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THE CHARACTEJ,UZATION OE :AN UNKNOWN VIRUS / 
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1 
.Plantago major (broad-leaved plantain) with symptoms typical of 

virus infection, was sho'lro ". be infected with a prJhou~lY undescrib'ed 
r 

" , 
virus, designated as plantain virus (PV) threugho,tft the investigation. 

PV was trans~tted manually to a rather narrow ~~st-range. Elëctron 

mièroscopy revealed that PV was, a f~exuous ~odthaped 'pa;ticle with a 

modal length of 607 nm in' leaf-dip preparations. A satisfactory method 
j 

~ 
for purification of the virus, involving th~ use" of detergent Triton 

\ 

X-lOO in Dorate buffer, pH 8.0, was developed. Determina~ions of the 

physical and chemical propertie~ ~f the p~ified virus (sedimentation 
ç 

, "-
coefficient;/' UV- absorbance" per cent .amA, molecular weight of viral 

, ' 

. f 
components) showed that the virus' was similar to those of the potato 

1 \ fi 
virus X 

\ 
\ . 
'membet's 

(PVX) group. How~ver, ~T6logical tests involving PV and 

of the PVX and potato virus'\ groups' indicated that PV was 

serologically unrelated to any of the v1ruses dsted.' 
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RESUME 

ADIB ROWHANI 

CARACTERISATION D'UN VIRUS INCONNU ISOLE 
oDE, PLANTAGO MAJOR 

P~ytopa thologie 

(h 
Il fut démontré que Plantago major (plantain à grandes feuill~s), . " 

présentant des symptômes typiques d'infection virale, était 'infecté par __ 
. 

un virus inconnu, nommé '!virus du p'1~ntain" (VP) au cours de nos 

recherches. Le virus VP fut ~noculé manuellement à un nombre restreint 

d'hôtes. ' L'étude au micros~pe électronique a révélé que l~ virus VP 

est une particule en forme de batonnet flexible, dont la longueur 

module, estimée à partir de preparations courantes, est de 607 nm. Une 

méthode satisfaisante ~~ purification du virus fut développée en uti1i~ 
• 

sant du détergeant Triton-X, dans un tampon borate, tPH 8.0. Grâce à la 

détermination des ~opriétés physiques et cliniques du virus puri~ie 
(coefficient de s~imentation, absorbance à l'UV, pourcentage de l'ARN, 

poids moléculaire des composantés virales), il fut démontré que le 
-~ 

aux virus du groupe X de la pomme de terre (PVX). virus est semblable 

\ Cependant, des tests sérologiques impliquant les virus PV ~t un certain 

nombre de virus du groupe PVX et du groupe PVY 

PV ne présente aucun lien de parenté sérologique 

} 

suggèren~ que le virus .\ 

avec les virus étudi~ 
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INTRODUCTION 
1 

Although it is weIl known that weeds and non-economic plants may 

serve as hosts for some viruses, there has been little systematic study 

of weeds as virus hésts, or of the actual extent to which they serve as 
" \ 

reservoir hosts, and usually knowledge of these factors has been 
1 

·obtained duri~g'epidemiological investigations of sources of infections 

affecting economic crop plants. 

As reported by Hawthorn'(1973) and Bassett (1973), Plantago 

major L. (broad-1eaved plantain), and Plantago rugelii Decne. (Ruge1's 

plantain) are common weeds"in easter.n Canada and the nqt.thern United 

States. During the past few summers local1y growing plants of P1antago 

major L. (identified on the basis of seed size and bther characters by 

Dr. D. E. Swa1es, McGi11 \University Herbarium) often eihibited vein 

clearing. mott1ing, and leaf malformation' suggestive of systemic virus 

• infections. Pre1iminary observations indicated that these symptoms 

were caused by a flexuous rod-shaped virus. Re1ativély few viruses of 

this morphology have been reported to infect broad-~eaved plantain. 

The objectives of the res~rch described were: 

1. To determine the host range and to identify the virus, and find 'out 
, 1 

whether it was a,previously described virus whose host'range has 

not been known to inc1ude Plantâgo major L., or an unknown virus. 
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2. To identify economic crop plants which might be susceptible to this 

virus. 
, \ 

3. To develop,a suitable method of purification, to enable further 

characterization of the virus, and to enable production of an 

antiser~ to the virus, for possible use in in~estigating 1ts 

serological relationship to other viruses. 
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LITERATURE REVIEW 

A. Distribution 

Although they occur commonly as weeds, Plantago spp. have been 

reported as hosts of relatively few plant viruses. Holmes (1941) 

reported a strain of tobacco mosaic virus (ribgrass strain) occurring 

in Plantago lanceolata and in the broad-leaved plantain (Plantago major 

L.), growing as weeds in several wi«e1y separated locations near . 
Princeton, New Jersey. Also, in the same locations, another strain of 

tobacco mosaic virus which caused tomato internaI-browning disease was 

found~~n naturally infected broad-leaved plantain (Ho1mes 1950). 

Fulton (1948) has reported the occurrence of broad-leaved plantain 

naturally infected with tobacco streak virus, and Hollings (1958) has 

found hydrangea ringspot virus on P1ant~go 1anceo1ata L. in Britain. 

As hydrangea ringspot virus is a flexuous rod-shaped virus having a 

length of 650 nm, causing local symptoms in plantain, Hollings believed. 

that this virus should be placed in the potato virus X group. Beet 

yellows virus, another rod-shaped virus with a normal length pf one to 
\ ' 

, sevéra1 microns, was reported by Bennett (1960)' to infect Plantago 

erecta and Plantago insularis. Other reports are from Crop1ey (1961), 

inqicating that cherry leaf-roll virus infects Plàntago major L. 

producing systemic necrotic etched spots, and Hitchborn et al. (1966), 
1 --

who have found a virus whic~ th~y refer to as Plàrttàgo mott1e virus, 

infecting P1antago lartcéo1ata and P. màjor in Britain. The virus 
• 
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particles observed were bu1let-shaped, and general1y resembled those of 
f 

vesicular stomatitis virus and lettuce necrotic ye1lows. Granett 

(1973) reported a new virus original1y isolated from Plantago major L. 
i1 

which was designated as P1antago mottle virus and placed4~ the turnip 

ye1l~w mosaic virus group on the basis of its properties. Broad-1eaved 

plantain a1so can serve as the host of dodder 1àtènt mosaic virus 

(Smith 1972), and the 1eaf hppper trahsmitted agent causing aster 

ye110ws disease (Freitag ~ al. 1969). 

B. Puri:Hcation 

Aggregation of rod-shaped plant viruses is one of the principal 

difficu1ties hindering their purification; it results tn a physica11y 
• t 

he.terogeneous population of virus partic1es and sometimes pr~ceeds to 

the point at which most or a11 of the virus loses solubi1!ty. The 

aggregation ls us~ally end-to-end and increaseslwith purification, and 
" 

storage of the viruses (Brakke and Van Pelt 1969). The aggregation is 

not easily reversed once it has occurred. Addition of hydrogen ions, 

magnesium, calcium, and some polyamines will increase ~he rate of \' 

aggregation (Brakke 1967). The rate ,of aggregation is higher at higher 

/ temperatures, can be prevented by raising the pH, lowering the salt 

concentration, and adding chelating agents (Reichman 1959; Scott 1963; 

Black et al. 1963). Citrate at pH 8.0, or borate buffer ~t pH 8.0-9.0 

prevents the aggregation of many rod-shaped plant viruses, but will not 

reverse it once it has occurred (Brakke 1967), and chelating agents 

such as citrate and EDTA do not bind po1yamines~and will not reverse 

,their effect on àggregation or stability of virus. 

