Protoplast liberation, cell wall reconstitution, and callus pro-
liferation in Coffea arabica L. callus tissues™

RESUMO

Uma metodolngia para liberacio ¢ caltira de protoplastos de tecidos de café
foi defivida a fim de permitiv a possibilidade de manipulagio genética dentro do
geners Cottea Uma combinagio de 2,5% Pectinase, 3,5 pov cento, Drirelase, 0,51 mio-
lal manitol e 6 mM CaCl, em pH 5,5 foi considerada dtima para liberagio de protoplas-
tos de célular de calos de café apds 7 horas de incubagio a 50 rpm. A preparacio de
protoplastos foi puiificada por filtracdo atvavés duar peneiras de ago inoxiddvel de 150 e
38 wm O filtrato {oi roletado em tubos de centrifuga, centrifngado a 100 g por 3
miin, o supernadante foi removide e o peller de protoplastor foi reswrpenso em 3 mil
de meio de regeneracio de parede. Esia votina foi repetida Ires vez para diluir o3
enzinas e eliminar or debris celulares. Finalmente, o pellet foi resuspenso em 1 - 2,5
ml de meio de regeneragio de parede para atiingir nma densidad: de 10° protoplas-
tos/ml Swuspensies de protoplastas de 0,5 ml foram cultivadas em placas de cultura
confendo wiiltipas divisber em condicfes de luz difusa ¢ alta buni’dade. Apos 5 dias,
o weio de regenevagio de parede foi diluido com o meio de cresciivento e a regenera-
¢io de parede celular em protoplastos foi observada com o wso de Caleoflnor 0,1
por cento sob microscipio fluorescente. A regeneraciio de parede celular e a prolife-
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sacdo de calos foram observados em covea de 30 por cento dus culinras

Introduccion

arabica is economically the most important. This

species accounts for 70 per cent of the coffee
in the international trade market (3} Moreover, €.
arabica is the only self-poilinated tetraploid species in
the genus Coffea. This makes the transference of ge-
netic traits from wild outbred species of the genus to
the cultivated € arabica cultivars difficult.

The potential for making protoplast fusion pro-
ducts between dihaploid € arabica protoplasts and so-
matic protoplasts of the wild species of Coffea, is pro-
mising for genetic transfer of traits and the develop-
ment of new commercial cultivars. The development of
plants from such protoplast fusions appears feasible
because of the recent success in the induction of high

—E‘ HE genus Coffea has ca. 70 species of which C.
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frequency somatic embryogenesis in leaf explant deri-
ved callus tissues of five C. arabica cultivars (‘Bour-
bon", "Munde Novo', 'Catuai’, Laurina’, and Parpu-
racens’) as well as three diploid species, C canephora,
C congensis and €. Dewevrei, (5, 6, 8). This commu-
nication pertains to the development of a protocol for
protoplast liberation, cell wall reconstitution and induc-
tion of callus proliferation in C. arabica cv ‘Bourbon’
callus tissues.

Materials and methods

Tissues used for protoplast isolation and culture
were obtained from € arabica cv. "Bourbon' 30- 60
day old callus. Callus tissues originated from mature
feaf explants were cultured on a modified Murashige
and Skoog (4) medium supplemented with 5 uM of
2,4-dichlorophenoxy-acetic acid (2,4-D), 10 pM of
kinetin, 117 mM of sucrese, and 8 g/1 of Difco-Agar.

The enzyme solution consisted of pectinase (Sig-
ma}, BPriselase (Kyowa Hakke Kogyo, 354, Driselase/
6359 corn starch by weight) with the addition of CaCl,
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{6 mM) and maanitel (¢ 51 molal) The enzyme so-
iution was cquilibsated at pH 335 and filter sterilized
using G435 pm Nalgene membranes Fifteen midfiliters
of the enzyme solution were dispensed into 25¢ mi
Erlenmeyer flasks containing ea. 1.5 g fw. of callus
tissue Thereafter, protoplasts were liberated on & -
tatory shaker (30 rpm) at 25°C during 7-8 hs.

