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ABSTRACT 

Information from tissue culture studies has been 

valuable in understanding cell processes. Until recently, 

cells from the plant and animal kingdoms were studied 

separately, but with current somatic cell fusion 

techniques, interkingdom cell hybrids can now be produced. 

The major blocks to these studies are medica components and 

growth requirements of the different cell types. This work 

addresses the media components problem with the four 

' selection criteria being plant cell tolerance to higher 

temperature, elevated pH, fetal bovine serum, and animal 

media addition. The lines tested belong to the following 

genera: Gossvpium. Daucus. Euphorbia. Lvcopersicon. 

Medicago or Carnegiea. Three lines from the Gossvpium. 

Medicago or Carnegiea generas showed growth under two of 

the four selection parameters. The Gossvpium line grew at 

37°C pH 7.0; the Medicago line grew at (modified) 50% 

animal medium addition.plus 5% fetal bovine serum; and the 

Carnegiea line grew at 37°C with 358 fetal bovine serum 

addition. 

v 



INTRODUCTION 

Tissue culture of both plant and animal cells has from 

its early beginnings provided researchers with an immense 

amount of information and understanding of basic cell 

processes. The interrelationships of cells to one another, 

their communications and interactions, and single cell 

functions have been studied. Until recent years cells from 

the plant and animal kingdoms were studied separately; but 

with the advent of somatic cell fusion techniques 

interkingdom hybrids are now possible. Undoubtedly, 

through studies of these hybrids, much can be learned in 

every field of cell biology from physiology through 

genetics. 

Currently the major stumbling blocks to 

interkingdom hybrid studies are the media components and 

growth requirements of the different cell types. 

Interkingdom hybrids have been made, but generally will not 

divide. Since no animal or plant line is totally flexible 

in regards to its growth requirements, the most practical 

approach to resolving media/growth pattern differences 

appears to be to first select cell lines that show the most 

overall flexibility and then gradually select for desired 

characteristics. The more alike the cell lines, the easier 

1 
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it would be to develop a medium to support their growth 

either as hybrids, or as unfused cells "cohabitating" 

within the same flask. 

The latter possibility would provide opportunities 

for studies on cell-to-cell communications between cells 

from different kingdoms. Questions such as "Can they cross 

feed each other? Do they respond to each others stimuli? 

How do they behave in the presence of each other?1* could be 

addressed. The answer to these questions will not solve 

practical problems such as creating disease resistance in 

cereal crops or curing cancer. They are esoteric 

questions. Their importance or value to current and future 

studies should not be slighted; they are questions whose 

answers will expand our knowledge about cell functions and 

interactions. 

Perhaps, since there is no real organism which 

contains a mixture of plant and animal cells, this study 

would seem an exercise in media manipulation alone. The 

real value will be forthcoming from those researchers who 

will use and expand on the ideas presented in this work for 

their study of interkingdom hybrids. 

This work will attempt to select for plant cell 

lines which will grow under modified animal culture 

conditions. Selection will be effected primarily by 

utilizing some of the major components present in animal 

cell culture, namely, higher temperature, fetal bovine 
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serum, and animal medium (Dulbecco's Modified Eagle's 

Medium and Modified Eagle's Medium) tolerance. By testing 

the plant cell lines by each of these factors separately, a 

determination can be made as to which of these components 

will be the easiest and the most difficult to overcome. 

Results from this study should give more detailed 

information as to which of these culturing conditions 

adversely affects a plant cell line. 
<• 

Previous investigations (Ahkong et al., 1975; 

Hadlaczky et al. 1 980; Dudits et al. 1 976; Jones et al. 

1976; Lima-de-Faria et al. 1977) made no attempt to 

individually test each different component. As a result, 

there was no indication as to which of the culturing 

parameters prevented cell proliferation. 



LITERATURE REVIEW 

Owing to the broad nature of this research problem, 

the background information has been divided into several 

sub-groups, general tissue culture, animal hybrids, plant 

hybrids, and interkingdom hybrids. 

Tissue Culture 

In general, animal cell culture follows a rigid and 

exact set of specifications that allows for few variations. 

This will be discussed in detail later in this section. 

Plant cells are more flexible in terms of cell requirements 

and growth conditions; therefore plant cells should be 

easier to modify. 

The major differences between the culture 

conditions of most plant cells and most normal mammalian 

cells can be broken down into four groups: (1) temperature, 

(2) pH, (3) media components, and (4) growth patterns. 

Each group will be examined individually. 

The temperature requirements for most mammalian 

lines is 37°C in a dark C02 incubator at Q0% humidity and 

5% C02/95? air. Some amphibian and insect cell lines are 

available that will grow at 25°C without a C02 incubator, 

provided some method of gas exchange is maintained. Plant 

4 
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lines are maintained in this laboratory that will grow at 

25°C or 30°C under either light or dark conditions. 

Recommendations for the pH range of animal media 

are.given as 7.2 to 7.6 (White 1963) with the optimum at pH 

7.2. The pH of plant media (agar added) is suggested to be 

5.4 (White 1963). The recommendations are slightly differ

ent if the media has no added agar. 

Media components are, for simplicity, loosely 

divided into three classes: hormones, salts, and 

antibiotics. A few plant lines, called habituated, will 

grow in the absence of added hormones. Most require the 

addition of cytokinin, an auxin, or both in order to grow. 

Animal cells require either some type of serum, or a 

complex moisture of insulin, growth hormones, and other 

factors. The most common serum is fetal bovine (68% of 

cell lines listed in 1981 American Type Culture Collection 

Catalog). If these factors are lacking in part or 

entirely, the animal cells will either not attach to a 

substratum if newly inoculated, or if already attached, 

simply stop at G1 (Shodell and Rubin 1970). The cells then 

remain quiescent until the necessary levels are added 

before resuming the cell cycle. 