, t 
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Damirdagh andShepherd (1970) used urea for purification of 
~ 

l ' -t tobacco etch virus and several other members of the potato virus Y 

group. They reported that urea at concentration of 2 M or greater 

caused degradation of the virus, but at concentration of 0.5-1.0 M 

prevented, or reversed aggregation without causing degradation. They 

found that lateral aggregation of the virus particles could be 
~ 

prevented by using 0.5 M urea and 0.1 per cent 2-mercaptoethanol in 
. \ 

the resuspension buffer during p~rificatio~, and postulated that urea 

weakens the af;inity of non-polar areas on the sq!face of the viral 

caps id, presumably weakening hydrophobie-type ~nteractions between 

t particles. Also, as a hydrogen bond~ng reagent, urea may break 

J\ hydrogen bonds formed between particles (Schachman 1963)'. The role of 
2-mercaptoethanol is related to its capacity to reduce disulfide 

5 

linkages formed by oxidation of sulfhydryl groups on the viral proteine 

Brakke (1959) reported the use of detergents for the dispersion \ 

/ 

.' 
of aggregated barley stripe mosaic virus. Igepon T-73 (active 

"'" ingredient sodium N-methyl N-oleoyl taurate), was found to be the best 

of the detergents tested; 0.01 to Q.5 per cent of this detergent 

dispersed about 90 per cent of previously aggregated virus. The 

detergent also dispersed host colloidal particles of the size range of 

virus es to give particles of mucHllower density than the virus. These 

èould be easily separated from the virus by densit~ gradient centri-
1 • 

, 
.fugation. However, Igepon T-73 appeared to cause a slight decrease in 

stability of the virus. 
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Bottomley (1970) reported the use of Triton X-lOO (alkylphenoxy

polyethoxyethanol). 'for soi~bilization of plastids and disintegration of 

the Qrganelles from pea etioplast preparations. Yuzo and Yamaura 

(1971) used Triton X-lOO to purify TMV from plants other than tobacê~~~ 

TMV from garden zinnia (Zinnia elegans) and spinach (Spinacea oleracea) 

isolated by this method showed the same characteristic ultraviolet 

absorption curve and infectious properties as that isolated from 
l 

tobacco without using Triton X-lOO. lt was also found, by electron 

microscopy, that the size and shape of TMV particles treated with 

Triton X-IOO were the sa~ as/those of non-treated ones: When Triton 

X-lOO was added to purified TMV particles, no appreciable effect was 

found at a final concentration of-five per cent, but co~gulation 
\ 

occurred at ca concentration above ten per cent. 
\ 

Van Oosten (1972) used Triton X-lOO for the purification of the 

plum pox (Sharka) virus, and s2:ow~~ithat'infectivitY w~s highest when 

this detergent was added, up ta a~cJncentration of abou6 five per cent, 
l" JIl '\ 

to an extract clarified by low-speed centrifugation. ITriton X-lOO has 
JO 

also been used by DeWij& (1974) for the purification of a virus causing 

ringspot on Passiflora ed~~passionfruit ringspot ~us), by adding 
- , ./ , 

'., 

it to a concentration of fiye per cent by volume. 
\ 

Brakke and Rochow (19,74) added Triton X-IOO to the crude extract 

\ 
to a concentratit9n of one pel.\, cent as a clarification procedure when 

\ 
purifying barley yellow dwarf ~rus. After one high,speed centrifuga-

\ \ \ h 
tion, the pellets were suspended\~n 0.1 M neutral potassium phosphate 

and clarified by low speed centri ugation. After the subsequent 

\-1 
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addition of Triton X-lOO the extracts were again éoncentrated by high 

speed centrif~gation'. Thouvenel ~ al. (1976) recently made use of 

Triton IX-100 for the purification of Guinea grass mosaie viru8\a 

flexuous rod-shape~ particle. 

7 

Polyphenol oxidas~ ik a eopper-containing enzyme invo1ved in the 

oxidation of phenolic compounds in plant extracts, which have a highly 

inhibitory effect on plant viruses. Iwo chelating agents with more or 

less specificity for copper, diethyldithiocarbamate and potassium ethyl 

~anthate, have been used to obtain infectious preparations o~ several 

viruses (Matthews 1970). The viruses that cause prune'dwarf, so~r . 
\ 

éherry reeurrent necrotie ringspot, and necrottc ringspot diseases lose 

infectivity in ~issue extracts within a few,.hours (Hampton and Fulton 

1961), but addition of sodium diethyldithiocarbamate (NaDIECA) 
~ 

stabilizes the extrac~ by making the copper unavai1able and inhibiting 
l 

the polyphenol oxidase. By combining stabilization with NaDIECA and a 

reducing agent w.ith hydrated c~lcium phosphate (HCP) elJrification, 

Fulton (1959) was able to purify prune dwarf and necrotic ringspot 

viruses. It seems probable that NaDIECA would have a favorable effeet 

on the stability of other unstable viruses, and might facilitate their 

purification. 

C. Sedimentation Coefficient 

1 

The rate at which a virus sediments through a gradient column in 

density-gradient centrifugation depends on its size, shape, density and 

the density and viscosity of the surrounding medium~ which usually are 

. \ 

,. 

, - . 
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a\function of temperature. Since these properties are constant for 

most viruses (Knight and Oster 19'47), the sedimentation rate of a virus 
• >--1 

through a density-gradient c01umn shou1d also be a characteristic 

constant for each virus ~ Such sedimentation rates migh,t be of 
1 \ 

considerable practical importance for characterization and identifica-

tion of viruses because 'they can be measured on low concentrations of 

" virus, because impure virus preparations can be used, and because the 

identification of the visible virus zones can be easi1y confirmed by 

infectivi~y assay. 
1 

Sedimentation coefficients are usua11y estimated from results of 

density gradient fentr~fugation by comparing the sedimentation of 

unknown and standard partit1es (Brakke 1958; Martin and Ames 1961). 

However, severa1 procedüres for estimating sedimentation coefficient by 

density gradient centrifugation/without the use of markers have been 

published (Mc Ewan 1967). Estimation of sedimentation coefficients with 
\ 

or without the use of markers, is simplified if the gradient is 

. designed so that the sedimentation. rate is independent of depth 

(so-called "isokinetic") (Harrison and Nixon 1959; Martin ana ,knes, 

,,1961; McCarty et al. 1968; Noll 1967). A gradient in which the 

10garithm of the depth is a 1inear function of the 10garithm of 'the 
\ 

sedimentation coeffi~ient or of the time of centrifugation is ~teeper 

than ~n "isok,lnetle" gradient and a1most as eonvenient to ·use. For 

convenienee, this type of gradie~t in which the logarithm of depth is a 
\ \ 

1inear function of the logarithm of the sedimentation coefficient is 

called'a "linear-log" gradient (Brakke and Van Pe1t 1970a). 
"" " 
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1 
D. Ribonucleic Acid 

cf) 

Since isopycnic cesium chloride (CsCl) gradients were introduced 
1 

in 1957 (Meselson ~ al.), this technique has become increasingly 

popular as a tool for studying the physical-chemical properties of 

macrospecies (nucleic acids, other macromolecules and particles such as 

ribosomes a~d v~ru~es). àriginally these buoyant density gradients 
1.. j;.r, - -----r 

were centrifuged ~fi~àwinging bucket type rotors, but since 1966 (F1amm 
-~" 

" " 
et al.) fixed angte<~tors have also been employed. The use of fixed 

angle rotors increases the number ot gradfents tr,at can be centrifuged 
\ 

simultaneously, and also increases the resolution of densities in the 
1 

gradient (Flamm~ al. 1966). 

'.Brunk and Leick (1969), by using the equilibrium ~sopycnic Cs Cl 

gradients with an initial preformed_CsCl gradient concentration, 

drama~ically,reduced the time required to achieve equilibrium con-

ditions, from 36-50 hours to about 18 hours. 

,\ Estimation of protein and nucleic acid content of viruses can be 

made br che~ca1 and colorimetrie analysi~ (~chuster 1964) and ultra-
o 

violet (UV) light absorption spectrophotometry (Englande~ and Epstein 

1957) • Such methods are only reliable, however, when highly purified 

viral preparations are used. A distinct advanta~e of the equilibrium 

:e~trifUgation procedure is that signitieant information on the 

physicochemieal properties of macromoleeules ean 'be obtained while 

conserving th~ materials for other investigations (Sehgal etaI. 1970). 
\ 

The relationship between buoyant density (p) in CaCI and ribonucleic 

acid (RNA) content of one bacterial and eight plant yiruses was studied 

1 
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l 
1 
1 

1 

'; 

t" l' 

, ' 

~ ,"'''' 
:~. 7" ~ 

~~t:l ] 
~):-', 1 



~ 

1 
\ 

; 

, . 
1 

1 
! ' 
1 

1 .p 

1 
t 

1 

1 

l, 

( 

o 

-" ---------------------------------~---------------------

( 

10 

by Sehgal et al. 
1 

The viruses selected for this. study varied in their 

RNA content from four to 42 per cent. A highly significant correlation 

(R2 • 0.99) was found between p and the absolute amount of RNA in these 

viruses. The functional relationship indicated that the p of virus es 
\ 

increased atoa greater than linear rate as the RNA content increased, 

/ but about 89 per cent of this relation was directly attributed to the 

amount of RNA in thé virions. Based on these observations, they 

derived a mathematical formula to estimate the RNA content of a virus 
o , 

from lts p value. 

