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A B S TR A C T 

Protoplasts were prepared from cultu red cells of A rnm i visnaga (Umbelliferae) by enzy matic 
digestion of the cell walls and examined microscopica lly. Staining of fre sh protoplasts with 
Calcofluo r and silver hexamine demonstr ated the appa rent absence of wall mate r ial. Pro to­
p lasts contai ned more ce ll orga nelles than the whole cells, pa rticularly endo plasmic reticulum 
and associated polysomes. The plasmale mma of most proto plasts appeared smooth ; some pro to ­
plasts were connected by structures resembling plasmodesmata. Mult inucleate s result ing fro m 
fusion were fre quently observed. 

PROTOPLASTS HAVE been produced fro m a variety 
of pl an t ce ll cultures by enzyma tic d igestion of the 
cell walls and have been observed with the light 
microscope, but not the electro n microscope (e .g., 
Eriksson and Jonasson, 1969 ; Schenk and Hilde­
brandt, 1969 ; Miller e t al ., 1971 ; Gram bow et aI., 
1972 ). Some informati on is availabl e con cern ing 
the fine structure of protoplasts isolat ed from fru its, 
leaves, and roots by enzymatic remo val of the cell 
wall s ( Po jnar, Willison , and Cocking, 1967 ; 
Power a nd Cock ing, 1970 ; Benbadis, 1971 ; 
Withers and Cocking, 1972) a nd from roots by 
mechanical techniques (Prat and Roland, 1970 ) . 
It could be expected that ultrastructural changes 
would occ ur as a res ult of en zym atic digestion of 
the cell walls. Us ing both light and elec tron micro­
sco pes, th is study co mpa res the struc ture of cul­
tur ed ce lls and of p rot oplasts fro m A mmi visnaga. 
The A . visnaga cells were chosen because p roto­
pla sts are easily obtain ed and the methods for cell 
regen era tion had been developed . 

M ATERIALS AND METHODs-Cell culture- T he 
cell suspe nsion cultures of Amnii visnaga were es ­
tablished from sterile seedlings as described previ­
ously for carrot (Grambow et al., 19 72) and grown 
in miner al salt-s ucrase-v itamin med ium ( B5) wi th 
0.1 mg/I iter of 2,4-d ichlorophenoxyacetic ac id 
( 2,4-D ) (Garnborg, Miller , an d Ojima, 1968 ). 
The cultures used for protoplast production were 

1 Received fo r publication 8 August 1972. 
" Supported by the Nati onal Research Co uncil of Ca n­

ada Grant A6304 . Publication of NR CC No. 12776. 
We wish to thank D r. R. H . H askins for kindly allow­

ing us to use the Zeiss 9A electron mic roscope at the 
N at ional Research Council, Prairie Regional La boratory, 
in Saskatoon. 

grown under continuou s light at 28 C in 250 ml 
DeLon g flasks with a total volum e of 40 ml of 
cells and medium. Th e cells were subc ultured at 
2-3 day intervals. 

Protoplast formation-The cells were co llected 
on a 44- flm stainless stee l filt er and was hed in 
(2,4-D and sucros e) -free B5 medium containing 
0.56 M mannitol (B5-M). Approximately 2 rn! of 
cell suspension containing about 100 mg cells 
(fresh weight) wer e mixed with an equal volume 
of was hing medium co nta ining 1 % w/ v desalted 
cellul ase "Onozuka P5 00 0" (All J apan Biochemi­
cal Co. Ltd.) and 0 .5 % desalted hemicellul ase 
"Rhozyrne HP 150" ( Rohm and H aas Co. of Can­
ada ) . Protoplast pr oduction fro m all cells was 
complet ed with in 6- 7 hr. The pro toplas t suspen­
sion was passed through a 44- p.m filter and then 
wa shed by filtrat ion through an 8-pm M illipore 
filter (Grarnbow et al., 1972) . Approximately 
100- 150 rnl of B5 -M medium were passed through 
the filter; the liquid on the filte r was never allowed 
to drain complet ely. The proto plasts then were 
suspended in the same medium and fixed for 
mic roscopy as descr ibed below. 

