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ABSTRACT 

Tobacco mosaic virus (TMV) is an RNA molecule 

protected by a coat of aggregated protein subunits. In 

1962, Siegel, Zaitlin, and Sehgal isolated two unusual 

mutants of TMV in which the infectious principles were 

labile, in contrast to the parental strain which is very 

stable. They believed that, in the host, the RNA in these 

mutants was not protected by coat protein. One of these 

mutants (PMg) engendered a non-functional coat protein but 

the other (PM^) gave no reaction with TMV antiserum in 

interfacial ring tests and was considered to be "protein-

less." However, such evidence is not conclusive proof that 

PM^ does not have a viral coat-related protein, as the 

protein may be sufficiently different in amino acid composi

tion to preclude its reaction with TMV antiserum. This 

study was undertaken to determine if PM^ has a non

functional viral coat protein (PM^ protein) and if so to 

study its properties. 

Using a more sensitive serological test Rappaport, 

Siegel, and Zaitlin were able to detect PM^ protein by 

using PMg antiserum. Their findings were confirmed in the 

studies reported in this thesis; furthermore, it was found 

that PM^ protein sedimented into the pellet fraction when 

homogenates of PM^-infected leaves were centrifuged at 
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12,000 x for 20 minutes. This finding was surprising 

since both the intact TMV particle and TMV coat protein 

subunits are soluble after centrifugation at this force. 

Three postulates were advanced to explain why PM^ 

protein is associated with the pellet fraction of the 

homogenates: 

1. PM^ protein adheres to particulate matter that is 

sedimented upon low-speed centrifugation. 

2. PM^ protein is within a cell organelle that is 

sedimented upon low-speed centrifugation. 

3. PM^ protein is itself a large enough aggregate to 

sediment upon low-speed centrifugation. 

The first postulate was tested by homogenizing 

infected leaves in high pH buffers (pH 8.6 Tris-HCl and 

pH 8.6 borate buffer) or a high salt concentration (l M 

NaCl). These treatments as well as dialysis failed to 

solubilize PM^ protein. 

The second postulate was rejected since experiments 

designed to disrupt the cell organelles which sediment upon 

low-speed centrifugation, did not solubilize PM^ protein. 

The cell organelles were disrupted by homogenizing the 

leaves in buffers containing either 1% desoxycholate or 5% 

Triton X-100. 

In testing postulate three, PM^-infected leaves 

were homogenized in 67% acetic acid, which is known to 
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disaggregate TMV coat protein. After this treatment, PM^ 

"protein was soluble at 12,000 x , but some of the protein 

was associated with the pellet fraction after a 105,000 x 

centrifugation. However, by homogenizing infected tissue 

in 100% acetic acid and incubating the acetic acid extract 

at room temperature for 1 hour, most of the PM^ protein was 

soluble after a 105*000 x _g.» centrifugation. The PM^ 

protein solubilized in acetic acid could be re-precipitated 

when the pH was adjusted to 5*2 with NaOH. 

These results suggest that PM^ protein is present 

in leaf homogenates as an aggregate. 



INTRODUCTION 

Viruses are known to be a .nucleic acid molecule 

encapsulated by a protein sheath which serves to stabilize 

and protect the labile nucleic acid. The nucleic acid 

molecule contains all of the genetic information necessary 

for synthesis of the complete virus particle. A virus 

particle of tobacco mosaic virus (TMV), for example, is a 

ribonucleic acid (RNA) molecule encapsulated with approxi

mately 2200 identical protein subunits, each containing 158 

amino acids. 

Some hosts respond to certain virus infections in a 

hypersensitive manner resulting in the death of the in

fected cells. These necrotic areas, called local lesions, 

normally contain a large number of infectious virus 

particles which, when transferred, usually incite many 

infections. In i960 Siegel noticed some of the local 

lesions incited on Nicotiana glutinosa L. by nitrous acid-

treated TMV did not induce detectable infections when the 

lesions were transferred to Nicotiana tabacum L. var. 

Samsun (tobacco). In an extension of this study, Siegel, 

Zaitlin, and Sehgal (1962) isolated 2 strains which were 

difficult to transfer to other hosts by mechanical inocula

tion using plant sap in phosphate buffer. Further investi

gation revealed that the infectious principles of these 2 

1 



strains were labile. This led Siegel «jt al_. (1962) to 

conclude that the ribonucleic acids in both mutants were 

not encapsulated by protein sheaths in the normal manner 

and appeared to be "proteinless.M However, PM -infected 
A 

leaves were found to contain a readily-detectable virus 

coat protein which was defective and would not aggregate 

around TMV-RNA properly. When purified, PM^ protein may be 

aggregated at low pH to form loose double helices in con

trast to the tight helix formed by common TMV protein tinder 

these conditions (Zaitlin and Ferris, 1964). PM protein 

differs from native TMV coat protein in that 2 of the 158 

amino acids in the subunit protein have been substituted; 

a threonine by isoleucine and a glutamic acid (glutamine) 

by aspartic acid (asparagine) (Zaitlin and McCaughey, 

1965). 

Siegel and co-workers (1962) suggested that PM^-

infected tissue may not contain a protein (PM^ protein) 

related to native TMV coat protein. PM^-infected plant-

homogenates clarified by centrifugation did not react with 

TMV antiserum in interfacial ring tests. In addition, the 

homogenates did not contain the low molecular weight 

protein (HXM protein) normally associated with TMV infec

tions. "X" protein is identical to disaggregated TMV coat 

protein ("SM protein) and apparently represents coat 

protein which has not been incorporated into virus rods. 



The phenomenon of "proteinless" (or preferably, 

defective) viruses is not unique to TMV. There is evidence 

that 3 other plant viruses, namely tobacco necrosis virus 

(Babos and Kassanis, 1962; Kassanis and Welkie, 1963)4 

tobacco rattle virus (Cadman, 1962; Cadman and Harrison, 

1959; Sanger and Brandenburg, 1961), and pea early-browning 

virus (Gibbs and Harrison, 1964), have naturally-occurring 

strains which are defective. 

The concept of defective viruses is still too new 

for its full importance to be appreciated. It is quite 

probable that a number of diseases now called "physiological 
} 

disorders" are in fact infections by defective viruses. 

Also,-many known virus diseases from which no virus can be 

extracted may be incited by defective viruses. For 

example, further investigation may reveal dahlia mosaic 

virus to be a defective virus. This virus is difficult to 

transfer mechanically, but was transferred readily when 

Lawson and Taconis (1965) used the liquid nitrogen technique 

designed by Sanger and Gold (1962) to transfer unstable 

viruses. 

There is also evidence which suggests that cancer 

may be incited by defective viruses. It appears that 

several tumors induced by viruses, Rous sarcoma virus 

(Hanafusa, Hanafusa, and Rubin, 1964), SV40 (Black et al., 

1963; Rapp et^ al^. , 1964; Sabin et al. , 1964; Todaro, Green, 

and Goldberg, 1964), Polyoma virus (Todaro et al., 1964; 



Weisberg, 1963)? and Shope papilloma virus (Xto and Evans, 

1961; Noyes and Mellors, 1957)* undergo a transformation to 

a malignant state. In the transformed cells, no virus 

particles can be found, but virus-related antigens are 

present. 

Herpes simplex virus, another animal virus, has an 

unusual strain. Inoculated cells of human origin resulted 

in normal infections; however, infected dog kidney cells 

did not contain any detectable virus particles, although 

viral coat protein was present (Aurelian and Roizman, 1965; 

Roizman and Aurelian, 1965)* This phenomenon resembles the 

conditional lethal amber mutants of the T^D bacteriophage. 

These amber mutants infect one strain of Escherichia coli 

producing normal phage particles; however, in another 

strain of IS. coli, the infection is apparently abortive, 

producing incomplete viral coat protein. The chain length 

of each coat protein is different for each amber mutant. 

The explanation given for this behavior is that in one 

host, the codons (triplet codes for amino acids) make 

sense and code for amino acids, but in another host at 

least 1 codon is nonsense, coding for nothing. The loca

tions of the mutations in the genome for the coat protein 

have been mapped and correspond to the chain ^engths of the 

coat proteins (Sarabhai ejt al. , 196^). 

As can be seen, the concept of defective viruses is 

new and challenging. I decided to study one of the 



defective strains of TMV, PM^. PM^ is an unusual mutant of 

TMV. There are many mutants of TMV which have altered 

coat proteins; some of the viral coat protein subunits have 

as many as 17 amino acid substitutions (Tsugita, 1962), but 

even the most altered TMV coat protein still reacts with 

antiserum made in response to common TMV. If PM^ is unable 

to incite the formation of a viral coat protein, it would 

be the first virus reported to have this property. On the 

other hand, if PM^-infected tissue does contain a TMV 

related coat protein (PM^ protein), this protein would have 

very unusual serological properties. This study was under

taken to determine if PM.^ protein existed, and if so, to 

study its properties. 



METHODS 

Care and Culture of PM^-Infected Plants 

The PM^ culture used in this study was obtained 

from Dr. Zaitlin and was maintained in tobacco plants 

(Nicotiana tabacum L. var. Samsun). The plants were 

inoculated when they had about 6 leaves. To effect transfer, 

PM^-infected leaves were ground in a cold mortar containing 

a pinch of sand, some Celite (diatomaceous earth, Johns 

Mansville Corp.), and about 10 ml of cold 0.1M Tris-

phosphate buffer, pH 8.6, a buffer described by Sarkar 

(1963). The PM^-infected plant sap was rubbed as quickly 

as possible onto tobacco leaves with a plumber's dope 

brush, and the inoculated leaves were rinsed within 5 

minutes. All glassware and reagents were sterilized by 

heat to avoid contamination by the non-defective strains. 