Methods for the isolation of pure, undegraded viral components 

are of interest for reasons apart from the study of the viral com-

ponents themselves. Thus, viral nucleic acids have played a major part 

in our understanding of the properties and functions of nucleic acids. 

They have be:n used to study protein biosynthesis, enzyme action, 

nucleic acid interactions; radiation leffects, and many other problems 

(Ralph and Bergquist 1967). 

Numerous methods have been used to isolate viral/nucleic acids 

from DNA- and RNA-containing viruses. Infectious nuclèic acids have , 
1 

also been isolated from cells 'infected with viruses. In some 'cases 

infectious nuclei~ acid was obtained from infected cells when 
1 

extraction of isolated virus failed to pfoduce infectious material 

(Fraenkel~Conrat 1961). 
/ 

Il Several factors must be consid~red during isolation of viral 

nucleic acid to avoid degradation or damage of the final product; 

shearing by rapid stirring, violent shaking, or pipeting df the viral 

! 

, 

- " ". 

- , . -
, .' 

r:' ':. 
~ r 
t, ~ ~ 

" . '. 



• 

D 

11 

DNA or doub1e-stranded RNA solutions shou1d be avoided (Hersfey ~ 

Burgi 1960). At extremes of pH, i.e., at values greater than 10, RNA 

pho~phodiester b~nds begin to hydrolyse, whi1~ at'pH values greater 

than 12, ~onization of the purine an~yrimidine bases occurs, and DNA 

is denatured as a result of strand separation. At pH values 1ess than 

three, the purine bases of DNA and RNA are slow1y re1eased. The ionic 

strength and nature of the cations in solutions of nuc1eic acids ~an 

influence their stabi1ity. At very low ionic strength «10-4 M) double 

stranded DNA begins to denature and separate into single stranded DNA, 

while RNA has less base pairing and less secondary structure. 

Magnesium ions stabilize RNA base interactions, but cause RNA 

aggregation and precipitation at ionic strength around 0.01-0.1 M and 
J 

!J 

greater. Strong aqueous salt solutions (>1 M) a1so 'precipitate high 

molecular weight RNA (Ralph and Burgquist 1967). 

Viral nucleic acid is usually extremely susceptible to enzymatic 

degradation when re~eased from its surrounding protective viral protein 

coat. During the preparations of viral nucleic acids', tissues, cel1 

fragments, and subcellular particles present in virus preparations, 
'" 

frequent1 ",release nuc1ease following their disruption. It is 

(, ~ 
necessary r either inactivate or inhibit the enzyme activity follOWing 
\ i ' 

;, 

the releas , of the viral nuc1e~c acid. This c.an be ,accomp1ished by 

using nuc1ease inhibitors such as po1y (viny1 sulfate), bentonite (Dunn 

and Hitchboro 1965) or diethy1pyrocarbanate (Rosen and Fedorscsak 1966). 
D 

Bentonite has been reported to be an effective inhibitor of 
''';'- -

yeast rib~nuclease 5Brownhill et!![ 1959), and in sufficient ~ 
. ", 

b 
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concentration completely inhibited the action of pancreat{c ribo

nuc1ease and permitted the near-quantitative removal of the enzyme by 

cent;ifugation (Singer tnd Fraenkel-Conrat 1961). Many RNl,preparations 
1'

... ? 

made ln the presence of bentonite, or he Id in the presence of bentonite, 

lost little of their infectivity,during 24 hours at 36°~ in'O.l M 

phosphate. Application of the RNA to the test plants in the presence 

of bentonite increased the local lesion response by a factor of 10-20. 

The mechanism of that, inhibition appear~ t'a ,be a binding of enzymes 

by the clay, with an affinity which is very high for ribonuclease, and 

~omewhat less for crude plant enzymes (Singer and Fraenkel-Conrat 1961). 
\ 

In general, the more powerful the protein denaturant used ta 

~denature and remov~ the viral protein and relea~e the viral nucleic 

'" acid, the more successful the inactivation of nuc1eaeee and the more 

intact the nucleie aeid isolated (Ralph and Bergquist 1967). Of the 

reagents curiently 
Il 

employed for ieolating viral nucleic acide, the 
o 

sucee'ssful ~re ~he protein ~ " denaturants phenol and sodium dodeeyl 
1 

sulfate (SDS). These have both been used successfully to prepare 

infectious viral nucleic acide frrm several viruses. Other.methode 

have been used in special instances, but theee are generally less , 

most 

suceessful in providing biologically active, pure viral nucleic acids. 

The mechanism of action of phenol as a prbtein denaturant has not been 

studied extensively, but it seems that it reacts w1th the various, more 

or less hydr,ophobie, groups in the ineide of the proteins and 
, , \ 

effectively turns them inside gut, causing their precipitation (Perutz 
" 

1963). SDS solutions doOnot usually precipitate viral proteine, although 

1 > 
1 
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they do denature viral coat proteins. The aliphatic group of the 

detergent presumably disrupts the internaI forces stabiIizing the 
, 1 

viral protein ahell in much the same way as does phenol. However, in 

this case the resulting protein subunits do not precipitate, ainee the y 

are effectively dissolved in oi: surround,ed by ~'shells" or "micelles" of 
, 

the detergent (Ralph and Bergquist 1967). 
\ 

Gierer and Schramm (1956) used phenol ta extract· the TMV-RNA by 

shaking a solution of TMV with an equal amount of water-saturated phenol. 

The RNA was released and recovered from the upper aqueous phase after 

" centrifugation of the mixture. Following removal of the phenol from 
\ 

the water phase by ether extraction, the RNA was precipitated with two 

vo~umes of ethanol and recovered by low-speed centrifugation. Kirby 
• 

(1964) reported that the addition of 0.1 pe; cènt 8-h~droxxquino1ine to 

(. ~ , 

water s6turated phenol minimized the formation of meta! catalized 

oxidation Pfoducts, by che1ating contaminating metaI ions. The use of 

8-hydroxyquinoline for minimizing enzym~ ~~tion and a1so for facilitating 

the denaturation of protein contaminating bound metal ions has aince 

becom~widespread. In some cases it has been found beneficial t~m8ke 

the phenol extraction after the virus structure has been opened up by a 

detergent such as SDS. Rushizky and Knight (1959) used auch a 'technique 

to obtain infectious RNA from tomato bUBhy etunt virus, and Bachrach 

(1960) aimilarly obiained infectious RNA from foot-and-mouth diseasè 

virus. 

Although the phenol extraction method is .the most ~en&rally 

useful procedure f?r obtain~ng nucleic~acid from a wide variety of 

, 
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viruses, it is not satisfactory for some viruses, and trial and error 

may be needed to establish a satisfactory method for a new virus. Many, 

other meth\'ds have been used for extraction of RNA and some of them are 
, -

summarized here. Fraenke1-Conrat and Williams (19,55), under carefu11y 
. 1 

control1~d conditions, used weak alkaline solution (pH 10-10.5) and 

degraded TMV without causing d~turation of the protein. Fraenke1-
\ 

Conrat Ü957) 1ater observed tha~ cold 67 per cent acetic a~.id split 

the virus and caused precipitation of the nuc1eic acid from the 
1 , 

solution, and native protein free from nuc1eic acid or oth~r gross 

contaminants could be iso1ated from the supernatant simp1y iby dia1ysis. 

