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ABSTRACT 

The purpose of this study was to develop and refine 

a method for the isolation of viable protoplasts from alfalfa 

callus. This system of unconventional breeding of fusion 

products and subsequent regenerated plants can be used as a 

model for other agronomic crops. Interactions between 

nuclear and cytoplasmic gene and gene products may also prove 

useful for comparison studies. 

Various parameters involved in protoplast researched 

were examined i.e., tissue age, enzyme-tissue ratio, pH, 

osmolality, enzyme purity, culture conditions, viability and 

fusion. Optimal conditions for alfalfa protoplast isolation 

from callus is lg of 5 to 7 day old callus to lOmls of 2% 

(w/v) cellulysin, 4% hemicellulase, 2% pectinase in 1% 

glucose solution in water, pH 5.7 for 4 hrs with agitation 

in the dark at 3 0C. 

viii 



CHAPTER 1 

LITERATURE REVIEW 

Introduction 

The importance of plant tissue culture has been 

established in several areas of plant research. Whole plants 

have been repeatedly regenerated from a single cell or callus 

tissue. Under aseptic conditions and a controlled enviorn-

ment the morphogenetic potential of plants can be realized 

and studied. Plant tissue culture has recently been ex

tended to protoplasts, (plant cells devoid of cell walls). 

The isolation, culture, and fusion and subsequent 

regeneration of plant protoplasts offer many possibilities 

for agricultural research. Plant genetic modification, 

developmental plant physiology and somatic hybridization of 

sexually incompatible crosses may find protoplasts a useful 

tool. 

Plant protoplasts have provided scientists with in

sight into the development of the cell wall (Albersheim 

1975). In addition developmental studies of cell wall 

synthesis on the plasma membrane surface, allow better un

derstanding of cell wall-plasmalemma interactions 

(Mueller and Brown 1980). 

i 
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The techniques of isolation of plant protplasts, by 

a gentle disruption of the cell facilitates organelle 

studies. Nishimura and Beevers (197 9) have used this method 

for organelle separation and the study of enzyme marker 

systems. A technique for studying photosynthetic processes 

using protoplasts with intact chloroplasts has been in

vestigated by Edwards et al. (1978). Kanai and Edwards 

(1973) investigated C^, , and crassulacean acid metabolism 

plants using isolated mesophyll protoplasts. Enzymes as

sociated with photosynthesis were identical using chloro

plasts from isolated protoplasts. 

Plant pathologists have also found protoplasts to be 

a valuable tool when working with virus (Motoyoshi 1971). 

Tobacco mosaic virus has been studied using tobacco proto

plasts (Takebe and Otsuki 1969), and tomato protoplasts 

(Cocking and Pojnar 1969). Other virus, i.e., cucumber 

mosaic (Otsuki and Takebe 1973) and cow pea chlorotic mottle 

virus (Motoyoshi et al. 1973) have also been studied in the 

protoplast system providing insight to the infection process. 

Aoki and Takebe (1969) have studied viral RNA infections 

within the protoplast. A protoplast infection assay was 

devised by Aoki and coworkers (1969) which measures burst 

sizes of the protoplast. 

Protoplast fusion and somatic hybridization remove 

the barriers and restrictions of sexually incompatible 
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crosses. Totipotency of plant cells permits eventual plant 

regeneration, which is the basis for somatic hybridization. 

Intra and interspecific fusion was first successfully demon

strated by Power, Commings and Cocking (1970) and Power and 

Cocking (1971). Protoplasts from root tips of maize and oat 

seedlings where fused using a sodium nitrate-centrifugation 

system. 

Significant progress is reflected in the many papers 

which appear in the literature, i.e., Potrykus (1971), Giles 

(1972), Kao and Michayluk (1974), Constabel et al. (1973), 

Gosch et al. (1975), Kao et al. (1974) and Brar et al. 

(1980) (Table 1). Methodology has progressed from a common 

sodium nitrate usage (Power et al. 197 0) to the polyethylene 

glycol (PEG) system implemented by Kao and Michayluk (1974). 

The experimental design for this work was patterned 

after field studies using diploid Medicago sativa and M. 

falcata. Medicago sativa (2N) has the phenotypic marker 

purple flowers, M. falcata (2N) blossoms have yellow flowers. 

When the two species are crossed under field conditions the 

plant (4N) will produce green flowers. 

Medicago sativa will be used to isolate mesophyll 

(green) protoplasts, while M. falcata callus will be used for 

callus (white) protoplasts. Isolated protoplasts from each 



Table 1. Recent studies in protoplast isolation of various crops. 

Species Tissue 
Enzyme 
Mix 

Incubation Incubation 
Temperature Time Enzyme 
(°C) (Hrs.) Tissue Reference 

Zea mays callus 5% Onozuka 
2% macerozyme 
0.6m mannitol 

37° '3.5 25ml/500mg Motoyshi et al. 
(1973) 

Nicotiana 
tabacum 

leaves 0.05% B-
glucuromdase 
0.1% pectin 
glycosidase 
0.7m mannitol 

30° 2 . 0  40ml/5g Schilde-Rentschler 
(1972) 

Avena sp coleoptile 2% myrothecium 
cellulase 
0.5m mannitol 

25° 1.3 100ul/2seq. Ruesink and 
Thimann (1966) 

Zea mays coleoptile 0.2% Onozuka 12° 
0.2% pectinol- 32° 

fest 

16 
6 

2g/30ml 
2g/30ml 

Potrykus et al. 
(1977) 

Lilium sp callus 2% Onozuka 
0.5% pectinase 

Mannitol Buffer 

30 2.3 lg/lOml Simmonds et al. 
(1979) 

Vigna sinensis stem 

hypocotyl 

2% cellul.ysin 25° 
2% macerozyme 
19% cellulysin 

2% macerozyme 25e 

13% Mannitol 
buffer 

lOOmg/lOOm Bharal and 
Rashid (1979) 

lOOmg/lOOm 



Table 1—Continued 

Species Tissue 
Enzyme 
Mix 

callus 0.5% celluysin 
2% macerozyme 
+ salts 

leaves 0.5% cellulysin 
2% macerozyme 

Solanum leaves 0.3m sucrose 
tuberosum 0.1% macerozyme 

0.5% cellulase 

R-10 
2g. PVP 

Daucus 
carota 

suspension 
cells 

1.5% onozuka 

Sorghum 
bicolor 

suspension 
cells 

0.5% pectinase 
0.5% driselase 
1% Onozuka + 
salts 

leaves 0.5% pectinase 
1% driselase + 
salts 

Incubation Incubation 
Temperature Time Enzyme 
(°C) (Hrs.) Tissue Reference 

25° 8 lOOmg/lOOml Bharal and Rashid 
(1979) 

25° 8 lOOmg/lOOml 

28° 4 4g/100ml Shepard and 
Totten (1977) 

33° 4.5 lOOmg/lOOml Gosch et al. 
(1975) 

22° 8-10 5ml/5ml Brar et al. 
(1980) 

22° i 5-6 2g/5ml 

Ul 



Table 1-—Continued 

Species Tissue 
Enzyme 
Mix 

Incubation 
Temperature 
(°c) 

Incubation 
Time Enzyme 
(Hrs.) Tissue Reference 

Nicotana 

debneyi 

Glycine 
max 

Nicotiana 
glauca 

Vica 
hajastana 

leaves 

suspension 
cells 

leaves 

suspension 
cells 

2% cellulysin 23c 

0.5% macerase 
0.5% driselase 
0.38% mannitol 

+ CaC12 

24° 

1% onozuka 
1% rhozyme 
hemicellulase 

5% driselase 22° 
1% cellulase 
mannitol + 
salts 

3-4 

lml/lml 

Snowcroft and 
Larkin (1980) 

Kao (1977) 

Kao (1977) 

Kao et al. 
(1974) 

Vica 
hajastana 

suspension 
cells 

2% Driselase 
2% rhozyme 
1% pectinase 
mannitol + 
salts 

22° 3ml/2ml Kao et al. 
(1974) 

Nicotiana 
tabacum 

leaves 1% onozuka 
.1% pectinol-
f est 

22°  Meyer and Abel 
(1975) 
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species will be induced to fuse using a polyethylene glycol 

(PEG) solution. A light green hybrid will be isolated and 

cultured to produce microcalli and later plantlets. The 

tl. sativa x M. falcata hybrid plant v;ill be a tetraploid 

plant producing green flowers (Figure 1). 

Importance and Structure of the Cell Wall 

Importance - A quick and efficient removal of the 

plant cell wall liberating viable protoplasts is the key in 

successful protoplast research. To facilitate an effective 

removal of the cell wall and understanding its complexi

ties is important. The cell wall not only supports and 

strengthens the cell but is pliable allowing cell growth. 

The wall is freely permeable to all molecules, while the 

membrane of the cell is only selectively permeable. 

Many systems are readily available for research such 

as: petals, tubers, stems, leaves, roots have been used as 

well as suspension and callus tissue culture cells. Working 

with tissue culture cells has proved valuable in relation 

to the possible manipulations including media changes and 

the lack of chlorophyll which serves as a marker system for 

fusion experiments. 

Cultured cells have been used for protoplast re

search for several years but experimentation is not as wide 
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spread as that of protoplasts from an in situ system. This 

may be due to the difficulty in removing the cell wall from 

the cultured cell. 

Albersheim (1975) has studied the composition of the 

cell wall using sycamore suspension cells offering valuable 

information. 

This cultured cell develops only a primary cell wall. 

These cell walls are 90% polysaccharides and 10% protein 

(Albersheim 1975). The polysaccharides are built from mono

saccharides bound by glycosidic bonds. The majority of the 

monosaccharides are pentoses and hexoses, glucose being the 

most abundant. 