The inoculated plants were placed on a special table used 

only for PM^-infected plants and were always kept separated 

so they would not touch one another. The plants were trimmed 

after flowering; the cut was made just above the highest 

inoculated leaf. This activated the axillary buds in the 

infected areas and favored systemic spread of the infection. 

PM^ symptoms are first expressed as little yellow 

spots which gradually enlarge. The infection, upon 



contacting a vascular bundle, follows it to the mid-rib, 

moving down through the petiole, into the stem. The infec

tion moves slowly up the stem and out into new, uninfected 

leaves via the petiole, becoming a systemic infection. 

All of the PM^-infected plants were checked 

visually each week for contamination by the common strain 

of TMV; any contaminated plants were discarded. The plants 

were trimmed periodically when they started to bloom. A 

new razor blade was used for each plant to prevent contami

nation by any unnoticed non-defective virus strains. 

In the experiments using PM^-infected leaves, only 

systemically-infected leaves with at least 1/3 of the leaf-

area infected were selected; extracts of leaves with old 

infections did not react as well in serological tests 

designed to detect PM^ protein. Therefore, leaves with old 

infections may contain less PM^ protein than young recently 

infected leaves; however, no comprehensive study has been 

made of this. 

Preparation of Antiserum 

Prior to injecting the rabbits with viral antigen, 

50 ml of blood were taken from each animal by cardiac 

puncture to provide "normal," or non-immune serum. The 

blood was maintained at 37°C for 2 hours to clot. The 

serum (fluid) was separated from the clot after centrifuga-

tion in a clinical centrifuge. The rabbits were allowed 



to rest for 1 week before injecting them with viral 

- antigen. 

Three antisera were prepared: TMV antiserum was 

made in response to the intact tobacco mosaic virus 

particle. "S" protein antiserum is a pooled antiserum 

from 2 rabbits which were injected with disaggregated 

TMV coat protein ('•S" protein). Similarly PM^ antiserum 

is a pooled antiserum from 2 rabbits which were injected 

with disaggregated PM^ protein. 

TMV antiserum was prepared by injecting the rabbit 

through the ear vein with 2 mg of intact TMV per injection 

on 10 alternate days. After the rabbit was allowed to 

rest 3 weeks, 2 mg of TMV were injected intraperitoneally. 

Two days later it was injected subcutaneously, with 2 mg 

of TMV followed by a final intravenous injection of 2 mg 

of TMV 2 days later. 

The disaggregated TMV coat protein used to prepare 

"S" protein antiserum was prepared by Mrs. Ruth Smith 

according to the method of Fraenkel-Conrat (1957)• "A 

solution of 2 mg/ml of MS" protein in pH 8.6 Tris buffer 

was emulsified in an Omnimixer with an equal volume of -

Freund's complete adjuvant (Difco). Two ml (2 mg total 

protein) were injected into each rabbit on alternate days. 

One ml was injected subcutaneously above the shoulders and 

1 ml intramuscularly in the thigh muscle. After 8 injec

tions, the rabbits were allowed to rest for 3 weeks; then 
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they were injected subcutaneously and intramuscularly on 

three alternate days. 

Antiserum to PM^ protein was prepared in the same 

manner as "SH protein antiserum. The PM^ protein used was 

either obtained from Dr. Zaitlin or purified by the method 

outlined by Zaitlin and McCaughey (1965)* 

To determine when to obtain serum of the highest 

antibody concentration (titer) after the final injection, 

3 ml of blood were taken from the ear every other day 

starting seven days after the last injection until the 

— titer reached its maximum,"as determined by floe time. The 

floe time measures the time required for a visible precipi

tate to form after a known dilution of antiserum is added 

to a known concentration of antigen. When the titer began 

to drop, 50 ml of blood were taken by cardiac puncture. To 

replace partially the fluid removed, the rabbit was given 

25 ml of 1% glucose and 0.8% NaCl intraperitoneally. Again 

the antiserum was removed from the blood using the same 

method.used to prepare the normal serum. Two days later 

50 more ml of blood were taken; the serum was collected and 

pooled with the earlier sample. 

Bioassay 

The infectivity of TMV was determined by bioassay 

on Nicotiana tabacum L. var. Xanthi-nc. (Xanthi). Xanthi 

is a hypersensitive host and when inoculated with TMV, 
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necrotic local lesions appear on the leaves at each site of 

virus multiplication. Within a limited range of virus 

concentrations the number of infectious virus particles 

present in the inoculum is proportional to the number of 

local necrotic spots incited on Xanthi. However, individual 

leaves as well as individual plants differ in sensitivity 

to TMV, also the right and left leaf-halves inadvertently 

may be rubbed in a different manner during inoculation. To 

compensate for these differences a Graeco-Latin square 

design was used. In this design every treatment is compared 

with every other treatment on an opposite half-leaf. Each 

treatment appears on each leaf level twice (once on each 

side) and appears on 12 of the 13 plants once. This type 

of design should remove the differences between plants, 

leaf ages, and leaf halves. In general, a 10% variation 

between identical, replicated treatments is experienced. 

The experimental design used was the 13 x 6 Graeco-

Latin Square (Table l). This means that thirteen plants 

with 6 leaves each were used. The plants were the same age 

and were trimmed so that all 6 leaves on each plant were as 

comparable as possible. 

All inocula contained 50 mg Celite per ml of 

solution. The solutions were rubbed onto the leaves with 

washed plumber's dope brushes. 



12 
11 
10 
9 
8 
7 

5 
4 
3 
2 
1 
13 

11 
10 
9 
8 
7 
6 

/ 

TABLE 1 

The 13 x 6 Graeco-Latin Square Design Used for the Bioassay 

II III IV V VI 

2 13 3 1 4 2 5 3 6 4 
3 12 4 13 5 1 6 2 7 2 
4 11 5 12 6 13 7 1 8 2 
5 10 6 11 7 12 8 13 9 1 
6 9 7 10 8 11 9 12 10 13 
7 8 8 9 9 10 10 11 11 12 

VIII 
j 
IX X XI XII 

8 6 
i 

9 7 10 8 11 9 12 10 
9 5 10 6 11 7 12 8 13 9 
10 4 11 5 12 6 13 7 1 8 
11 3 12 4 13 5 1 6 2 7 
12 2 13 3 l 4 2 5 3 6 
13 1 1 2 2 3 3 4 4 5 

, Key: Plant Number (Roman Numerals) 

Left-Half Leaf Right-Half Leaf 
Treatment Number Treatment Number (Top) 

(Bottom) 

H 
H 
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Serological Test for PM^ Protein 

The serological test for PM^ protein is dependent 

upon two facts: First, the infectivity of TMV can be 

reduced by the antibodies in TMV antiserum (Rappaport and 

Siegel, 1955)• In addition the antibodies can be removed 

from TMV antiserum by reacting the serum with a related 

antigen. Using these 2 phenomena, Rappaport, Siegel, and 

Zaitlin (19&3) devised a serological test to detect PM^ 

protein. 

In general terms (the specific details will be 

presented later), the antiserum was first reacted with a 

plant extract and then centrifuged at 144,000 x j£. to 

remove any antigen-antibody complexes from solution. This 

centrifugal force will not sediment unreacted antibodies. 

The supernatant solution (hereafter referred to as absorbed 

serum) was then mixed with TMV and subsequently bioassayed. 

The number of lesions obtained was compared to the controls 

of TMV mixed with untreated antiserum and with TMV mixed 

with buffer or TMV mixed with various leaf extracts. In 

this procedure, if no viral related antigens were present 

in the leaf extract, no antibodies would be removed when 

the leaf extracts were used to absorb the antiserum. Thus, 

when the absorbed antiserum was mixed with TMV, the viral 

infectivity should be the same as virus mixed with untreated 

antiserum. On the other hand, if all of the antibodies 
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were removed from the antiserum by absorption with the leaf 

extracts, the viral infectivity should be the same as virus 

mixed with buffer. Intermediate situations may also exist 

where the leaf extracts may remove only part of the anti

bodies, leaving some in the solution to reduce the viral 

infectivity when the absorbed antiserum and virus are 

bioassayed. 

It is known that some plant extracts may contain 

various substances which inhibit viral infectivity. One 

such inhibitor, IS, (Zaitlin and Siegel, 1963) is found in 

tobacco sap (normal and infected); the effect of IS is 

especially apparent after the plant sap has been incubated 

at or above room temperature. Another inhibitor, VIF, 

(Sela and Applebaum, 1962) is found only in infected plant 

sap. The presence of viral coat protein may also influence 

the number of local lesions obtained in bioassay experi

ments. Low concentrations of viral protein may increase 

the viral infectivity, but higher concentrations may 

inhibit it (Holoubek, 1964; Santilli, Piacitelli, and Wu, 

1961). To account for these and other possible but un

defined effects, TMV was also mixed with the various leaf 

extracts. This control will be referred to as the inhibitor 

maximum number (IMN). 

The virus concentration used in this test was 

-4 5. x 10 mg of virus per ml. Previous experiments have 

shown this concentration of virus to yield enough local 
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lesions upon bioassay to allow a good separation between 

the minimum (virus plus untreated antiserum) and the 

maximum numbers (virus plus buffer). 

The desired concentration of antiserum was deter

mined by mixing various dilutions of antiserum with equal 

— 3 —4 volumes of TMV at 10 mg/ml (5 x 10 mg/ml final concen

tration) and bioassaying these mixtures. It was found that 

a 1:1000 dilution of the antiserum (1:2000 final) was the 

highest dilution which would still yield enough spread 

between the minimum and maximum lesion numbers. 