_ .;,~eichmann and St~e-Smith (1959) used 'guanidine ,hYdtoch1oride 

to prepare infectious RNA from potato vir~s X, and Cox and!Arnstein 

(1963) also used the same method to extract intact ri9onuc~eic acid 

from rabbit-re~icu1ocyte ribosomes. Guanidin'e-HC1, in th~ presence of 

1 
LiCl, was used for extraction of turnip mos~c virus-RNA ~y Hill and 

1 

Shepherd (1972). 1 

1 

'Brakke and Van Pe1t (1970b) used an ammonium carbohate-SDS 
1 

buffer, pH 9 in the presence of EDTA, to extract infecti us RNA from 

wheat str'eak mosaic virus. The same method W'as used to xtract 

infectious RNA from maize dwarf mosaic virus, 'potato vir
l 

s Y, and rye 

1 
grasa mosaic virus (Pri~g and .Lange.nbe~g 1972; Makkouk 1'nd Gump~ 1974; 

Paliwal and Tremaine 1976). ... , 
J 

Forma1dehyde has been used extensive1y for chemically modifying 

proteins an~ for inactivating toxins and viruses; a1thJU~h the precise 

mode of ite action is Little ~er.tood (Ba.e1korn_,jlidID~tY '196'0. In 
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,,. , 
the case of tobacco mosaic virus, however, Fraenkel-Conrat (1954) and 

Staehelin (1958) have shown that formaldehyde ia not only capable of \ 

/ 
reacting with the protein but also inactivation of the virus is due to 

its interaction with the amine groups of adenine, cytosine, and guanine 

in the ribonucleic acid component. They have reported that nativelDNA 

from several sources does not react with formaldehyde under the same 
,\ 

conditions used for the reaction with RN~. The conclusion drawn was 
\ 

that amino ,groups involved in hydrogen bonds do not react with 

f~rmaldehyde. Hoard (1960) has shown by means of a formol titration 
1 

. that the amino group of cytidilic acid combines with one molecule of 

formaldehyd'e in h~gh formaldehyde concelltration. 

Formaldehyde is a very convenient denaturant, becau~e RNA ie 

completety denatured very ,rapidly ~t relatively low formaldehyde 

concentration (Boedtker 1968). Boedtker indicated that the sedimenta-
1 

\ 

tion coefficient of a single stranded RNA depends on 'the molecular 
.' 

weight and the secondary structure. 
\ 

If the secondary structure of the 

RNA is destroyed by treatment W±th formaldehyde, the sedimentation 

coefficient should1depend only on the mo1ecu1ar weight. She used 

forma1dehyde to denature the he1ica1 regions of RNA and converted 
( 

polynucleotides into random coils characterized by a single equation 

relating the +ogarithm of the sedimentation COèfficiept to that of the 

molecular weight. Brakke and.Van Pe14 (1970b), working with wheat' 
1 

streak mosaic'virus, obtained $imilar'results and devised a simi1ar 

formu1a~ S = 0.083 MO. 38 , for the relationship between the sedimenta-

tion coefficient (S) of formaldehyde-treated RNA and its molecular 
o ~ 

, '1 

f,' 
t 
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weight before formaldéhyde treatment (M),. The same treatment was 

applied by other workers in characterizing RNA obtained from maize 
1 

dwarf'mosaic virus, and potato virus Y (Pring and Langenberg 1972; 

Makkouk and Gumpf 1974). 

E. Protein 

16 

The application of e1ectrophoresis in SDS-containing polyaeryl-

amide gel to the determination of molecular weight of proteins has been 

reported by Shapiro ~ al. (1967). This method has utilized the linear 

relationship-between the log of the molecu1ar weight of the protein, 
~ 

and the distance which ,the protein migrates into the\gel. Maizel (1966) 

bas proven e1ectophoresis in polyacrylamide gels in the presen~ of the 
.... "'" ,'1 

anionie detergent SDS to be a useful tool for the separation ahd 
,} 

.' / 

identification of polypeptid~ chains. Weber and Osborn (1969) followed 

the procedure of Shapiro et al. to study fort y proteins with poly--- , 
peptide chains~of weIl characterized molecular weights by polyacrylamide 

gel electrophoresis in the presence of SDS. When the electrophoretic 

mobilit1es were plotted against the logar1thm of the known polypeptide 

chain molecular weights, a smooth curve was obtained. The results 

showed that the method is reliable for determining the molecular 

weights of polypeptide chaine for a wide var1ety of proteins. It 

appears that by tÈis Itechnique, polypeptide molecular weig~ts may be 

determined with an accuracy of at least ±IO per cent (Weber and 

Osborn 1969). 

\ 

1 

1 
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• 
The tobacco necrosis virus coat protein has been shown by 

polyacrylamide gel e1ectrophoresis to consist of one protein species 

(Lesnaw and Reichmann 1969). The minimum molecular~weight of the 

protein subunit calculated from amine acid analysis is 33,300, and the 
-

molecu1ar weight as determined by eleetrophoresis in SDS-containing 

polyacrylamide gel in the presence of marke~s of known molecular weight 

i8 33,000, whieh is in precise agreement with the previous value. Hill 
\ 

and Shepherd (1972) estimated the molecular weights of the coat 

proteins of fifteen plant viruses by polyacrylamide gel electrophoresis 

in the presence of SDS. They have indicated that most of the well-
j 1 

characterized viral coat proteins gave values within about 10 per eent 
J 

of-that estimated by 'other means. Five viral proteins (~ucumher mosaic 

virus, potato virus X, sowbane mosaie virus, tobacço etch virus, and 

white clover mosa~c virus) gave values~significantly different from 

" those based on chemical and physica1 data. Two components were 
\ 

obtained with the coat proteins of tomato bushy stunt virus and white 

clover mosaic virus. 

Hiebert and McDonald (1973), during their work with five 

different viruses of potato virus Y group,' analyzed the viral coat, 

protein by gel electrophoresis in po1yacry1amide gels containing·SDS. 

They observed that aIl five vira~ coat proteins separated into two 

molecu1ar weight components (designated fast and slow according to the 
\ . 

.", 

~elative mobility). Preliminary evidence suggests the ~atio of the two 

\components appeared to depend on purification conditions and on the 

length of storage after purification, before dissociation with SDS. 

r 
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F. Serology 
• 

Serological reactions are being, used increasingly to identify 

plant viruses as weIl as to determine the degree of relationship among 

them (Bercks 1960). In both procedures, it is advisable to use antisera 

which react on1y with vitus antigéns and not a1so with those of the 

host plant. The outstanding characteristic of the serologica1 reaction, 

between a virus and its,homologous antiserum is its specificity, which 

depends on the fact that antibodies react only with the antigen which 

was used for immunization or antigens chemical1y closely related to it. 

Because of this specificity, serologieal reactions are the most certain 

method of identifying a virus and th~ disease caused by it. An 

advantage'of the serologieal diagnosis is that accurate results are 

\ 
obtainable in a short time (Wetter 1965). In most cases where a virus 

is to be identified, different isolates, mutants, or strains of the 

virus must be eompared; therefore, the serologieal study of relation-

ships between virus es is deeisive for their identification and 

classification. 

Of the different methods used in plant virology, the prècipitin 

method, in its various modifications, ia the most common. Tests which 

make the precipita te direetly visible have a special advantage over 

those using indieator systems which necessitate extra contraIs (Wetter 
" 

1965). The micropreeipitin reaction under paraffin oil is a modifica-

tion of the preeipitin test on slides (Dunin and Popova 1938), useful 

for potata-virus diàgnosis (Stapp 1943) and aIs a for titrating antigens 

! during the course of their purification (Wetter 1960). "The test offers 
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1 special advantages in that small amounts of antisera are required, and 
1 

b 
\ 

the reaction is quick, perhaps because of the special conditions 
o 

prevailing on the surface of the drops (Wetter 1965) • 

Ouchterlony agar double diffusion tests (Ouchterlony 1958) have 

gained wide usage in recent yea~s in the serological study of plant 

viruses. The technique has several advantages over more conventiona1 

'tests. Lesser amounts of antigen and antiserum are required; the test 

has greater reso1ving power than other forms of the precipitin tests, 

particularly when impure antigen preparations are used. In addition, 

\ 
agar diffusion tests are convenient for the routine identification of 

virus in extracts of infected plants (Purcifûl1 and Shepherd 1964), and 

the reaction of various antigens with a particular antibody, or the 

reverse, can be carried out simu1taneous1y, under identica1 conditions. 

l1 
E10ngated plant virus es (longer than TMV) have a slow diffusion 

rate and are consequent1y unsuitable for the Ouchterlony test. This 

ie attributable not on1y to their shape, but also ta their tendency to 

aggregate end-to-end (Wetter 1965). 