M icroscop y-The microscopical techniques were 
modified fro m those used p reviou sly with highly 
vac uo late d plant cells (Fowke and Setterfield , 
19 68; F owke and Pick ett-Heap s, 1969). 

a) Fixation-Three percent glu ta raldehyde was 
pr epared in both B5 and B5-M media and ad­
justed to pH 5.5 . These fixati ves were added to 
the ce ll and p ro topl ast suspe nsio ns, respectively, 
to give a final glutar ald ehyde con centration of 1%. 
After 1- 2 hr at room temperature the initial fixa ­
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were replaced by 3 % glutaraldehyde in the 
ropriate media (B5 for cells and B5-M for 

xeplasts, pH 5.5) for a further 1-3 hours. Fol­
ing a brief rinse in their respective media, the 

UI and protoplasts were washed at 0 C in three 
...anges of sodium ph osphate buffer, pH 6.8 over 
~-3 hI' (cells, 0.05 M buffer; protoplasts, 0.3 M 
~u lkr ). They wer e then postfi xed in 1 % os mium 
lroxide prepared in above buffers a t 0 C for II-

i' hr. 

b) Dehydration and embedding-Following a 
hrief wash in cold distilled water all sp ecim ens 
"ereslowly run to ab solute e thanol by 10 % inc re­
ments at 0 C and then washed overnight in this 
'Illvent (with thr ee changes) ; occasionally they 
~ c re stored in ethanol for up to 6 days at - 25 C. 
They were then slowly passed through propylene 
oxide and finally embe dde d in Arald ite ( Fowke 
and Pickett-He aps, 19 69). Both cells and proto­
plasrs were embe dded in a thin layer of Araldite 
in glass Petri dishes previously coa ted with the 
releasing agent ARC7 ( Aches on Colloids Canada 
l.td., Brantford ) . Th e final hardened blocks cou ld 
be examined dir ectly with the light microscope 

(phase op tics ) thus facilitating selection of sp eci­
mens for subsequent microscopy. 

c) Sectioning and staining- T he embedded cells 
and pr otoplasts we re rem oved and mounted for 
sec tioning with eithe r glass or diamond knives . 
Silver sections were picked up on coated grids, 
sta ined with ur an yl acetate a nd lead citra te, and 
exa mined in a Zeiss 9A electron microscope. Ad­
jacent thick sections (0.5-1.0 fLm) were mounted 
on glass slides and sta ined with toluidine blue 
(Fowke and P ickett-Heaps, 19 69) for examina­
tion by the light microscop e. Live pr otoplasts 
were also ob serv ed with the ph ase microscope 
(Fig. 6) . 

d ) Ce ll wall staining-Cultured cells and fresh 
protoplasts were stained with 0 .1 % Ca lcofluor 
whit e ( Ame rica n Cyanamid Co ., Bound Br ook, 
N ew Jersey) to detect the pres ence of cell waUs 
(Nagata and Takebe, 1970 ). In addition , wall 
polysacch arides we re s ta ined in electron micro­
scope pr eparations with silver he xamine (Pickett­
H eaps, 1967; Rambourg, 1967 ) . Bri efly, pale­
gold sections of bo th cell s and protoplasts were 

KEY TO LABELI NG : G , Go lg i bo dy ; M , mit och ondri on ; N , nucleu s; P, pl astid ; V , vac uole . The figures in series 
(e.g. 7- 7b) repres en t mi cro graph s of the same ce ll(s). 

Fig. 1-2 . L L ight mi crograp h of cu ltur ed cells. A n elect ron mi crog raph of th e cells out lined in bla ck is shown 
in Fig. la o X 560. lao El ectron mi crograph of ce lls ou t lined in Fi g. 1. T he highl y vacuola ted ce lls seem well pre­
served; only sligh t tonopl ast damage is evi den t (s m all do u ble ar row ) . Cell orga nelles are localized in the cytoplasm 
surrounding the nu clei. T he lipid bodies (large a rrows) ha ve an el ectron t ra nsluc en t core. Note the sing le pla sm o­
desma (small sing le a rrow) . X 5,400. 2. El ec tron m icrogr aph of cu ltured ce ll, showing the acc umula tio n o f cell 
organelles near th e nucleu s. The plastid s exhib it a rel at ively simple stru cture. Sm all G olgi bod ies (arr ows) sur­
rounded by tiny vesicles are present. X 12,000 . 

