicellulase and pectinase protoplasts were isolated from younger leaves of
Pancratium ma ritimum. Field-grown plants harvested in autumn or winter yielded approximately six times as many
protoplasts per g of fresh tissue as did plants collected in spring (3.6-5 .3 X 10" versus 9 x 10,' protoplasts per g of
fresh tissue). No protoplasts were released from plants harvested in summer. The production of protoplasts from
cultivated plants reached high yields of protoplasts (3.6 x 10") independent to the season. The viability of these
protoplasts was 89.2% ( :!:1.1). Within 2-3 days of liquid culture 88.6%( :<: 3.6)of the protoplasts were able to regenerate
cell-walls. First divisions were detected after 5-7 days of culture. By using the same procedure, yields of 2.31 x 10"
and 1.28 X 10" protoplasts were obtained from field-collected leaves of Cak ile maritima and Ammophila arenaria,
respectively. Viability of protoplasts were 87.5% (:<:4.3) and 75.1% (:<:2.4), respectively. The potential applications of
this method are discussed.

ADDITIONAL INDEX WORDS : Dune plants, protoplast techni ques, ecophysiology.

INTRODUCTION

Coas tal dune plants perform critical functions in dune ini
ti ation, growth and stabilizatio n (PLUIS and DE WINDER,
1990 ; HESP, 1991; MAUN, 1997). Because of the ir features,
dune plants have long been regarded as a model for the study
of plant ada ptations and responses to environme ntal stre sses
(i.e. salinity, low nutrient and water availa bility, sa nd inst a
bility). Until now, research on t his topic has been at in situ
and wh ole-plant level of investigation (ISHIKAWAet al., 1990;
ISHIKAWA et al., 1996; BLITS and GALLAGHER, 1991; MAUN,
1997 ; VALVERDE et al., 1997 ). Understanding the ecophysio
logical mechanism s at cellula r and molecul ar levels requires
addit ional re search . To date, the sca rce availability of sys
tems to cult ure dune plants (COOK et al., 1989; KANE et al .,
1993) has precluded this approach.

Protoplasts isolated from terrestrial pla nts and, more re
cently, marine plants have provided a powerful experime ntal
sys te m for studying physiological and biochemical pr ocesses
in plant cells (ROSEN and TAL, 1981; LYNCH et al., 1987;
RAINS, 1989 ; ELZENGA et al., 1991 ; FOWKE an d WANG, 1992;
GARRIL and TYERMAN, 1994; PATRICK, 1997; WANG et al .,
1997; ZHANG et al., 1997; SI-IABALA et al.. 1998; NEWMAN and
RAVEN, 1999). Th e kn owledge of ion trans port mechanisms
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a t the plasm a membrane associated wit h ionic and osmotic
stress has gr ea t ly advanced by th e use isola te d protoplasts
in patch-clump an d electrorotation techn iqu es. Protoplast
technology has al so been a pplied to genet ic manipulat ion for
selection of specific physiological t ra it s (i .e. environmental
stress tolerance, disease resistance) and plant improvemen t
(POTRYKUS and SHILLlTO, 1988; ROESTand GILISSEN, 1989;
PUlTE 1992; PASZKOWISKIet al., 1992; Koor et al ., 1992). To
date, there have been no repo rts on protoplast isola t ion from
du ne plants. The oretically there are no reason s why such
technique cannot be exte nded to this group of plants.

Th erefore, we demonstrate here th e possibility to isolate
via ble and cell-wall regenera t ing protoplasts from the dune
plan t Pancratiu m maritimum L. (sa nd-lily), and we assess
the in fluence of th e donor plant source (field-collecte d versus
cultivate d plants) and season on protoplast yie ld. We also in
ves t iga te whether such method is suitable for producing pr o
topl asts from two other dune plan ts, Ammoph ita arena ria (L.)

Link. and Cahile maritima Scop. These plants were chosen
for the inves tigatio n becau se of thei r contrasting morphology
and ub iquitous distribu tion in coas tal dune regions in Italy.
Pancratium maritim um (Amaryllidaceae) is a perennial bul 
bou s plant s which has seve re ly treathe ned along the Medi 
terranean coas ts (BELLAN-SANTINI et al., 1994). Litt le is
known on the ecology of this pionee r plan t (KrLlNc; and YOKS-
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Figure 1. Tran sversal section of th e basal part of a young leaf of Pancratium mari timum afte r embedding and sta ining, showing th e cut icle (cu), the
epidermis both ada xial and abaxia l (ad ep and ab ep ) wit h stoma ta (st), mesoph yll (me), vascular bundles (vb) an d nuclei (nu). Bar = 30 p.rn , X 125.

