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PROPOSITION III 

It has been shown that neoplastic transformation in 

vivo is a complicated process involving many intermediate 

stages (Barrett & Ts'o, 1978). Recently, in vitro, 

it has been shown that neoplastic transformation in hamster 

embryo cells involves several stages (Barrett, et al., 

1977; 1978). After two weeks of incubation of hamster 

embryo cells with a carcinogen benzo [a] pyrine (BP), some 

morphological changes are detected and there is enhanced 

fibrinolytic activity. After about 10 weeks more than 

90% of the cultures which survive have increased fibrino­

lytic activity and go through morphologic changes. 

18 percent of these cultures acquire the ability to grow 

in soft agar; they become anchorage independent. 

Evidence exists for the interdependence of neoplastic 

transformation and anchorage independency (Sponditos & 

Simmovitch, 1977). Sponditos and Simmovitch (1977) have 

also shown, that the anchorage independence can be 

transferred by metaphase chromosomes. BP treated cells 

which have not yet acquired anchorage independence can 

grow in soft agar after a transfer of chromosomes of cells 

which are anchorage independent. The implication of this 

fact is that there is a genetic mechanism or mutation 

which causes anchorage independence. 
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Results, which show that mutations caused by carcinogens 

are not the reasons for transformations, have been 

collected. It has been shown that for every mutated cell 

there is at least 10 cells which are transformed (Chan & 

Little, 1978). However, there have been studies which have 

estimated the ratio of transformation to mutation by a 

carcinogen, as high as 500:1 (Parodi & Brombilla, 1977; 

Barrett, et al., 1978). These studies, of course, imply 

that a mechanism exists for transformation and it is not 

caused by somatic mutations. 

A recent study of mouse fibroblast cells has shown 

that both chemically and virally transformed cells can 

be classified into different populations depending on 

their ability to start tumors in syngeneic mice (Patek, 

et al., 1978). Patek, et al. (1978) found that some of 

the transformed cells called "0" cells have the ability 

to grow in agarose yet they do not start tumors in normal 

or in immunodeficient (T cell depleted) mice. They found 

that other cells, labelled I, start tumors in immuno­

deficient mice but not in normal mice. In this case 

Patek, et al (1978) suggest that this di~ference in tumo­

genecity is due to the fact that normal mice have more 

natural killer cells than the immunodeficient mice. 

Finally, another cell population was found from which 

cells (labelled C) injected into both normal and immuno­

deficient mice start tumors. They propose that although 
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they do not have any evidence for the possibility that 

all these cell populations are steps in the same mechanism 

of transformation (O+I+C) they do show that there is an 

additional necessary event in the I cells, which causes 

cancer only in immunodeficient cells, toward complete 

transformation (I+C). 

However, there may be another explanation for the 

previous experiments. Recently, Bittner & Ruddon , (1976) 

and Gehly, et al. (1979), have shown that there is a time 

dependency of the effectiveness of chemical carcinogen 

to cause transformation in 3T3 and lOT 1/2 mouse cells. 

They have shown that cells which are in their growing 

stages have a higher rate of hydrocarbon hydroxylase 

activity. This activity drops as the cells reach con­

fluence. However, once confluence is reached the hydro­

carbon hydroxylase activity is restored. Further, 

confluent cultures in used up media have a very low level 

of hydrocarbon hydroxylase activity. Addition of a fresh 

media results in rapid increase in the hydrocarbon hydroxylase 

activity (Bittner & Ruddon, 1976). A dependence of 

transformation on the concentration of chemical carcinogen 

(BP) has also been shown in embryonic hamster cells 

(Huberman & Sacks, 1966). 
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In order to prove that there is a single transforma­

tion in mouse fibroblast cells it is proposed that a 

study of the time of incubation by the carcinogen and 

concentration dependence of the different cell populations 

should be carried out on the described system of Patek, 

et al. (1978). The study found that 70% of the chemically 

treated cells are in the "last" detected state of trans­

formation while only 20% of the cells are in the I state. 