Fig. 3-6. 3. El ectron m icrograph of ce lls blocked with chlo rous aci d and then sta ined wit h silve r he xamine wi th ­
out prior ox ida tion w ith periodic ac id. The ce ll walls (arrows) ar e vir tua lly un reactive. X 4,500. 4,. Electr on 
micrograph of ce lls blocked with chlorous acid , oxidi zed w ith period ic acid , a nd the n sta ined w ith silve r hexamine. 
The cell wall s (arrows) hav e reacted st ro ngly (cL Fig. 3) . The area ou tl ined in black is shown in Fig. 4a a t higher 
magnificati on . X 4, 500. 4n. E nlar gem en t fro m Fig. 4, sho wing the sta ined cell wa ll. X 15,600. 5. E lectro n mi­
crograph of newly fo rmed pro to pla st blocked wit h chlo ro us acid , o xidiz ed , a nd then sta ined with silve r hexam ine. 
Cell wall material is not eviden t a t the m argin o f the pro top last (ar rows). X 9,60 0. 6. Li ght m icrograph (phase 
contrast op tics) of live protoplasts, Note the cytoplasm ic st rands (arrows) wi th in the sph e rical pro topl asts. X 36 0. 

Fig. 7-7b . 7. Li ght m icr ograph of newly fo rm ed pro to pl asts. Most o f the sm alle r protoplasts ha ve re ta ined their 
spherical shape ( d. Fig. 6) but some of the lar ger on es hav e collapsed (arr ows). An electron mi crogr aph of the 
protoplasts outlined in black is shown below. X 560. 7". Electron m icrograph of pr ot opl asts ou tlined in Fi g. 7. T he 
protoplasts seem qui te we ll preser ved a lthough som e me mbrane damage is eviden t ( large a rrow s) . The appa ren t 
striking incr ease in ce ll or ganelles ( d . F ig. 1a ) is particularly noticeable in the cyt opla sm surrou nd ing the nu clei. 
Note the irr egul arl y sha ped lipid bod ies ( small a rrows) . The area ou tlined in black is sho wn in F ig. 7b a t high er 
magnifica tion . X 5,400 . 71>. Enl argemen t fro m Fig. 7a showing the stacks of rough endoplasm ic reticu lum (ar ­
rows) nea r the nucleus. X 13,000 . 

Fig. 8-9b . 8. E lectron mi crogra ph, showing the ir regular plas male mma (l arge arrows) seen occa sion ally on pro ­
toplasts (d. Fig. 7a, 9a). Note the rough endopl asmic re ticu lu m (sm all arrows) paralleling the mar gin of the proto­
plast. X 18,600 . 9. Light micrograph, show ing two sphe rica l pr otoplasts w hic h rema ined a ttac hed fo llow ing en zym e 
treatment. The conne ct ions pre sent a re illus trated in F ig. 9a and 9b . X 1,400. 9a. El ectron mi crograph o f two 
protoplasts shown in Fig. 9. The cy toplas m of bo th proto pla sts contains numerou s cell org anelle s (d. Fig. 1a) . 
Starch gra nu les (arrows) a re p resent in so me o f the plastid s, The a rea ou tlined in black is show n in Fi g. 9 b a t 
higher ma gnificat io n. X 5,4 00. 91>. En largement from Fig. 9a, showing the dense structur es (large ar rows ) con­
necting the two pr otoplas ts, Note the mi crotubules (sm all ar ro w) ne ar the pl asmalemma. X 34 ,00 0. 
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F ig. 10, I I. 10. Light micrograph of pro topl ast cont aining two nuclei (a rrows) . X 1. ,400. II. Electron micro­
graph of protoplast apparent ly con taining five nuclei, Note the sta rch gra nules (arrows) in the plast ids. X 5,400. 
See p. 305 for Key to Label ing. 

collect ed in polythene washers to faci lita te all sub ­
seque nt manipulations (Pickett-Heaps, 1967). The 
sectio ns were treated as follows : 

1.	 Bl ocked with chlorous ac id (0.2 M sodium 
chlorite in N acetic acid ) for 1-1 ~ hr at 
60 C (Rap pay and va n Duijn , 1965 ; Pi cket t­
H eap s and F owke, 1970 ) an d then stai ned 
wi th the silver hexa mine reagent fo r 30-40 
min at 60 C (R ambo urg, 1967). Wh en sec­
tion s we re not blocked , a ge neral non spec ific 
staining was ob tai ned with silver hexamine. 