Structure - The major constituents of the primary cell 

wall are the amorphous materials surrounding the cellulose 

fibrils. This noncellulosic material can be perceived as 

the cementing agent that binds the fibrils together. The 

two main noncellulosic fractions are pectic polysaccharides 

and hemicelluloses. 

Pectic polysaccharides are complexes of acidic and 

neutral polymers with characteristic chains of alpha 1, 4-

linked galacturonsyl residues. The structures of the syca

more wall pectic polymers are reported to be arabinan, 

galactan, and rhamnogalacturonan (Talmadge et al. 1973). 

Pectic galactans contain a galactan backbone with a 

arabinan polymer attached (Albersheim 1975). The galactan 
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may interconnect with xyloglucan, rhamnogalacturonan, and 

arabinan. Rhamnogalacturonan, an acidic pectin polymer 

connects to the hemicellulose portion of the wall. 

Bauer et al. (1973) suggests the term hemicellulose 

be redefined or clarified to refer to the plant cell wall 

polysaccharide which is found to bind nonco.Xralently to 

cellulose and to bind covalently, through glvcosidic bonds to 

the reducing ends of pectic polysaccharides. The xyloglucan 

is bound to cellulose by hydrogen bonding interconnecting 

hemicellulose to cellulose fibrils (Bauer et al. 1973). 

Cellulose is the material of the cell wall best known 

and understood. It consists entirely of glucose units with 

beta 1, 4-linked glycosidic bonds. The glucan chains are 

linear, being composed of about forty chains each. 

Cellulose fibers are held together by hydrogen bonds 

of a hvdroxyl group on a sugar unit. The large number of 

hydrogen bonds make the structure strong and stable. 

The crystalline cellulosic microfibrils provide the 

framework of the cell wall. Recent work in this area by 

Mueller and Brown (198 0) has combined the approaches of 

freeze-fracture, biochemistry, and cytology to study the 

role of the cytoplasmic elements in cell wall biosynthesis 

of Zea mays. They propose the existence of microfibril-

synthesizing precursors engaged in cellulose synthesis. 

The presence of microfibril-svnthesizing complexes implies 



11 

that these complexes could be synthesizing cellulose. This 

hypothesis is strengthened by the fact that cellulases de

grade microfibrillar wall components (Mueller and Brown 1980). 

New orientations of microfibrils frequently appear on 

plasma membranes and bands. Intramembrane particle rosettes 

can be observed on protoplasmic leaflets of a fractured 

plasma membrane. Terminal complexes are observed on the 

outer surface of the exoplasmic leaflet of a plasma membrane. 

The similar dimensions of rosettes and terminal complexes 

can be interpreted as meaning these structures are comple

mentary. Mueller contends that terminal complexes are re

sponsible for synthesis of wall microfibrils and rosettes 

function in association with terminal complexes in synthe

sizing microfibrils (Mueller and Brown 198 0). 

The function of the intramembrane-synthesizing com

plexes is to incorporate cytoplasmic precursors into crystal

line microfibrils. This may occur on the surface of the 

plasma membrane. The positioning of the complexes may also 

facilitate the interaction with the cytoplasm. Freeze-

fracture studies demonstrate a loss of microfibril synthesis 

if the rosettes are separated from the terminal complex 

(Mueller and Brown 1980). 

An understanding of the structure of the cultured 

cell aids in designing techniques for degrading the wall. 



Also, developmental studies of the cell wall show what may 

be expected from the regeneration process. Removal and 

regeneration of the cell wall is an important and interesting 

part of protoplast research. 

Cell Wall Degradation 

Pectinase, hemicellulase and cellulase are the en

zymes active in cell wall degradation. Knowledge of the 

site of activity allows further understanding of these en

zymes. Pectinase breaks down the pectin constituents of the 

cell wall. Essentially, pectin is a polymer of galacturonic 

acid i.e., rhamnogalacturonan, arabinogalacturonan and 

galactan. Commercial pectinase is isolated from the fungal 

source Rhizopus. Pectinase, working alone on cell walls, 

aids in the separation of individual cells, leaving the cell 

walls intact. Therefore pectinase is used in a mixture with 

hemicellulase and cellulase. 

Hemicellulase is an equally important component for 

degrading cell walls. Hemicellulase is isolated from the 

fungi Aspergillus niger. The site of activity is the bond 

between the pectin and cellulose constituents of the cell 

wall. 

Cellulose degradation has long been thought to be 

the most important facet of cell wall degradation or removal. 

Cellulase consists of a group of enzymes which hydrolyze 



cellulose. Most of the commercial cellulase comes from one 

of the following fungal sources: Chrysosporium lignorum, 

Penicillin notatum, Pseudomonas fluorescens, Sporotrichum 

pulrerulentum and most beneficial Triehoderma viride. 

The most widely used cellulase complex is isolated 

from Triehoderma viride. It consists of C^, molecular 

weight 42,000-57,000, endoglucanase, molecular weight 52,000 

and exoglucanase, molecular weight 76,000. These three dis

tinct components differ physically and enzymatically from 

each other, but are all believed to be involved in cellulose 

degradation. 

It has been proposed that degradation involves two 

and possibly three steps. In the prehydrolytic step the 

first carbon, is acted upon. Secondly, susceptible 

carbons are attacked by exo and endo B-l, 4 glucanases. A 

possible third step involves B-glucosidase (cellobiase) 

which hydrolysizes the cellobiose junction of the compound. 

Various studies have shown that a combination of 

pectinase, hemicellulase and cellulase are required for 

optimal cell wall degradation (Kao and Michayluk 1980; 

Johnson et al. 1981). The type of tissue and species from 

which protoplasts are isolated determines the combination of 

enzymes used. 



Culture Conditions for Isolation 

Protoplasts can be obtained from various plant 

tissues including flower petals, fruits, tubers, roots meri-

stems, tissue cultures, and leaves have all been used 

(Shepard 1980). To facilitate the enzymatic digestion of 

any tissue, certain conditions must be considered. Any 

variable may decide the success of the isolation. 

After choosing tissue type, age of the tissue is 

considered. Tissue age indicates the degree of development 

of the cell wall. Terminal leaves of alfalfa are used by 

both Johnson et al. (1981) and Kao and Michayluk (1980). A 

more complete digestion of young leaves is attributed to the 

lower carbohydrate content and increased lignification with 

higher temperature (Thomas 198 0). When working with tissue 

cultures, newly subcultured cells should be used. Rapid 

cell division begins 3 to 7 days after subculturing. Degra

dation during cell division minimizes cell wall strength due 

to lesser development. Handling of the tissue prior to 

digestion is important for success. 

Conditioning of the tissue before isolation has an 

immediate effect on the enzyme to tissue ratio. Leaves re

quire a higher enzyme to tissue ratio if the epidermis is 

left intact. Alfalfa mesophyll protoplasts have been suc

cessfully isolated by both Kao and Michayluk (198 0) and 

Johnson et al. (1981), using different techniques. Kao 



peels the lower epidermis from the leaves, followed by incu

bation. Johnson "fethers" (light scraping with an abrasive 

material) the lower epidermis then vacumn infiltrates the 

leaves with an enzyme mixture. 

Isolating protoplasts from suspension or callus cells 

require different handling from the in situ systems. Cell 

walls of cultured sycamore cells have been extensively 

studied as a model system (Albershiem 1975). These cell 

walls have a high percentage of hemicellulose which possibly 

encapsulates the cellulose fibrils (Bauer et al. 1973). 

This could explain the necessity of higher hemicellulase 

concentrations in enzyme mixtures for in vitro cells. 

The enzyme mixture must meet several requirements to 

insure the integrity of the isolated protoplast. Correct 

osmolarity and pH of the enzyme mixture influences the level 

of cell lysing which may occur during isolation. An op

timum pH for cell viability imist be • roaJtched with the correct 

pH for enzyme activity. Most enzymes are active at a range 

of 4-6 pH, whereas a pH of 5.5-5.7 is needed for protoplast 

survival. A 3mM MES (2[N-Morpholino] ethansulfonic acid) 

buffer can be added to the media to reduce any pH shift 

occurring during digestion (Gamborg et al. 1981). 

More importantly prevention of cells lysing is the 

osmolarity of the enzyme mixture. Osmotic pressure must be 

maintained during isolation protoplast to insure cellular 
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integrity. Structural damage to the cell due to plasmoloysis 

has been reported by Morris et al. (1981). Osmotic shock may 

cause condensation of DNA in the nuceli, decrease protein 

formation (Ericksson et al. 1978) and affect the movement of 

solutes across cell membranes (Morris et al. 1981). Main

tenance of osmotic pressure can be attained by the use of 

sugar or mineral salts (Gamborg et al. 1981). Metabolically 

active osmotic stabilzers such as glucose, sorbitol and 

sucrose are often used in combination with mannitol (inert) 

to lower osmolarity. This combination will eliminate a 

sudden change in osmoticum as the cell wall regenerates and 

early growth utilizes the sugars. 

Another factor affecting of osmolarity is that of 

enzyme purity. The osmolarity of a commercial enzyme solu

tion was 223 mO M as compared to 4 0 mO M in a purified en-
s s 

zyme solution. Decreased viability, protoplast hypertrophy 

and asymmetric division could be explained by a damaged 

plasma-membrane from osmotic shock (Eriksson et al. 1978). 

The decreased osmolarity in the purified enzyme suggests 

that the low molecular weight compounds such as nuclease, 

protease and ribonuclase (Cocking 1972) have been removed 

(Patnair et al. 1981). Enzyme purity was shown to be 

valuable as early as 1969 by Schenk and Hildebrandt. 