The term "salts" represents ingredients other than 

serum and antibiotics added to a medium. A list of the 

elements contained in two different animal media and their 

concentrations are detailed in Table 1. In general, animal 
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Table 1. A list of the elements contained in two animal and 
two plant medias and their molar concentrations 

Animal Media Plant 

Element 

Dulbecco's 
Modified 
Eagle's 

Medium (DMEM) 

Modified 
Eagle's 

Medium (MEM) B5 MS 

Ca 1.4X10"3 1.8X10"3 1.0X10"3 3.0X10™3 

CI 1.2X10"^ 1.3X10"1 2.0X1O-3 6.0X10"6 

Fe+ 2.5X10"7 e 1.0X10"4 1.0X10"4 

• 
N 1.8X10"2 1.1X10"2 2.7X10"2 6.0X10"2 

K 5.4X10"3 5.UX10"3 2.5X10"2 2.0X10™2 

Hg 4.0X10"11 8.0X10"4 1.0X10"3 1.5X10"3 

S 4.0X10"4 1.oxio-4 1.0X10"3 1.5X10~3 

P 9.0X10"4 1.0X10"3 1.1X10-3 1.3X10"3 

Na 1.2X10"1 1.4X10"1 1.1X10"3 9 

a Gamborg et al. 1976. 

* Fe levels rise an undetermined amount with inclusion of 
serum (DMEM, MEM). 

* N includes that added 20 NO. and NHj. for B5 and MS. Includes 
N0^ and amino acids for DMEM, and is solely amino acids for MEM. 
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cells require at least the ten essential amino acids 

although frequently more are added. They utilize dextrose 

rather than sucrose as a carbon source and the level of 

dextrose added is less than that of plant media. The sugar 

level is very probably a reflection on the time the cells 

remain in the medium before transfer. Plant cells may 

remain in or on their medium up to four times longer than 

animal cells. Plant cells can utilize inorganic nitrogen 

and therefore do not require amino acids as such, except at 

times during callus induction. Some callus lines are grown 

on sucrose containing medium, others on a dextrose medium. 

In addition, plant media has a much lower concentration of 

Na+ and Cl~ ions. 

Plant cells are grown on antibiotic-free medium. 

The pH of the medium 'is acidic enough that it keeps 

bacterial contamination very low when used in conjunction 

with aseptic technique. Animal cells are commonly grown on 

antibiotic-containing medium to help control any 

contamination problems. The type of antibiotic used 

depends upon the cell line and the preference of the 

researcher. 

"Growth patterns" is a loosely phrased description 

of the actual physical requirements cells have to 

proliferate. Plant lines can be grown in clonal colonies 

on top of a semi-solid agar medium. They may also be grown 

suspended in a liquid medium. This suspension method 
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requires that flasks be constantly rotated to provide 

proper medium aeration. The cells then go through the cell 

cycle unattached to any surface and proliferate quite 

nicely. They briefly remain as single cells and then 

become small aggregates, or large clumps. Normal mammalian 

cells require adhesion to a surface before they will 

undergo division, and exhibit contact inhibition. They are 

grown either in one cell thick monolayers attached to the 

sides of a flask, or they can be grown on microcarrier 

beads which are then placed in a suspension apparatus with 

liquid medium. Some virus-transformed and some metastatic 

lines will grow/divide in a suspension system similar to 

their plant counterparts; i.e. with no attachment necessary 

and frequently lack contact inhibition. 

Otsuka (1972) in a work using non-transformed 

hamster cells, demonstrated that cells can also be grown in 

petri plates suspended in semi-soft agar. He pointed out 

that growth occured only when swine serum was added. He 

hypothesized that bovine serum contained an agent that 

inhibited neoplastic transformation at 61 . Bump and Reed 

(1977)» in a later work, tested calf (CS), fetal bovine 

(FBS), horse (HS), and swine (SS) serum for levels of 

protein-glutathione mixed disulfides. They found that only 

FBS contained detectable levels of the mixed disulfides and 

hypothesized that these "...may be a reflection of the 

general reducing property of the serum." Apparently, the 
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stage of gestation affects the amount of disulfides present 

with early term having the most and full term having none. 

The hypothesis is then that through reducing power FBS 

inhibits or possibly Just greatly delays neoplastic 

transformation. 

In review, plant cells show a greater flexibility 

in their requirements for growth than do normal mammalian 

cells in each of the four groups listed. For this reason, 

transformed, amphibian, and insect cell lines should not be 

excluded from consideration of possible animal cell types 

for interkingdom hybrid production. 

Animal Hybrids 

The references to cell hybrids throughout these 

three sections refer exclusively to somatic cells. Barski, 

Sorieul, and Cornfert (1960) are quoted in a review paper 

by Davidson (1971) as being the first to observe a 

mammalian hybrid between two aneuploid mouse lines. In the 

more than twenty years following their observation the 

information derived from hybrids has been tremendous. 

Tedious human pedigree analysis, used to determine gene 

location, quickly gave way to studies of preferential loss 

of human chromosomes from human-mouse hybrids (Ruddle et 

al. 1971). This technique and others have enabled the 

identification/location of at least one gene on every human 

chromosome (McKusick and Ruddle 1977). Studies on the 



number of subunits an enzyme possessed were also advanced. 

A hybrid cell, producing both parental forms of an enzyme 

might show a third or fourth isoelectric point for that 

enzyme, thus proving a multimeric enzyme whose subunits 

were also "hybrid." Until this point most studies of gene 

regulation were done using bacteria. Fusing differentiated 

and non-differentiated cells gave new opportunities for 

regulation studies in eukaryotes (Davidson 1971)* 

The practical advantages to studying animal 

hybrids, from population and evolution studies to cancer 

treatments, were evident. 