E L, 1994; MEDRANO et al., 1999 ). This spec ies has a great
potential economic value for flower production (PROT1CH,
1987) and for sources of several compounds (TATOet al ., 1988;
IDE et al ., 1996, 1998). Cahile maritima (Cruciferae) is a
st randline annual herbaceous spe cies which has been used to
study respon ses to environmental factors (i.e. nutrient avai l
ability and sa linity; ROZEMA et.al., 1982; PAKEMAN and LEE,
1991a ; PAKEMAN and LEE, 1991b ). Ammophila arenaria
(Graminaceae) is the most widely used species for planting
purposes in Mediterran ean (Hursxss, 1979 ; VAN DER PUT
TEN and KLOOSTERMAN, 1991). Possibl e applications of this
method are discussed .

MATERIALS AND METHODS

Pancratium maritumum

The basal parts of th e younge r leaves (2-10 ern long) of
Pancratium ma ritimum were used as tissu e sources for pro
toplast isolation. Leaves were excise d both from plants grow
ing on a dune area at Rosignano Solvay (Livorn o, It aly) and
plants growing into pots (14 em diameter , 20 em height) filled
with fertilized sand, under conditions giving "soft" growth (18
DC, a 16 hr photoperiod provided by cool-fluorescen t ligh ts
(Philips) a t 30 urn ol photons s - l.m- 2 ) . Th e latter plants wer e
allowed to adapt to the cult ivatio n system for at least three
weeks prior to experiments .

Portions of lea ves were washe d with sterile distilled water ,
rin sed wit h 70% (v /v) ethanol, and surface-ste r ilized with 3%
(v /v) sodium hypochlori te for 20- 30 min with gentl e shaking.

Th ey were then rinsed three times in sterile distill ed water .
Th e cuticle was removed and th e leaf por tion s were cut trans 
versally into approximately 2- 3 rnm ? sections and weighed.
To test t issu e axenicity, pieces of ste rilized leaves were in
cubated in th e standard medi a Plate count agar and Marine
agar (Difco) at 22 DC for 1-2 week s. Appr oximately 8 g (fres h
tis su e) of cut leaves were incubated in 15 ml filter- sterili zed
(0.22-fl,m membrane filter , Sartorius) enzyme mix tu re pre
pared by dissolving 1% (w /v) of cellul ase (Onozuka RIO; Yak
ult Honsha, Japan ), 1% (w/v) pectinase (Boerozym; Sigma
Chemical Co., St Louis, Mo., USA), 0.5% (w /v ) hemicellul ase
(Sigma ) in 50% filter ed seawater (1 7%0), at pH 5.8. Digestion
was perform ed for 3- 10 h at 22- 24 DC in th e da rk. After the
enzy matic trea tm ent, th e enzyme mixture was pipetted off
and repl aced with 10 ml of was hing solution (W) cons isting
of 10 mM CaClz and 30 gil sucrose dissolved in 50% filter ed
seawater, a t plI 7.8. Digested t iss ues were maintained in th e
W solution for 1 h at room temp erature with a rotary shaker
(30 rpm) to improve protoplast relea se. Th e protopl ast mix
ture was filtered th rough a IOtl-u.m nylon net and th e filter ed
protoplast sus pens ion was cent rifuged at 100 g for 8 min . Th e
protoplast pellet was purified by centri fugation at 150 g for
10 min with gr adients of Ficoll 400 (30% w /v , 12% w /v , 0 ).

The cell debri s form ed a green pellet a t th e bottom of t he
tube, leaving band of purifi ed protopl asts a t the inter face be
tween Ficoll 12% and the W solution. Pr otoplasts were re
trieved from th e boundary and re su spended in 2 ml of a fres h
W solut ion. Th e number of protoplasts was measured usin g
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Fi gure 2A-D. Me sophyll protopla st s isolated from you ng leav es of Pancrati um marit imum. (A) Fresh ly isolated protoplasts . Two type of protoplast s are
shown: larger hi ghl y vac uola te d and sma lle r dens ely cytopla sm atic . Bar = 30 fu n , X125. (B ) Protopla st sta ine d with neutral red showing a large vac uol e.
Bar = 10 p.m, x 500. (C) Yellow-green fluor es cenc e in 24 h-old protoplast s after st ain ing with FDA. Bar = 50 u.m, X78.8 . (0) Fluo rescence in a 5 day
old protop last undergoing first cell division afte r stai ning with ca lcofluor white. Bar = 30 urn , X125 .