Recently Patnair et al.(1981) found purified cellulase 
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improved plating efficiency (an assessment of protoplast 

varibility) by 4 0-50%. 

Osmotic pressure in leaves may be manipulated en

vironmentally prior to isolation. Exposing a plant to ex

tended periods of darkness reduces leaf osmotic pressure, 

which is a technique currently used by Johnson et al. (1931). 

Isolating protoplasts in darkness reduces the metabolic 

processes facilitated by light which also stabilizes osmotic 

pressure. Many procedures are now calling for 24 to 72 

hours of darkness before the enzyme treatment, for the afore

mentioned reasons as well as the utilization of starch grains 

within the cell (Gamborg et al. 1981). The presence of 

starch grains is believed to cause cell breakage during the 

release of protoplasts (Simmonds et al. 1979). Subculturing 

of tissue culture cells onto sucrose-free media for 3 weeks 

also reduced the presence of starch grains (Simmonds et al. 

1979) . 

A balance of tissue age, enzyme-tissue ratio, pH, 

osmolarity and enzyme purity should all be considered. A 

correct combination of these factors for a particular tissue 

source could mean high viability and yield along with a good 

plating efficiency. 

Purification of Protoplasts 

Centrifugation in some form is regularly used for 

protoplast purification. Methods have been devised to 
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decrease the likelihood of cell damage from high speed or 

lengthy centrifugation. Removal of cellular debris (cell 

walls, chloroplasts and cytoplasm) is important for in

creasing protoplast fusion efficiency. Several techniques 

for purification have been tried on different types of 

systems. 

One method of purification implements an iso-osmotic 

discontinuous gradient with low speed centrifugation. The 

basis of this method is the difference between the protoplast 

density and the density of contaminates (cell wall debris, 

broken protoplasts, etc.). Step gradients are formed and 

are applied to most protoplast densities. Mixed populations 

of differing buoyant densities are then purified by fraction

ation. Harms and Potrykus (1978) states that the size of the 

protoplast plays an essential role in velocity sedimentation. 

Haploid or diploid protoplasts are significantly different 

in size and can be separated by buoyant density. Proto

plasts isolated from different tissues exhibit differences 

in densities. Barley mesophyll protoplasts have been centri-

fuged at 4 0 to 68 x g and 350 x g with no appreciable dif

ference in distribution profiles (Harms and Potrykus 1978). 

After the iso-osmotic gradient has been centrifuged, 

protoplasts will collect on an interface. Protoplasts can 

then be retrieved from the gradient by pipetting. Washing 
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at least twice with culture media prepares the cells for 

regeneration. 

Another technique is the two phase system which was 

developed by Kanai and Edwards (1973) using aqueous dextran-

polyethlene glycol. This system fractionates according to 

the differences in surface properties, size and density. 

The methodology used is a dextran and PEG solution (con

taining sorbitol and salts) which is throughly mixed with a 

protoplast preparation. After a short, low speed centri-

fugation the protoplasts collect at the interface. The lower 

phase contains cellular debris. Collection is easily handled 

by pipetting. The procedure can be repeated to remove any 

debris which may have been attached to the protoplasts. A 

problem which may occur is partition shifting caused by in

correct concentration of the phosphate anion from sodium 

phosphate. Inappropriate levels of phosphate or other salts 

could cause the intact protoplasts to collect in the lower 

phase and not at the interphase. 

Snowcroft and Larkin (198 0) developed a method of 

fractionation using percoll. Percoll being iso-osmotic, 

serves as a good material for working with protoplasts. A 

discontinuous gradient consisting of five density steps 

collected various sized protoplasts and debris at several 

interfaces. 
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A-more recent method of fractionation has been used 

by Hampp et al. (1982). Protoplasts are placed in a micro

centrifuge tube with a 20um nylon mesh and spun for 60 

seconds. Although an interesting and successful technique, 

the small sample size limits its use. 

A feasible alternative to purification by centrifuga-

tion is a floatation technique. A preliminary iso-osir.otic 

gradient is needed to find the appropriate density of iso

lated protoplasts. Once the correct density is known, the 

floating technique can be implemented. Thomas (1980) while 

working with cotton protoplasts from callus, devised a method 

to induce intact protoplasts to rise to the surface of a 

.solution of known osmolarity. A buffer containing sucrose, 

arginine-HCL, potassium, calcium and magnesium was used. 

Two volumes of the sucrose solution are added to one volume 

of enzyme protoplast mixture.. After several hours proto

plasts rise to the surface and collect on the meniscus. 

Protoplasts are collected by pipetting, and are then 

washed with several volumes of protoplast medium. This 

technique uses only one centrifugation (100 x g for 1-3 

minutes) to pellet the protoplasts. Resuspending into medium 

prepares the protoplasts for culturing (Thomas 1980). 

Methods for purification of protoplasts continue to 

be developed for each system researched. All Purification 

techniques account for appropriate osmolarity and low or no 
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centrifugation. Though purification techniques, have common 

characteristics, most systems must be modified for the 

species and type of isolated cells. 

Viability 

Before successful culture growth can take place, an 

adequate number of viable cells must be present. For ex-

5 
ample, a preparation of petunia protoplasts yield 10 proto

plasts/ml with viability of only 65% (Larkin 1976). 

Viability counts are routinely conducted in most laboratories. 

Presently there are several viability tests in use. 

The most simple and often used is the exclusion of Evans 

blue dye by intact membranes (Kanai and Edwards 1973). This 

method indicates the protoplasts' ability to maintain membrane 

semipermeability. The uptake of neutral red stain in proto

plasts also indicates viability. 

Other simple tests include osmotic response as a 

screening method for viability. The size variation of proto

plasts placed in concentrations of sorbitol betwen 0.5 to 

1.0M indicate viability. 

Kanai and Edwards (1973) have used photosynthetic 

activity as a further criterion of protoplast viability. CO^ 

fixation rate in Nicotiana tabacum cells are comparable to 

protoplasts. C4 protoplasts have a high activity of 



phosphoenol pyruvate carboxylase. Crassulaceun acid 

matabolism plants also show the ability to photsynthesize. 

Tetrazolium salts have been used as indicators of 
I 

viability in seed research for many years. Weisman and 

Morselli (1981) have employed nitroblue tetrazolium (NBT) to 

indicate the actively metabolizing regions in callus tissue. 

An endogenous substrate (possibly succinate dehydrogenase) 

is the source of electrons which reduce NBT to form colored 

formazan. It has been demonstrated that the outer 25% of 

the total callus reduce NBT, indicating viability. 

Though this may not apply directly to the test of viability 

of isolated protoplast it does have a bearing on protoplast 

viability. Realizing that only 25% of the callus tissue is 

viable, may be cause to adjust the enzyme to tissue ratio 

allowing for higher yields of viable protoplasts. 

Marker Systems 

Marker systems are necessary for the identification 

of the heterokaryocytes at the cellular level. A widely 

used method facilitates the use of protoplasts isolated from 

both mesophyll (green) and tissue culture cells (white). 

When fusion occurs between these two cell types a green and 

white heterokaryocyte is formed. New cell types are readily 

distinguishable from those fusing with the same cell type 

(Kao 1977). 
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Kao (1975) stains cells with 5% modified carbol 

fuchsin to determine hetrokaryon formation. This technique 

is implemented immediately after fusion. 

Belliard and Pelletier (1978) have used a non-nuclear 

marker for the identification of fused protoplasts. Chloro-

plastic DNA can be identified by using ECO RI restriction 

nuclease and gel electrophoresis. Nuclear (leaf shape) and 

cytoplasmic markers (flower shape) have been noted after 

Nicotiana sp. plants have regenerated. The chloroplastic DNA 

from each parent was identified using ECO RI and electro

phoresis. The ECO RI .fragment patterns of the chloroplastic 

DNA of the hybrids revealed only one parental DNA being 

expressed (Belliard and Pelletier 1978). 

Culture Media 

The nutritional requirements of protoplasts are much 

like those of cultured plant cells. Mineral salts, carbon 

source, vitamins, nitrogen sources and growth hormones are 

all necessary for cell wall regeneration, division and 

growth. Many essential elements are required in small 

amounts to carry on biochemical processes. 

Mineral salts consist of inorganic nutrients utilized 

by plant cells. Protoplasts have been shown to be cultured 

on varying concentrations of mineral salts (Johnson ct al. 

1931; Deka and Sen 1976; Shepard and Totter. 1977) . Inorganic 
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nitrogen sources are usually in ammonium and nitrate forms 

to insure maximum growth of the cultured cell. To improve 

utilization and decrease the chance of toxicity an organic 

acid usually succinate is added to ammonium, and nitrate-

potassium levels are kept at 20-30mM. Calcium also a mjor 

consideration is kept at a concentration of 4-6mll. 

Glucose is the preferred carbon source when working 

with protoplasts. Combinations of glucose and sucrose or 

supplements of hexoses at l-3mM concentration (such as ribose) 

have proved successful. Studies have shown protoplasts can 

be cultured with glucose as a sole carbon source or in combi

nation with hexoses (Kao and Michayluk 1980). 

The vitamins included in protoplast media are those 

present for all plant tissue culture. A requirement for 

thiamine has been postulated and pyridoxin.^and nicotanic 

acid are believed to enhance growth. Overall it is thought 

that vitamins are important for growth when plating cells at 

low densities. 

Protoplast media also contains one or more amino 

acids as an organic nitrogen source. A supplement of 0.01-

0.25% vitamin free amino acid is added for convenience. 