Plant Hybrids 

Plant cell fusions are fairly new in comparison to 

animal cell fusions. Fusion of plant cells differs from 

animal cells, basically because of the possession of a cell 

wall surrounding the plasmalemma. Removal of the cell wall 

and the subsequent formation of protoplasts allows fusion 

to occur under the proper conditions. Gene mapping by 

means of fusion is greatly behind the advances made in the 

animal field, although the practical advantages are just as 

great to researchers and even greater to the agricultural 

industry. Breeding studies take years to improve even two 

or three traits in a cultivar. Fusion and subsequent 

regeneration of a plantlet takes a few weeks to a few 

months and hundreds of homogenous plantlets can be 



regenerated at one time. At this time, it is only possible 

to regenerate some plants from a limited number of species. 

Suffice it to say that while most animal studies on 

fusion-induced hybrids are on cell structure, function or 

chromosome behavior (mapping), most plant studies of fusion 

are aimed at determining whether viable plants can be 

ultimately derived from the fusion product. 

Interkingdom Hybrids 

Throughout this work, the term hybrid denotes a 

fusion product in which the nuclei of the parent cells have 

fused. A heterokaryon is a fusion product in which the 

nuclei remain unfused within a common cytoplasm. Few 

interkingdom hybrids have been reported. The majority of 

the work has been done on interkingdom heterokaryons, 

athough there appears to be some confusion in the 

literature regarding the nomenclature. Since fusion rates 

between cells are low, it follows that nuclear fusions 

within that small group should occur at an even lower rate. 

For this reason, and the fact that both interkingdom 

hybrids and heterokaryons face the same media problems, the 

two are intertwined in this section. The earliest report 

on an interkingdom heterokaryon was by Ahkong, Howell, and 

Lucy in 1975. The parent cells were hen erythrocytes and 

yeast protoplasts. Subsequent reports detail fusions of 

HeLa and carrot (Dudits et al. 1 976), HeLa and tobacco 



(Jones et al. 1976), human and Happlopappus (Lima-de-

Faria, Eriksson, Kjellen 1977), human and Arabidoosis 

(Sidorov et al. 1978), and tobacco and hamster (Mastrangelo 

and Mitra 1981) to name a few. The reason behind the 

choice of cells used varies with the researcher. Ease of 

manipulation, cultivation, and availability of cells were 

frequently named. Relative size of the two cells was given 

as an important reason by Ward (pers. comm. 1982), who 

stated that "If one cell type is much larger than the other 

the media required by the heterokaryon is likely to be more 

like the medium required by that larger parental cell." 

Lima-de-Faria et al. (1 977) selected Happlopappus cells 

because of the plant's tolerance to high temperature and 

salt conditions. These were two excellent reasons to 

choose the plant material, but in reality the group did not 

study the resulting interkingdom hybrid. The main 

objective was to test Lima-de-Faria's chromosome field 

theory; that is, if chromosomes of the different kingdoms 

are similar enough then fusion of the two cells should 

occur. This is circular reasoning since if they fuse they 

are similar and thus they are similar because they fuse. 

Actually, fusion is a reflection of cell membrane 

properties, not chromosome organization (McCammon and Fan 

1977). 

The problem of stimulating division of a hybrid or 

heterokaryon remains. One researcher reports that division 



occured in one or both of the nuclei (Hadlaczky et al. 

1980) within the heterokaryon, but most researchers report 

no division occurs even though the heterokaryon may remain 

viable for up to fourteen days (Ward pers. comm. 1982). A 

few researchers favor the animal conditions by making the 

heterokaryon medium at 100$ animal medium (Mastrangelo and 

Mitra 1981; Lima-de-Faria et al. 1977). .Others have had 

more success by mixing different percentages of animal and 

plant media (Hadlaczky et al. 1980). Possible reasons why 

the heterokaryons do not divide, or divide as such low 

rates, could be that: (1) the final media mixture or 

culture conditions may be wrong for one or both of the cell 

lines, or (2) the physical differences are so great that 

division completely breaks down. To distinguish between 

these two hypotheses, the logical step would be to select 

for cell lines that will grow in the final media alone, 

unfused. If these cells grow and divide normally for some 

number of generations, unfused, a failure of division of 

the heterokaryon or hybrid derived from these cells would 

seem to indicate physical differences between the two cell 

lines that cannot be resolved. 



MATERIALS AND METHODS 

Ten different cell lines comprising six different 

genera were tested. Nine of those were subjected primarily 

to temperature studies as cost of the treatment was lower 

than for any other experimental group. Four lines had some 

component of animal media added to their normal medium. 

The cell lines are grouped under their common names. 

Saauaro 

Saguaro (Carnegiea gjgantea) callus was initiated 

from whole seedlings on B5 induction media (Gamborg et al., 

1976) in February of 1982 by Mr. Carl Garnaat. The callus 

was grown at 30°C in a dark incubator with eight weeks 

between transfers for three transfers. The maintenance 

medium is as follows: MS Major Salts (10X) 60 ml; MS Minor 

Salts (1000X) 0.6 ml; MS Vitamins (100X) 6.0 ml; KI Stock 

0.6 ml; FeEDTA Stock 3.0 ml; B-1 Stock 0.18 ml; 6BA (0.2 

mg/ml) 0.6 ml; 2,4-D (0.2 mg/ml) 0.6 ml; sucrose 18 gm; 

ddHgO to 600 ml; pH to 5.6; and agar 6 gm. After the 

callus was donated by Mr. Garnaat it was placed in a dark 

Queue 37°C CO,, incubator at 80? humidity and 5% 00^/95% air 

(Queue system) for one transfer before FBS experiments were 

begun. The experimental group had 3% FBS (BioLabs) added 

14 



to the maintenance medium replacing the water to volume. 