If the distribution of the cells between the 0, I and C 

states is dependent on the time of incubation with the 

carcinogen than the O+I+C mechanism is plausible. If the 

decrease in the time of incubation results in lower num­

ber of transformed cells with the same distribution, than 

the O+I mutation is independent of the O+C mutation. 

Similar studies of the transformation with varying 

concentrations of carcinogen is proposed. 

Further it is proposed that the I cells should be 

cloned without the presence of carcinogen. In this case 

the hydrocarbon hydroxylase activity decreases. Then these 

cultures should be tested for the number of spontaneous 

transformation by injecting them into normal and immuno­

deficient mice. The number of cultures which causes 

tumors would show how stable the I state is. Following 

these experiments, the carcinogen again should be added 

to the culture. If significantly higher than 70% the I 
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cells transform under these conditions to the C state than 

that means that I is an intermediate stage in the trans­

formation. If only 70% of the I cells transform that 

implies that there are two independent transformations 

in this sytem. 

It would be also interesting to obtain data on the 

distribution of W, I, and C cells if the carcinogen is 

added before confluence, at confluence or after confluence. 

These studies are currently being done in Dr. Melvin 

Cohn's laboratory (private communication). The dependence 

of the populations on the concentration of the carcinogen 

should also be studied. Further it is proposed that the I 

cells should be cloned without the presence of carcinogen 

than they should be tested for their effect on normal 

and immunodeficient mice. If their effect have not changed 

again carcinogen should be added in different states of 

of the culture cycle and see if the I+C transformation occurs. 

If the I+C transformation is independent of the O+I trans­

formation one would expect that ~ 70% of the I cells would 

transform to the C state. If on the other hand I is an 

intermediate in an O+I+C mechanism then one would expect 

all the I cells to transform. 
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PROPOSITION IV 

Nitrogenase is a large protein complex. This complex 

is responsible for N2 fixation and reduction in plants 

(Ljones, 1979). Besides reducing N2 it is capable of 
+ reducing N20, N3-, C2H2, HCN, CH 3NC, H . The reduction of 

N2 happens by the following equation: 

- + . + N2 + 6e + 12Mg ATP+ 8H + 2NH4 + 12M~ ADP+ 12Pi 

It also hydrolyses at least ZATP/e however this ratio 

varies. In some cases the ATP toe ratios can reach up 

to 10:1 (Ljones & Burris, 1972). The reduction of N2 to 

NH 3 uses a lot of ATP even though this reduction is an 

energetically favored process. The ATP is used to over­

come a large activation energy. 

There is a lot known about the structure of nitro­

genase (Ljones, 1979). It is known that it is comprised 

of two parts: the Fe protein which contains only irons 

and "Mo Fe" protein which contains both molybdenums and 

irons. The Fe protein binds ATP and ADP. The ESR spectrum 

of Jvb Fe protein does not change in the presence of ATP 

(Bui & Mortenson, 1968; Orne-Johnson, et al., 1972). 

The Fe protein has a molecular weight of 55000-65000 

daltons and has two identical subunits each of which binds 

one ATP. After the second ATP is bound, a structural 
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change occurs (Ljones & Burris, 1972; Ljones, 1979). The 

Fe protein is only functional when it is in its reduced 

form (Kelly & Lan g , 1970; Yates, 1972). Reduction of the 

protein is accomplished by Na 2s2o4 in vitro and by NADPH, 

or by chloroplast activity in vivo (Yates, 1972). Due 

to its similarity to ferrodoxin it is proposed that a 

Fe 4s4 group is its functional unit (Gillan, et al., 1977; 

Ljones, 1979). This structure is like a cage which is 

held by the protein by four cysteine residues. When the 

Fe protein is reduced and 2ATP binds to it, the cage 

becomes exposed to water. This fact is supported by the 

fact that the cage is more accessible to chelating agents 

(Walker & Mortenson, 1974) and the Fe protein has an 

ESR spectra which is similar to the one obtained under 

denaturing conditions, as in the presence of urea 

(Zumft, et al., 1973). 