The following procedure was used in the serological 

test for PM^ protein: Six ml of the solutions to be tested 

were placed in new number 40 Spinco centrifuge tubes which 

contained 6 ml of PM^ antiserum diluted 1:500. These were 

called the treatments. At this point the inhibitor maximum 

and the minimum lesion number controls were prepared. To 

determine the inhibitor maximum number (IMN), 6 ml of 

various leaf extracts were mixed in new no. 40 Spinco 

centrifuge tubes with 6 ml of buffer containing no anti

serum. The minimum number control was prepared by mixing 

6 ml of untreated antiserum (1:500 dilution) with 6 ml of 

buffer also in new no. ko Spinco centrifuge tubes. New 

tubes were used in each experiment since traces of virus 

or viral related antigens on used tubes could interfere 

with the test. The contents of each of the centrifuge 

tubes (both the treatments and the controls) were mixed, 
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then incubated at 37°C for 90 minutes. Following the 

incubation, the tubes were placed in the cold room (approx. 

4°C) overnight. On the following day, they were centrifuged 

at 144,000 x g. for 90 minutes to sediment the antigen-

antibody complexes. Four ml of the supernatant solution 

were carefully removed from the top of each of the cen

trifuge tubes and mixed with 4 ml of TMV (10~^ mg/ml). In 

some experiments, the number of lesions obtained by bio-

assaying TMV mixed with buffer was used in lieu of or in 

addition to the IMN to determine the maximum number of 

lesions. After 0.8 gram of Celite was added to each solu

tion, the solutions were bioassayed on Xanthi. 

In most instances, if the number of local lesions 

incited by virus mixed with absorbed antiserum (the treat

ment) was at least 25% more than the minimum number (virus 

plus antiserum absorbed with buffer), a viral-related 

protein (PM^ protein) was considered to be present in that 

treatment. However, an exception was made in Table 17j 

Experiment A; no major conclusions were drawn from this 

experiment alone. Most of my decisions as to whether the 

treatment contained PM^ protein were intuitive and were 

also based oh other experiments not presented; the number 

which is 25% greater than the minimum number is to be used 

as a guide for the reader. In arriving at a guide nuiuber, 

the following factors were considered: Just the bioassaying 

of TMV on local lesion hosts has an inherent 10% variation. 



In addition the serological test consists of two reactions 

which were conducted before the bioassay; they are the 

absorption of the antiserum with leaf homogenates and the 

inhibition of viral infectivity by antibodies. Further

more, only 13 solutions could be bioassayed in each experi

ment so that at times averages of replicated observations 

had to be compared with unreplicated data. I felt that in 

most instances 25% would more than take all of these 

variables into account. 

The amount of PM^ protein was considered to be 

greater as the number of local lesions incited by the 

treatment approached the inhibitor maximum number. The 

absolute relationship between the increase above the 

minimum number and PM^ antigen content was not (and could 

not be) determined. 



RESULTS AND DISCUSSION 

Column Chromatography 

In my first experiments, column chromatography was 

used in an attempt to determine if PM^ had a viral coat-

related protein. At this time there was no serological 

method to detect PM^ protein. In these experiments extracts 

of PM^-infected leaves were chromatographed on DEAE 

(diethylaminoethylcellulose) and compared to extracts of 

uninfected leaves. I had hoped that PM^ protein if present 

might be eluted as a separate component. 

Various types of leaf extracts were chromatographed. 

No separate component unique to PM^-infected tissue was 

detected when leaf homogenates clarified by centrifugation, 

acid soluble (pH 5) leaf material, and trichloroacetic acid 

soluble leaf material were chromatographed on DEAE employing 

a method similar to Spector (i960) and Sober al_. (1956). 

One possible reason for the failure to detect PM^ 

protein was determined in later experiments. PM^ protein 

was found to sediment into the pellet fraction after low-

speed centrifugation; only the supernatant solutions were 

examined in the chromatography experiments. 

17 
l 
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Serological 

Dr. Irving Rappaport, a visiting immunologist, 

in collaboration with Dr. Siegel and Dr. Zaitlin, demon

strated the existence of a TMV-related protein in PM^-

infected plant homogenates using a newly devised 

serological method. Since their work indicated that a 

TMV-related antigen exists in PM^-infected tissue, I 

stopped my chromatographic studies and started using the 

same serological method as an assay technique in my 

attempts .to isolate PM^ protein. Their observations have 

not been published in detail; therefore, I am outlining 

them here. 

Dr. Rappaport and co-workers (1963) homogenized 

non-infected, PM^-infected, and PM^-infected leaves 

separately in 1.5 volumes of pH 7» M/15 Sorensen's phosphate 

buffer. They mixed 6 ml of each homogenate, after filtering 

through cheese cloth, with 6 ml of several antisera at 

1:1000 dilutions in new no. kO Spinco centrifuge tubes. 

The tubes were placed in the cold room overnight. The next 

day, after centrifugation at 144,000 x for 60 minutes, 

k ml of the supernatant solutions (absorbed serum) were 

added to k ml of TMV (10~^ mg/ml). 

In an attempt to repeat their experiment, I found 

it necessary to change the procedure slightly and incubate 

the leaf homogenates with the antiserum at 37°C for 90 
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minutes. If I merely placed the tubes containing the 

antiserum and leaf homogenates in the cold room without a 

37°C incubation, the leaf extracts did not remove enough 

antibodies to detect in this test (Table 2). The results 

of Rappaport jet^ a(1963) presented in Table 3 and my 

results presented in Table k clearly indicated that 

homogenates of PM^-infected tissue reacted best with an 

antiserum made in response to disaggregated PM^ protein. 

This antiserum was used in all subsequent serological 

experiments. Homogenates of PM^-infected leaves did not 

appear to react with the Eintiserum made in response to 

intact TMV; however, the homogenates reacted to some 

extent with an antiserum made in response to disaggregated 

TMV coat protein ("S" protein). 

The data in the tables were interpreted in the 

following manner: For example, in Table 3» the numbers of 

lesions incited by TMV mixed with PM^ antiserum absorbed 

with either PM^ (992) or PM^ (8l8)-infected leaf homogenates 

were significantly greater than the number incited by TMV 

mixed with PM^ antiserum absorbed with buffer (280). How

ever, TMV mixed with PM^ antiserum absorbed with homogenates 

from uninfected leaves did not incite significantly more 

lesions (311) than the minimum number of TMV plus antiserum 

absorbed with buffer (280). These numbers indicated that 

both PM^ and PM^-infected leaf homogenates removed anti

bodies from PMg Eintiserum, but homogenates of uninfected 
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TABLE 2 

The Infectivity of TMV as Influenced by 3 Antisera 
Absorbed with Homogenates of PM^-Infected Leaves, 

PMg-Infected Leaves, and Uninfected Leaves— 

Extracts and Antisera Not Incubated at 
37°C for 90 Minutes 

Extract used to 
absorb the serum 

Antiserum made 
in response to 
TMV 

Number of local 
lesions per 12 
half-leaves 

Uninfected leaves TMV 970 
PM^-infected " ii 988 

PM^-infected H it 1013 

Buffer n (Minimum no. ) 861 

Uninfected leaves "S" Protein 1769 
PMX-infected " II 2k22  

PM^-infected •» it 2272 

Buffer II 15^2 

Uninfected leaves PM 2530 
PM^-infected " 2004 

PMg-infected " it 3202 

Buffer it 2525 

Virus plus buffer (Maximum number) 4191 
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TABLE 3 

The Infectivity of TMV as Influenced by 3 Antisera 
Absorbed with Homogenates of PM^-Infected Leaves, 

PM^-Infected Leaves, and Uninfected Leaves-

Data of Rappaport et al. (1963) 

Extract used to 
absorb the serum 

Antiserum made 
in response to: 

Number of local 
lesions per 12 
half-leaves 

Uninfected TMV 74 
PM^-infected 11 61 

PM^-infected 11 740 

Buffer it 46 

Uninfected "S" Protein 156 
PM^-infected ti 343 

PMg-infected 11 683 

Buffer it 128 

Uninfected PMn Protein 311 
PM^-infected tt 992 

PM^-infected II 818 

Buffer II 280 

Virus plus buffer 817 
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TABLE k 

The Infectivity of TMV as Influenced by 3 Antisera 
Absorbed with Homogenates of PM^-Infected Leaves, 

PMg-Infected Leaves, and Uninfected Leaves— 

Extracts and Antisera Incubated Together 
at 37°C for 90 Minutes 

Number of local 
Extract used to Antiserum made lesions per 12 
absorb the serum in response to: half-leaves 

Expt. A 
Uninfected TMV 85 
PM^-infected " 79 

PMg-infected " k03 

Buffer " 62 

Uninfected "S" Protein 163 
PM^-infected M 479 

PM^-infected n 660 

Buffer " 140 

Uninfected PM_ 302 
PM^-infected " 562 

PM^-infected » 656 

Buffer " 206 

Virus plus buffer 1151 

Expt. B* 
Uninfected ®^1 
PM^-infected " 235^ 

PMg-infected »' 3302 

Buffer » 1908 
Uninfected Buffer (IMN) 2079 

Virus plus buffer 5356 

* 7 x 7  G r a e c o - L a t i n  s q u a r e  



leaves did not. Furthermore, since the number of lesions 

incited by TMV mixed with PM^ antiserum absorbed with 

either PM^ or PM^-infected leaf homogenates is equal to 

the maximum lesion number (virus plus buffer), the 2 

extracts appeared to have removed all of the antibodies 

from the absorbed serum. The same approach was used to 

interpret the results of the treatments in which TMV was 

mixed with "S" protein antiserum. The results show that 

homogenates of PM^ and PM^-infected leaves removed anti

bodies from "S" protein antiserum, but homogenates from 
K 

uninfected leaves did not. However, homogenates from PM^ 

infected leaves did not appear to remove as many anti

bodies from MSM protein antiserum as homogenates from PM^ 

infected leaves, indicating that PM^ protein does not 

react as well with this antiserum as it did with PM^ anti 

serum. Table 3 also shows that PM^-infected leaf homo

genates removed antibodies from TMV antiserum, but 

homogenates of PM^-infected leaves as well as those of 

uninfected leaves did not remove an appreciable amount of 

antibodies. The reactions with PM^ and "S" protein 

antisera both indicated the presence of a TMV related 

antigen (PM^ protein) in PM^-infected leaf homogenates; 

however, PM^ protein did not react with TMV antiserum. 