(Bercks 1963), however, sharp bands 

obtained after pro10nged incubation. 
~ 

With 

close 

The 

1 

clover ye1low mosaic virus 

to the antigen depot could 
b/-' 

same was not true_ with the 

re1hted patato virus X, probab1y because the virus was in an aggregated 
\ 

fo~ (Ford 1964), but sharp precipitation bands were obtained if 

citrate-phosphate saline buffer at pH 8, which minimizes aggregation, 

was used (BaU et al. 1964). With bar1ey stripe mosaic virus, t,he 

formation of precipitation 1ines could be facilitated by ad ding 0.1 

per cent sodium dibuty1 naphthalene su1fonate (Leonil\s.A.) to the agar, 

, 
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possibly because this substance breaks tip the virus particles 

\ l ' 

(HalJlilton\ 1964). 
/ 

The potential usèfulness of immunodiffusion procedures for 
i 

1 
large-seale serodiagnostic programs has stimulated further work on the 

adaptation of this technique for use with rod-shaped plant viruses. 
1 • 

Purcifull and Shepherd (1964) investigated the possibi1ity of using 

\ 
fragments f viruses or protein sub-units, which would diffuse rapid1y 

ar and react specifical1y with-antiser~ prepared against 
.\ 

Thèy 
, 

the intact rus. demonstrated that some r.od-shaped viruses could 

be degraded sero1ogica1l1 active components which readily diffused 

in th,e agar gel. Vari~us chemical compounds'were found effective but 

alkaline degradation using ethano1,amine buffers yielded the greatest 

amount· of serologically active protein from clover mosaie virus. lt 

was pointed out, however, that conditions for degradation will vary 
\ , 

with each particular virus.- The use of chemiéal degradation products 

ls also described by Shepard and Grogan (1967) tor diagnods of western-~ 

1 
celery mosaic virus, by Milne and Grogan (1968) for waterme10n mosaic 

1 

virus, and by Purcifull and Gooding (1970), and Gooding and Bing (1970) 
\ 

for the detection of potato virus Y (PVY) and tobacco etch virus (TEV). 

The latter workers incorP'orated the detergent SDS in the 'agar gel and - \ 

demonstrated the presence of PVY and TEV in crude sap of infected 

tobacco plants. ,Hiebert et al. (1971) used the same technique to 

disrupt purified TEV and PVY inclusion bodies and showed that they were 
\ 

serO~OgiCally~re1ated to the virus es that ~timu1ated their formation.' 
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Physical disruption of virus particles by ultrasonic treatment 

hàs been reported by Tomlinson and Walkey (1967) for potato virus X 
> 

(PVX) and turnip mosaic virus (TUMV), and more rëcently ~J Koenig 

(1969) for virus es of the PVX group, and by deBokx and Waterreus (1971) 

for potato virus ~ (PVS). tn aIl cases, ultrasonication 0t partia11y 
, 1 

purified virus suspensions produced virus fragments which were sero-, 

logically active and produced c1ear precipitin lines in agar gel Mith 

antiserum prepared against the intact antigen. However, deBokx and 

Waterreus stated that fragmentation of PVS particles in crude sap was 
\ 

not successfut. 
o 

Shepard and Secor. (1969) investigated th~ relative sensitivities 

of the Ouchterlony double diffusion and tqe.sin~le radial diffusion 

methods and®demonstrated that bath can be reliably used to detect , 
pyridine-degraded PVX in crude expressed sap of inf~cted potato leaves. 

With the radial-diffusion procedure the virus was detected in sap 
1 

dilutions of 1:14,000, while the double--diffuéion method did not detect 

the presence of the virus in sap dilutions exceeding 1:1400. In addition 

to having a significantly greater sensit~ty than most other serologicai 

methods, the radial-diffusion test was,found to be extremely rapid, as 

re~u1ts could be obtained within 30 minutes. The technique required a 

minimum of sap manipulation and could be performed in the field with 

crude expressed sap. It was lat~r reported useful for the detection 

of PVS (Shepard 1970) and potato virus M CShepard ~ al. 1971), and was 
\ 

fsaid to ho1d potential for the detection of other elongated plant 

viruses,'depending on the selection of ~he virus-degrading agent and 

\ 

\ 

/ 

/ 
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th'e production of a s,uitable antiserum. The minimum amount of purified 

antigen that can be detected with the radial-diffusion technique 

compares favorably with other serologieal methods. Wright and Stace-
1 

Smith! (1966) repox:tèd that PVX subunits could be detected by the tube 
\ " 

precipitin and complement fixation tests at concentrations of 0.5 pg/ml 
Il 

at antiserum dilution end-points. Shepard aJd Secor (1969) detected 

purified PVX-protein,at a concentration of 10 pg/ml with the double
r ..... 

diffusion method, while concentrations at 1 pg/ml were detected with 

the radial-diffusion method. 1 Furthermore, large numbers of tests coUld 

• 

be performed simul,taneously in one agar plate and very little antiserum ,-

per test was required. 
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~TERIAL, ~ METROnS 

A. The Virus 

\ 

The virus used throughout this ~tudy was iso1ated from broad-

1eaved plantain (P1antago major) which occurred as a weed around the 

Macdonald Campus. A vegetative stock culture of the virus, designated 

..\ '\ hereafter as plantain virus (rV), was maintained in P1antago major. 

Per~nent stock cultures were a1so maintained in 1eaves of P1antago 

major\dried over anhydrous calcium sulfate at 3°C und~r vacuum. 
./ 

B. Culture Conditions of Experimental Hosts 

1 

, 
Plants used for host range determination, virus stock and assays 

\ 

were grown~ in pasteurized soi1 in clay pots. The potting medium 

consisted of two parts pasteur!zed soil, one part sand, and one part 

peat ~oss. Eight ouncès of the commercial ferti1izer "Osmocote" 

(14-14-14) were added to each bushe1 of the soi1 mixture. 

A11 plants were grown in the greenhouse, ~intained at about 

22°C in the winter months and between 24°C and 32°C during the summer 

~onths. Supp1ementa1 1i~ht was supp1ied by incandescent and inf1u-

orescent 1amps to give a minimal photoperiod of 16 hours. Excessive 

'" I! ~ 
temperature ~luctuatrons dur!ng the summer menths were prevented with 

air coo1ers and shades: Pest control measures were carr±ed out through 
1 

week1y greenhouse fumdgation with recommended fumigants. 

23 
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C. Inoculum and Inoculation Procedures 

Large quantities of inoculum were prepared by inocu1ating young 

tomato se~dlings with a vegetative stock culture of the virus. Prior 

to inoculation, a suitab1e quantity of fresh infected leaf tissue was 

homogenized with a mortar and pest1e in 0.1 M potassium phosphate 

buf fer, pH 7.1. The 1eaves of the seedlings to be inocula ted . we~e 
, 

dusted with carborundum and inoculations were performed by rubbing the 
1 

Ieaves of plants to be inoculated with the thumb dipped in the inoculum. 

The same procedure was used to inoculate th9se plants wh1ch were chosen 

for host-range determination. 

D. Hos t· range 

, 1 

AU test plants were raised 'rom seed, and were inoculated a,t 

the cotyledon stage where practicab1e or at the four to eight leaf 

stage, according to species. At least five plants were used for each 

inoculation. Chenopodium amaranticolot Coste & Reyn •. , or' Gomphrena 

globosa' L. were chosen {;},s assay hosts. Return inoculations were made 

in severa1 cases, fl'om inocu1ated and from non-inocu1ated 1eaves to the 

assay hosts, to test symptomless infections. 