For example, using the medium recipe above, for a 3$ FBS 

mixture, ddHgO would be to 582 ml, the mixture autoclaved 

and 18 ml FBS added under sterile conditions. The flasks 

are swirled to promote even mixing and then poured into 

sterile tubes before agar solidification. Both 

experimental and control treatments were inoculated from 

the same parent calli and the inocula averaged 0.05 gm in 

fresh weight. 

Both treatments were grown for twenty six days 

between transfers in the Queue system. Three serial 

transfers were done for each treatment. After the third 

transfer the 3% FBS treatment was inoculated onto tubes 

containing 10£ FBS (made as was 32). Two serial transfers 

were done for the 10£ and control treatments. Treatments 

were arbitrarily assigned a group designation for ease of 

discussion. The saguaro callus is hereafter referred to as 

the CG-1 callus. 

Alfalfa 

Seeds of a salt-tolerant alfalfa (Medicago sativa 

var. Mesa Sirsa) were obtained from Dr. A. Dobrenz. Callus 

was initiated from the hypocotyl region of whole seedlings 

on B5 induction media. Callus was also initiated on 

different mixtures of plant (B5) and animal (DMEM-Flow) 

medias. These mixtures were a variation of true 



volume/volume mixes. Mixes had 100$ of the plant medium 

components but the water; animal medium was used to make up 

the amount of water left out for a particular percentage 

mix. For example, the recipe for 500 ml of B5 medium is 

listed in Table 2. The volume of water added to make 500 

ml is roughly 320 ml. A 50/50 mixture would have water 

added only to the 250 ml mark before sterilization. The 

remaining volume of 250 ml would then be added as animal 

medium under sterile conditions, after autoclaving the 

plant medium, and before agar solidification. The mixture 

is then vigorously swirled to ensure proper mixing and 

poured into sterile tubes. In every case, when FBS was 

added to the modified v/v mixtures it was considered as an 

animal medium component and so was substituted in for it 

and not the water. For example, a 50/50 mixture with 10$ 

FBS would be made as listed for the 50/50 mix above (500 ml 

total) except 50 ml FBS would be added to 200 ml DMEM, 

swirled, and then added to the sterile plant medium. The 

mixtures used for experimental groups were 50/50, 50/50 + 

5% FBS, and 50/50 + 10? FBS. 

The alfalfa callus, unless otherwise noted, is 

grown at 25°C + 2°. Light cycle is 16 hours light and 8 

hours dark with 102 uEm -2 sec -2 light at the base of the 

tubes. Inoculum size on all tubes averaged 0.05 gm fresh 

weight. Callus was grown for four weeks between transfers 



Table 2. Recipe for 500 ml of B5 medium. 

Component Amount 

B5 Major Salts (10X) 

B5 Minor Salts (1000X) 

B5 Vitamins (100X) 

KI Stock 

FeEDTA Stock 

2,-4-D (0.2 mg/ml) 

6BA (0.2 mg/ml) 

Sucrose 

ddH20 to 500 ml volume 

pH to 5.5 

Agar 

50 ml 

0.5 ml 

5 ml 

0.45 ml 

2.5 ml 

10.0 ml 

0.5 ml 

1 0 gm 

5 g 



for a total of ten months. Within that time the original 

animal medium (DMEM) used ran out and was inadvertantly 

replaced with MEM (Gibco). Vhen problems arose with the 

MEM, DMEM (Gibco) was then substituted for the MEM. The 

University Analytical Center performed an analysis on the 

tubes of MEM (mod. 50/50) which is located in the Results 

and Discussion section and listed in Table 6. Some of the 

callus on 50/50 was transferred into the Queue system to 

test for temperature tolerance. The callus remained there 

for four weeks. The alfalfa callus is referred to as st-aa 

callus. 

Cotton 

Four different cotton (Gossvpium hirsutum L.) lines 

were studied. The first cell line, an anther callus from 

Stoneville 2B, was initiated in 1976 by D. Williams. This 

callus (agar grown) is hereafter referred to as SV callus. 

SV callus is normally grown at 30°C + 1° at 3 to 5 uEm -2 

sec -2 in N2 medium. The recipe for N2 is found in 

Appendix A. Transfer is every two weeks. SV callus was 

transferred into the Queue system in August 1982 where it 

showed vigorous growth. The callus has remained vigorous 

for eleven months in this system with transfers every four 

weeks. 

After acclimation to the Queue system (two 

transfers), one half of the SV callus was inoculated onto 
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medium of pH 7.0 rather than the previous pH 5.6. SV 

callus growing at 25°C light (the conditions are identical 

to those of the st-aa line) was also split into these same 

two treatments. The callus at pH 5.6 in the Queue system 

was phased out due to limited incubator space. 

Animal/plant media mixtures were made in an identical way 

as those described in the st-aa section. The plant medium 

was always made at pH 7.0 when animal medium was going to 

be added. Treatments were arbitrarily assigned a group 

designation for ease of discussion. 

The second cotton line was a three year-old root 

tip callus of Deltapine 16. Normal growth conditions are 

identical to those of SV except the agar medium is 2B. The 

recipe for 2B is located in Appendix A. This line is 

referred to as H2B callus. H2B was transferred into the 

Queue system and remained there for eight weeks. 

The third cotton line, a subclone of SV, is noted 

for strong growth in suspension. Growth in agar is under 

the same (normal) conditions as that of SV. This cell line 

is called SV-SUS. SV-SUS callus was placed in the Queue 

system for four weeks. 