2.	 Bl oc ked as above but oxi d ized wi th 1 % 
periodic acid for 30 mi n at room tempe ra ­
ture, and then sta ined with th e silver hexa ­
mine reagent. 

After staining with silver hexam ine, clearing 
wi th thiosulphate, and wa sh ing, the sec tions were 
mounted on coated grid s an d sta ined very lightly 
with ur an yl acetate . 

R ESULTs- Quality of fixation-The vac uo la ted 
ce lls of A mmi visnaga ap peared to be we ll pre­
se rve d (F ig. 1-2 ) ; o nly occasiona lly was slight 
ton oplast damage ev ide nt (Fig. Ja) . During the 
preservation of freshl y prep ared pro top las ts, sligh t 
shri nk age of sma ll proto plas ts and so me collapse 
of larger protoplasts occurred (Fig. 7) . Di srup­

tion of the ton oplast occurred frequently (Fig. 7a, 
9a, 10, 11) , but other wise th e protoplasts re­
mained int act (Fig. 7, 7a , 9, 9a, 10). In genera! 
the organelles see med well preserved. 

Cultured cells-The cu ltured cells were charac­
terized by a th in layer of pe riphe ral cytoplasm 
sur ro undi ng a lar ge centra l vac uo le (Fig. I, 1a) . 
A single nucl eu s was present in each cell and most 
o ther ce ll orga nelles were localized in the thick­
ened reg ion of cyto plasm enclosing the nucleus 
(F ig. 2). The plas tids showed very little develop­
ment (F ig. 2) ; a few sca ttered sta rch granules 
wer e ev ident in th e homogen eou s plastid matr ix. 
Prolam ellar b od ies an d grana we re never seen in 
the pl astids. Golgi b od ies wer e typically small and 
appeared to be produci ng tiny vesicles (Fi g. 2), 
The cytoplasm co ntai ned numerous ribosomes but 
almost no pol ysom es. Very few endoplasmic 
reticulum profiles were present and thus most ribo­
somes were free in th e cell, A few (presumed) 
lip id bod ies wer e sca ttered in the cytoplasm; the, 
we re ei the r un ifo rml y eJec tron de nse or exhibited 
an elec tro n-translucen t core ( F ig. 1a, 2) . 

The ce lls were enclosed by a typic al cell wall 
easily de tec ta ble at the light microscop e level with 
Calcofluor ; similarly, the walls reacted strongly 
when s ta ine d for po lysaccharides with silver hexa­
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mine (F ig. 3-4a ) . Plasmod esmata were observed 
between the cultured cells (Fig. l a ), but only 
infrequently. 

Protoplasts-Cell walls seemed comple tely lack­
ing on freshly prep ared pro toplas ts as indic ated 
by negative rea ctions with both Calcofluor and 
silver hexam ine (Fig. 5) . Conseque ntly, the live 
protoplasts were typi cally sphe rica l (Fig. 6 ) . As 
mentioned above, when these protoplasts were 
processed for microscopy some of the large r ones 
collapsed (F ig. 7 ) and all los t thei r perfec tly 
spherical shap e. 

In the electron microscop e these protopl asts 
were charac ter ized by an apparent increa se in 
number of most of the ce ll organ elles ( Golgi 
bod ies, mitochondria, plastids, lipid bod ies , endo­
plasmic ret iculum prof iles, and ribosomes). As in 
the cultured ce lls, the o rganelles were pr imaril y 
localized near the nucl ei ( Fig. 7a, 7b, 9a , 11 ) . 
The change in the number of endop lasmic ret icu­
lum profiles was particularly striking; stacks of 
rough endoplasmic ret iculum were observ ed 
throughout the cytopl asm enclos ing the nucleus 
(Fig. 7a, 7b ) as well as par allelin g the pla sm a­
lemma (Fig. 8) . There were num erous polysorne s. 
The structure of the plast ids and the Golgi bodies 
remained rela tively unchan ged follow ing rem oval 
of the cell walls, although a slight loss of plast id 
matrix was evident ( Fig . 7a, 7b) . In many proto­
plasts the lipid bod ies assumed a very irregul ar 
shape ( Fig. 7a, 9a). 