This finding was very unexpected as all known TMV coat 

proteins (except PM^) react with TMV antiserum. 
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All subsequent tables were interpreted in the same 

manner. In all cases, the number of lesions incited by the 

treatments were compared to the minimum number (virus plus 

antiserum). The lesion numbers obtained by the various 

treatments were also compared to the maximum number (virus 

plus buffer) or the IMN to estimate the extent of the 

reaction (the percentage of antibodies removed). The 

closer the number of lesions incited by the treatment is to 

the maximum number or IMN, the greater the antigen content is 

in the extract used to absorb the serum. For example, in 

later experiments involving the centrifugal fractionation 

of homogenates, some PM^ protein may be present in both the 

supernatant and pellet fractions. Since both extracts may 

have removed some antibodies from the serum, by comparing 

the treatment lesion numbers to the IMN or the maximum 

number, it can be determined which extract removed the most 

antibodies. 

Nagaraj (1965) has independently confirmed the 

finding that PM^ protein does not react with TMV antiserum. 

Using fluorescent antibodies to detect protein in vivo, he 

determined that PM^ protein reacted with antiserum made in 

response to the subunits of TMV coat protein but not with 

antiserum made in response to the intact TMV particle. 

Once it had been established clearly that PM^ 

protein reacted with PMg antiserum, two other serological 

tests were tried, but each was rejected in favor of the 
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test used by Rappaport ejt ajL. (1963)* A complement fixa

tion test, as modified by C. D. Beavers of the Animal 

Pathology Department at the University of Arizona, could 

be used to detect PM^ protein, but it was not considered 

sensitive enough to be of value. The hemagglutination 

test used by Saito and Iwata (1964) was also tried. After 

several unsuccessful attempts, I contacted Dr. Yasuo Saito 

and was informed that they also could not affect this type 

of test with TMV, and I abandoned these studies. 

Before the centrifugal fractionation of homogenates 

of PM^-infected leaves was attempted, a dilution series was 

run on homogenates of PM^-infected leaves to determine how 

much the homogenates could be diluted and still remove the 

maximum number of antibodies from PM antiserum. PM -
M X 

infected leaves were homogenized in 3 volumes of pH 7, 

M/15 Sorensen's phosphate buffer (a ratio of 1 g fresh 

weight of leaves to 3 ml buffer)._ and then filtered through 

2 layers of moist cheese cloth. The plant sap, which was 

already diluted 1:4 since it was homogenized in 3 volumes 

of buffer, was then diluted with buffer. The dilutions 

expressed in Table 5 are dilutions of the plant homogenate; 

the actual dilutions of the plant sap are 4 times the 

expressed dilutions. It appeared that PM^-infected leaf 

homogenates could only be diluted 1:60 and still retain the 

maximum capacity to remove antibodies from the antiserum. 

A 1:90 dilution did not appear to remove as many antibodies 
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TABLE 5 

The Effect of Dilution of the Homogenates of 
PM^-Infected Tissue on the 

•Test for PM^ Protein 

Treatments 

Virus plus antiserum 
absorbed -with: 

Number of lesions per 
12 half-leaves 

Dilutions of PM^ plant extract Rep, Rep Average 

1:1 1556 _ _  1556 

1:10 1404 1453 14:29 

1:30 1586 175^ 1670 

1:60 1556 1^78 1517 

1:90 1109 1174 1142 

Controls 

Virus plus PM^ extract (IMN) 

1:1 1505 — 1505 

- H
 

H
 

O
 

16 ko - - 16 ko 

Virus plus antiserum 
(Minimum Numb er) — 894 

Virus plus buffer 
(Maximum Number) 2708 - - 2708 

Treatments containing virus plus absorbed antiserum 
yielding 1120 or more lesions may be considered to contain 
PM^ protein. 
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as a 1:60 dilution, but a 1:60 dilution appeared to remove 

as many as the 1:30, 1:10, and the undiluted (1:1) homo

genates. However, it was recognized that in addition to 

PM^ protein, the inhibitors in the leaf extracts were also 

being diluted (as can be seen by the inhibitor maximum 
4 

controls) which would tend to give a false indication of a 

positive serological reaction. At this time it was decided 

to use a 1:60 dilution of the leaf homogenate (1:240 

dilution of leaf material). However, in later experiments, 

since the content of PM^ protein varied so much between the 

sources of leaf material used in the experiments, the leaf 

homogenates were not diluted to maximize the probability 

of detecting the protein. 

Centrifugal Fractionation of PM^ Homogenates 

Attempts were made to determine which centrifugal 

fraction of the leaf homogenate contained PM^ protein--the 

pellet fraction or the supernatant solution. PM^-infected 

leaves were homogenized in 3 volumes of pH 7 phosphate 

buffer, and the homogenate was centrifuged at 11,000 x 

for 30 minutes. The supernatant solution was decanted and 

saved; the pellet was resuspended in phosphate buffer to 

its original volume. After diluting portions of each 

fraction 1:10 and 1:60, they were tested. The results 

(Table 6) were indefinite; antibodies were removed in both 

centrifugal fractions, indicating that PM^ protein may have 
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TABLE 6 

Tests for PM^ Protein in Centrifugal Fractions 

(11,000 x £. for 30 minutes) of Homogenates 
of PM^-Infected Tissue Diluted 

1:10 and 1:60 

Treatments 

Virus plus antiserum 
absorbed with: 

Pellet of PM^ homogenate 

1:10 dilution 

1:60 dilution 

Supernatant solution of 
PM^ homogenate 

1:10 dilution 

1:60 dilution 

Controls 

Virus plus leaf extracts (IMN) 

Pellet of PM^ homogenate 

1:10 dilution 

1:60 dilut ion 

Supernatant solution of 
PM^ homogenate 

1:10 dilution 

1:60 dilution 

Virus plus antiserum 

Virus plus buffer 

Number of lesions per 
12 half-leaves 

Rep. 1 Rep. 2 Average 

2529 -- 2529 

2724 2246 2485 

2349 

1706 

2107 

2206 

2228 

1956 

3850 

3571 

3352 

3425 

847 

3706 

3850 

3571 

3352 

3425 

847 

3706 

Treatments containing virus plus absorbed antiserum yielding 
1060 or more lesions may be considered to contain PM^ 
protein. 



29 

been present in both the supernatant and pellet fractions. 

However, the pellet fraction diluted 1:60 appeared to have 

removed more antibodies from the antiserum than the 

similarly diluted supernatant fraction, suggesting more 

PM^ protein in the pellet. 

Even though the results of this experiment were not 

definitive, it was decided to go on to other experiments 

rather than repeat this experiment. In later experiments 

(Table 7 for example) X confirmed that nearly all of the 

PM^ protein was in the pellet portion after low-speed 

centrifugation (12,000 x j£. for 20 minutes). 

The occurrence of PM^ protein in the pellet fraction 

was considered unusual in that 1 had previously thought, 

based on the centrifugal properties of TMV rods and low 

molecular weight coat protein subunits, that PM^ protein 

should be soluble after low-speed centrifugation and 

possibly after 105,000 x This "suggested that PM^ 

protein must either be associated with or adhering to some 

cell particle in the homogenate or is by itself large 

enough to sediment at these forces. The former postulate 

was tested first; thus several techniques were employed in 

an effort to release PM^ protein from the surface of cell 

organelles or particles of debris. 



TABLE 7 

Tests for PM^ Protein in Centrifugal Fractions (12,000 x £. for 20 minutes) of 

PM^-Infected Leaves Homogenized in pH 7 Phosphate Buffer 

Number of lesions per 12 half-leaves 

Treatments Controls 

Virus + antiserum absorbed with: Virus + leaf extracts (IMN) 

Expt. A 

Unfrac-
tionated 
homogenate 

Pellet Supernatant 
fraction solution 

Virus + Unfrac. 
anti serum homo. 

Super-
Pellet natant 
fraction solution 

Rep. 1 993 1492 734 530 1052 1302 1135 

Rep. 2 914 1237 739 370 1398 1464 

Average 954 1365 737 450 1052 1350 11300 

Treatments containing 
may be considered to 

Expt. B 

: virus plus 
contain PM^ 

absorbed 
protein. 

antiserum yielding 570 or more lesions 

Rep. 1 1237 1351 853 858 1684 1787 1544 

Rep. 2 663 II65 516 577 1884 1894 

Average 950 1258 684 717 1684 1836 1719 

Treatments containing 
may be considered to 

virus plus 
contain PM^ 

absorbed 
protein. 

antiserum yielding 900 or more lesions 
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Attempts to Release PM^ Protein 

As an initial attempt to test if PM^ protein is 

bound to particles, PM^-infected leaves were homogenized in 

high pH buffer (0.1M, pH 8.6 Tris-HCl). After homogeniza-

tion in 3 volumes (l g fresh wt./3 ml) of Tris-HCl buffer 

and filtration through 2 layers of cheese cloth, a portion 

of the homogenate was centrifuged at 26-* 000 x £. for 30 

minutes. The portion not centrifuged is referred to as the 

unfractionated homogenate. The supernatant solution was 

decanted and saved; the pellet was resuspended to its 

original volume in Tris-HCl buffer. The leaf extracts 

were then mixed with the antiserum and tested. Even though 

the removal of antibodies is not marked, the results of 

Table 8 show that PM^ protein remained in the pellet frac

tion. 