Casein hydrolyzate (enzymatic digestion) is also used. An 

addition of 0-5mM qlutamine is added as a growth enhancer. 



25 

Auxins and cytokinins are necessary for the induction 

of cell division and plant regeneration. Of the auxins, 2, 

4-dichloropheno5'acetic acid and napthalene acetic acid have 

proven most effective. The most often used cytokinins are 

kinetin, benzyladenine, zeatin and ispentenyladenosine. 

Nutritional requirements have become standardized in the 

importance of cultural manipulation. The most suitable pH 

is found between 5.5 and 5.8. Room temperature or a range 

from 22 to 28°C is suitable for growth. However, a light 

intensity of more than 2,000 lux has been found to be 

damaging. 

Protoplast densities between 10^ to lO^ml were 

thought to be necessary for successful protoplast plating. 

However, low density plating, via nurse systems, has proved 

viable when dealing with lower numbers of protoplasts. Nurse 

or feeder systems consist of cells being plated into a soft 

agar solution which have been irradiated shortly after 

plating. Viable protoplasts are subsequently layered over 

in liquid media (Raveh et al. 1973). Using this technique 

densities as low as 5,000 protoplasts/ml have been successful 

(Cella and Galun 1980; Deka and Sen 1976; Negrutiu and 

Muller 1981). 
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Kao developed an alternate feeder system using ficoll. 

Cells are suspended in ficoll while floating on liquid media. 

A high salt media is used with a supplement of sucrose in 

the ficoll layer (Kao 1981). Irradiated cells are not 

necessary. 



CHAPTER 2 

MATERIALS AND METHODS 

Cellulase Purification 

Cellulase, cellulysin, (calbiochem lot #002581) was 

purified and collected by the method of Patnair et al. (1981). 

Initially 2 00 mg of cellulysin was dissolved in 2ml of 

deionized, distilled water. This mixture was centrifuged 

at low speed 100 x g for 10 minutes to remove any particulate 

matter. The sample was kept at 4°C and loaded onto a 2.5 

by 55 cm Pharmacia column packed with Bio Gel P60 100-200 

mesh. 

Drops were collected at 100 drops per tube with a 

flow rate of two tubes/hr. After 24 hrs the collection was 

stopped and samples were diluted 1:1 in water and read at 

260 and 23 0 nM on a Baush and Lomb spectrophotometer model 

710, Figures 2 and 3. A Folin-Lowry protein determination 

was also conducted on the collected drops (Figure 4). 

Plant Growth 

Medicago sativa L. and M. falcata L. diploid seeds 

were secured from Dr. M. Shronhorst. The seeds were scari

fied and planted four per pot in a potting soil mix. Glass 

plates were placed over the pots (to increase moisture 

27 
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cellulase purification 
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Figure 2. Purification of cellulase (Calbiochem) by gel 
filtration. 
Factions collected and absorbance read at 260nm. 
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Figure 3. Fractions of cellulase purified by gel filtration and analyzed for 
approximate protein content using 28 0nit?/260nm ratio. to 

vo 



protein/cellulasefraction 

.3 

.2 

.1 

drops x 100 

Figure 4. Lowry protein determination of cellulase fractions purified by 
gel filtration. 
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retention) until the seeds had germinated. At this time 

the plants were uncovered and placed in an Environator Growth 

chamber with 12 hours of light at 25°C. Frequent watering 

with 5 0% Hoaglands solution in water and severe pruning 

were used in maintaining these plants. From these stock 

plant terminal leaves were" used for mesophyll protoplast 

isolation. 

Callus Initiation and Maintenance 

Medicago sativa L. and M falcata L. diploid seeds 

were scarified and left to imbibe in sterile water for 3 hrs. 

After imbibition the seeds were surface sterilized in 10% 

sodium hypochlorite plus one drop/liter tween 20 for 20 

minutes. Three sterile water rinses were used after surface 

sterilization. The seeds were then blotted on sterile 

toweling and placed on nutrient agar plates. 

One week later excised hypocotyls were sliced longi-

2+ 
tudinally and the wounded edge placed on B5 media (Table 2). 

Within three days cell proliferation was observed. The first 

2+ 
subculture took place 3 weeks later on B5 media. One gram 

portions of tissue were transferred at 3 week intervals. 

This tissue proliferated rapidly resulting in a white, wet 

callus tripling in size. Callus was grown at 29°C with 12 

hours of light. 
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Table 2. B5-2 medium used for culture of alfalfa callus. 

Formulation mg/1 mM 

NaH2P04»H20 150 1.09 

kno3 2500 24.7 

(nh4)2so4 134 1.0 

MgS04*7H20 250 1.0 

CaCl'2H20 150 1.0 

FeSO.• 7H_0 
4 2 

28 0.10 

Na2EDTA 37.2 0.10 

Nicotinic Acid 1 0.008 

Thiamine'HC1 10 0.030 

Pyridoxine HC1 1 0.005 

Myo Inositol 100 0.555 

MnS04»H20 10 0.059 

H3BO3 3 0.049 

ZnS04*7H20 2 0.007 

NaoMo0 •2H_0 
2 4 2 

0.25 0. 001 

CuSo4•5H20 0.04 9 0.0002 

Coc12*6H20 0. 025 0.0001 

KI 0.75 0. 005 

Sucrose 20,000 58 .43 

2,4-D 20 0. 010 

6, BA 0. 02 

Substitution of chelated iron (FeS0*7H20 28mg/l and 

Na2EDTA 37.2mg/l) for sequestrene 330 Fe. 



33 

Mesophyll Protoplast Isolation 

Two percent w/v calbiochem cellulysin, 1% w/v Rhozyme 

macerozyme and 2% w/v Sigma hemicellulase were dissolved in 

a 0.3M sorbitol, 0.3M mannitol, 3mM MES, and 0.7 mM Nal^PO^ 

•I^O buffer, pH 6.0 with KOH. After dissolving the enzymes 

the final pH was adjusted to 5.7 (Table 3). This mixture 

was immediately filter sterilized using a millipore DGS with 

a pore size of 0.22ym. Ten milliliter aliquots were frozen 

at -20°C for future use. 

Table 3. Alfalfa mesophyll protoplast enzyme medium. 

2% w/v Cellulysin Calbiochem . 

2% w/v Hemicellulase Sigma 

1% w/v Pectinase macerozyme 

.3M Sorbitol 

.3M Mannitol 

5.OmM MES 

0.7mM NaH2P04»H20 pH 5.7 

The youngest leaves were excised and floated on dis

tilled water in the dark 24 to 48 hours. Surface steriliza

tion took place by rinsing the leaves in 7 0% ethanol (w/v) 

for 15-20 sec., followed by two rinses in sterile distilled 



water. The leaves were then transferred to a 1.05% (w/v) 

NaCl^ solution for 10 minutes followed by two sterile rinses. 

The lower epidermis of the leaf is aseptically feathered with 

a scapel blade and vacuum infiltrated with enzyme medium. 

Approximately 22 leaf.lets are placed into 10 ml of enzyme 

medium. Digestion in the .dark at 29°C for 16 to 18 hours 

was carried out. 

Callus Protoplast Isolation 

One percent Calbiochem Cellulysin, 1% (w/v) Rhozyme 

macerozyme, and 2% Sigma hemicellulase were dissc ed in a 

10% glucose solution pH 5.6 (Table 4). Filter sterilization 

was achieved using a millipore Sterifil DGS 0.22ym filter 

unit. Ten ml aliquots were promptly frozen at -20°C. One 

gram of three to five day old subcultured tissue was placed 

in 10ml enzyme media. Digestion occurs in the dark at 29°C. 

After 4 to 5 hours of constant rotation the callus solution 

is aspirated with a pipette to break up the remaining clumps 

of cells. The preparation is then filtered through a 150ym 

nylon mesh. Protoplasts trapped in the mesh were washed 

through with protoplast media (Table 5). 

Purification of Mesophyll Protoplasts 

Following 16-18 hrs. of incubation the preparation 

is filtered through a 150ym nylon mesh. One volume of 
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Table 4. Alfalfa callus protoplast enzyme medium. 

1% w/v Cellulysin Calbiochem 

2% w/v Hemicellulase sigma 

1% w/v Pectinase macerozyme 

10% w/v Glucose pH5.6 

Table 5. Alfalfa protoplast culture medium. 