The protoplast preparation was puorified by fifte-
tion through two stainless steel sieves of 150 and 38
am poie sizes Non-protoplast material, eg cell clumps,
explant residues, and intact cells were retained by
the sie\'es, allowing the enzyme solution containing
protoplasts and suspended ceflular debris to pass. The
filtrate was collecied in sterile Petri dishes for separa.
tion of the cellular debris from the isolated protoplasts
and transfered to sterile screw cap cenirifuge tubzs
The tubes were centrifuged at 100 g for 3 min, the
supernatant aspirated off, and the protoplast pelle
tesuspended in 3 ml of Cell Wall Regeneration Me-
divm (CWRM) The resuspended pellet was centrifu-
ged at 10D g for 3 min and washed in 3 mi of CWRM
three times to difute the enzymes and eliminate the
cellular debris. Finally, the protoplast pellet was resus-
pended in 10 ml of CWRM and the concentzation
density determined using o haemacytometer Thereaftcr,
the pellet was diluted to a plating density of 10% pro-
toplasts, ml in CWRM

The CWRM consisted of half strength Murashige
and Skoog (4 inorganic salts, glucose (0.3 M), xylose
(3 mM mannitol (0335 molal), meso-inositol (550
pd), thismine (3 M) pyrodoxine (5 M), and ni-
catinic acid (10 ;M) ‘This was supplemented with
2.5 M naphtalene acetic acid (NAA)} and 10 oM
kinetin. The pH was adjusted to 335 before filter ste-
rilization using 0.45 pm Nalgene membranes. Proto-
plast suspensions of 05 ml were cultured in Falcon
multiwell culture dishes (1.5 om diameter), under a
12 hr photoperiod of diffuse light, high humidity and
a temperature of 26°C. The dishes were sealed with
parafilm and placed inside metal trays containing a
fayer of sterile distilled water for maintenance of high
humidity. After 53 days, the liquid mediam was sup-
plemented with four drops of sterile Growth Medium
(GM) containing half strength MS inorganic salts,
meso-inositol (550 M), thinmine (30 M), cysteine
(210 M), sucrose (385 mM), 2.5 M NAA and
10 M kinetin, The medium was awtoclaved for 20
min at 20 psi. After two weeks the ceils were trans-
ferzed to GM agar cultures with sterile Pastenr pipettes

A Zeiss Universal microscope equipped with a
Nikon camera and haemacytometer was used for de-
termining protoplast density, One haemacytometer field
was equal to 10 mm® and 02 mm deep Cell wail
regenceration was contirmed by staining with 014
solution of Caleofluor and flourescence mictoscopy
(23 Cell custer were viewed after transfer of calius
tissues from the agar surface onlo microscope slides.
Al pholtographs were taken using Iktachrome tungesten
light sensitive of Panatomic-X films

Reveelts and discussion

A major concern in the development of a protocol
for the obtainment of viable coffee callus protoplasts
was the determination of the propes enzyme concentia-
tion and the osmolality for free cell isolation and pro-
toplast liberation

Initizily the osmoelality was kept constant at 990
mOs and the tissues treated with varying concentrations
of pectinase to determine the proper concentration and
incubation period necessary for cell isolation. Concen-
trations of mannitol (08 M) and Call, (6 mM), the
rate of shaking (80 rpm) and calius age were held
constant Data from experiments using callus tissues sub-
jected to | - 5% pectinase concentrations are summarzi-
zed in Table 1. It was apparent that within the first few
hours more cells were liberated at the higher pectinase
concentrations However, the cells at 4 and 5% pec-
tinase were deformed, and their viability was question.
able. Therefore, an intermediate concenration of 2 56
pectinase was used in future experiments.