A possible association of PM^ protein with the 

chloroplasts was investigated, since Boardman and Zaitlin 

(1958) have suggested that TMV may be associated with 

tobacco chloroplasts and may be released with borate 

buffer (Zaitlin and Boardman, 1958). Zucker and Stinson 

(1962) reported that pH 8.6 borate buffer also solubilized 

some proteins associated with the chloroplasts that were 

not released with other buffers. Accordingly, PM^-infected 

leaves were homogenized in 3 volumes of pH 8.6, 0.1 M 

borate buffer. After filtering through 2 layers of moist 



TABLE 8 

Tests for PM^ Protein in Centrifugal Fractions (26,000 x £. for 30 minutes) of 

PM^-Infected Leaves Homogenized in pH 8.6 Tris-HCl Buffer 

Number of lesions per 12 half-leaves 

Treatments Controls 

Virus plus antiserum absorbed with: 

Unfractionated Pellet Supernatant Virus + Virus + 
homogenate fraction solution antiserum buffer 

Rep. 1 756 553 489 453 1234 

Rep. 2 555 427 

Rep. 3 548 527 

Rep. 4 6i4 469 

Rep. 5 676 463 

Average 756 589 475 453 1234 

Treatments containing virus plus absorbed antiserum yielding 570 or more lesions 
may be considered to contain PM^ protein. 



cheese cloth, a portion of the homogenate was centrifuged 

at 26,000 x for 30 minutes. The supernatant solution 

was decanted and the pellet was resuspended in borate 

buffer to its original volume. The remainder of the 

homogenate was not fractionated centrifugally. The results 

indicated that PM^ protein was still found in the pellet 

portion after centrifugal fractionation (Table 9) and was 

not solubilized by pH 8.6 borate buffer. 

The behavior of PM^ protein after dialysis was 

investigated next. It might be possible to release PM^ 

protein by dialysis if it were adhering to particulate 

matter. This experiment was of interest from another 

point of view as it was not known if PM^ protein would be 

retained by the dialysis membrane. Since PM^ protein did 

not react with TMV antiserum it may have a low-molecular 

weight because it may be incomplete, and thus not contain 

all 158 amino acids in the subunit. 

After homogenization in 3 volumes of pH 8.6, 0.1 M 

borate buffer, the homogenate, after filtration through 

cheese cloth, was divided into 2 aliquots. One portion of 

the extract was dialyzed in the cold room for 2k hours and 

the other portion was placed in the cold room but not 

dialyzed. A portion of each extract was saved and the rest 

was centrifuged at 26,000 x £. for 30 minutes. Although 

the results (Table 10) indicated that PM^ protein did not 

pass through the dialysis membrane, the protein was not 



TABLE 9 

Tests for PM^ Protein in Centrifugal Fractions (26,000 x £. for 30 minutes) of 

PM^-Infected Leaves Homogenized in pH 8.6 Borate Buffer 

Number of lesions per 12 half--leaves -

Treatments Controls 

Virus plus 

Unfractionated 
homogenate 

antiserum absorbed with: 

Pellet Supernatant 
fraction solution 

Virus + 
antiserum 

Virus + 
buffer 

Rep. 1 661 610 376 451 l4l2 

Rep. 2 659 505 

Rep. 3 807 384 

Rep. 4 627 385 

Rep. 5 513 380 

Average 661 643 406 451 l4l2 

Treatments containing virus plus absorbed antiserum yielding 565 or more lesions 
may be considered to contain PM^ protein. 

UJ 
•P-



TABLE 10 

Tests for PM^ Protein in Centrifugal Fractions (26,000 x for 30 minutes) of 

Dialyzed and Undialyzed Homogenates of PM^-Infected Leaves 

Number of lesions per 12 half-leaves 

Treatments 

Virus plus antiserum absorbed with: 

Undialyzed Dialyzed 

Unfrac-
tionated 
homogenate 

Pellet 
frac
tion 

Super
natant 
solu
tion 

Unfrac-
tionated 
homogenate 

Pellet 
frac
tion 

Controls 

Super- Virus 
natant + Virus 
solu- anti- + 
tion serum buffer 

Rep. 1 687 79^ 310 694 718 406 484 935 

Rep. 2 64i 662 127 

Rep • 3 649 675 

Average 687 794 310 668 676 403 484 935 

Treatments containing virus plus absorbed antiserum yielding 605 or more lesions 
may be considered to contain PM^ protein. 

U3 
U1 
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solubilized by dialysis. PM^ protein was still found in 

the pellet fraction in both the dialyzed and undialyzed 

extracts. It should be pointed out, however, that the 

replicates in the dialyzed supernatant vary considerably. 

Later experiments in which extracts were dialyzed, confirm 

that PM^ protein was not solubilized by dialysis and was 

retained within the dialysis membrane (Table 11 and Table 

l6, Expt. A). 

Since previous experiments had failed to release 

PM^ protein from the pellet, I felt that a high concentra

tion of a monovalent salt might free PM^ protein, especially 

if it were held by electrostatic forces. Accordingly, 

PM^-infected leaves were homogenized in k volumes of pH 8.6, 

0.1 M borate buffer containing 1 mole of NaCl per liter. A 

portion of the filtered homogenate was centrifuged at 

26,000 x £. for 30 minutes. The supernatant solution was 

decanted and the pellet fraction was resuspended to its 

original volume in borate buffer without NaCl. The 

remainder was unfractionated. All fractions were dialyzed 

for 2k hours before incubation with the antiserum. Again 

the results (Table 11) indicated that PM^ protein was 

associated with the pellet fraction and was not solubilized 

by 1 M NaCl. 



TABLE 11 

Tests for PM^ Protein, in Centrifugal Fractions (26,000 x £. for 30 minutes) of 

PM^-Infected Leaves Homogenized in pH 8.6, 0.1 M Borate Buffer 

Containing 1 mole of NaCl per Liter 

Number of lesions per 12 half--leaves 

Treatments Controls 

' 
Virus plus 

Unfractionated 
homogenate 

antiserum absorbed with: 

Pellet Supernatant 
fraction .solution 

Virus + 
antiserum 

Virus + 
buffer 

Rep. 1 257 449 194 231 .667 

Rep. 2 326 33k 200 

Rep. 3 326 195 

Rep. k 328 13^ 

Average 303 339 181 231 667 

Treatments containing virus plus absorbed antiserum yielding 290 or more lesions 
may be considered to contain PM^ protein. 
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Attempts to Free PM^ Protein by Solubilizing 

Cell Organelles 

Since all previous attempts to release PM^ protein 

from the surface of particulate matter did not solubilize 

it, I thought PM^ protein might be within a cell organelle 

which was sedimented upon low-speed centrifugation. Sodium 

desoxycholate disrupts lipid membranes, such as the 

endoplasmic reticulum and membranes of cell organelles. 

To t-est its effect, PM^-infected leavgs were homogenized 

with 3 volumes of pH 8.6 borate buffer containing 1% sodium 

desoxycholate. After centrifugation at 26,000 x for 30 

minutes, both the pellet and supernatant portions were 

dialyzed for 2k hours. Unfortunately, an unfractionated 

portion of the extract was not saved, so 3 nil of the 

supernatant solution and 3 nil of the pellet fraction were 

mixed together to simulate it. However, this is a 1:2 

dilution. The results of the experiment, presented in 

Table 12, are not conclusive. It is apparent, however, 

that the pellet fraction did contain some PM^ protein. The 

number of local lesions obtained by testing the supernatant 

solution were markedly lower than the number obtained from 

virus plus antiserum; this may be due to a reduction of 

viral infectivity by the desoxycholate. In addition to 

being diluted 1:2, the unfractionated homogenate may also 

contain desoxycholate; this may account for it apparently 



TABLE 12 

T£sts for PM^ Protein in Centrifugal Fractions of PM^-Infected Leaves 

Homogenized in pH 8.6 Borate Buffer Containing 1% Desoxycholate 

Number of lesions per 12 half--leaves 

Treatments Controls 

Virus plus 

Unfractionated* 
homogenate 

antiserum absorbed with: 

Pellet Supernatant 
fraction solution 

Virus + 
antiserum 

Virus + 
buffer 

Rep. 1 495 1156 142 511 1640 

Rep. 2 . 336 922 148 

Rep. 3 395 822 212 

Rep. 4 9^4 213 

Average 409 956 179 511 l64o 

•Composed of 3 ml of supernatant solution and 3 ml of the resuspended pellet 
resulting in a 1:2 dilution of this treatment. 

Treatments containing virus plus absorbed antiserum yielding 640 or more lesions 
may be considered to contain PM^ protein. 

VO 
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removing no antibodies from PM^ antiserum. The increased 

viral infectivity due to the removal of the antibodies by 

the unfractionated homogenate may be counter-balanced by 

the presence of desoxycholate. The desoxycholate appeared 

to have not interfered appreciably when the pellet was 

tested. 