Almost all protopl asts were enclosed by a smooth 
plasmalemma ( Fig . 7a, 9a); however, occas ion­
ally the plasmal emma was ve ry irregular (Fig. 8 ). 
Despite the lack of cell walls , protoplasts some­
times rem ained atta ched to each othe r by dense 
projections (Fi g. 9-9b) . 

Unlike th e cultured cells, the protopl asts often 
contained two nucl ei (F ig. 10 ) and, in fact, in a 
few cases multinucleates contained at least five 
nuclei (Fig. 11) . Multinucleat es were eas ily ob­
served with the light micros cope in live or em­
bedded protoplasts. 

DISCUSSION- The techniques describ ed proved 
very satisfactory for pr eserving both culture d ce lls 
and the very fragile fresh protopl asts of A mmi 
visnaga isol ated from the cultured cells. To assure 
optima l results , fixation with glutaralde hyde in the 
culture med ium a nd very gradual deh ydrati on of 
specime ns were esse ntia l. The sho rt washing 
period following glu taraldehyde fixation also was 
critical ; whe n stored fo r extended periods at this 
stage the back ground cy toplasm of ce lls and 
protoplast s appeared ex tre me ly de nse. Conse­
quently, during pr olonged experime nts the tissue 
was run to abs olute et ha nol and then stored at 
- 25 C (M. M cCully, personal communicat ion ) 

P ROTOP LAS TS OF AMM I 3 11 

with no detectab le deterior ati on ill the qu ality of 
fixation. The cells and pro toplas ts were not cen­
trifuged un til after the initial fixa tion with glu­
taraldehyde, thu s minimizing organelle displace­
ment. 

Th e cultured cells did not appear to be intensely 
acti ve as indicated by the number of mit ochondria 
and endoplasmic reticulum p rofiles and the almos t 
total abse nce of polysom es (d . pr otoplasts be­
low ). The plastids were ch aract eristicall y very 
simple in structure ; despi te continuo us illumina­
tion , chl oroplasts never developed in the se cells. 
Sim ilarly, plastids with a rel atively simple struc­
tur e have been repor ted in other cultured cells; 
howev er, under certain cu lture conditions these 
plastids develop ed gran a (e .g., carrot-Halperin 
and Jensen , 196 7; Israel and Steward, 1967 ; a rt i­
choke- Tull ett, Bagshaw, and Yoernan, 196 9) . 
The gene ral sca rc ity of plasmodesmata in A mi ni 
cells is similar to that observed for carrot cells 
cultured in a similar medium (Le ppa rd and Colv in, 
1971) . 

Enzyme treatment of these cells apparentl y re­
moved the cell wall completely (F ig. 7a, 9 a; cf. 
Fig. 1a, 2) . The absence of wall mate rial was 
confirm ed in the light micros cope with Calcofluor 
and in the electron microscop e with silver he xa­
mine. 

T he appa rent increase in most ce ll organelles 
du ring the enzyme treatm ent (F ig. 7a, 9a d. Fig. 
1a) suggests a gene ral acti vati on of the protoplasts , 
p resumably in preparation fo r cell wall synthesis; 
protoplasts of Ammi visnaga will regener at e new 
cell walls and und ergo mitosis within 7 days when 
cultured (Fowke et al., unpublished). The str iking 
incr ease in end opl asmic reticulum and associated 
polysomes is con sistent with an up surge in protein 
synthes is; similar cha nges accompany the acti va­
tion of dorman t stor age tissu es in pr ep ar ation for 
ra pid cell expa nsion involv ing wall growth (F owke 
and Setterfield, 196 8). Since Golgi bodies are 
thought to be responsible for cell wall deposit ion 
in a variety of plant cells (Fowke and Pickett­
H eaps, 1972) , it is not sur prising th at more Golgi 
are pr esen t in protoplasts prep aring for wall syn­
thesis . T he sma ll Golgi vesicles pres ent did not , 
however , stain with silver hexami ne, indicating 
that in fresh protoplasts of A mm i the Golgi appar­
ently had not become ac tive in deposit ing wall 
polysacc haride s. In contrast , the tiny Golg i vesi­
cles obse rved in mechanically produced proto­
plas ts of onio n appa rently do co ntain polysac­
cha ride and are thought to be involved in 
form ation of new ce ll wa lls (P ra t and R oland, 
197 0). The irregulari ty of the plasma lemma is 
also thou ght to be ind icati ve of active cell wall 
form ation (Pojna r et aL, 1967 ; P rat and R oland, 
1970 ) ; Pojn ar et al., ( 1967 ) noted a relati vely 
smoo th plasmalemma on freshly pr ep ared pr oto­
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plasts of tomato fru it, whereas marked infolding 
of the plasmalemma was evident on protoplasts 
during deposition of new cell wall material. How­
ever, in both freshly prepared protoplasts of Ammi 
and tho se synthesizing new cell walls (Fowke et 
aI., unpublished ) irregul arities of the plasmalemm a 
were rare. Th e nature of the connections between 
certain protoplasts (F ig. 9a, 9b) is uncertain but 
they bear a strong resemblance to plasmodesmata. 
The retention of plasmodesmata between freshly 
prepared protopl asts has recently been reported 
(Withers and Cocking, 1972). 