Subsequent  experiments characterized the concen-
trations of Driselase for protoplast fiberation Non-
triable 8 weel-old callus tissues and 7 week-old friable
callus tissues were treated with 2.5¢h pectinase and
varying concentrations of Driselase to determine the
proper enzyme concentration for protoplast liberation
A yield of 0.2 x 10% protoplasts/ml was liberated from
the non-friable 8 week old callus tissues incubated in
3 5¢; Driselase for 5 he (Tuble 2). Greater concentra-
ticns of protoplasts were found at 5G Driselase, ho-
wever these were mostly non-viable Protoplast yields
of 1.3 x 10° per ml were obtained from 7 week old
friable calius tissues after 5 hr of incubation in 3 5%
Driselase (Table 2). Friable ailus tissues proved tn
be the most suitable source for high yields of isolated
single cells and pretoplasts

Table | —Single cell liberation fram coffee callus
tissues submitted to five different pectinase
concentrations after different incubation
times. Data expressed in numbers of single
cells/ml x 10% and represent an average of
15 to 20 counts of haemacytometer fields
All other factors were held constant

Pectinase concentegtion (G5}

s 1 2 3 i 5
; 060 006 070 o 0 050
2 030 02 100 050 060
3 050 050 0,80 074 090
4 0 60 070 120 090 120
5 070 0 60 060 0 80 130
6 180 090 1350 100 130
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Pig 1 —Pratoplasts and regenerated cells from Coffen arabica callus it frotoplasts as demonstrited by Caleoflnor [laorescense nmider
duer {400 X)) (A4) Sub-propoplast formation al })igb LIS UV dight, (D) o aypical cedl eluster Lii:'i},'f}?fl.'t'ri from prota.
Lelitics (890 to 1470 mOg); (BY Protoplast ielatian follewnig plust pegenerated After 8-treek growth period.

sivee filtration and eontrifngation: (C) Cell wall regeneration
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Table 2.—Protoplast liberation from non-friable §
week old coffee callus tissues and friable
7 week old callus tissues treated with 2,59
pectinase, osmolality 620 mOs, and varying
concentrations of Driselase after four incu-
bation periods Data expressed in number of
protoplasts/mi x 10% and represent an ave-
rage of 25 to 30 counts of haemacytometer
fields,

Diriselase conceatration (Gh)

B-week non-friable callus 7-week friable caflus

B 20 35 so 10 35 50
5 004 020 0.08 D10 130 120
6 (.08 020 11 040 120 1.10
7 Q05 020 — 014 114 100
8 S — 020 110 060

The ideal osmolality for stabilization was determi-
ned prior to the plating of protoplasts. Mannitol cen-
centrations were vsed to provide 300, 620, 7-0, 84D,
990, 1230 and 1470 mOs at 25°C Photopraphs were
taken at different time intervals to determine the effects
of osmolality on protoplast stabilization. At 990 aad

1470 mOs, high frequencies of protoplasts as well

Table 3 —~Measurements of (A} some single cells
isolated from 7-week old callus tissues treat-
ed with 295 pectinese for 6 hr, and (B)
some isolated protoplasts from 7-week old
coffee callus tissues at the maximum depth
of the microscope field

{A) ("

Single Cells Pratoplasts
Leagth Width Diam
{um} () ()
2926 462 693
2310 385 616
2156 46.2 577
192.3 383 462
154.0 jg g 8.5
1601 385 380
847 308 30.8
69 6 53.9 306
61.6 231 270
385 38.5 231
Mean 144.0 393 423

as “pinching off” of subprotoplasts (ca 15 pm dia-
meter} were observed (Fig. 1A). Appateatly the high
osmolality was responsible for protoplast subdivisions
and high plasmolysis. The former resulted in the oc-
curtence of nucieated and enucleated subprotoplasts
(1) Therefore, osmolalities above 990 mOs were
avoided in future experiments Since an incipient de-
gree of plasmolysis was observed in isolated cefls im-
mersed in solutions of 740 mOs and an extensive
amount of cellular debris occurred at 500 mOs, solu-
tions containing a total osmolality of 620 mOs were
adopted for subsequent experiment

Mensurements of singfe cells and peotoplasts wece

-made following incubation in pectinase and Driselass

to determine the proper sieve size for mechanical se.
paration (Table 33} The average dimensions (length
x width) for isofated single cell was ra 1440 pm x
393 um respectively, while the average protoplast
diameter was 42 3 jun The fact that the average single
celi width is slightly smallee than the proteplast dia-
meter did not present a problem with the sieve sepa-
ration. The single cells were comparatively longer than
wide and so only at the perpendicular orientation could
they pass through the sieve