The fourth cotton line was induced from A-1 stem in 

1980. Medium is identical to H2B callus and normal growth 

conditions identical to those of SV callus. This last line 

is called A-1 stem and it was placed in the Queue system 

for four weeks. 
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Tomato 

Two different lines of tomato fLvcopersicon 

e3culentum) callus were tested. Both normally grow at 30°C 

+ 1° with 3 to 5 uEm -2 sec -2 light. The first line was 

derived in 1980 from a salt tolerant variety obtained from 

Boyce Thompson Southwest Arboretum. Transfer is every four 

weeks on tomato callus medium. The recipe for this is 

found in Appendix A. This line is referred to as ST-69 

callus. 

The second cell line, named Ace, was derived in 

1980 from seeds obtained from Aggeler and Musser Seed Co. 

Transfer is every four weeks on tomato callus medium. Both 

St-69 and Ace lines were placed in the Queue system for 

four weeks. 

Carrot 

Carrot (Daucus carotal callus is normally grown in 

suspension at 25°C with 16 hours light (102 uEM -2 sec -2) 

and 8 hours dark on Tisserat and Murashige's (19.77) medium 

with 2,4-D. Ten percent animal medium (formulated as per 

example in the alfalfa section) was added to the carrot 

medium and the cells were grown for six weeks. This line 

is called Golden King (GK) callus. 

Gopher Weed 

Euphorbia (Euphorbia lathvris var. "Chico") callus 

was initiated on B5AF induction medium from the hypocotyl 



region of whole seedlings in 1981. Callus was then 

subcultured on B5 salts with 0.25 mg/1 NAA without 

cytokinin for eight months. Normal culture conditions were 

identical to those of st-aa callus with transfer every four 

weeks. Callus was then placed in 37°C dark conditions for 

four weeks. The 37°C dark incubator should not be confused 

with the Queue system; there is no air exchange nor 

humidity provided with the former. This line is hereafter 

referred to as Eu callus. 

Plating 

An alternate method to using fresh weight for 

measuring growth is plating. SV callus is digested for 24 

to 36 hours using sterile macerozyme R-10 (Yakult Mfg. Co. 

Lt., Japan). The solution is then filtered through 150 um 

mesh and the eluent centrifuged at 3000 rpm for 10 minutes. 

The pellet is washed with liquid N2 medium and 

recentrifuged. This step is repeated twice. The pellet is 

resuspended in 10 ml of liquid medium and the cell 

concentration determined using a hemacytometer. The 

appropriate mis of the cell solution are then mixed with 5 

ml of semi-soft N2 (0.6? agar) medium and poured as a top 

layer on pre-poured plates. The plates are allowed to dry 

for 24 hours then inverted and allowed to incubate in the 

dark for 30°C for 4 weeks. The number of colonies per 

plate are then counted and used as an index for growth. 
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Plating can also be done using suspension cultures 

thereby avoiding the use of enzymes. The packed cell 

volume (PCV) must first be determined. One gram (fresh 

weight) of SV callus yields 5 million protoplasts (Thomas 

1980) therefore 1 gm = 1 ml = 1 PCV. Cell concentrations 

can be determined once PCV's are known. The remaining 

steps, after cell number determination, are identical to 

those given above. 



RESULTS AND DISCUSSION 

This section is subdivided into four sub-sections: 

CG-1, st-aa, SV, and general results and discussion. 

Discussion of any of the other seven cell lines is 

incorporated into the general sub-section as they did not 

survive their respective treatments. The plating results 

are also included in the general sub-section. Growth of 

the calli in all treatments was measured by statistical 

comparison of fresh weights. Comparisons were done using a 

students t-test within and across treatments. 

CG-1 

Results of the students t-test are given in Table 

3. The within treatment variations between the five 

control treatments (groups I-V) are statistically 

significant. The CG-1 callus line apparently was not 

sufficiently acclimated to the Queue system before 

experiments were begun. This acclimation process is 

reflected in the statistical increase in mean gram fresh 

weight over time. The 3% FBS added treatments (groups 

VI-VIII) showed significantly better growth than their 

corresponding controls (groups I-III) and their within 

treatment variation was acceptable. This lack of within 
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Table 3. Results of two levels of Fetal Bovine Serum 
(FBS) addition on growth of a saguaro (CG-1) 
callus line in agar. 

Group+ 
(mod) % 
FBS Added 

Gram (Fresh) 
Weight) Mean 

Standard * 
Error 

I 0 0.51 a 0.07 

II 0 0.70c 0.05 

III 0 0.95° 0.12 

IV 0 1.49db 0.07 

V 0 1.89® 0.10 

VI 3 1 .30b 0.09 

VII 3 1 .47b 0.09 

VIII 3 1 .27b 0.09 

IX 10 0.2 8f 0.06 

X 10 0.37f 0.04 

a,b,c,d,e,f Means differ significantly [t>2]. 

Treatments were arbitrarily assigned a group desig
nation for east of text discussion. FBS was added to 
control plant medium in a modification of true v/v 
mixtures (see Materials and Methods, subheading 
saguaro). All lines were grown in the Queue 37°C C0_ 
incubator in the dark at 80? humidity and 5% 00-/95* 
air. Initial inocula averaged 0.05 g and gram fresh 
weight was determined at 26 days. All were serial 
transfers, and the last 3% FBS added treatment (group 
VIII) was used to inoculate the first 10% FBS added 
treatment (group IX). 



treatment significance indicates that there was no 

selection occuring at the 3% level. In comparing the 

control treatments (groups I-III) with the 3% FBS added 

treatments (groups VI-VIII), there appears to be some 

benefit derived from FBS addition at this low level. It is 

not clear from where this benefit is derived. The most 

logical hypothesis would be increased iron content of the 

medium from FBS addition. The "benefit" from 3% FBS 

addition previously mentioned must somehow become a 

detriment as the percentage of FBS is increased. This is 

reflected in the results of the control (group IV, V) 

versus the corresponding 10$ FBS added treatments (group 

IX, X). When the medium containing 10$ FBS was made, it 

turned milk-white upon addition of the FBS. The control 

and 3% FBS added media remained clear. The hypothesis is 

then that the high level of FBS (10$ versus 3%) triggered 

some media reaction. This reaction may have altered the 

availability of certain nutrients to the callus, thus 

reducing it's growth abilities. 