The desoxycholate experiment was repeated; this 

time the desoxycholate was suspended in pH 7 phosphate 

buffer. Centrifugation at 12,000 x £. for 20 minutes at 

2°C did not clarify the homogenate and the solution was 

viscous. The extracts were recentrifuged at 22BC at 

27*000 x for 20 minutes. This time the supernatant 

solution was amber and watery. The extracts were dialyzed 

for 3 days and then tested. The results (Table 13) 

indicated that all of the desoxycholate had not been 

removed by dialysis. The inhibitor maximum numbers (virus 

+ leaf extracts) for the unfractionated homogenate and the 

pellet fraction are markedly lower than the minimum number 

(virus + antiserum); this indicated that the desoxycholate 

was associated with the pellet fraction this time rather 

than the supernatant solution as in the previous experiment. 

It was determined in later observations that 1% desoxy

cholate forms a gel in pH 7 phosphate buffer but not in 

pH 8.6 borate buffer. Since the supernatant solution did 

not appear to have removed any antibodies from the anti

serum and apparently contained little or no desoxycholate, 



TABLE 13 

Tests for PM^ Protein in Centrifugal Fractions of PM^-Infected Leaves 

Homogenized in pH 7 Phosphate Buffer Containing 
1% Desoxycholate 

Number of lesions per 12 half-leaves 

Treatments Controls 

Virus plus antiserum absorbed with: Virus plus leaf extracts 

Unfrac- Super-
tionated Pellet Supernatant Virus + Unfrac. Pellet natant 
homogenate fraction solution antiserum homo. fraction solution 

Rep. 1 91 53 294 375 27 71 502 

Rep. 2 59 82 324 225 — 38 516 

Average 75 68 309 300 27 55 509 

Treatments containing virus plus absorbed antiserum yielding 375 or more lesions 
may be considered to contain PM^ protein. 1 



the results indicated that the supernatant solution con

tains very little or no PM^ protein. 

By combining the findings of the 2 desoxycholate 

experiments, some conclusion can be reached. The data from 

the experiment using borate buffer suggested that some PM^ 

protein was in the pellet fraction, whereas the results 

from the phosphate buffer experiment indicated that very 

little or no PM^ protein was present in the supernatant 

solution. Therefore, it may be asserted cautiously that 

the desoxycholate treatment did not solubilize PM^ protein. 

Even though sodium desoxycholate may rupture the 

lipid membranes, it did not completely solubilize the 

chloroplasts; after centrifugation, the supernatant solu

tions were not green, indicating most of the chlorophyll 

was sedimented (presumably in the chloroplasts). Perhaps 

the desoxycholate treatment may have ruptured the chloro-

plast membrane without solubilizing the lamellar structure. 

Spencer and Wildman (1964:) reported that Triton X-100 

(Rohm and Haas Co., Philadelphia, Pa.) will completely 

solubilize the chloroplasts. When the PM^-infected leaf 

homogenate was treated with 5% Triton X-100, the chloro

plasts were solubilized. The supernatant solution was a 

clear green; furthermore microscopic examinations revealed 

no chloroplasts in an unfractionated homogenate. However, 

the presence of Triton X-100 in the plant extracts inter

fered with the bioassay; the numbers of local lesions 



43 

obtained from the treatments were less than minimum number 

(virus + antiserum). 

Experiments were conducted to separate the fraction 

containing PM^ protein from Triton X-100. Dialysis and 

precipitation using (NH^^SO^, ethanol, acetone, and pH 

adjustments were tried; isoelectric precipitation of PM^ 

protein seemed the most promising. 

PM^-infected and non-infected, leaves were homoge

nized separately in 3 volumes of M/15, pH 7 phosphate 

buffer. Triton X-100 was added to the homogenate making 

a 5% Triton concentration. The homogenate was centrifuged 

at 12,000 x £. for 20 minutes. The supernatant solution 

was adjusted to pH 5 and recentrifuged at 12,000 x j£. for 

20 minutes. Both the pellet and the supernatant fractions 

were saved, but the supernatant fraction was adjusted to 

pH 3.5 and centrifuged again. There was no detectable 

pellet at pH 3*5; the pH 3*5 supernatant solution was 

discarded since it contained the Triton X-100. All pellets 

were resuspended to one-half of their original volumes in 

pH 7 phosphate buffer. The resuspended extracts were 

adjusted to the original pH (7 or 5) at which the pellets 

were sedimented and the material was centrifuged again 

(washed). The pellets were washed a second time and then 

finally resuspended in pH 7 phosphate buffer and tested. 

The results of the serological test presented in Table l4 

indicated that PM^ protein was found in the pH 7 pellet 



TABLE l4 

Tests for PM^ Protein in Acid Precipitated Fractions of Homogenates of 

PM^-Infected Leaves Treated with 5% Triton X-100 

Number of lesions per 12 half-leaves 

Treatments Controls 

Virus plus antiserum absorbed with: 

PM^-infected tissue Uninfected tissue 

Unfrac- pH 7 pH 5 Unfrac- pH 7 pH 5 Virus + Virus + 
tionated pellet pellet tionated pellet pellet antiserum buffer 

Rep. 1 l44l 1009 401 685 658 809 874 1838 

Rep. 2 1782 1362 468 752 2071 

Average 1612 1186 435 685 658 809 813 1955 

Treatments containing virus plus absorbed antiserum yielding 1,000 or more lesions 
may be considered to contain PM^ protein. 



(the first centrifugal fractionation), which may mean that 

the protein was not solubilized by the Triton X-100 treat

ment. No PM^ protein appeared to be present in the pH 5 

pellet. There was also no removal of antibodies from the 

antiserum by any of the fractions of the non-infected 

leaves. 

The experiment was repeated but in a slightly 

different manner. This time PM^-infected leaves were 

homogenized in 3 volumes of M/15, pH 7 phosphate buffer 

containing 5% Triton X-100 instead of adding the Triton 

after homogenization. The homogenate was divided into 3 

equal aliquots. One portion was left at pH 7» the second 

portion was adjusted to pH 5? the third was adjusted to 

pH 3.5. The aliquots were left in the refrigerator over

night, then centrifuged at 12,000 x £. for 20 minutes. 

The pellets were resuspended to their original volume in 

deionized-distilled water, and the solutions were adjusted 

to their respective pH (7, 5, or 3*5)• After refrigera

tion for 1 hour, the extracts were sedimented again. After 

the pellets were washed once more in the same manner, they 

were resuspended in pH 7» M/15 phosphate buffer and tested. 

In spite of the spread between the replicates in the treat

ment containing the pH 3*5 pellet, it appeared that PM^ 

protein was associated with the pellet fraction at all 3 

pH values (Table 15)• This indicates that solubilization 



TABLE 15 

Tests for PM^ Protein in Acid Precipitated Fractions of PM^-Infected 

Leaves Homogenized in 5% Triton X-100 

Number of lesions per 12 half' -leaves 

Treatments Controls 

Virus plus antiserum Virus + leaf extracts 
absorbed with: 

pH 7 pH 5 pH 3-5 Virus + Virus + pH 7 pH 5 pH 3-5 
pellet pellet pellet antiserum buffer pellet pellet pellet 

Rep. 1 1502 1513 1443 915 2162 1687 2516 1632 

Rep. 2 1889 1664 809 667 2361 — — — 

Average 1696 1589 1126 791 2262 1687 2516 1632 

Treatments containing virus plus absorbed antiserum yielding 990 or more lesions 
may be considered to contain PM^ protein. 

as 
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of the chloroplasts does not release PM^ protein from the 

12,000 x pellet. 

Further Attempts to Solubilize PM^ Protein 

Since previous attempts to solubilize PM^ protein 

from the particulate matter in leaf homogenates were not 

successful, I postulated that PM^ protein is sedimented 

with low centrifugal force because it is an aggregate of 

some sort—an aggregate many times larger than native TMV. 

On this assumption, I tested the effect of 67% acetic acid 

since it is known to disaggregate TMV rods into low-

molecular weight "S" protein subunits (Fraenkel-Conrat, 

1957). 

Uninfected and PM^-infected leaves were homogenized 

in 2 volumes of 67% acetic acid. After filtration through 

cheese cloth, the homogenates were centrifuged at 12,000 x 

j£. for 20 minutes, and the resulting extracts were dialyzed 

against distilled water fdf 4 days to remove the acetic 

acid. Upon testing the PM^ extracts, it was found that 

PM^ protein was soluble at 12,000 x j£. (Table l6, Expt. A). 

It should be pointed out, however, that none of the lesion 

numbers incited by the treatments are much greater than 25% 

of the minimum number. This is one place where my intuitive 

decision did not agree with a decision made using the guide 

number; a difference of 289 lesions exists between the 



TABLE 16 

Tests for PM^ Protein in 12,000 x Centrifugal Fractions of PM^-Infected 

and Uninfected Leaves Homogenized Separately in 67% Acetic Acid 

Number of lesions per 12 half-leaves 

Treatments Controls 

Virus plus antiserum Virus + leaf extracts 
absorbed with: 

Super Super
Unfrac- Pellet natant Virus + natant 
tionated frac solu anti Virus + Unfrac- Pellet solu
•homogenate tion tion serum buffer tionated fraction tion 

Expt. A PM^-infected 

Rep. 1 2068 1312 1600 1478 2325 2087 2338 1915 

Rep. 2 1624 1473 1886 1430 2461 — — 

Average 1846 1393 1743 14^4 2393 2087 2338 1915 

Expt. B Uninfected 

Rep. 1 792 842 8l4 692 2174 1556 2045 1843 

Rep. 2 441 413 585 866 2011 — — — 

Average 617 628 700 779 2093 1556 2045 1843 

>£• 
00 



supernatant solution treatment and the actual minimum 

number. Furthermore, the supernatant treatment lesion 

number (17^3) nearly approaches the supernatant IMN (1915)* 

The same supernatant extract was tested again in the next 

experiment (Table 17) the results of which clearly demon

strated that this extract contained PM^ protein. Even 

though the uninfected treatment replicates varied con

siderably from each other, it is clear that the homogenates 

of uninfected leaves after being treated with acetic acid 

did not remove a detectable amount of antibodies from PM 

antiserum (Table 16, Bxpt. B). Even the highest treatment 

number is.less than the minimum number plus 25% (975)* 

In this experiment I noticed that the supernatant 

solutions which were clear before dialysis became cloudy 

afterwards. Therefore, the dialyzed supernatant solution 

of the PM^ extract was centrifuged at 12,000 x j£. for 20 

minutes to determine if PM^ protein would remain soluble; 

the resulting fractions were tested. The results indicated 

(Table 17) that the previously soluble PM^ protein was now 

sedimented into the pellet fraction. 