Formulation mM 1000 ml 

nh-no-
4 3 

kn0_ 

FaCl2*2H20 major 

M0SO4*7H2O elements 

kh2po4 

kcl 

Sequestrene 33 0 Fe 

KI 

MnS04•H20 

ZnS04*H20 

No2M0°4,2H2° 

CuSO4*5H20 

C0C12«6H20 

minor 

elements 

4.5 

18.7 

5.4 

2.5 

1.2 

4.0 

0. 003 

0.048 

0. 059 

0.0069 

0. 001 

0.00016 

0.00011 

6 00mg 

1,900mg 

600mg 

300mg 

17 Omg 

300mg 

28mg 

0.7 5mg 

3.0 mg 

10.0 mg 

2. 0 mg 

0.2 5mg 

0.025mg 

0. 02 5mg 
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Table 5—Continued 

Formulation mM 1000 ml 

glucose 379.0 68,400mg 

sucrose 0.365 125mg 

fructose 0.69 125mg 

ribose 0.83 125mg 

xylose • sugars 0.83 125mg 

mannose 0.8 125mg 

rhamnose 0.69 125mg 

cellobiose 0.36 125mg 

sorbitol 0.69 125mg 

mannitol 0.69 125mg 

sodium pyruvate pH5. 5 w/VTH^oH 0. 045 5mg 

citric acid 0.05 lOmg 

malic acid organic acid 0. 074 lOmg 

Fumaric acid 0. 086 lOmg 

Inositol 0.5 lOOmg 

nicotinamide 0.008 lmg 

pyridoxine HCL 0. 004 lmg 

thiamine HCL 0.03 lOmg 

d-calcium panthothenate 0.0023 0. 5mg 

Folic acid 0.0005 0. 2mg 

p-Aminobenzoic acid 0.00007 0.Olmg 

biotin 0.00002 0.005mg 
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Table 5—Continued 

Formulation mM 1000 ml 

Choline chloride 0. 0004 0. 5 mg 

Riboflavin 0. 0003 0. 1 mg 

Ascorbic acid 0. 0067 1 mg 

Vitamin A (retinol) 0. 000017 0. 005mg 

Vitamin (colecalciferol) 0. 000026 0. 005mg 

Vitamin B^2(cyanocobalamin) 0. 0000073 0. 01 mg 

to
 

•c
* 1 a
 

-0001 0. 2 mg 

Zeatin Hormones 0. 0023 0. 5 mg 

NAA • 0054 1 mg 

Casamino Acid (vitamin free) 125 mg 

glucose 37 9. 6 69. 4 g 

Coconut water (ml) 
mature fruit: heated 
60°C for 30 min. and 
filtered 

to 
10 ml 

glass distilled to 

bring to volume of pH 5. 7 1-000 ml 

Kao, K. N. and M. R. Michayluk (1980). 

protoplasts through the me.sh. The resulting solution is 

transferred to two 12ml conical centrifuge tubes and centri

fuge tubes and centrifuged at lOOg for 10 min in an IEC 

clinical centrifuge. The supernatant is removed and dis

carded. The protoplasts collected at the bottom of the tube 
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are resuspended and washed 3 times in protoplast medium. 

Protoplasts are then placed in a 1.03 (g/ml) density percoll 

mixture for 3 hours in the dark. The 1.03 (g/ml) density 

solution was made by mixing a 50% percoll by adding a stock 

solution Of 0.24m CaC^^I^O, 1.5 mM MES buffer. Banding of 

the protoplasts occurred with no centrifugation. The puri

fied protoplasts were removed by pipetting and washed in 

6 
medium. The final volume was adjusted to 1 x 10 proto

plasts, 1ml. 

Osmotic Determination 

Osmolaity was measured on an Advanced Osmometer 

2+ 
model 3W. 0.25ml aliquots of B5 media, protoplast media, 

MES buffer, MES enzyme mix, eluting solution mix, eluting 

solution I, eluting solution II, 10% glucose in deionized, 

distilled water, deionized water, 50% percoll and CaC^* 100, 

80, 60, 40, and 20% percoll solutions were used to determine 

osmolality. All readings were in triplicate. The readings 

were freezing point depression of milliosmoles/kg water 

(Table 6). 

Protein Determination 

The following stock solutions were prepared and 

stored at 4°C. Two percent w/v Na tartrate, 1% w/v CuSO^ 

•5H2O, 2% w/v Na2CO^ in 0.1N NaOH, IN Folin-Ciocateau 
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Table 6. Osmolality of solutions used in protoplast 
isolation replications.* 

Sample 1 2 3 4 X 

Protoplast media 547 547 550 54 8 

B5^+ media 

10% glucose 7 58 726 796 802 770. 5 

MES buffer 685 657 675 686 675. 2 

MES enzyme mix 711 731 670 743 713. 5 

50% percoll + CaC^ 239 239 253 236 241. 8 

Eluting solution I 1007 1003 1012 1026 1012 

Eluting solution II 502 517 514 513 514 

Eluting solution mix 693 727 696 721 782. 5 

100% percoll 34 29 28 29 30 

80% 19 23 24 24 to
 

to
 

• 5 

60% 22 22 16 22 to
 

o
 

5 

40% 18 19 19 19 18. 8 

20% 13 15 15 15 14. 5 

deionized distilled H^O 12 13 13 13 12. 8 

*Units in milliosmoles/kg. water. 

phenol reagent. Mixture was prepared from 0.5ml 2% (w/v) Na 

tartrate plus 0.5ml of 1% CuSO^ • 511^0 nix added to 50 mis of 

2% Na2C03 in 0.1 N NaOH. One ml of this mixture is added to 



lOOyl of the sample and the protein standards. After vor-

texing the sample is left at room temperature for 10 minutes. 

lOOyl of IN Folin Phenol reagent is added, vortexed im

mediately and left at room temperature for 30 minutes. 

Protein standards are prepared to provide lOOOyg-

200yg/ml from a lmg/ml BSA stock solution. Standards are 

prepared at the same time as the samples. The optical 

density is read a 54 0 nm on a Bausch and Lomb Spectro

photometer model 710. 

Mechanical Protoplast Isolator 

Due to the difficulty of isolating protoplasts from 

tissue culture using only an enzyme treatment, mechanical 

manipulation was also explored. A small plexiglass isolator 

originally developed for whole cell isolation was revised 

for use with protoplasts, Figure 5 (Rehfield and Jensen 1973). 

An enzyme mixture suited for callus tissue, Table 7, 

was used for predigestion and in the isolator. Predigestion 

consists of soaking the callus for a varied amount of time, 

Table 7. After predigestion for 4 hrs the entire mixture is 

placed in the inner chamber (containing a stir bar) and 

covered with a 33ym mesh screen for 4 hrs. The outer 

chamber is filled with protoplast media (enough to cover the 

inner chamber and screen). 
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* 

mechanical protoplast Isolator 

.protoplast media 

stir bar screen 

Figure 5. Mechanical protoplast isolater used for alfalfa 
callus (Rehfield and Jensen 1973). 



42 

Table 7. Alfalfa callus enzyme condition and results for 
mechanical protoplast isolator. 

2% w/v cellulysin (calbiochem) 

4% w/v hemicellulase (sigma) 

.5% w/v macerozyme 

10% w/v glucose 

pH 5.6 

Callus Tissue Conditions 

4 hrs predigestion 

45 mins in isolator* 

4 hrs predigestion 

1.5 hrs in isolator* 

no predigestion 

6 hrs in isolator* 

Results 

debris 

no protoplasts 

isolated protoplasts + debris 

32 protoplast lml. 

debris 

no protoplasts 

Predigestion-treated with enzyme solution no stirring 

*33y mesh screen 
suspension centrifuged at 200 x g for 5 mins. 

The inner chamber contents are stirred and small 

protoplasts and debris float up and through the screen into 

the protoplast media (the outer chamber). The outer chamber 

serves as a holding tank for isolated protoplasts and debris, 

while diluting the enzyme and avoiding further digestion. 



Cytology of Diploid Medicago Sativa 

Roots were excised from 2 week old diploid M. sativa 

plants. The soil was gently washed off of the root tips. 

Root tips were removed using a scapel, then placed in a 

saturated solution of bromonapthalene. After 2 hours the 

root tips were drained and rinsed with water. A. ll-T KCL solu

tion at 55°C was placed on the specimens for 2 mins, after 

rinsing the root tips were stored in acetyl carmine for not 

less than 24 hours (Figure 6). 
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Figure 6. Root tip cytology of diplo~d Medicago sativa. 



CHAPTER 3 

RESULTS 

Cellulase Sources 

Various types of cellulase were available commer

cially at the beginning of this study. The effectiveness of 

each tested by its ability to digest the walls of callus 

cells. An enzyme mixture was made using different cultural 

and mechanical manipulations. Of the cellulases tested 

Sigma, Cellulysin and Calbiochem and B glucuronidase/ar-

loulfat (snail gut), cellulysin proved most effective on both 

mesophyll and callus tissue. 

The isolation of alfalfa mesophyll protoplasts has 

been successfully accomplished, Kao and Michaylu, (1980) and 

Johnson et al. (1981). As a point of reference the technique 

by Kao and Michayluk (1980) was used as a baseline when work 

began with tissue culture cells. Though several levels of 

cellulase concentrations were tried neither Sigma or B 

glucuronidose/arloulfat proved satisfactory. 

Sources of Hemicellulase and Pectinase 

Hemicellulase became an important factor in the suc

cess of isolating callus protoplasts. Only two types of 

hemicellulase were tried, Sigma and driselase. Driselase 

45 



proved less effective against alfalfa callus than Sigma. 

Further studies show that the concentration of the enzyme 

was more important than the type of hemicellulase. 

Pectinase, used for breaking apart cell clumps was 

given only minor importance. Macerozyme, a pectinase used 

successfully in many other types of isolations was also used 

for this study. Again concentration for the entire enzyme 

mixture proved most important in a successful isolation 

(Table 8) . 

Cellulase Pruification 

At the begining of this study I did not realize that 

enzyme purification could make a difference in protoplast 

plating efficiency. However, Patnair. et al. (1981) recently 

showed evidence that purifying cellulysin from contaminants 

increased plating efficiency from 9.6-50.4%. According to 

Calbiochem Inc. literature cellulysin is a multicomponent 

enzyme. My results demonstrate that fact, and agree with 

the findings of Patnair et al. (1981). A preliminary esti

mation of protein content was achieved by comparing spectro

photometer .readings at 260 and 280 nm (Figure 3). A Folin-

Lowry (Lowery et al. 1951) determination shows the rag/ml 

protein in the two largest peak, the actual protein content 

of other peaks proved neglegible (Figure 4). 
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Table 8. Enzyme mixture, conditions and results for alfalfa 
callus isolation. 