To det~rmine the host range, various plant sp~cies or varieties 
\ 

were chosen among ten diff.erent families and- inocu1ated wit~ PV. Test 
, 

pla~ts were: . from 4maranthaceae. Gomphréna globosa and Amaranthus 

retroflexus (Ru8sian pigweed); Caryophyllaceae: Dianthus barbatus 

(carnation); Chenopodiaceae: Chenopodium guinoâ, f. amaràntico!or, 

1 

" 
.~ 

t 
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~. foetidum, C. album, C. capitatum, Spinacea oleracea (Spinach, 
1 

var. Epinard America, Epinard Northland, Hyb. 530), Beta vulgaris 

(sugarbeet, beet var. Be~teraves ruby queen, Swisschard, Betteraves , , 

redpack, Improved dark red, I07A, 107 Detroit dark red); l 
Cucurbi taceae: 

Cucumis sativus (cucumber), \Cucurbita ~ (squash, var. Butternut), 
" 

Citrulus vulga~is (watermeldn, var. Charlston gray); Ficoidaceae: Tetra
"\ 

goina expansa '~New Zealand spinach); Gramineae: Hordeum vulgare (barley, 

var. Moreval, Champlain, Montcalm, Betzes, Hypana), Triticum aestivum 

(wheat, var. winter wheat and Cornell wheat), Avena sativa (oats, var. 

l 
Clintland and Roxton), ~ mays.~(sweet corn); Leguminosae: Phaseolus 

vulgaris (French bean, var. Black Valentine, Contender, Likalake, 
1 

Bountiful,' Kentucky Wonderwax, Pinto, Slender green, Highlander, 
, \ 

Earlywax, and SprUe), Pisum sativum (pea, var Thomas Laxton, American 

Wonder pea, and Alaska), Phaseo!us aureus (mung bean), Glycine ~ 
, 

, 
(soybean, var. Harosoy), Medicago sativa (alfalfa), Trifolium repens 

(white clover), Trifolium pratense (red clover), Vicia faba (broad bean) , 

Vigna sinensis (cowpea); Plantaginaceae: Plantago major L. (broad-
"---- -

leaved p~antain); Polygonaceae: Fagopyrum esculentum; Solanaceae: 

Nieotiana 4unoBa. N. - rustiea. N. tabaeum (tobaceo. var. White buÛey. 
1 

Xanthi, Turkish, Samsun, Haranova~ Havana 425, Havana, Haranova T, 
-; 
, ~ 

Sylvestris, Havana 38), Lycopersicum'esculentum (tomato~ var. W 218 
\; 

Armstrong, Rideau, Early Chateau, Asgrow Scarlet Dawn, Pink Gulf State, .; " 
Jubilee, Michigan State Porune, Fire baIl, Glamor, Joh~ Bear), Datura 

stra1ll;Onium, Datura metel, .Petunia hybrida, Solanum nigrum, i. dalcamara; 
, , 

" 

S. tuoerosum (potato), Capà~cum annuum (sweet pepper) (see also results). 
1 -

; 
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i , 
E. Stability ia vitro 

1. The~l inactivation point 

Frozen tomato leaves were used as the source of crude virus 
\ 

extract. The leaves were ground in a mortar and pestle, and the ground .. 
materials were squeezed through a double layer of cheeseeloth and 

.. 
diluted with two volumes of 0.1 M borate buffer, pH ~.O. Tested 

. 
temperatures were between 45 and 95°C, in 5°C inerements. Tubes,'made ~ 

from Pasteur pipets, with their tips closed earlier by the gas flame, 
J 

were used, and previously warmed to the d~sired temperature in a water-

bath. After the tubes had bean warmed, 1.5 ml of the crtlde sap was 

left in them for exaetly 10 minutes at the temperature,desired~ ·After 

that the tubes (usually two) were removed from the water-bath and 
"':-

immediately cooled in running water. The t~eated juice and also an 

untreated control extract were then rubbed onto the leaves of Gomphrena 
!" 

globosa predusted with carborundum. 

.2. Dilution end point 

Infected frozen tomato leaves were used as the source of 
1 

inoculum. The leaves were ground in a mortar and peàtle, and the • 
re8u~ting extract was fil~~red through cheesecloth as pre~ioüsly 

, ' -1 
descrlbed. Dilutions weremade on a logarithmic seale (from 10 to 

." 

10-10" and each dilùtion Was rubbed onto four Chenopodium amaranticolor 

leaves, 'predusted with' carborundum. 

. , 
1 

1 

l , 
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F. Partic1e Length 

Virus partie1e 1ength measurements were made on photographie 
jp fi J 
en1argements obtained from examination of "1eaf-dip" preparations 

(Brandes 1957), whieh were negative1y stained with neutra1ized 2% 

p~assium phosphotungstate and examinêd in a Zeiss EM.9A e1eetron 

microscope (Hitchborn and Hills 1965). Similar1y stained purified 

virus preparations were a1so examined. i 

G. Purification 

27 

The virus was routinely purified from tomato (Lycopersic~ 

esculentum var. Quebee 5). Yoûng tomato plants were inoeulated in the 
\ 11. , 

3-5 leaf stage and for practical purposes, both directIy inocul~ted and 

systemically infected 1eaves were collected 4-8 weeka Iater. Leaves 
/Ir 

were p1aced in polyethelene bags and stored at -6 od in the frèezer 

b~fore processing. 

Var~ous purification procedures were investigated and compared. 

They are presented here in &tepwise faahion. E1ther Beckman Model L or\ 

a Beckman L2-65B u1tracentrifuge was used for high-speed centrifugation 

• 
and pel1eting of the virus, whil,e a Sorva11 superspeed Rc-2-B 

refrlgerated cen~iifuge with an 66-34 rotor was used for low-speed 

clarification. 
l. 

',1 

.' 
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1. Purification of PV bY0Triton X-lOO clarification 
in borate buffer li 8.0 and differential and 
,dertsity gradient centrifugation this method 
was eventually adapted for routine use) 

AlI steps were carried out at 3°C. 

(a) Infected, frozen tomato leaves were homogenized in a Waring 

blender using two times their weight of 0.5 M sodium borate buffer 

pH 08.0; containing 1% 2~ercaptoethanol, 0~25oM u;ea, and 0.01 M sodium 

diethyl dithiocarbamate (NaDIECA). The borate buffer stock solution 

was made by adding solid NaDH to 1 M boric acid solution to give the 

desired pH • 

(b) The homagenate was filtered through a double layer of 

cheesecloth. , 
(c) The sap ,was centrifuged at 10.000 rpm in the 'S5-34 rotoF for 

, 
15 minutes and the pel~et discarded. 

(d) Triton X-IDa was added dropwise to the supernatant, while 

stirring, ta a final concentration of five per cent by volume. 

(e) Stirring was continued for 60 minutes, after which the 

~ture was subjected ta a 'low-apeed centrifugation as above Cc), and 

e pellet discarded. 

\\ Cf) The supernatant was filtered through Miracloth (quick 
\ \ 

filtration material for gelatinous grindates; Chicopee Milla Inc~) to 
! 

retain any pieces of pellet present, and c~trifuged for 90 minutes at 
\\ . 

27,000 rpm in a Beckman type 30 rotor, ta pellet the virus. 

(g) The pellet was overlaid with 0.1 M boràte buffer pH 8.0 and 

shaken for a few hours. 

4 
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~ 

(h) The resuspended pellets ~ere pooled and centrifuged at 

10,000 rpm in the SS-34 rotor for 15 minutes. 

(i) The supernatant w,as layered on a 10 ml layer of sucrose in 
, 

0.1 M borate buffer, pH 8.0, in ~he appropriate tube and centrifuged at, 
\ 

-' 27,000 rpm for 150 minutes in the type 30 rotor. 

(j) The pellet waBnreBuspende~ with~l M borate buffer, pH 8.0. 

(k) The resu1ting suspension was centrifuged at 10,000 rpm for 15 

minutes and 1-2 ml of the supernatant was layered 0ito preformed 

gradients of 5.2, Il.0, 8.5, 5.8, 4.5, and 1.8 ml of 300, 260, 210, 

160, 100, and 0 mg/ml of decolorized sucrose in 0.1 M borate buffer, 

pH 8.0, respectively (Jackson et al. 1973), and centrifuged for three 

hours in the Spinco Sw 27 rotor at 24,000 rpm at 3°e~ (For comparison 

of different methods of purification, 0.2 ml of samples wa, layered 

onto preformed gradients of 1.7, 3.5, 2.8, 2.1, 1.6, a~d 1.1 ml of 
1 

300, 260, 210, 160, 80, and 0 mg/ml of decolorized sucrose in 0.1 M of 

the appropriate buffers, ~~pectively, and centrifuged for 1.5-2 hours 

in the Spinco Sw 40 rotor at 36,000 rpm a~ 3°e.) AlI gradients were 
\ ' ',[ 

left for at least 12 hours at 3°C after 1ayering, in\~rder for a proper 
\ ')./ 

concentration gra~ien~ te form: before sample l~ading and centrifugation. 