Experiments to determine why PM^ protein was not 

soluble after dialysis indicated that the protein may have 

precipitated due to a rise in pH as the acetic acid was 

removed. To check this, the pH of a freshly prepared 

supernatant solution (12,000 x £.) of PM^-infected leaves, 

homogenized in acetic acid, was adjusted with 5N NaOH. A 



TABLE 17 

Tests for PM^ Protein in 12,000 x Centrifugal Fractions of a Dialyzed 

Supernatant Fraction of PM^-Infected Tissue Homogenized in 

67% Acetic Acid 

Number of lesions per 12 half-leaves 

Treatments Controls 

Virus plus antiserum absorbed Virus + leaf extracts 
with: 

Virus + Virus + 
Unfrac. S PS SS antiserum buffer S PS SS 

Rep. 1 661 1152 1092 493 635 1061 1132 13 55 1062 

Rep. 2 1056 436 261 1230 

Average 66l 1152 1074 465 448 1146 1132 1355 1062 

KEY: 

Unfrac. = The same uiifractionated leaf homogenate used in the previous experiment 
(Table l6, Expt. A). 

S = The same supernatant solution used in the previous experiment which 
turned cloudy after dialysis (Table 16, Expt. A). 

SS = The supernatant solution of a 12,000 x £. centrifugal fractionation of 
S after dialysis. 

PS = The pellet portion of a 12,000 x centrifugal fractionation of S 
after dialysis. 

Treatments containing virus plus absorbed antiserum yielding 640 or more lesions 
may be considered to contain PM^ protein. 



precipitate formed when the pH reached about 5«2. This 

solution was then centrifuged at 12,000 x for 20 

minutes. The pellet of the supernatant solution (PS) was 

resuspended to its original volume in pH 7 phosphate 

buffer; the pH of the supernatant (SS) was adjusted to 7 «  

(See Scheme) 

Unfractionated homogenate 

12,000 x j£./20 min. 

Pellet Supernatant 
(Discard) solution 

pH 5.2 

12,000 x j£./20 min. 

PS SS 

It can be seen in Table 1 8  that the PM^ protein 

which was soluble after 12,000 x £. in 67% acetic acid was 

precipitated when the pH of the supernatant solution was 

adjusted to 5*2. This suggests that the change in pH may-

have caused the turbidity which occurred in the dialysis 

bags. More importantly, this phenomenon can serve as a 

means of separating PM^ protein from the acetic acid with

out prolonged dialysis. However, a large volume of NaOH 

solution was required to adjust the pH to 5»2, so in later 

experiments the extracts were dialyzed for 2k hours to 



TABLE 18 

Tests for PM^ Protein in 12,000 x j£. Centrifugal Fractions of a Supernatant 

Solution at pH 5«2 of PM^-Infected Leaves Homogenized 

in 67% Acetic Acid 

Number of lesions per 12 half-leaves 

Treatments Controls 

Virus plus antiserum Virus + leaf extract 
absorbed with: 

pH 5.2 
pH 5.2 super
pellet natant Super
of of natant 

Unfrac- super super Pellet solu
tionated natant natant Virus + Virus + Unfrac- fraction tion 
homogenate (PS) (ss) antiserum buffer tionated (PS) (SS) 

Rep. 1 537 788 170 261 6l8 850 7^5 709 

Rep. 2 815 581 157 271 1164 

Average 676 685 164 1 266 891 850 7^5 709 

Treatments containing virus plus absorbed antiserum yielding 330 or more lesions 
may be considered to contain PM^ protein. 

VJl 
to 
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remove most of the acetic acid before adjusting the pH and 

recentrifuging. 

Once it had been determined that PM^ protein was 

soluble after low-speed centrifugation (12,000 x j£.) in 67% 

acetic acid-treated extracts, it was of interest to know if 

this "solubilized" PM^ protein would also remain soluble 

after high-speed centrifugation (105,000 x £. ). After 

homogenization of PM^-infected leaves in 2 volumes of 67% 

acetic acid, a portion of the homogenate was centrifuged at 

12,000 x for 20 minutes; only the supernatant solution 

was saved. The pellet was discarded since it was known 

that it contained little, if any, PM^ protein. A portion 

of the 12,000 x £. supernatant solution was centrifuged at 

105,000 x for 30 minutes. Both fractions were saved; 

the pellet was resuspended to its original volume in pH 7 

phosphate buffer. At this point, each of the extracts was 

separated into 2 aliquots. After dialyzing for 2k hours, 

one aliquot of each extract (except the pellet of the 

105,000 x centrifugation) was adjusted to pH 5«2 and 

centrifuged at 12,000 x for 20 minutes to sediment any 

PM^ protein. The pellet of each extract was tested. The 

remaining aliquot of each extract was dialyzed for four 

days and then tested. The results in Tables 19A and 19B 

indicated that all fractions apparently contain some PM^ 

protein; however, more PM^ protein seemed to be associated 

with the pellet portion (PS) than with the 105,000 x £. 



TABLE 19A 

Tests for PM^ Protein in 105,000 x Centrifugal Fractions of PM^-Infected 

Leaves Homogenized in 67% Acetic Acid--pH 5*2 Precipitate 

Number of lesions per 12 half-leaves 

Treatments Controls 

Virus plus antiserum absorbed with: 

Unfrac. S PS SS Virus + antiserum Virus + buffer 

Rep. 1 885 855 695 685 434 1299 

Rep. 2 926 827 464 531 ll4i 

Rep. 3 667 742 

Average 885 891 730 630 483 1220 

KEY: Unfrac. = Unfractionated leaf homogenate 

S = The supernatant solution of the first centrifugation at 12,000 x £. 

PS = The pellet fraction of the 105,000 x £. centrifugation of S. 

SS = The supernatant solution of the 105,000 x centrifugation of S. 

Treatments containing virus plus absorbed antiserum yielding 600 or more lesions 
may be considered to contain PM^ protein. 

f 



TABLE 19B 

Tests for PM^ Protein in 105*000 x jz> Centrifugal Fractions of PM^-Infected 

Leaves Homogenized in 67% Acetic Acid—Long Dialysis 

Number of lesions per 12 half-leaves 

Treatments Controls 

Virus plus antiserum 
with: 

Unfrac. S PS 

absorbed 

SS 
Virus + 
antiserum 

Virus + 
buffer 

Virus plus 

Unfrac. 

leaf 

PS 

extracts 

SS 

Rep. 1 1482 1538 1575 l4io 857 1995 1639 1740 1570 

Rep. -2 1428 1155 1020 1156 

Average 1482 1538 1502 1283 939 1576 1639 1740 1570 

KEY: Unfrac. = Unfractionated leaf homogenate 

S = The supernatant solution of the first centrifugation at 12,000 x 

PS = The pellet fraction of the 105,000 x £. centrifugation of S. 

SS = The supernatant solution of the 105,000 x £. centrifugation of S. 

Treatments containing virus plus absorbed antiserum yielding 1170 or more lesions 
may be considered to contain BM^ protein. 

Ul 
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supernatant solution (SS). From previous experiments, it 

was determined that PM^ protein treated with 67% acetic 

acid was soluble after 12,000 x £. However, the results 

of this experiment indicated that only some of the PM^ 

protein was soluble after 105,000 x the remainder was 

sedimented. 

• If 67% acetic acid treated PM^ protein was soluble 

after 12,000 x £. due to disaggregateion, it was puzzling 

why PM^ protein was not completely soluble after 105,000 

x as is TMV subunit protein. This behavior could be 

explained if PM^ protein were not completely disaggregated 

by the acetic acid treatment. Wittmann and Paul (1961) 

found that the standard acetic acid treatment of Fraehkel-

Conrat (1957) was not sufficient to disaggregate the 

protein of broad bean mottle virus and the Echte 

Ackerbohnenmosaik-Virus. They heated the virus-acetic acid 

mixture for 18-24 hours at 37°-50°C to achieve disaggrega

tion. Similarly PM^ protein might be more completely 

disaggregated if it were incubated for a longer time inxa 

stronger solution of acetic acid. To test this idea, PM^-

infected leaves were homogenized in 2 volumes of 100% 

acetic acid and stirred at room temperature for 1 hour. 