Enzyme Composition 

Enzyme/ 
Tissue 
Ratio Results 

(A) 
lOOmg Cellulase (sigma) 
lOOmg Hemicellulase (sigma) 
50mg Pectinase (macerozyme) 

54 0mg Sorbitol 
lmg NaH2P04 

5.8mg MES 
10ml DDH20 pK 5.5 

(B) 
250mg Cellulysin (Calbiochem) 
500mg Driselase (Kyowa Hakko) 
250mg Pectinase 
2.7g Mannitol 
2.7g Sorbitol 

5mg NaE^PO^ 

0.2 9mg MES 

(macerozyme) 

10ml DDH20 pH 

(C) 
Same as (B) 

5.5 

5ml/.5g Few elliptical proto
plasts. Cell wall 
visible under phase 
contrast after 4 
hours. 

Approximately 500 
protoplasts/5ml 

5ml/.5g same as (A) 

5mls/.5g No isolated 
Overnight protoplasts 
treatment 
of callus 
at 15°C. 

(D) 
Same as (B) 5mls/.5g Addition of media 

+ 2mls changed osmoticum 
proto- causing ruptured 
plast cells after 4 hours, 
media, 
29°C 
agitated 
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Table 8. Enzyme mixture, conditions and results for alfalfa 
callus isolation. 

Enzyme Composition 

Enzyme/ 
Tissue 
Ratio Results 

5mls/.5g 

room 
tempera
ture 

(E) 
0.1ml B-glucuronida se/ 

arloulfate 
50mg Pectinase (macerozyme) 

540mg Mannitol 
54 0mg Sorbitol 

lmg NaH2?04 

5.8mg MES 
10ml DDH20 pH 5.5 

(F) 
200mg Celluly.sin (Calbiochem) 
50mg Pectinase (macerozyme) 

54 0mg Mannitol 
54 0mg Sorbitol 

lmg NaH2P04 

5.8mg MES 
10ml DDH20 ph 5.5 

(G) 
200mg Cellulysin (Calbiochem) 5mls/.5g 
lOOmg Hemicellulase (sigma) 25°C 
lOOmg Pectinase (macerozyme) 
54 0mg Mannitol 
54 0mg Sorbitol 

lmg NaH2P04 

5.8mg MES 
10ml DDH20 pH 5.5 

(H) 
1% Cellulysin (Calbiochem) 
1% Hemicellulase (sigma) 
0.5% Pectinase (macerozyme) 
10% Glucose 
pH 5.6 

5ml/.5g 
30°C 

No protoplasts after 
6 hours. 

5mls/.5g 
room 
tempera
ture 

No protoplasts after 
6 hours, eliptical 
cytoplasm 

No protoplasts after 
2 hours. 

Some protoplasts 
thin cell wall 
visible under phase 
contrast 4-5 hours 
500-600/5mls. 



Table 8. Enzyme mixture, conditions and results for alfalfa 
callus isolation. 

Enzyme Composition 

Enzyme/ 
Tissue 
Ratio Results 

(i) 
2% Cellulysin (Calbiochem) 
3% Hemicellulase (sigma) 
0.5% Pectinase (macerozyme) 
10% Glucose 
pH 5.6 

(j) . 
2% Cellulysin (Calbiochem) 
4% Hemicellulase (sigma) 
0.5% Pectinase (macerozyme) 
10% Glucose 
pH 5.6 

(K) 
2% Cellulysin (Calbiochem) 
5% Hemicellulase (sigma) 
0.5% Pectinase (macerozyme) 
10% Glucose 
pH 5. 6 

(L) 
Same as (J) 

5ml/.5g Small number of 
30°C protoplasts 4 hours 

500-600/5mls. 

5ml/.56 Cell walls weakened 
30°C few protoplasts 4 

hours 
500-600/5mls. 

5ml/.56 Debris of cell walls 
30°C and cytoplasm. No 

protoplasts. 
Hemicellulase too 
strong 4 hours. 

5ml/.5g More protoplasts 
shaken liberated. Shaking 
30°C for 4 hours 

1000-1500/5mls. 

(M) 
2% Cellulysin (Calbiochem) 
4% Hemicellulase (sigma) 
2% Pectinase (macerozyme) 
10% Glucose 
pH 5.6 

5ml/.5g Many protoplasts 
shaken much debris 
30°C 4 hours 

1500-2000/5mls. 
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Table 3. Enzyme mixture, conditions and results for alfalfa 
callus isolation. 

Enzyme Composition 

Enzyme/ 
Tissue 
Ratio Results 

(N) 
Same as (M) 5ml/.5g 

shaken, 
30°C 
Callus 
condition 
on sucrose 
less media 
for 1 wk. 
prior to 
isolation 

No appreciable number 
of increase in yield 
4 hours. 

(0) 
2% Cellulysin (Calibiochem) 
4% Hemicellulase (sigma) 
2% Pectinase (macerozyme) 
10% Glucose 
25mM CaCl2 

25mM MgSO^ 

10ml DDH20 pH 5.6 

(p) 
Same as (0) + 
lOmM Arginine 

5ml/.5g 
shaken 

5ml/.5g 
Shaken 
3 0°C 

Not much different 
(M) 4 hours 

No protoplasts broken 
wall and cytoplasm 
4 hours. 

(q) 
Same as (P) 5ml/.5g 

shaken 
30°C 
Callus 
conditioned 
1. wk. in 
darkness 

No protoplasts broken 
walls and cytoplasm 
4 hours 
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Table 8. Enzyme mixture, conditions and results for alfalfa 
callus isolation. 

Enzyme Composition 

Enzyme/ 
Tissue 
Ratio Results 

(r) 
Same as (0) 5ml/.5g 

shaken 
30°C 
Callus 
condi
tioned 1 
wk. in 
darkness 

Some protoplast. Not 
significantly dif 
ferent from light 
grown cells. 4 
hours 
500-600/5mls. 

(S) 
Same as (M) 5ml/.5g 

shaken 
30°C 
Callus 
condi
tioned 1 
wk. in 
darkness 

Results as (M). No 
difference light vs 
dark grown. 4 hours. 

(T) 
4% Cellulysin (Calbiochem) 
2% Hemicellulase (sigma) 
2% Pectinase (macerozyme) 
10% Glucose 
ImM Arginine 
10ml DDH20 

pH 5.5 

<U) 
Same as (T) 

5ml/.5g 
shaken 
3 0°C 
Callus 
condi
tioned 
1 wk. in 
darkness 

5ml/.5g 
shaken 
30°C 

No protoplasts 
ruptured cells, 
4 hours. 

No protoplasts. 
Much debris and 
ruptured cells. 
4 hours. 



Table 8. Enzyme mixture, conditions and results for alfalfa 
callus isolation. 

Enzyme Composition 

Enzyme/ 
Tissue 
Ratio Results 

(V) 
4 9% Cell lysin (Calbiochem) 5ml/.5g Some protoplasts 
2% Hemicellulase (sigma) shaken many cell 
2% Pectinase (macerozyme) Pectinase clumps. 4 hours 

10% Glucose pretreat- 500-600/5mls. 
pH 5.5 ment 1 hr, 

(W) 
1% Cellulysin (Calbiochem) lOml/lg Failure 
2% Hemicellulase (sigma) vacume only debris 
1% Pectinase (Macerozyme) infil

10% Glucose trated 
pH 5.6 for 2 

mins 
shaken 
30°C 

Osmotic Requirement 

Assurance of the proper osmolality is necessary to 

the integxty of the protoplast. A variety of solutions 

were used throughout the experiments. Monitoring and 

adjusting the osmolality of the solutions guarded against 

protoplast lysing <Table 6). 

Enzyme Concentration 

The method for isolating alfalfa mesophyll proto

plasts had already been successful, (Johnson et al. 1981; 

Kao and Michayluk 1980) and required no further experimenta

tion. However isolation of alfalfa callus cells had not been 



attempted and afforded the majority of experimentation of 

this project. 

Various empirical experiments were conducted with 

differing combinations of enzymes, buffers and cultural con

ditions (Table 8). The enzyme cellulysin was tested and 

demonstrated to be the most effective. The choice of hemi-

cellulase and pectinase were based on availability and 

literature. Recent literature suggested that the proportion 

and matrix of hemicellulose formed in vitro may be different 

than that formed in vivo. Therefore the concentration and 

activity of the hemicellulase increased in importance. 

After increasing the concentration to twice that of either 

cellulase or pectinase the isolation was successful. VJith 

optimal conditions a enzyme concentration of 1:2:1, cellu

lase and pectinase the isolation proved most satisfactory 

when working with diploid Medicago falcata". .protoplasts from 

callus cells. 

Substrate Concentration 

The substrate concentration may need to be adjusted 

when working with callus cells. This is due to the fact that 

only the outer 25% of cells of the callus are actively 

dividing and will release viable protoplasts. If cells are 

taken from the slice of callus using new and old cells it 

may be that only non viable protoplasts are being isolated 

therefore decreasing isolation efficiency. 
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If cells known to be viable are used the substrate 

concentration may remain the same but isolation efficiency 

will increase. This could be deceiving when determining an 

enzyme concentration. Various enzyme to substrate concentra

tions were tested to determine optimal conditions. The most 

successful concentration is 0.5g .of tissue to 5ml of enzyme. 

Less tissue resulted in more debris than protoplasts while 

more tissue left a large percentage of the callus undigested. 

Additives to the Enzyme Mixture 

Various literature sources suggest additives in the 

enzyme mixture to improve the isolation efficiency (Brar 

et al. 1976; Kao and Michayluk 1981; Snowcroft and Larkin 

1980). Several additives were used and evaluated (Table 8). 

Three categories of additives are commonly used, aminoacids, 

osmoticum and inorganic salts. All additives are thought to 

increase protoplast stability during the actual release from 

the cell wall. 