(1) After centrifugation,' the gradient columns were spectro-

photometrically ànalyzed with an Iseo mo~el D density gradient 
-1 ' 
fractiOnator coupled to an ISeO model UAS absorbance monitor (Brakke 

~ ~~ 
and Van Pelt 1968). A pump speed of 2.5 ml/minute was routinely used, 

, 
and the UV analyzer was set at 253.6 nm (the same apparatus and wave , 

1 

length was used f?r comparis~ of different methods of purification 

with a pump speed of 1 ml/minute when SW 40 totor tubes were 

~. , 
.... ~. , 
\, , 

l ' 
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fractionated). After scanning, the virus bands were co11ected, and 

after dilution with 0.1 M borate buffer, pH 8.0, they were centrifuged 

at 27,000 rpm in the type 30 rotor for,three h9urs. 

(m) The pellets of r~lative1y pure virus were resuspended in 

0.02 M borate buffer, pH 8.0, and kept at 3°C. 

uv spectral analysis of virus suspensions was routine1y carried 

out after purification~rocedures with a Unicam SP 800 A UV spector
JI 

photometer with a l cm quartz cell. The concentration of purified 
"Mo 

virus 'preparations was determined by measuring the absorbance at 260 nm 

2 (A 260) and relating it to the extinction coefficien~ of 2.76 cm !mg, 

which was determined by the method used by Waterworth and Kaper (1972), 

The ratio of the absorbance at 280 nm (A 280) divided by A 260 

(A 280!A 260) was calculated ta determine the relative purity of the 

~rus suspension (Brakke and Van Pelt 1968). No correction for light 
" 

scattering was made.' 
j 

The same procedure as'Çlmethod (1) was used with borate buffer 

having pH values of 8.5 and 8.8 to compare the effect of borate 
\ 

f, ' \ 

buffer's pH on purification, but the final pellets in each case were 

resuspended in 0.02 M borate buffer pH 8.0. 

Purification of P~ with sodium citrate~uffer at three different 

pH values (8.0,1 8.5, and 8.8), and potassium phosphate buffer at pH 

values 7.0, 7.5, and 8.0, were compared with each other, and with other 

methods. 'The procedures which were used were the same as method (l) 

except in each case the density gradient p1reparation and initial pellet 

suspensio~ were done in citrate or phosphate buffer. However,\ the final 

pellets were resuspended in 0.02 M borate buffer pH 8.0. 

, " 

(' 
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2. Purification of PV by precipitation with polyethylene 

glycol (PEG) and differential and density gradient 
centrifugation 1 

Initial homogenization and clarification were carried out as 

described in steps (a) to (d) under method (1). 

~ (e) The virus was precipitated from the clear supernatant by 
~ 

31 

dissolving five per cent (W/V) PEG (mol weight 6000), and the solution 

was incubated with stirring at 3°e for 2-3 hours. 

(f) The precipitate was collected by low-speed bentrifugatioh 

for 15 minutes at 10,000 rpm. 

(g) The pellets were resuspended with 0.1 M borate buffer, 

pH 8;0, and steps (h) to/(m) of method (1) wer~ repeated. 

3. Purifièation of PV by n-butanol clarification 
in b~rate buffer pH 8.0 

Steps (a) to (c) were the same as mentioned in method (1). 

(d) n-butanol was added dropwise to the supernatant while 

stirring ta a final concentration of seven per cent (v/v) and stirring 

was continued for two hours. 
\ 

(e) The mixture was subjected to a low-speed centrifugation for 

15 minutes at 10,000 rpm, and the pellet discarded. 

(f) Steps (f) to (j) of method (1) were repeated. 
~ , 

(g) The resulting suspensions were green and contaminated with 

host materials, sO 0.2 ml of the samp1es were layered onto preformed 

gradients and centrifuged in the Spinco SW 40 rotor at 36,000 rpm fa~ 

1.5 hours. 

(h) Aftei centrifugation the gradient co1umns were scanned with 

the Iseo apparatus, as previously described. 

/ 

\ , 
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4.' Purification of PV by chloroform in borate buffer pH 8.0 

AlI steps were the same as mentioned for method (3), except in 

step (d), ihstead of n-butanol, 7 per cent (v/v) chioroform was used. 

5. Purification of PV by n-butanoi-chioroform in 
borate buffer pH 8.0 

Again the same procedure as mentioned in method (3) was, used, 

except in step (d) instead of n-butanol, 7 per cent (v/v) 1:1 n-butano1: 

chloroform~as used. 

H. Extinction Coefficient 

The extinction coefficient of PV was calculated using'dry weight 

and spectrophotometry data from two experiments. Thi~ was done by 

centrifugation of about 10 mg of purified virus in 0.02 M borate buffer 

pH 8.0 at 10,000 rpm for 15 minuties immediately before the apectro-

photometry, for removal of sny_aggregated virus. A smaii amount of the 

resulting supernatant was read at severai dilutions at 260 nm without 
" 

further correction for light acattering. The rest of the virus 

suspe~ion in two ml borate buffer was evaporated to dryness in a 

Fisher Vacuum Oven st 90 0 e and then dried to constant weight and 

corrected for dry weight of the buffer (Waterworth and Kaper 1972). 

1. Estimation of Sedimentation Coefficiént (S20,W) of 
PV by maana of tiD.ear-1og Sucrase Gradient 

(Brakke and Van Pelt 197Qa) . 

The Spinco rotor model SW 40 was uaed,for centrifugation; linear-

log density gradients for the SW 40 rotor we~e prepared as previously 
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described (p. 29). Phosphate.buffer, 0.02 M, pH ~.25, was used as the 

1 sucrose soivent, and the prepared tubes were kept at least twelve hours 

at 3°C to form a smooth gradient by diffusion. 

Purification schedu1es were performed for tobacco mosaic virus 

(TMV) according to Brakke and Van Pelt (1969); Southern bean mosaic 

virus (SBMV) by Chenu1u ~ al. (1968); Brome mosaic virus (BMV) by 

Brakke and Van Pelt (1970'a), and PV according to the purification method . 
(1) described previousl~. 

. .~ 

After the gradient had stood overnight, 0.2 ml ~as removed from 
\ 

/ 

the top of the ~olumn just before 0.2 ml of sample solution was floated 

on the top of the co1umn. The final concentration of each virus on the 

top of the column was about 0.1 mg. Then the tubes were placed in the 

cold rotor and centrifuged at 36,000 rpm in a Beckman model L2-6SB 

ultra centrifuge for 90 minutes. Following centrifugation, the tubes 

were scanned witb the'previously described ISeO appdtatus, and the 

depth to which each virus had sedimented was measured by ru]~r measure-

ments of the distance between the meniscus and the center of the virus 

zones recorded on the fractionator chart. The log of sedimentation wa~ 

plotted against the log of depth, and according to this line the 

sedimentation value of unknown virus was measured. 

\ 

, 
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J. Analysis of Virus Components 

1. Ribonucleic acid (RNA) 

i. ces~ chloride (CaCl) density gradient 

Equilibrium centrifugation was performed in a awinging bucket 
, ~ 

rotor, SW6SK, in a Beckman L2-65B Ul centrifuge, using CsCl gradients 

prepared according to a procedu~e given by Sehgal et al. (1970). Two 
\ 

and a half ml of CsCl solution of buoyant density (p) = 1.5004 (about 

6.753 g CsCl per 8.25 ml of buffer) was introduced into a cellulose 

nitrate tube,and an equal volume of CsCl,\p; = 1.241 (about 2.973 g 

CsCl per 8.03 ml of buffer) was carefully layered on the denser 
1 

solution. AlI CsCl solutions were prepared in 0.01 M potassium 

phosphate buffer pH 6.5. ,One-fifth ml of each of the virus preparations, 

purified as mentioned previously, at a concentration of about 0.5 mg/ml, 

r 
were ,layered on the top of the CsCl g~dients, and centrifuged for 21 

hours at 40,000 rpm. 

At the end of the centrifugation, the depth of the sedimentation 

of the,viruses was observed and measured visually from ~he center of 
1 

the sample at the meniscus to the center of the virus zone. 