The transferred electron is then used by the MoFe 

protein to reduce its substrate. After every electron 

transfer the MoFe-Fe protein complex falls apart . 

(Hageman & Burris, 1979). Although it is not known where 

substrates bind to this protein it is, however, believed 

that the Molybdenums are involved (Chatt, et al., 1969; 

Ljones, 1979). There are two molybdenum and 16 irons in 

the MoFe protein (Shah & Briehl, 1977). It has also been 

shown that the rrolybdenums and irons are part of a cofactor 



211 

which can be separated from the rest of the protein. Fur­

ther, this cofactor can carry out 80% of the activity 

of the full protein (Shah & Briehl, 1977). 

It is not known how the nitrogen binds to the MoFe 

protein. Inorganic complexes bind N2 in two ways: in 

one case it is bridged between two metals, in the other it is 

bound in end-on fashion to the metal, (Winfield, 1955; 

Chatt, et al., 1975; Shilov, et al., 1971; Manrriquez & 

Bercaw, 1974). An interesting change has been detected 

by Chatt et al. (1969) in the IR frequency of this 

complex: [Re Cl(Nz)(P Mez Ph)4] when MoC1 2 ·2 Et 20 was 

added. Free N2 has a stretching frequency of 2371 cm -1 

which changes to 1922 -1 cm when it is bound by the complex. 

Addition of MoC1 2 ·2 Et 20 however changes its infrared 

b · to 1 6 8 0 cm -1 . Th · h t a sorpt1on 1s c ange represen s an over-

all change of 100 kcal in the binding energy. Thus the 

IR stretching frequency of N2 is quite sensitive to its 

binding mode. 

The results of Ljones (1973) suggest that CN 

inhibits the Fe protein even though the MoFe protein can 
+ reduce it to CH4 and NH4 . Bui and Mortenson (1968) 

found however, that CN does not bind to the Fe protein. 

CO and NO are also potent inhibitors of the protein even 

though both get reduced by nitrogenase. CO is a non-
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competitive inhibitor while NO is a competitive inhibitor 

of nitrogen reduction (Burris, 1976). 

IR spectroscopy has been used to study the binding 

of oxyge~ carbonmonoxide and nitric oxide to hemoglobin 

and the binding of azide to methemoglobin (Caughey, 1978; 

Satterlee, et al., 1978; Maxwell & Caughey, 1976; Perutz, 

et al., 1978). With the development of Fourier transform 

IR it has even been possible to detect the weaker infrared 

absorption of sulfhydryls in hemoglobin (Bates, 1976; 

Alben, et al., 1974; Bates,et al., 1975). Therefore 

an IR study of the binding of CO, NO, N2 by nitrogenase 

is proposed. The absorptions can be detected in a n2o 

solution as has been shown by Maxwell and Caughey 

(1976) since in the region in which all these ligands 

absorb, between 2200-1500 cm-1 
' 

D20 absorbs weakly. 

The way N2 binds can also be determined from its absorp-

tion as has been indicated by Chatt, et al. , 1969. The 

stretching frequency of N2 is quite sensitive to the way 

in which it is bound. Competitive studies can also be 

carried out, e.g., in the case of NO and N2 . The different 

binding sites of CO from N2 should also be detected by IR. The 

effect of reduced Fe protein in the presence of ATP on the 

MoFe protein can also be studied. All these studies 

should contribute to what is known to the structure and 

function of nitrogenase. 
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PROPOSITION ·V 

There is a need for the development of new methods 

to follow metabolic changes in plants. Methods which 

have been developed use expensive and hi ghl y sophisticated 

equipment or they are inconvenient to collect routine data 

(Wolk, et al. 1976; Meeks, et al., 1978; Bauer, et al. 