When working with alfalfa callus protoplasts the only 

important addition to the enzyme complex was the osmoticum. 

Glucose in a 10% solution (w/v) proved adequate. 

pH Adjustment 

The pH is primarily a function of optimal enzyme 

activity and cell growth. A pH of 5.5-6.0 showed very little 

difference in isolation efficiency. V7hen isolating mesophyll 

protoplasts from alfalfa, Johnson et al. 1981 suggests a pH 



5.7. Callus protoplasts of alfalfa were successfully iso

lated at pH 5.6. The media in which they are cultured having 

a pH of 5.7. 

Other Considerations 

Time - The time of incubation (or digestion) depends 

on the type of tissue being used. Callus tissue is most 

succesfully digested with minimal damage at 4 hrs. Leaf 

tissue needs a period of 16-18 hrs to release protoplasts. 

Temperature - With respect to temperature 29° is 

optimal for isolation of either leaf or callus tissue. This 

factor is dependent on enzyme activity rather that tissue 

type. 

Light - This like most^isolations was carried out in 

the darkness to . aleviate the possibility of r.etabolite 

interference. 

Agitation - Often mechanical manipulation, such as 

shaking is used to facilitate breaking the weakened cell 

wall. Gentle shaking was used throughout the entire 

incubation period. 

Mechanical Protoplast Isolator 

The isolator was used to facilitate the release of 

callus protoplasts. This method was only moderately suc

cessful, then using a 4 hour predigestion period with 1.5 

hours in the isolator. Protoplasts were released into the 



outer chamber, however the number was small and the level of 

debris present was high. 

An increase in the pore size of screen was used to 

release larger protoplasts in greater numbers. Excess small 

debris present may be removed by subsequent centrifugations. 

This change may allow for increased yield and a cleaner 

preparation. 

Plant Growth and Protoplast Yield 

Isolation of protoplasts from mesophyll tissue is 

dependent on the age of the leaves from which they are taken. 

To insure a continuous supply of young terminal leaves the 

stock plants were cut back to induce new growth. The 

youngest terminal leaves were collected and two isolation 

techniques were tried. The removal of the lower epidermis 

differed by either peeling off the cell layer (Kao and 

Michayluk 198 0) or macerating the tissue described earlier, 

(Johnson et al. 1981). Both methods were successful how

ever macerating the tissue was more effective in terms of 

time, ease of handling and isolated protoplasts. 

Large numbers of intact protoplasts are visible in 

the crude preparation before any purification has been done 

(Figure 7). However the protoplasts are not an uniform size, 

which became a problem in purification. 



Figure 7. Alfalfa callus cells grow in various shapes with 
strong cell wall increasing the difficulty of 
isolation using enzyme. 
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Callus Growth and Protoplast Yield 

It has been shown in previous experiments that iso

lation of protoplasts in large quantities is dependent on 

the age of the callus. Cells of the outermost portion of 

the callus are active in cellular multiplication. The op

timal condition for protoplast isolation is during the rapid 

cell division on days 4 to 6 for diploid cells, Figure 8, 

and days 3 to 10 for tetraploid alfalfa cells, Figure 9. 

This suggests that the ease of protoplast isolation at this 

point is due to the incomplete development of the cell wall. 

Therefore the enzymes more effectively degrade the newly 

developing cell walls. 

The most effective method for callus protoplast iso

lation has been previously discussed (Table 8). The results 

varied from no success to limited success. This method may 

4 
use as much as 25-3Og of callus to insure a volume of 10 

protoplasts/ml. Protoplasts are not the same size and the 

preparation may contain many ghost cells (empty cell walls) 

and other debris, Figure 10. Other manifestations which are 

speculative (such as this possible tonoplast release) are 

also quite common when isolating from tissue culture cells, 

Figure 11. Cultured cells also grow with various shaped 

cell walls which may also lead to this difficulty of de

grading enzymes ability to attach and be active, Figure 7. 
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Figure 8. Alfalfa diploid growth curve. 
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Figure 10. Alfalfa mesphyll protoplast preparation containing 
ghost cells cytoplasm and vascular debris. 

Figure 11. Alfalfa callus cells releasing the tonoplast 
during enzyme treatment. 
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Purification of Mesophyll Protoplasts 

The removal of debris from the protoplast prepara

tion is necessary to insure successful growth and fusion. 

The macerated leaf tissue contains relatively large debris. 

Filtering and rinsing the preparation through a 150y mesh 

allows most protoplasts to be free of all but cellular 

debris. This remaining debris consisting of ghost cells, 

cell walls and cytoplasm .raises the problem of purification. 

Much of the debris has the same density as the protoplast. 

Several low speed centrifugations remove the smaller debris 

which interferes with the use of a one step gradient system. 

However a one step gradient of percoll, 1.03g/inl density 

outlined previously proved most successful. Several densi

ties and media (Table 9) were tested before a 1.03 density 

percoll solution was decided to be most successful. 

The density of 1.03 is where the majority of the 

protoplasts could be found. The variability of size added 

to the problem of establishing a clean preparation. 

Percoll was chosen over sucrose for its nearly 

osmotically neutral properties. The CaC^ and MES additions 

may aid in membrane and pH stability, respectively. 

Purification of Callus Protoplasts 

The removal of debris from the isolated callus proto

plasts proved to be as difficult a task as isolation. 
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Table 9. Mesophyll protoplast purification techniques. 

Filtration Gradient Results 

94y mesh centrifuged at 
200 x g for 10 min 

95y mesh 

95y mesh 

95y mesh 

95y mesh 

95y mesh 

150y mesh centrifuged 
100 x g for 10 mins 
(3 times) 

1.048, 1.061, 1.076, 
1,037, 1.110 g/cc 
(.4-.8m) sucrose 

no banding 

2.5ml protoplast prep protoplast and 
2.5ml percoll some debris 
1.133g/cc Centrifuge floated to 
5'at 24 00 rpm final surface 
density 1.03g/cc 

2.0ml protoplast prep protoplasts 
2.0ml percoll floated to 
1.133g/cc shake, surface 
final density .9g/cc 

2.Onl protoplast'prep protoplasts 
2.0ml percoll floated to 
1.133g/cc shake, surface 
final density 
1.12g/cc 

discontinuous percoll protoplasts 
densities: 1.016, would not 
1.028, 1.057, 1.067, band 
1.08 2 g/cc centri
fuged various speeds 
and times 

approximately 1.18 9, 
2.378, 4.804, 9.6, 
19.2, 38.4 g/cc 
(1.5, 3.0, 6.25, 
12.5, 25.50 M) su
crose respectively 

Placed in a 1.03 
density g/cc 
Percoll solution, 
3 hours in the 
dark 

protoplasts 
and debris 
at interface 
of 3.0 and 
6.25 

subsequent 
centrifuga-
tions removed 
most debris. 
Protoplasts 
floated to 
surface 
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Several procedures were attempted with little to no success 

(Table 10). The continuous percoll gradient (2-60%) revealed 

one possible problem, with regard to debris. 

Protoplasts did band at several densities, however 

these bands were not separated from debris (such as ghost 

cells or cell wall fragments). A preparation of this kind 

contains protoplasts of various sizes, and debris which 

equal the protoplasts in density. The removal of excess 

debris will have to be successful before placing the 

Table 10. Callus protoplast purification techniques. 

Fitration Gradient Results 

65y mesh 1.045g/cc (,4m), 
1.061g/cc (.5m), 
1.076g/cc (.6m), 
1.087g/cc (,7m), 
l.llg/cc (.8m), 
1.127g/cc (1.0m) 
sucrose and proto
plast media 

Protoplasts remain 
at media level 

none 1.0769g/cc (0.6M) 
sucrose solution 
centrifuge 5 mins. 
at 100 x g 

Some protoplasts at 
surface 
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Table 10. Callus protoplast purification techniques. 

Fitration Gradient Results 

none 

none 

1.127g/cc (1.0M) 
sucrose solution 
centrifuged 5 mins 
at 100 x g 

Sucrose 1.048, 
1.061, 1.076, 
1.087, l.llOg/cc 
(.4-.8m) spun twice 
at 300 x g for 5 
mins. 

Some protoplasts at 
surface 

No separation 

none 

none 

95jj mesh 

Sucrose 1.07 6g/cc Protoplasts found 
solution (2 vols) 
layered on 3 vols 
of protoplast 
preparation. Spun 
at 200 x g for 5 
mins. (0.6m). 

Sucrose 1.127g/cc 
solution (2 vols) 
layered on 3 vols 
of protoplast prepa
ration. Spun at 
200 x g for 5 mins 
(1. 0m) . 

throughout solution 
empty cell walls on 
the surface 

Protoplasts' spread 
throughout gradient 

Percoll + Ca 
++ 

++ 

ng densities 
.273, .364, .455 
.546, .637, .728g/cc 
separate r.olutions 
used for floating 
separation 

and All tissue floated 
to the surface of 
all densities 

95y mesh 2%-60% percoll Protoplasts did band 
continuous gradient but did not separate 
4 000 x g for from ghosts and cell 
mins. wall debris. 
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protoplast in a gradient system. Otherwise a preparation of 

protoplasts contaminated.with debris will have to be used. 

Protoplast Fusion 

The method used to attempt fusion has been previously 

outlined (Kao et al. 1974). An attempt to fuse isolated 

callus and mesophyll protoplasts was only moderately succes

sful. Several protoplasts did fuse but were too few to place 

in culture media. Most protoplasts were lysed during the 

fusion process, possibly the eluting solutions (Table 11) 

were osmotically incorrect. Further fusion trials were 

abandoned due to the inadequate quantity of purified callus 

protoplasts. 