The protoplast incubation solution was sequentially
passed through stainless steel sieves of 150 um, 75 pm,
45 pm, and 38 pm pore sizes After passage through
the 150 pm pore size sieve, the filtrate contained pro-
toplasts, single cells, ceflular aggregates and subcellular
debris. Sieve sizes of 75 pm and below prevented the
passage of undigested cell clumps and the frequency
of single cells diminished with decreasing sieve pore
size with fewer than 16 single cells passing through
the 38 pum sieve This sieve restricted the passage of
large protoplasts, however protoplasts having diame-
ters apptoaching 50 pm were still able to pass due to
flexibility of the plasmalema,

Alternate centrifugation at 100 g, aspiration of the
supernatant, and resuspension of the protoplasts in fresh
CWRM tepeated three times, was found sufficient to
eliminate most of the cellular debris following sieve
filtration (Tig 1B). Cell wall regeneration was traced
using Calcofluor staining and fluorescence microscopy
(Fig. 1C). A typical cell cluster observed following
cell wall reconstitution and growth on agar medium
for 8 weeks is presented in Fig. 1D}

Conclusions

It is apparent that protoplasts may be obtained
from friable callus tissues of C. arabica, and they un-
dergo cell wall regeneration and cell proliferation with
some success The conditions found ideal for the isola-
tion of € arabica callus tissue were the following:
350 Driselase, 2.59; pectinase, 0.51 molal manaitol,
6 mM Call,, shaking rate at 50 rpm, and friable
callus tissues aging 4- 5 weeks
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Snniniary

A protocol for protoplast liberation and culture of
coffee cells was defined in order to allow the possibi-
lity of genetic manipulation within the genus Coffed
A combination of 259 pectinase, 35¢5 Drisclase,
051 molal manaitel, and 6 mM CaCl, at a pH of 5.5
was found optimal for protoplast liberation of callus
coffee cell after 6 - 7 hr. of incubation at 50 rpm. The
protaplast preparation was purified by filtration through
two stainless steel sieves of 130 pan and 38 ;m. The
fiftrate was collected in centrifuge tubes, centrifuged
at 100 g for 3 min, the supernatant aspirated off, and
the protoplast pellet resuspended in 3 ml of cell wall
regeneration medium (CWRM) . This procedure was
repeated three times to dilute the enzymes and elimi-
nate the cellular debris Tinally, the pellet was resus-
pended in 1-235 mi of CWRM to provide a plating
density of 10° protoplasts per ml Protoplast suspen-
sions of 05 ml were cultured in multiwell culture
dishes under conditions of diffuse illumination and
high humidity After 5 days, CWRM was diluted with
Growth Medium (GM) and protoplast cell wall rege-
neration was detected by 0195 Calcofluor using flou-
rescent microscopy  Cell wall regeneration and callus
proliferation were observed in ¢a. 3065 of the cultures

Resnmen

El procedimiento para la liberacidn y el cultivo de
células de café fue definido para permitic manipula-
cibn genética dentro del género Coffea Se encontro
como combinacion Optima, 2,5% de pectinasz, 3 3%
Driselasa, 0,51 molal manitol y ¢ mM CaCl, con pH
de 5,5 para liberacion de protoplastos de células de
calle de café, después de 6 a 7 horas de incubacion o
50 rpm La prepapacion de los protopiastos fue pusi-
ficada mediante filtracion a través de cribas de acero
inoxidable de 150 pm y 38 um El filtrado se colectd
cn tubos de centrifuga; se ceatrifugd a 100 g por 3
minutos, se aspis0 el liquido supernadante, y se resus-
pendid el precipitado de protoplastos en 3 ml del
medio para Iz regeneracidn de paredes celulares
(CWRM). Se repitio este procedimiento fres veces
para diloir Jas enzimas y eliminar los restos celulares
Finalmente, ef precipitado fue resuspendide en 1 a
2,5 ml de CWRM para conseguir una densidad para

el contaje de 10° protoplastos por ml. Suspensiones de
protoplastos de 0,5 ml {ueron cultivados en placas mul-
tiseptadas en condiciones de iluminacién difusa y alta
humedad. Después de 5 dias el CWRM fue diluido
con medio de crecimiento (GM) y se comprobd la re-
generacidn de paredes celulares mediante 0,195 calco-
fltor y microscopia de fluorescencia. Se observd la re-
generacion de la pared celular y proliferacion de calio
en aproximadamente un 309 de los cultivos.
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Notas y Comentarios