a standard hemocy tometer. Protopla st s were cult ured at a
den sity of 1.5 X 105 protopla sts per ml in Petri dish es con
taining 3 gil sucrose , 10 mM cscr, an d 0.2 M sorbitol dis
solved in l/ Z Mu rashighe a nd Skoog (1962) basa l medium
(MS), at pH 7.8. Cu ltures were ma intained at 20 DC und er a
12 h photoperiod provided by cool-fluorescent lights at 30
u rnol photons S - L m - 2) . Every week t he osmotic pressure of
the culture medium was decreased by dilution (v/v) with fresh
MS medium. The percentages of viab le protoplasts were de
termine d j ust after isolation an d after, 15 days of cu lture.
Two methods were used to assess viab ility : 8% (w/v) fluore s-

ceine diacetate stammg (FDA; Sigma; POWER and D AVID ,

1990) followed by obse rvation wit h a UV fluorescence micro
scope, and 0.1% (w/v) neutral red whic h specifically stains
metabolica lly active vacuoles . The absence of cell wall s in
freshly isola ted protoplasts as well as cell wall regeneration
in cult ured protoplasts was detected using 0.1% fluorescent
brightener 28 (Calcofluor white; Sigma ) staining, followed by
observation with UV fluorescence (POWERand D AVID , 1990).
The percentages of cell -wall regenerated and divided proto
plasts were determined by taking samples of 0.3 ml at 24 h
intervals after isola t ion . Sa mples of protoplasts were also
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o Field-grown plants
o Cult ivated plants

T T

stored in t he W solut ion a t 4 °C to moni tor t he baselin e de
crease of viability.

In order to cert ify the anatomical origin ofthe isolated pro
toplasts, samples of youn ger leaves of P maritimum were
fixed in eth ano l : acetic ac id :3: 1 (v/v) for hystological st udy .
Permanent mater ial was prepared by paraffin embedding
tec hnique ( L II'UCC I et al; 1987l. The sections (12 J.Lm thick )
wer e cut with a micro tom e and stained by safra nine -fas t
green staining te ch nique , and observed wit h a light micros
copy. To eva luate th e influenc e of seas on a nd gro wt h rate on
th e yield of protoplast s experime nts were conducted monthly
from Novem ber 1997 to June 1998. Concom itan tly , leaf
gr owth rate (cmd \) and leaf production (Ieavesd \) of plants
were es tim ate d by using a non-destructive leaf marking
method (Z IEMAN , 1974 l.

Caki le maritima and Ammophila arenaria
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Cahile ma ritim a and Ammophila arenaria were collecte d
a t th e site from October to December 1998. Th e basal part of
th e youngest leaves was excised an d used immedia tely fill'
protoplast production. Isola t ion of protopl ast s was ca rried out
using th e sa me condit ions to th ose described fill' Pancratium
maritimum , exce pt for th e peeling procedu re. Fi ve grams
(fres h weight) of cut lea ves were incuba te d in 10 ml of en
zyme solut ion. After t he cent ri fuga t ion, cell deb ris form ed a
gree n pelle t at the bottom of the tube, leaving purified pro
top lasts a t the su rface of th e W soluti on . Prot oplasts were
collected and sus pended in 2 ml of fresh washing medi um and
coun te d. Th e percentages of viable protoplast s were mon i
tored after 24 h from isolation by the FDA sta ining.

RESULTS

Pancratiu m maritimum

Th e Pancratium ma ritimum leaf is composed of (from out
side to ins ide ): a thi ck cuticle , a monolayer epide rmis wit h
stomata in both ad- a nd abax ia l surface and a relative ly un
differ entiated mcsop hyll cons isti ng of nea rly isod iam etric pa
ren chyma cells , in wh ich seve ra l para llel vascula r bundles
a re embedded (Figu re 1). Freshly isola ted protop last s of P
ma ritim um were sphe rica l in sha pe and lacked the cell wall ,
as confirmed by Ca lcofluor wh ite staining. Two ma in ty pes
of protoplasts were isolated (F igure 2A): la rge ones (70-100
J.Lm ) with a central vacuole as shown by neutra l red sta in ing
(Figure 2]3) were derived from th e inner paren chym a cells ,
and sma lle r (20-40 J.L m) with den se cytoplas m corresponded
to t he sub-epiderma l paren chyma cells.