Bleaching Mesophyll Protoplasts 

The difficulty of isolating a white protoplast from 

callus tissue lead to an alternative approach for finding a 

protoplast void of chlorophyll. Chemical bleaching of leaves 

prior to protoplast isolation was investigated. Several 

concentrations of BASF, (herbicide) using different applica

tions were tried .{Table 12). 
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Table 11. Protoplast fusion solutions. 

PEG Solution 

Formulation mM mg/lOml 

PEG 6000 330. 5400. 

CaCl2.2H20 10.5 47. 

KH2PO4.H2O 0.7 0.953 

glucose 100 180. 

PH 5.5 

Eluting Solution A 

CaCl2.2H20 100 4.5 

glucose 400 7.2 

Eluting Solution B 

NaOH-Glycine Buffer 100 0.751 

PH 10. 5 0.454 

glucose 400 7.2 

Mix A and B 1:1 use immediately. 
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Table 12. Bleaching herbicide treatment and results of 
alfalfa mesophyll tissue. 

BASF Concen- Result or % 
tration Application Bleached 

5 X o
 1 

leaves floated in solution 80% bleached 

1 X 10-5 t l  I I  I I  I I  Some lightness 

5 X 10-3 I I  11  I I  I I  Veins red, no 
bleaching 

1 X 10-3 I I  I I  I I  11  20% bleached 

5 X io - 5  cuttings in solution Dead 

1 X 10-5 11 I I  11  Dead 

5 X io" 3  
I I  11  I I  No effect 

1 X io - 3  
I f  f t  I f  New growth 

yellow 

5 X 10~5 watered on potted plant 
as moisture was needed 

New growth 
white; some 
necrosis and 
chlorosis 

Leaves were removed from the treated plant, other applica
tions proved unsatisfactory. Protoplasts devoid of chloro
phyll were isolated using Johnson et al. (1981) methods. 
Purification by previously described methods were successful. 
Protoplast yield was decreased by 50% if compared to an 
unbleached mesophyll isolation. 



CHAPTER 4 

DISCUSSION 

The initial objective was to isolate mesophyll proto

plasts from diploid Medicago sativa L. and fuse them with 

protoplasts isolated from diploid Medicago falcata L. callus 

cells. To successfully reach this goal an isolation tech

nique for alfalfa callus protoplasts had to be devised. 

Methods for isolation of alfalfa mesophyll protoplasts have 

been developed by Kao and Michayluk (1980) and Johnson et al. 

(1981). Though the fusion of alfalfa protoplasts has not 

been tried, success of plant fusion is widespread, (Power et 

al. 1970; Kao and- Michayluk 1974? and Shepard 1979). 

The success of investigators working with other cal

lus cells made the isolation of alfalfa protoplasts from 

callus appear straightforv/ard. Cells viewed under light 

microscopy appeared to be protoplasts, however when the same 

cells were viewed by a phase contrast microscope, weakened 

cell walls were still visible. Removal of the entire cell 

wall is essential when fusion is being attempted. 

Several factors gained importance in the development 

of methods involving isolation of callus protoplasts. First 

an understanding of the possible structure of the cell wall 
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is necessary. Recent research suggests new processes of wall 

development which may play a role in designing enzyme systems 

to digest the wall, (Mueller and Brown 198 0 and Baur et al. 

1973). Secondly, what is the importance of cellulase 

purity when isolationg viable protoplasts? Finally the use 

of callus cells which are known to be viable rather than 

callus which is made of both activly dividing cells (25%) and 

nondividing cells has a significant influence on protoplast 

viability and yeild. 

The complexity of the cell wall of cultured cells has 

been outlined by Albersheim (1975). The amorphous materials 

(pectin and hemicellulose) surrounding the cellulose fibrils 

are the major constituents of the primary cell wall. This 

idea along with the thought that hemicellulose binds together 

cellulose and pectic polysacchardes (Baur et al. 1973), 

tends to decrease the importance of cellulase in the enzyme 

mixture. Much experimentation up to this point was with 

cellulase. However, the importance of hemicellulase in the 

digestion process has become apparent and bears closer in

vestigation. The increase of hemicellulase up to a 4% con

centration made the difference between no success to callus 

protoplasts being isolated. A high hemicellulase content 

in combination with the two previously mentioned factors 

could make callus isolation easier. The importance of 

hemicellulase with relation to the enzyme mixture provokes 



questions concerning the importance of the other enzyme 

components. 

Little information is available concerning pectinase 

in the enzyme mixture. Data presented in Table 8 demon

strates that pectinase alone isolates single cells but not 

protoplasts. This is the important first step in isolation 

of protoplasts, which may have marked impact upon protoplast 

yield. However hemicellulase and cellulase are necessary to 

facilitate total removal of cell walls. 

Cellulase has been assumed to be most important in 

protoplast isolation for some time. Although it is shown 

here that higher concentrations of hemicellulase are re

quired for callus protoplast isolation. A question involving 

cellulase and purity has been proposed and left unanswered. 

Schenk and Hildebrandt (1969) showed purified cellulase to 

improve protoplast yield. Kao et al. (1973) has consistently 

desalted the enzymes used for protoplast isolation. However 

Thomas (1980) found no difference in yield when working with 

a desalted versus commercial enzyme preparations. Most 

recently Patnair et al. (1931) stated purified cellulase 

improved plating efficiency 4 0-50%. 

Cellulase was purified during this study but not 

used in protoplast isolation. It may be that purifying 

cellul-ase acts most importantly to stabilize and lower the 

osmolality of the solution. Osmolality of cellulase was 
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lowered from 223 mOsm to 4 0 mOsm by purification (Patnair 

et al. 1981). This implies the removal of low molecular 

weight compounds (Cocking 1977). With this osmotic stabiliz

ation fewer protoplasts may lyse during isolation explaining 

higher yields, and less damage to the plasma membrane may 

occur (Eriksson et al. 1978) improving plating efficency. 

Another simple method of increasing yield and via

bility is beginning experimentation with actively dividing 

cells. This thought may seem trivial, however recent litera

ture shows not all callus is suitable for protoplast isola

tion (Weisman and Morselli 1981). Only the outer 25% of a 

callus clump is able to reduce NBT (nitro blue tetrazolium) 

indicating viability. 

Perhaps an actively metabolising cell is necessary 

for a protoplast to be isolated without damage or lysing. 

Yield may be increased by using only the outer 25% rather 

than the entire callus. Certainly an increase in viability 

may be realized. 

Efforts were made to purify the callus protoplasts 

isolated. However protoplast yield was low and a sufficient 

quantity of protoplasts were not isolated at any one time to 

permit the large scale purification of alfalfa protoplasts. 

Preliminary studies indicate using a method similar to that 

for purifying mesophyll protoplasts, callus protoplasts 
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could probably be purified. Filtering the cell enzyme mix

ture through a 150ym mesh should remove large pieces of 

debris. Consecutive low speed centrifugation will remove 

most of the small light weight debris. A certain amount of 

contaminants will have to be tolerated. 

However excessive debris will interfere with any 

attempt at fusion. During the preliminary fusion experi

ment excessive debris led to only marginal results. Two 

methods of protoplast culture were attempted using mesophyll 

protoplasts from alfalfa. The hanging drop technique 

Potrykus, et al. 1979) and a filter paper method were evalu

ated (Raveh et al. 1975). Neither method proved successful 

for complete regeneration of plants. Each method did sup

port growth past the cell wall formation and division 

stages, but microcalli did not develop. 



CHAPTER 5 

CONCLUSION 

This study developed and refined a method for the 

isolation of viable protoplasts from alfalfa callus. Tech

niques for purification of mesophyll and callus protoplasts, 

culture and fusion of protoplasts were developed. Various 

parameters, tissue age, enzyme-tissue ratio, pH, osmolality, 

enzyme purity, culture conditions, viability and fusion were 

examined. 

The optimal conditions for alfalfa protoplast isola

tion from callus is lg of 5 to 7 day old callus to lOmls of 

2% (w/v). Cellulysin (Calbiochem), 4% hemicellulase (Sigma), 

2% Pectinase (Rhozyme) in 1% glucose solution in water, pH 

5.7 for 4 hrs with agitation in the dark at 30C. Attempts 

were made to purify isolated protoplasts using both con

tinuous and discontinuous gradients. Various media such as 

sucrose and percoll were used in the gradients. 

Culture of alfalfa protoplasts followed work by Kao 

and Michayluk (1980) and Johnson et al. (1981). Protoplasts 

from mesophyll and callus cells were isolated but were only 

successfully cultured to the microcalli stage. 
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Protoplast research has provided insight into the 

development of the cell wall (Albersheim 1975), plasma mem

brane, (Mueller and Brown 1980), photosynthetic metabolism, 

(Kanai and Edwards 1973; Edward et al. 1978), virus research, 

(Motoyoshi 1971; Takebe and Otuski 1969 and Otuski and 

Takebe 1973) and somatic hybridization (Power, Cummins and 

Cocking 1970; Shepard 1980; Gwynne 1980; Shepard 1979 and 

Kao and Michayluk 1980). 

Genetic engineering and plant breeding may be uti

lized for agriculture and crop improvement (Bajaj et al. 

1973; Bhojwani et al. 1977; Brock 1977 and Gwynne 1980). 

With the isolation of alfalfa callus protoplasts it is 

possible to proceed with fusion of protoplasts from callus 

and mesophyll tissues. The fusion products and subsequently 

regenerated plants could be used to investigate the inter

actions between nuclear and cytoplasmic gene and gene 

products as a model for studies of other agricultural crops. 
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