The formation of many multinucleate proto­
plasts during the enzyme treatment is likely a re­
sult of fusion during wall degradation . Multinu­
cleates have been observed in newly formed 
protoplasts of various plants (M iller et aI., ] 971 ; 
Grambow et aI., 1972 ; With ers and Cocking, 1972) 
and in all cases were attributed to fusion. Alter­
natively, multinucleate protoplasts might be formed 
by nuclear division without cytokinesis. It is highly 
unlikely that such a mechanism could account for 
the proliferation of nuclei in Ammi during the 
relatively short enzyme tre atm ent. Nuclear divi­
sion has been suggested as a source of multinu­
cleate protoplasts where the y were maintained in 
culture for variou s periods of time (Eriksson and 
Jonasson , 1969; Bawa and Torrey, 1971 ; Hell­
mann and Reinert, 1971 ) . Protoplast fusion dur­
ing enzyme treatment is not responsible for the 
mark ed increase in cell organelles (see above) 
since all uninucleate protoplasts displ ayed a simi­
lar change. 

LITERATURE CITED 

BAWA, S. B., AND J. G. T ORREY. 1971. " Budd ing" and 
nuclear d ivision in cu ltured p ro to plasts of co rn , 
con vo lvu lus a nd on ion . Bo t. Gaz. 132 : 240 - 245 . 

BENBADIS, A . 1971. As pec ts ultrast ru cturau x et cu lture 
in vi tro de protoplastes de m esoph ylle de T abac 
(Nico tiana tabacum v, C . R. A cad. Sci . Paris 273: 
797-800. 

ERIKSSON, T ., AND K. JONASSON. 1969. Nu clea r divi­
sio n in iso la ted protoplasts from ce lls of hi gh er 
pl an ts grown ill vitro . Pl anta 89: 85- 89. 

FOWKE, L. c., AND J . D. PICKETT-HEAPS. 1969. Cell 
di vision in S piro gy ra. 1. M ito sis. J. Ph ycol. 5 : 240 ­
259. 

--- , AND - --. 1972 . A cy toche m ica l a nd auto ­
radiographic i nvesti gat ion of ce ll wall deposition in 
fi ber ce lls of M archan tia berteroana. Prot opl a sm a 
74 : 19- 32. 

- - -, AND G . SETTERFIELD. 1968. Cyto log ica l re­
spo nse s in Jeru salem artichoke tu ber slices durin g 
ag ing a nd su bse que nt au xin tr ea tm en t. Til: Bioch em­
istr y a nd physiology o f pl ant grow th su bs ta nces 

(F. W . W igh tm an a nd G. Setterfiel d , ed . ) O ttawa : 
The Runge P ress. 

G AM BORG, O. L. , R . A . MI LLER, AND K. OlIMA. 1968. 
Nut rient requirements of suspe nsio n cu lt ure s of soy­
bean root ce lls . Exp. Ce ll Res. 50: 151- 158. 

G RA MllOW, H. 1., K . N . KAO, R . A. M ILLER, AND O . L. 
G AMUORG. 1972 . Cell d ivis io n a nd plant develop­
ment fro m pro top las ts o f ca r ro t ce ll suspe nsio n cul­
tures . Pl ant a 103: 348-355 . 