Using standard errors as a measurement of 

heterogeneity among callus lines, there appears to be a 

great deal of homogeneity in the cells that make up the 

CG-1 callus. Animal media was not used on this line since 

both of the other cell lines had some amount of animal 

media added. In this way, the effect of serum alone could 



be observed without any complicating effect of animal 

media. 

st-aa 

Results of the students t-test are given in Table 

4. Using growth on the 50/50 mix (group I) as a standard, 

growth on both FBS treatments could be compared. The 

purpose was to determine any possible effect, positive or 

negative, FBS might have on cell growth. When comparing 

growth of callus on the 50/50 (group I) and the 50/50 + 5% 

FBS (group II) treatments, no statistical difference is 

observed. The same holds true when comparing growth of 

callus on the 50/50 + 555 FBS (group II) and the 50/50 + 10% 

FBS (group III) treatments. The difference becomes 

significant only when comparing growth rates on 50/50 

(group I) versus those on 50/50 + 10? FBS (group III) 

treatments. The results seem to indicate that there is no 

significant difference between the three treatments until 

group I and group III are compared. Apparently the effect 

FBS has on st-aa growth is not statistically significant 

unless added at a level higher than 5%. The beneficial 

effect of added serum may be the same one felt by the 3% 

FBS CG-1 callus; i.e. the increased iron content of the 

medium. The fact that the 50/50 + 1 0? FBS medium did not 

show any visible difference from the other two mixtures, 

and that the callus grew better points to a mediating 
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Table 4. Results of animal media and Fetal Bovine Serum 
(FBS) addition on growth of a salt tolerant 
addition alfalfa (st-aa) callus line in agar. 

Gram 
Added Levels (Fresh 

(mod %) of Animal Weight) Standard 
Group"*" Media and FBS Mean Error 

I 5056 + 0% FBS 0.92a 0.06 

II 50% + 5? FBS 1.44ab 0.28 

III 50% + 10? FBS 1 .56b 0.10 

IV 50% + 0% FBS 0.29° 0.05 
in Queue System 

a'k'c Means differ significantly [t>2]. 

+ Treatments were arbitrarily assigned a group desig
nation for ease of discussion in the text. Animal 
medium and FBS were both added in a modification of 
true v/v mixtures (see Materials and Methods, sub
heading alfalfa). Groups I, II and III were grown at 
25°C + 2° with 103 uEm -2 sec -2 light in a 16 hour 
light" 8 hour dark cycle. Group IV grew at (Queue) 
37°C in a dark CO, incubator with 5% 00^/95% air and 
80% humidity. Initial inocula size averaged 0.05 and 
gram fresh weight was determined at 28 days. 



effect on serum by addition of animal medium. This is in 

contrast to the growth of CG-1 10% FBS callus line. 

The high "salt" concentration of the media mixtures 

would tend to have a negative effect on growth rates of the 

callus. The fact remains however, that they did grow. The 

point in not comparing growth to a true control (0% animal 

medium) in the agar cultures, was that if the callus even 

grew on fairly high percentages of animal medium the 

experiment would be considered a success. That the callus 

would grow better on a control medium is rather a foregone 

conclusion. Referring to Table 1, the modified 50/50 mix 

doubles the concentration/liter of some elements (Ca, N, P) 

and increases by a factor of 110 the sodium concentration. 

There was a significant decrease in growth of the 

callus transferred to the Queue system (group IV). This is 

not surprising, since tolerance to high temperature 

appears, at least from this work, to be a fairly rare 

phenomenon among plant cells. 

Suspension cultures were attempted on this line 

using a modified 1555 DMEM/85? B5 mixture. There was no 

growth in the suspension cultures so the experiment was 

discontinued. 

The media mixtures were made up under modified v/v 

conditions because it was felt that the callus had a better 

chance of survival. By providing 100? of the necessary 

plant components (except U^0) the calli were assured of, at 



least, a base level of the necessary elements. Addition of 

animal media would test the tolerance of the cells to 

"salt" conditions (primarily Na+ and Cl") but would not 

deprive them of any necessary nutrients. It was also felt 

that if the calli could grow under these extremely salty 

conditions, it might be indicative of their ability to grow 

on a true v/v mixture which would have a lower salt 

concentration. Unfortunately, time restraints prevented 

any excursion of this work into that area. 

An explanation as to why the modified v/v 

treatments were only done once needs reference to Table 5. 

After any mod. 50/50 media mixtures were made up with MEM, 

a white ring appeared at the top of the agar in every test 

tube. This ring appeared only after agar solidification 

and became most apparent two or three days after pouring. 

Analysis of this ring (CD-1) and a bottom section (CD-2) of 

each tube indicates precipitation of the Ca and possibly 

some of the Mg when the media are mixed. Solidification of 

the agar forces the precipitate to the surface where the 

inoculum rests. The fact that Ca and Mg were tied up in 

the precipitate and therefore unavailable, points to the 

cells dying from lack of proper nutrient levels. The DMEM 

shows this precipitate at a lower level. Previous to 

taking data, these calli were grown for eight months on 

whatever animal media was at hand and frequently these 

media were mixed with the same treatment. Hams F-10 and 



Table 5. Analysis of 50 (B5)/50 (MEM) 
treatment medium. 