1977; Schaefer, et al., 1979). The best available data, 

about the use of nitrogen in the metabolic pathways of 

plants, follow 13N labelling of plant tissues after incu­

bation of plants with 13N2 . 13N decays with a half life 

of 10 minutes, therefore the experiment has to be finished 

in less than two hours (Wo:USet al., 1976). Another ex -, 

periment uses 15N labelling and it is detected by spectro­

metric analysis after a laborious extraction and separation 

of the labelled material (Meeks, et al., 1978; Bauer, 

et al., 1977). This method suffers from the complicated 

method for the separation of metabolites and from the 

destruction of the plant tissue which may cause irreversible 

changes in the sample. Therefore, the results of this 

study are not very reliable. 

Another method has been tried used solid state 15 N 

NMR (Schaefer, et al., 1979). This method uses highly 

expensive instrumentation and although it detects the 15 N 

labelling it does not differentiate between amino acids 
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very well. The only conclusion this method has produced 

is that the plant can use both NH4+ and NO 3 as nitrogen 

source. 

Recently useful information has been obtained from 

the 31 P and 13c NMR of intact cells about their metabolism. 

These include red blood cells (Moon & Richards, 1973; 

Henderson, et al., 1974), muscle cells (Hoult, et al., 

1974; Burt, et al., 1976) and yeast cells (Burt, et al., 

1976). Further studies of rat live mitochondria gained 

information about oxidative phosphorylation (Ogawa, et 

al., 1978). These results show that ATP to ADP conversion 

results in OH uptake from the cytoplasm and H2Po4 release 

inside the mitochondria. All of these results support 

Mitchell's (1961, 1966) theory of chemiosmotic coupling. 

The detection of 31 P NMR signals has also been pos­

sible in whole rabbit hearts (Hollis, et al., 1978; 

Nunnally & Hollis, 1979). These studies have shown that 

reduction in coronary flow (ischemia) results in lowering 

of the intracellular pH and increase in the orthophosphate 

concentration with a drastic decrease in the conc~ntration of 

creatine orthophosphate. 

Further results have been obtained by the specific 
13c labelling of glycerol in rat liver cells and following 

its uptake and usage by 13c NMR. The results show the 

production of glutamate, aspartate lactate, etc (Cohen, 

et al., 1979). A study of Friend leukemic cells has also 
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been carried out by 15 N NMR (Lapidot, et al., 1975). 

15 However, a general N source, glycine, was used to 

label the cells so useful structural information has not 

been gained. 

In order to learn more about the metabolic behavior 

of plant cells a study of the metabolism of cyanobacteria 

(blue-green algae) is proposed. The possibility that 13c 

NMR can be obtained on algae is suggested by the study 

of the 13c NMR of red algae (Bhattacharjee, et al., 

1979). The effect of light, and nitrogen source like, 

Nz or NH 4No 3 should be studied. Although 15 N NMR spectra 

of algae would be the most interesting spectra to study 

of these cells, its information would be limited to long 

term effects due to the low signal sensitivity and it is 

not very sensitive to differences in amino acids as 

shown by Lapidot, et al., (1975). However, nitrogen fixa­

tion should result in increased amino acid formation and 

increased usage of ATP. The detection of the depletion 

of ATP due to the formation of amino acids, and the 

amino acids themselves, should be possible using 31 P and 
13c NMR. The effect of too little and too much light, lack 

of nutrients, etc. should be studied in algae. These 

studies then can be used as a control for the studies 

of the plant tissues. The most obvious plant tissue 

which can be studied by this method is the sap. However, 
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the detectl·on of 31 P by NMR. 1 d t k f 1n eaves,po s, ors oc so 

plants should also be explored. Later, data can be ob­

tained by whole plant Zeugmatography. This method can 

map the distribution of metabolites or phosphorous 

nucleotides throughout the plant (Lauterbur, 1977). 

This information would be useful in the study of trans­

portation of metabolites in plants. 

Since no physical technique is available for evalu­

ating the metabolic state of plants it would be useful to 

explore the possibility of using NMR techniques in this 

area. 
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