Cultive de algas para produciv iusiancias gquimicas

Los hioquimicos israclis harn iniciado una forma de sgri-
culturz en agua salada para producir preductos quimicaos im-
portantes z bajo costo. Su “cultivo” es un vegetal unicelular
que fue descubierto solo hace cinco afios. Pero su conversion
a ghicering, colorantes para alimentos, y & un alimento rico
cn proteinn es ya una realidad comercial,

El alga marina, Daraliolls bardawil, fue identificada por
el Profesor Mordhay Avron, def Institute de Ciencins Weiz-
mann ¥ ¢l Dr Ami Ben-Amotz, de [a Israeli Oceanographic Re-
search Co. Crece naturalmente en agua con un zlto contenido
de sai, tal como la del Mar Muerto o el Gran Lago Safado.
Por esta razén, puede ser cultivada ficilmente en regiones
dridas que no pueden sustentar otras industrins Avron dice
que, cuando todes los problemas de produccidn en gran esca-
In hayan sido resueltos, el precio de In glicerina derivada de
D basdawil serin mucho menos de la mitad de lz proveniente
del petséleo

Lz glicerina es In base de multitud de industrias como re-
sinas alquidicas, estéres, explosivos, plastificantes pata celu.
losas regeneradas, agentes emulsionantes, perfumeria, cosmé-
ticos, etc. Se fsbrica tradicionalmente a partir de las lejias
residugles de la saponificacidén de las grasas y aceites en la
industria del jabén y, desde hace unos 40 afios, det prapiteno,
por cloracidn.

Bl gobierno de Istael estd tomando en scrio ¢l proyecto
Encarado & una tasa anual de inflacién de mis de 100 por
ciente v 2 la reciente péedida de los campos petreleros ded
Sinai, vistumbra un future en productos quimicos haraios
procedentes de recursos renovables. Estd apoyando a los cen-
tificos del Instituto ‘Weizmann en pruehas que estin haclendo
en el techo de su laboratorio para encontrar fas mejotes con-
diciones y nutrimentos para el crecimiento del cultivo

Mientras tanto, las firmas Koor Foods y la Yeda Research
and Development estin mejorando ¢l proceso de extraccidn,
Koor esti construyendo 20.000 metros cuadrados de panta-
nos poco profundos cerca de Eliat de los cuales pueden ex-
traer ia pasta dei alga roja. Cusnde estas compaiifas hayan
alcanzade produccion en escala plens, el drea de pantanos
seri medida en kilémetros cuadrados.

Una ventaia grande de D barduwil como materia prima
para la industriz es su capacidad de duplicar su rolumea en
dos dias Avron manifestdé a New Seiemtist (3 April 1980,
p 24) que un cuarto del contenide de un pantano podria
cosecharse cada dia Aunque pertenece 2 una familia botinica
que contiene glicerina hasta ua 40 por ciente de su peso seco,
esta especie es el fnico miembro que contiene @ caroteno,
un agente colorante usade amplinmente en la industriz ali-
menticia.