« 
1. Results of CHN Analysis 

Sample %N iC 

C0-1 1.73 29.94 

CO-2 1.87 32.01 

2. Results of Atomic Absorption 

Sample CA( uff/X) Mfff UR/1) 

C0-1 1.74 964 

CO-2 <0.1 870 

ia 
5.56 

5.20 

« 
Spectroscopy 

ULa 

3.75 

4.09 

* 
University Analytical Center, 1983. 



L-15 (Flow) were both used in addition to DMEM. Both have 

a lower concentration of Ca than DMEM and MEM, perhaps low 

enough that precipitation was not triggered. The fact that 

the calli grew better before the MEM addition cannot be 

substantiated by any data. 

£1 

Results of the students t-test are given in Table 

6. Statistical comparison of the two pH treatments at 25°C 

(groups VIII-XI) indicates no difference in growth rates. 

These cells appear to be unaffected by media pH changes. 

In the animal systems a range of 5*6 to 7.0 would be 

untolerable, yet SV callus shows no statistical 

"preference" for one over the other. Comparison of the two 

temperature differences indicates that the callus grows 

better in the Queue system (groups I-IV) than at 25°C 

(groups VIII-XI) regardless of pH. The fact that SV grows 

so well in the Queue system is puzzling. One would expect 

a callus line originated from a normal ploidy cell to show 

a greater growth range than one from an anther culture. 

Doubtless the anther culture has become polyploid by this 

time, and perhaps also become "heterozygous" at some number 

of loci through mutation. This phenomenon would also be 

expected to occur in the normal ploidy cell mentioned 

above. In which case, it should still be expected to show 

greater flexibility in terms of growth requirements than 
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Table 6. Results of different levels of pH, temperature animal media 
on growth of a cotton anther (SU) callus line in agar. 

(mod) % 
Animal/ Gram (Fresh Standard 

Group Temp % Plant Media pH Weight) Mean Error 

I Queue 0/100 7.0 3.53d 0.48 

II Queue 0/100 7.0 W 0.17 

III Queue 0/100 7.0 4.20d 0.24 

IV Queue 0/100 7.0 3.92d 0.30 

V Queue 30/70 7.0 2.10° 0.24 

VI Queue 50/50 7.0 Vl4b'd 0.92 

VII Queue 50/50 7.0 diede died 

VIII 25° 0/100 5.6 2.43a 0.33 

IX 25° 0/100 5.6 2.37a 0.26 

X 25° 0/100 7.0 #2.l6a 0.13 

XI 25° 0/100 7.0 2.06a 0.19 

a,b,c,d,e jjeans differ significantly [t>2]. 

Treatments were arbitrarily assiged a group destination for ease 
of text discussion. Animal medium was added as a modification of 
true v/v mixtures (see Materials and Methods, subheading alfalfa). 
The temperatures were either 25°C + 2° with 102 uEM -2 sec -2 
light in a 16 hour light, 8 hour dark cycle, or (QUEUE) 37°C with 
555 C02/95£ air and 80$ humidity. Initialinocula size averaged 
0.05 g and gram fresh weight was determined at 28 days. Repeats 
within experimental treatments were from serial transfers. 

Had an additional 14 days between transfers; total time was 42 
days. 



one derived from an anther. It is not clear why this (SV) 

cotton callus grows so well in the Queue system while the 

other three cotton lines (SV-SUS, H2B, A-1 stem) which came 

from the same original temperature and light conditions 

should die after one or two exposures to the same system. 

The fact that they were derived from different normal 

ploidy tissues only adds to the puzzle. The answer may lie 

in the fact that all but one were from different cultivars. 

Growth on plant/animal media mixtures (groups 

V-VII) gave conflicting results when compared to that of 

the pH 7.0 Queue system groups I-IV. Group V did not grow 

as well as the control in Queue (group I). Group VI did as 

well as group I although the very next transfer that callus 

showed no growth at all (group VII). The statistical 

results on comparison of animal media addition to that of 

pH 7.0 in the Queue system are inconclusive when the 

attending circumstances are explained. The Na+ and Cl" 

concentrations of MS salts (N2 medium) were much lower than 

that of B5 salts (B5 medium). When animal medium was added 

strong selection was exerted on the cotton cells. This was 

observed in the comparison of group I to group V. Growth 

of the callus in group VI was extremely variable as 

evidenced by the high standard error. In addition, the 

group VI had an additional two weeks between transfers. It 

was this fact and the high SE that caused the t-test 

results between groups I and VI to be acceptable. The 



inference here is that those cells able to "adapt" to the 

new salty environment grew well, those that could not, did 

not. There are two possibilities as to why group VII would 

not grow. The first and most likely possibility is that 

the animal medium (MEM) used inhibited growth (see 

explanation in the st-aa section). If this was truly the 

case, then it might have been possible, with the correct 

animal media, i.e. no precipitate, to continue selecting 

for SV cells that would grow at the 50/50 level. The 

second possibility is that the growth seen on one transfer 

was indicative of the fact that the cells could go for one 

transfer only on the high level of animal media; two would 

kill them. The questions remained unresolved when group 

VII died. Animal medium selection was begun on these cells 

at an initial level of 5% and gradually increased. Within 

the time constraints of this study it was not possible to 

reselect and bring the cells up to the 50/50 level for 

additional testing. Suspension cultures were attempted 

using both 25°C and Queue callus lines. As the suspension 

apparatus was under the 25°C conditions, the callus from 

the Queue system did not adapt well to the temperature drop 

so it was discontinued. Callus from the 25°C conditions 

grew too slowly so it too was abandoned. 
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General 

SV was the only cell line used in the plating 

experiments. This was the case as the amount of callus 

from the st-aa line was not sufficient to work with and 

there is no published reference on saguaro protoplast 

isolation. Preliminary observations indicate that a cell 

concentration of 2.5 to 5 million cells/plate is necessary 

for growth of the SV cells. This concentration is too high 

to permit counting of individual colonies. H2B, SV-SUS, 

A-1 stem, Eu, ST-69» Ace, and GK lines did not survive 

their respective treatments. In the interest of time the 

treatments were not repeated. The majority of the cell 

lines chosen for testing possessed, as plants, some 

desirable characteristic such as high temperature or salt 

tolerance. Saguaro and cotton are known for tolerance to 

higher environmental temperatures, while one of the tomato 

and the alfalfa lines were known to be salt tolerant. The 

carrot cells demonstrated salt tolerance after selection on 

their suspension culture. The euphorbia and second tomato 

line were tested even though they possessed neither of the 

two characteristics mentioned above. If the callus failed 

to exhibit the particular trait the plant was noted for, at 

least to the degree being tested, then no other experiments 

were attempted on that cell line. 