After centrifugation at 105?000 x £. for 30 minutes, the 

extracts were dialyzed for several days and then tested; it 

was found that most of the PM^ protein was soluble after 

105,000 x £. (Table 20). The finding that exposure to 100% 



TABLE 20 

Tests for PM^ Protein in 105,000 x j£. Centrifugal Fractions of PM^-Infected 

Leaves Homogenized in 100% Acetic Acid and Stirred for 
1 Hour at Room Temperature 

Number of lesions per 12 half-leaves 

Treatment Controls 

Virus plus antiserum absorbed Virus plus leaf extracts 
with: 

105,000 
Unfrac-
tionated 
homogenates 

105,000 
X .  

pellet 

X £ .  
super
natant 

Virus + 
antiserum 

Virus 
+ 

buf fer 
Unfrac-
tionated Pellet 

Super-
nat ant 

Rep. 1 1813 1815 1991 1189 1724 20 4o 2517 1849 

Rep. 2 2292 1488 1898 1402 1930 — 
J 

— 

Average 2053 1652 1945 1296 1827 2040 2517 1849 

Treatments containing virus plus absorbed antiserum yielding 1620 or more lesions 
may be considered to contain PM^ protein. 

ui 
~vl 
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acetic acid for 1 hour increased the solubility of PM^ 

protein agrees with the idea that acetic acid renders PM^ 

protein soluble by disaggregation, and further suggests 

that the stronger acetic acid treatment effected a more 

complete disaggregation. 

It was reported by Miki and Knight (1965) that 67% 

formic acid would disaggregate broad bean mottle virus 

protein, whereas 67% acetic acid did not. I found that 

formic acid also appeared to solubilize the PM^ protein; 

however, it was very noxious to work with and appeared to 

be no more effective in solubilizing the protein than 

acetic acid. 

In Fraenkel-Conrat1s (1957) acetic acid procedure, 

the "S" protein after sedimentation from solution was 

resuspended in NaOH. To test the effect of dilute NaOH on 

the solubility of PM^ protein, PM^-infected leaves were 

homogenized in 100% acetic acid, and the homogenate was 

stirred at room temperature for 1 hour. A portion of the 

homogenate was centrifuged at 105^000 x j£. for 30 minutes; 

the pellet was discarded. The pH values of the supernatant 

solution and the unfractionated homogenate were adjusted to 

5.2 after dialysis against distilled water for one day. 

The 2 extracts were refrigerated for 2 hours and then 

centrifuged at 27»000 x £. for 20 minutes; the supernatant 

solutions were discarded. The pellet fractions of the 

unfractionated homogenate and the supernatant solution were 
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resuspended to their original volumes in 0.001 N NaOH and 

were placed in the refrigerator overnight. The next 

morning, the supernatant extract was clarified by centri-

fuging at 12,000 x £. for 20 minutes. The supernatant 

solution was decanted and was termed the supernatant 

solution of NaOH treatment; the pellet fraction was re

suspended to its original volume and was termed the pellet 

fraction of the NaOH treatment. All extracts were adjusted 

to pH 7 and tested. The results in. Table 21 indicated that 

some PM^ protein was resuspended (in the supernatant solu

tion) by the NaOH treatment; however, the total protein 

suspended must have been very small since no precipitation 

was observed when the extract was treated with the protein 

precipitant, trichloroacetic acid. 

A more pure preparation of PM^ protein was probably 

obtained using a procedure based on the knowledge of the 

properties of PM^ protein gained from previous experiments. 

PM^-infected leaves were homogenized in M/15, pH 7 phosphate 

buffer containing 5% Triton X-100. The homogenate was 

centrifuged 12,000 x £. for 20 minutes. The supernatant 

solution containing the Triton was discarded. The pellet 

was washed once in phosphate buffer containing 2.5% Triton 

and once in deionized-distilled water. The pellet was then 

suspended in 67% acetic acid to one-half of its original 

volume and stirred at room temperature for 1 hour. The 

mixture was then centrifuged at 12,000 x j£. for 20 minutes. 



TABLE 21 

Test for PM^ Protein in Centrifugal Fractions of a Sodium Hydroxide 

Suspension of the pH 5*2 Precipitate from an 
Acetic Acid Solution 

Number of lesions per 12 half-leaves 

Treatments Controls 

Virus plus 
with: 

antiserum absorbed Virus plus leaf extracts Virus plus 
with: 

Unfrac-
tionated 
homogenate 

Pellet 
of NaOH 
treatment 

Super
natant 
of NaOH 
treatment 

Virus + 
antiserum 

Unfrac-
tionated Pellet 

Super
natant 

Rep. 1 1121 1327 975 8l4 1254 1468 1123 

Rep. 2 1176 1259 1164 851 — 1439 1187 

Average 1149 1293 1070 833 1254 1454 1155 

Treatments containing virus plus absorbed antiserum yielding 1030 or more lesions 
may be considered to contain PM^ protein. 

a\ o 



The supernatant solution was saved, and the pellet was 

discarded. The pH of the supernatant solution, after 

dialyzing for 2k hours, was adjusted to 5»2. After 

refrigeration for 1 hour, the solution at pH 5.2 was 

centrifuged at 12,000 x for 20 minutes. The resulting 

supernatant solution was discarded; pellet was resuspended 

to its original volume in pH 75 M/15 phosphate buffer. A 

non-infected extract was treated the same way throughout. 

The results of the test are presented in Table 22. The 

extract of PM^-infected leaves removed antibodies from PMg 

antiserum, indicating the presence of PM^ protein. The 

extract of non-infected leaves did not remove enough anti

bodies to be detected in this test. 

The combination of the Triton and acetic acid 

treatments should have resulted in a more refined PM^ 

protein preparation than either treatment alone. The 

Triton treatment solubilizes the chloroplast and as a 

result some chloroplast proteins will undoubtedly remain 

in the supernatant solution after sedimenting PM^ protein 

by centrifugation. The subsequent acetic acid treatment 

solubilizes PM^ protein, removing it from the cell debris 

and starch in the pellet fraction. This procedure could 

be taken one more step. The pH 5*2 pellet of the acetic 

acid solution could be resuspended in 0.001 N NaOH. If the 

supernatant of the NaOH extract were then chromatographed, 



TABLE 22 

Tests for PM^ Protein in Leaves Homogenized in 5% Triton X-100 and 

Then Extracted with Acetic Acid 

Number of lesions per 12 half-leaves 

Treatments Controls 

Virus plus antiserum Virus + leaf extracts 
absorbed with: Virus + Virus + 
PM^-infected Non--infected antiserum buffer PM^-infected Non-infected 

Expt. A 

Rep. 1 578 252 423 662 724 721 
Rep. 2 458 455 363 714 702 
Rep. 3 509 340 

Average 515 349 393 662 7X9 712 

Treatments containing virus plus absorbed antiserum yielding 490 or more lesions 
may be considered to contain PM^ protein. 

Expt. B* 

Rep. 1 529 178 216 809 778 706 
Rep. 2 426 250 346 725 621 
Rep. 3 620 249 

Average 525 226 281 809 752 664 

Treatments containing virus plus absorbed antiserum yielding 350 or more lesions 
may be considered to contain PM^ protein. 

*T-he extracts were not washed with 2.5% Triton; they were washed only once with 
water. The extracts are 3 times more concentrated than those in Expt. A since the 
pellets were resuspended to 1/3 of their original volumes. 



even a more pure preparation of PJi^ protein might be 

obtained. 



SUMMARY AND CONCLUSIONS 

The results of the serological studies clearly-

indicated that PM^-infected leaves contain a TMV-related 

antigen (PM^ protein). In testing homogenates of PM^-

infected leaves against 3 antisera, the homogenates 

removed nearly all of the antibodies from PM antiserum, 
a 

but only removed a portion of the antibodies from HSM 

protein antiserum; the homogenates of PM^-infected leaves 

did not react with TMV antiserum. As was expected, the 

homogenates of tminfected leaves did not react with any of 

these sera. PM^ appears to be very unusual in that it is 

the only known mutant of TMV which does not react with 

antiserum made in response to the intact virus rods of the 

common strain of TMV. This finding suggests that the 

tertiary structure of the PM^ protein molecule might be 

quite different from that of other TMV strains. 

PM^ protein is also unique among TMV coat proteins 

as it is associated with the pellet fraction after low-

speed centrifugation (12,000 x £.). It was concluded that 

PM^ protein sedimented because it exists as an aggregate 

of some sort in leaf homogenates. When PM^-infected leaves 

were homogenized in acetic acid, a known disaggregating 

agent of TMV protein, the protein was rendered soluble 

after centrifugation; all experiments designed to free" PM^ 

64 
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protein from the particulate matter sedimented upon low-

speed centrifugation failed to solubilize PM^ protein. 

Furthermore, there is an indication that increased exposure 

to acetic acid may increase the solubility of PM^ protein. 

PM^ protein was soluble after low-speed centrifugation when 

the infected leaves were homogenized in 67% acetic acid, 

but only a portion of the protein was soluble after 

centrifugation at 105?000 x £. However, when PM^-infected 

leaves were homogenized in 100% acetic acid, and the 

extract was incubated at room temperature for 1 hour, most 

of the PM^ protein was soluble after centrifugation at 

105»000 x These observations could be explained by 

assuming that the 67% acetic acid treatment did not dis

aggregate all of the PM^ protein; thus some of the protein 

was sedimented at 105»000 x The 100% acetic acid treat

ment affected a greater degree of disaggregation, and hence 

a greater degree of solubility at 105,000 x £. 

My studies have indicated that PM^ protein is 

aggregated in leaf homogenates. Whether it is aggregated 

in vivo is still an open question. However, when Bald 

(1964) viewed living PM^-infected cells under a phase-

contrast microscope, he observed a virus-like protein, 

presumably PM^ protein, which appeared structureless and 

gel-like. The evidence of Bald (1964) and the evidence 

presented in this thesis suggests the viral coat protein 
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may become aggregated without stabilizing the viral nucleic 

acid; thus the virus is defective. 
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