The yield of protop lasts obtained from field-grown plants
va ried depending on th e season (F igure :3l. The high est yield
(5.3 X 10" ± 0.2 SE protoplasts per g fres h wt t iss ue) was
obtained from leaves excised in winter (from .Ianua ry to
Ma rch 1998 ), when pla nt s showed higher lea f growth rates
(0.97 ± 0.38 em d \) and prod ucti on (0.06 ± 0.05 leaves d \).
Protoplast release usu a lly sta rte d 30 min afte r enzy ma ti c in
cuba t ion a nd peaked with in 3 h . A yie ld of 0.9 X 10" (±O.09 )
protoplast s per g fresh wt t iss ue was obt ained aft er 8-10 h
of incuba t ion from leaves excise d in spr ing (from Apri l to May
1998 ), when plants showed lower lea f growth rates (0.014 ±

Period

Figure :3. Seasona l va riation of protoplast yields from field-gro wn an d
cult iva ted pla nts of Pancratium maritim um . Th e data a re mea ns of :l
rep lica tes :':: s ta nda rd e rro r.

0.02 ern d -- \) and no leaf produ cti on . No sign ificant productio n
of protopl asts was obt ained from -Iune to October, during th e
re producti ve phase. By using cultiv a te d plants wh ich showed
a mean leaf gr owt h rate of 0.25 (±O.15J em d \ an d leaf pro
duc tio n of 0.05 (± O.Oll leaves d ' . high yields of protopl asts
(3.6 X 10\; ± 0.5 per g fresh wt t issu e) was obt ained ind epen
dently to th e season . Thus, cu lti vated plants were preferr ed
as source of protop la sts in the prel im inary culture expe ri
me nt.

After isolation , viability of protopl asts assessed by t he FDA
sta ini ng (Figure 2C) was 89.2% (± 1.1l. Th e protoplasts be
came nonspher ical within 24-72 h in cult ure , when rege n
eration of cell wall bega n, as shown by Calcofluo r white sta in
ing. Th e percentage of cell wa ll regen erating protopl asts was
88.6% (±:3.6). With in 5-7 days in culture , in 0 .15'ir of the
re gen erated protoplasts init ia l stages of cell division were ob
se rved (F igu re 2Dl. Most cells (86.7"/' ± 9.2 ) remained viable
aft er 15 days in cu lture , bu t further development was not
observed . Approximate ly 90% of th e protoplasts stored at 4
°C in th e W solut ion were fou nd sti ll viabl e after 40 days. 80
100',1" of th e surface ster ilize d leaves were axe nic a fte r one
wee k in the standa rd media .

Caki le maritima and Ammophi la arenaria

After 3 h of enzy me incu ba t ion , a yie ld of 2.:31 X UP (± O.4
SE ) protoplasts per g fresh weight ti ssue was isolated from
leaves of Cahile ma ritima. Protoplas t re lease begun approx
imately after 30 min of enzy me trea tm en t and peaked wit hin
1 h of incubation in the W medium. Freshly isolated proto
pla sts were 20-50 J.Lm in diameter and lacked the cell wa ll,
as con firmed by Ca lcofluor whi te stain ing . Protop lnsts
showe d a large vacuole with th e cytoplasm and th e chloro
plasts packed in the periphera l reg ion (Figure 4A). Estimate
of pro toplast viability wa s 87.5'X (±:4.3 ) at 24 h a fter isola-
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Figur e 4A-B . Fr eshly isolated proto plas ts . CA) Cakil e maritima. Bar = 30 /LID, x 125. en)Am mophila arenar ia. Bar = 8 /LID, x500.

ti on . Iso lation of protoplasts from Am mophila arenaria was
obt ained only from the basa l part of th e youngest leaf (a p
proxim ately 2-3 mm long). The high est yield of protopl asts
obt ained from this ti ssu e was 1.28 X 104 (::+: 0.1) per g fresh
weight after 10- 12 h of enzymatic incuba tion . Protoplasts
were 7- 20 p.m in diamete r an d showe d a den se cyt oplasm
(F igure 4B). The viability of these protoplasts was 75.1%
(::+: 2.4) at 24 h after isola tion .