A large number of cell lines were tested in hopes 

of detecting one that could bridge one or more the major 
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differences between the plant and animal culture 

conditions. As a cell line showed growth under one 

condition, a second treatment was added to determine how 

far growth progressed as more experimental treatments were 

added. 



CONCLUSIONS 

This work has shown that some of the differences 

between tissue culture conditions of animals and plants can 

be resolved. These results indicate that FBS is beneficial 

to at least the two lines tested when added at low levels 

or in conjunction with animal media. This may not hold 

true for any other callus line. pH modification would seem 

to be the one factor that could be tolerated by more lines 

than just the two tested .(the st-aa line because it was 

mixed with animal media was made up at pH 7*0). Tolerance 

of high temperature and high salt conditions by callus 

cells are generally exhibited only if the original plant 

also showed these traits. The fact that all three lines 

tested showed growth under two of the animal culture 

conditions reinforces the statement that plant cells are 

more flexible in their growth requirements than animal 

cells. 

The following suggestions are offered for those who 

may wish to take up where this work leaves off and attempt 

to solve the "media problem." 

(1) In selecting the plant cell line and the animal 

cell line, one should not reject any cell line out of hand 

simply because it is "exotic" or unfamiliar. 
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(2) A choice of which temperature (25°C or 37°C) 

preferred should be made according to the facilities 

available and before the plant cell line is selected. In 

any case, the plant cell line should be chosen first. This 

should be so that the researcher does not lock in on the 

conditions required by a specific animal line. The 

objective is to bring a plant line as far as possible 

towards the animal conditions then based on the final 

conditions make a survey of the possible animal cells. 

(3) The easiest route would be to choose a callus 

line that is grown on dextrose, shows salt tolerance, and 

will grow in suspension. The line must be able to yield 

protoplasts or it is worthless for fusion purposes. If the 

protoplasts are relatively large, it is preferable to a 

cell line that has small protoplasts. The larger size, 

upon fusion, usually means that the animal cell is 

completely or mostly covered by the protoplast. In that 

case, the medium could be more "plant-like." 

(4) A survey of every animal media available needs 

to be made to determine which one(s) has the closest 

resemblence to the plant medium used. In a suspension 

apparatus, different concentrations of these should then be 

attempted. Mixes of the media and also original media 

should be attempted to determine the optimal growth. Once 

that is known, additions of different concentrations of 

serum can be attempted. An alternative to serum may be 
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serum-substitutes. It is very important that the callus be 

able to grow on this medium for at least three to four 

serial transfers. 

(5) Once the plant cells have been "taken to their 

limit," the final conditions will be known. The animal 

cells should now be chosen according to the media and serum 

concentrations tolerated by the plant lines. 

(6) Hopefully, more than one animal cell line will 

come under consideration. Appropriate concentrations of 

plant hormones should be added first to determine which, if 

any of the lines will grow. If growth will not occur in 

the presence of plant hormones then the plant line must be 

able to either grow for one transfer without hormones or be 

able to grow continuously (habituated) without them. 

(7) Different percentages of the plant medium 

should be gradually added to the animal cell's medium. If 

acclimation over several transfers is not enough, perhaps 

mutagenesis should be considered. The cells must grow in 

the final medium for four to five serial transfers alone, 

unfused. 

It is highly unlikely that random choice of cell 

lines will result in two lines that will grow well in the 

same medium. It is equally unlikely that two favored or 

familiar lines will do the same. In order for the 

possibilities to be at a maximum, all cell lines should be 

considered for their traits, regardless of whether they are 



40 

metastatic or not highly characterized. Once systems 

(media/culture conditions) have been worked out by this 

trial-and-error scheme, the knowledged derived may enable 

researchers to develop other more difficult media in which 

even more widely divergent cells may be cultivated. 
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N2 MEDIUM 

10* MS Major Salts (10X) 

0.1$ MS Minor Salts (1000X) 

0.1? KI Stock (1000X) 

0.1? B1*HC1 (1 mg/ml) 

0.5? FeEDTA Stock 

0.2? NAA (1 mg/ml) 

0.01? 6BA (1 mg/ml) 

1 g/1 Inositol 

30 g/1 glucose 

5.6 pH 

1? agar 



2B MEDIUM 

10$ B5 Major Salts (10X) 

0.1$ B5 Minor Salts (1000X) 

1$ B5 Vitamins (100X) 

0.009$ KI Stock (1000X) 

0.5$ FeEDTA Stock 

0.01$ NAA (1 mg/ml) 

0.5$ 2iP (0.2 mg/ml) 

30 g/1 glucose 

5.6 PH 

0.8$ agar 



TOMATO MEDIUM 

10$ MS Major Salts (10X) 

0.1? MS Minor Salts (1000X) 

1? MS Vitamins (100X) 

0.1? KI Stock (1000X) 

0.5? FeEDTA Stock 

0.2? NAA (1 mg/ml) 

0.05? 6BA (0.2 mg/ml) 

30 g/1 sucrose 

5.6 PH 

1? agar 
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