H ALPERIN, W ., AND W . A . JENSEN. 1967 . Ult ra struc ­
tural cha ng es during growth a nd emb ryoge nesis in 
carro t ce ll c ult u res . J. U ltra struc t. Res. 18 : 428-443. 

H ELLMA NN, S., AND J . R EINERT. 1971. Protoplasten 
a us Zellkulturen vo n Daucus caro ta. Protoplasma 
72:	 479-484. 

ISRAEL, H . W ., AND F . C. STEWARD. 1967. T he fine 
structure and devel opment o f plast ids in cu ltured 
ce lls o f Doucus carota. A nn. Bot. 31: 1-1 8. 

LEPPARD, G . G ., AND J . R. COLVIN. 1971. Fine struc ­
ture of th e middle la mell a o f aggr ega tes of plant 
cells in sus pe nsi o n cu lture . J . Ce ll B ioI. 50 : 237-246. 

MI LLER, R . A ., O. L. G AMllORG, W . A . KELLER, AND 
K. N. KAO. 1971. Fusion a nd d ivis io n of nu clei in 
mul tinu cle at e d so ybea n p ro toplasts. Can. J . Ge n. 
Cyto l. 13 : 347-3 53. 

N AGATA, T ., AND 1. T AKEBE. 1970. Ce ll wall regen era­
tio n a nd ce ll d ivi sio n in isol at ed tobacco me sophyII 
proto plas ts. Pla nt a 92 : 301-308 . 

PICKETT-HEAPS, 1. D . 1967. Prel imin ary a tte mpts at 
ultrastructural pol ysacch a ride lo cali zati on in roo t tip 
ce lls. J . H ist oche m. Cy toc he m . 15: 442-455. 

--~, AND L. C. F OWKE. 1970 . Cell di vision in 
Oedogonium, III Golgi bod ies , wall s t ruc tu re, and 
wa ll fo rm ati o n in O. cardiacum . Au st. J. Bio I. Sci. 
23:	 93- 113. 

POlNAR, E ., J . H . M. WI LLJ SON, AND E. C. COCKING. 
1967. Ce ll-wall rege ne ratio n b y iso lat ed tom ato­
fru it protoplast s. Protopl asm a 64 : 460-480. 

POWER, J . B., AND E . C. COCKING. 1970. I sol a tion of 
lea f pr otopl ast s : M acromolecule uptake a nd grow th 
substa nce re sp on se . 1. Exp . Bot. 21: 64-70. 

PRAT, R ., AND J . C. ROLAND. 1970 . Isolement rnecanique 
e t e tude ultrastructurale p rel im in ai re de pro topl astes 
vegetau x, C. R . A cad . Sci. P aris 27 1: 1862-1865. 

R AMBOURG, A .	 1967. A n im proved si lver me the na mine 
techn ique fo r th e de tection of pe riodic ac id-reactive 
co mplex carbohyd r ates with the e lec tro n mi croscope . 
J . Hi stochem . Cy toc hern . 15 : 40 9-412. 

RAPPAY, G ., AND P. VAN D UIJN. 1965. Chlorou s acid 
as an agent for blo ck ing tissue al de hy de s. Stain 
Technol. 40 : 275-277 . 

SCHENK, R . U ., AND A . C. HILDEllRANDT. 1969. Pr o­
duction of pr ot o pl asts from p la n t ce lls in liquid 
cu lture using p urified commercial ce llu lases . Crop 
Sci. 9: 629-63 J. 

TULLETT, A . J ., V . BAGSHAW, AND M . M . Y OEMAN. 1969. 
Arran gem ent an d struc tur e of plastid s in do rmant 
and culture d tissued f rom a rt icho ke tub ers. Ann. 
Bot. 33: 217-226 . 

WITHERS, L. A. , AND E . C. C OCKING . 1972. Fine-struc­
tural stud ies on spon ta neous and induced fusion 01 
hi gher plan t pro to plasts. J . Ce ll Sci. I I : 59-75. 

CeR
A

Del
iv

er
ed

 a
s 

In
te

r L
ib

ra
ry

 L
oa

n 
th

ro
ug

h 
CeR

A