El material que queda después del proceso de extraccion
contiene 70 por ciento de proteina. Es parecido al -xtracto
de soya en sus propiedades nutritivas y Avron ha enconsiado
que es un alimento eficaz para los animales Tos cientificos
en varios paises han dedicado muchos esfuerzos en fener
cultivos de biomasa Pero la mayer parte de su tiabajo se
centra en la planta como combustible Avron indica que ¢l
equipo modernc de conversion solar es mucho mds eficiente.
Cree que las algas, que convierten la energia solnr con dos
veces la eficiencia de las plantas superiores, formarin ha
base de una fuente creciente de productos quimices,

Brassinolida wn poderoso promatar del crecimicnto regetal

Toméd mis de tres afios y 500 libras de polen a un equi-
po de cientificos ¢l identificar ¢l ingrediente active de lus
brassinas, un extracto de polen de la colza que se sabe pro-
duce un crecimiento rdpido en una variedad de plantas, (CE
Turrialba 21:375) Ll encontrar el compuesto clave fue ¢l
primer paso para aprender cdmo acelera el crecimiento, un
conocimiento  que podria mejorar, Ia produccidn  agricola
{Agricwltural Research vol 28, NY 2, 1979),

i compuesto active es un esteroide, el primer estercide
vegetal que se ha encontrado que se comporta como un pro-
motor de crecimiento "Es un producte quimico Gnico, alta-
mente activo bioldgicamente”, dijo el coordinador del pro-
yecto, George Steffens, refiriéndose al hecho de gue un na-
nogramo {107") causa que las células se alarguen. Su nom-
bre propuesto es brassinolida.

El aislamiento v la identificacion de ia brassinolida fue
un esfuerzo cooperative entre cientificos de varios lupgares
Michael Kozempel y sus colegas en Filadelfia armaron una
pianta piloto de varics pasos para obtener un extracto de
brassioas de unaz pran cantidad de polen Lntonces, cientificos
en Beltsville, Md, y en Peoriz, Ill, dirigidos por Nagablus-
henam Mandava y Michael Do Grove, trabajaron en equipo
para aislar y analizar el compuesto activo. Judith Flippen-
Anderson, ¢n el Laboratorio Naval de Tovestipaciones, en
Washington, DG, también constribuydé al esfuerzo usando
técnicas de rayes-X para determinae ln estructura de a bra-
ssinolida  Cuando o laborioso proceso se completé, las 500
libras de pelen produieron sdle unos 15 miligramos de bra-
ssinolidu.

Ahora que la estructura es conocida, Malcolm “Thompson,
trabajando con Mandava, ha podido sintetizar varios com-
puestos  estrechamente  relacionados que han  producido  res-
puestas de crecimicnto similares. Los nueves compuestos sin-
téticos permitirin a los investigadores evitar ¢l tedioso pro-
ceso de extraccidn y fener bastante materizl para prochas en
gran escala en uma variedad de plantas

Hace nueve afios, cuando John Mitchkell, Joseph Worley,
y otras cientificos de Beltsville, descubrieron que las bra-
ssinas promovian el crecimiento vegetal, hubo pgrandes ex-
pectativas de que esta nueva hosmona mejoraria grandemente
los rendimientos (Agriceltusal Research, July 19707 CE Tu-
rrialda vol 21, p. 375) Esto sucedid en muchos casos pero
les rendimientos han stdo inconsecuentes

Los resultados mds conspicuos han ocurride con la papa
Aplicando una solucién de brassinas a los ojos de la semilia
de papa, Luis Gregory logrd aumentar en un 24 por cente
el ntmero de papus cosechadas También se observaron au-
mentos en los rendimientos de ribano y lechugas.

En pruchas de invernadero, la tasa de aecimiento de va
rias plantas fue mayor cuando ¢l extracto fue asperjado en
plintulas muy jévenes, en crecimiento active. Esto llevd a la
sospecha de que In brassinolida trabaja en conjuncidn con
otras hormenas conocidas, tales como la auxina, para pro-
ducir un crecimiento zipido Gregory cree que el esteroide
puede actuar como un regulador de la hormons, controlando
la accién de otras hormenas en fos puntos de crecimiento
active de la planta.

Todavia no se¢ sabe ¢dmo la brassinolida interaccionn con
as hormonas para acelerar ¢f crecimiento  Sin embargo, se
considera que una comprension bisica de ¢omo la brassino-
lida, o sus derivados, afectan el crecimiento vegetal serd de
gran bereficio para la agricultura en ¢l futuro