DISCUSSION

In the present study we repo rt a method for isolating me 
sophy ll proto plasts from three im portant dune plants of the
Mediterranean coas ts whic h show differen t morphological
adapt ive feat ures. Th e enzy me mix ture use d in this study is
a combination of recipes use d for protoplast isolati on from
oth er terrestria l plants. Pancratium maritimum a ppea red a
very sui table species for protoplast isola tio n. The yie ld of pro
top la sts obta ined from P maritimum (106 protoplasts per
gr am of fres h tissue) was comparable to the other protocols
use d for important bulbous ornamen tal crops of Liliaceae
(MIl et al., 1994). It is well recog nize d that in high er plants
the yie ld and division of protoplasts a re affected by various
factors inc lu ding the kind of source materials , the develop
men tal state and environm ental condi tions of donor plants
(POTRYKUS and SHILLlTO, 1988; ROEST and GILISSEN, 1993;
KRAUTWING and LORZ, 1995; KlKKERT, 1997). Th ese facto rs
are particu larly im portant for successfu l isola tion of proto
plasts from wild specie s. Indeed , cultures of marine algae and
angiosperms and dun e plants have freq uently hampered by
the seasona l availability , marked variability in growth char
acteristics and difficul ty in removing micro-organisms
(BJORK et al ., 1990; WALLAND et al., 1990; LOQUES et al .,
1990; KOCH and DURAKO, 1991 ; KANE et al., 1993; MOLLET,

1995). In the pre sen t study, we sho wed tha t the season and
growth rate of plants are of critica l import ance for th e release
of protopl asts from P maritimum. Plants wit h high growth
rates (in winter) yielded six t ime s as ma ny protoplasts (per
g fw weight tissue) as did plants with lower grow t h rates (in
late spring) . Th e decline in leaf grow th rate and produ ct ion
ca n be expla ined by the changes in reso urce allocation pat
terns occurred in plants during th e re productive ph ase (KlL
INC and YUKSEL, 1995). We demonstrated , however , that by
controlling the growt h condit ions of the plants it is possible
to obtai n yie lds of protoplasts compa ra ble to tho se obtai ned
un der the best conditions from field -growing plants and, in
this case pro toplast s product ion is ind ependent of constrains
of seasonality. Thu s cul t ivated plants may provide a bet ter
source of tissu e for protoplast isolation . In liquid culture pro
toplasts of P maritim um hav e proved to be capa ble of cell
wall regenerati on and initi al divisions. Further studies nee d
to ident ify the condit ions for plant regene ration (i.e. grow th
regulators and osmoticum), Protoplasts were also obt a ined
from Cahi le maritima and Ammophila arenaria by using the
same procedure adopte d for P maritimum. The opt ima l con
dit ions for protoplast isolation from A. arenaria, however,
should be investigated more intensively.

The me t hod presented here may offer a novel experimental
sys te m for th e characterizat ion of the physiological and bio
chemi cal mech ani sm s which regulate dune plant responses
to st ress at cellular and molecul ar level , contributing to ad
vances in ecophys iologica l research . For exam ple, the role of
ion transport regulation in response to sa lin ity and drou gh t ,
two enviro nmental factors wh ich fre quen tly may affect plant
perform ance, could be elucidate by ap plying electrophysi olog
ical tec hniques to isola te d proto plasts of dune plan ts. Th e
ability to obtain largely vacuolated protoplasts from P ma r-
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itimum which are able to rapidly regenerate cell-wall and un
dergo cell division, make this plant also particularly inter
esting for the use of vacuoles (LEIGH, 1983; NEWELL et al.,
1998; WILLMER et al., 1999) for studying the role of compart
mentation of osmotica in stressed cells. On the other hand,
protoplasts originating from the epidermal cells of C. mari
tima may allow the study the photosynthetic characteristics
and responses to environmental factors. Moreover, compari
son of species with different susceptibility to environmental
factors (i.e. salt-resistance) such as C. maritima, A. arenaria
and P maritimu.m (ROEZEMA et al., 1982; SYKES and WIL
SON, 1989) could be useful to relate such differences to ge
netic regulation at the molecular level. To date, the knowl
edge of the physiology and metabolism of species which grow
in arid and saline environment is scarce. These approaches,
therefore, could to contribute to clarify how these plants can
cope with its stressful environment. Owing to increasing sal
inisation and degradation of soils this topic is an important
subject of further research (FLOWERS et al., 1986; AUSTIN,
1989; YEO and FLOWERS, 1989). Finally, when the optimal
culture conditions for regenerating plants will be identify pro
toplasts could provide a complementary system for selection
and production of the planting material required for large
scale restoration programs.
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