Before the bottom of the centrifuged tubes were pier~ed with a 

peedle, the top of each tube was _fixed with a 8toPier in which a needle , 

was inserted to make it possible to control the number of drops per 

\ 
fraction. Three-drop fractions were collected, and the refractive 

index of each fraction was determined with a Carl Zeiss Abbe 

Refractometer at room temperature.~ The p of each fraction was 

( 

. \ 



a 

... 

(. 

1 ) 

~ 

1 
1 

! 

. , 

o 

--- ---~---------------------_.------

< 

35 

determined acèording ta the table in "Handbook of Biochemistry," 2nd 

edition, p. j-292 - j-296. Then aIl fractions were di1uted with 0.01 M 

phosphate buffer pH 6.5 for a spectrophotometric determination of their , 

optica1 densities at 260 nm. Values were recorded and corre1ated with 

p values·, 

~A content of viruses was estimated according to the fo11owing 

formula (Sehgàl et al. 1970) • 

RNA content - 3.88462 + 

ii. RNA Extraction 

.j(~~Oàl01)2 - (0.00052)(1.31749 - p.) 

0.00026 

RNA was extracted from BMV, ,SBMV, TMV, and PV, purified as 

described, according to the genera1 methods of Ralph and Bergquist 
, 

.... 

(1967), with minor cranges, for-gel electrophoresis. Flve ml of virus 

suspensions were mixed with 5 ml 80 per cent phenol and l ml of 10 per 

cent sodium dodecyl sulfate (SOS), shaken for 15 minutes, and then the 
1 

mixtures'were put in ice: for 20 minutes, One low-speed centrifugation 

at 10,000 rpm for 10 minutes separated, the phenol phase, which contained 

denatured pr~tein, from the aqueous phase. The aqueous upper phase was 
1 -" ~ 

removed with a syringe, and the RNA was'precipitated direct1y from it 

by addition of two volumes of 95 per cent ethanol and a few drops of 

1 M sodium acetate·at 2°C. The mixtures were stored in the freezer for 

20 minutes, and the precip1tate was recovered by a low-speed centrifuga-. 
tion for 10 minutes. After the supernatants were discarded, the tubes 

w~re put upside down on "Kimwipes" tissues in the freezer to .evaporate 
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aIl alcohol ,from the pellet surface. ,The pellets were resu~pended in 

0.5 ml of 0.01 M Tris-HC1, 0~01 M potassium chloride, 0.001 M MgCl~, 

pH ,7.4 (TKM buffer), and dialyzed against !KM overnight. 

An ammonium carbonate-phenol extraction (Brakke and Van Pelt 
, \ 

1970b) method was used to prepare RNA for linear-log density gradient, 

formaldehyde treatment, nuclease treatment, and infectivity assay. In • 

this method one~olume of purified virus (BMV, TMV, and PV) was added 
\ 

to an equal volume of RNA extraction buffer, pH 9.0, containing 0.2 M 

ammonium carbonate, 0.'002 M Na2EDTA, 0.2 per cent NaDIECA, 2.0-per cent 
\ 

SDS, and about 200 llg/ml bentonite and kept at 3-4°c ,for one hour. Iwo 

volumes of water saturated phenol with 0.1 per cent 8-hyqro«yquinoline 
; ! 

were added to the virus-buffer mixture, which was stirred for ten 

minutes. The top a~ueous layer was removed after a low-speed 

centrifugation, and bentonite wa~ added to 100 llg/ml. The nucleic acid 

• 
was then precipitated by adding two volumes of 95 per cent isopropanol 

l 
and 0.1 volume of ~.o M sodium acetate, pH 5.5. After siorage at 

-20°C for three hours, the mixture was centrifuged at 10,000 rpm for 
! 

15 minutes and the pellets were suspended lin 0.015 M sodium citrate 

- ~ buffe~, pH 7.0, containing 0.15 M sodium chloride eSSC). ~ter 

, 
- precipitation with one volume of isopropanol, 'pellets obtained by 

centri~ugation were washed twice with isopropanol to remove traces of 

phenol. The ;ina1 pellets were' suspended in 0.035 M dibasic potassium 

phosphate, and 0.05 M glycine, pH 9.2 •. 

.. 
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As a necessary precaution to destroy or inactivate the ribo
\ 
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nuc1eases (RNase), aIl glassware was autoclaved before use and aIl 
\ 

buffers made in steri1ized water. 
1 

1 [. ~ 
The bentonite used in this experiment was treated with Na2EDTA 

according to Fraenkel-Conrat:~ al. (1961). Procedure: 2g of 

commercial bentoni~e (Fisher Sc!entific Company, Fair Lawn, New Jersey) 
, 

were suspended in 40 ml of water and centrifuged at 2~00 rpm for 15 

minutes;' the supernatant was recentrifuged at 8500 rpm for 20 m:f:nutes'. 

The sediment from the centrifugation at 8500 rpm was resuspended and 

held in 0.1 M pH 7.0 Na2EDTA for 48 hours at 25°C, and then again 

centrifuged differentla11y. The 8500 rpm sediment was suspended in 
J 

0.01 M pH 6 acetate, again centrifuged at 8500 rpm, and taken up in 

the acetate to a concentration of 1.5-6 per cent as determined by dry 

weight. 

( 

(a) Polyacrylamide-gel preparation 

To make 3% acrylamide gel, 15 g and 0.75 g, and for 10 per cent 

gel, 22.2 g and 0.6 g of acrylamide and methylene-bis-acrylamide, 

respective1y, were disso1ved in water to give 100 ml of solution. 

Insoluble materia1 was removed by filtration through Whatman no.2 
f{ '. 

filterpaper. The solutions were kept at 4°C in a dark bottle. The 

glass gel tubes used were approximate1y 10 ~m long with an inner 

diameter of 6 mm. For a typica1 run of twelve 3 p~r cent gels for 

viral RNA's, 6.67 ml of tris buffer [1.45 g tris hydroxymethy1~no-

ethane (THAM), 0.82 g sodium acetate, lk~20, and 0.11 g' Na2ED,:IA per· 

\ 

>', 
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100 ml of distilled wa,ter, adjusted to pH 7.2 with ace tic acid], were 

mixed with four ml of acrylamide-bis mixture, 9.11 ml distilled water, 

0.2 ml of 10 per cent' freshly made ammonium persulfate solution, and 

0.045 ml of N,N,N',N'-tetramethylethyiene diamine (TEMED) (Adesnik 1971). , 

After mixing, each tube was f:Llled with about two ml of· the solution. , , 

Before the gel hardened, a few drops of ~ater were layered on top of 

~ the gel solution. After 10-20 minutes an interface could be seen, 

indicating'that the gel had solidified. 

To make 10 per cent gel for protein electrophoresis, the 

procedure was the same as used for three per cent gell, except in this 

proce1ure the gel buffer contained 7.8 g NaH2P04-H20, 38.~ g of 

Na2HP04-7H20, and 2 g of SDS per liter (Weber and Osborn 1969). 
\ 

Thirteen and a half ml of acry1amide solution (made for 10 per cent 

gel), 15 ml of gel buffer, 1.5 ml-of fresh1y made ammonium persulfate 

solution (15 mg/ml) and 0.045 ~ of TEMED were mixed and used for a 

typica;t run' of li gels. . 

For RNA electrophoresis, the chamber buffer was tris buffer (the 

same buffer ueed for gel preparation) diluted three times with distil1ed 

watër. The power BUPP!y (ISeo model 490) was adjuBted~so that a 

constant current of approximately 6-8 milliamperes per gel (which 
• 1 r 

usually involved running at abopt 60 !pIte) was ~pp'lied for 30 minutes \ 

before the application of the RNA samples. The samples were prepared by 
\ 

adding ribonuclease-free sucrose.'to a final concentration of five per 

cent. Samples of 0.03-0.05 ml,'having a concentration of about 1.0 OD, , 

wère layered on the top' of the gels. As a control, one tube was run 

with bromophenol blue gye. 
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1 
Eleetrophoresis was continued until the control dye released 

~rom the anode and then the power was eut off. The gels were removed 

from the-tubes by "rimming" with a 22-gauge syringe needle attached to 

a water supply sa that a fine w~ter stream lubricated the gel tube 

interface. 

For staining, the gels were immersed in the tubes eontaining 

0.3-0.5 per cent toluidine blue (Adesnik 1971) for about three hours 

until the visible RNA bands appeared in the gel. Distances of the 

i bands from the top of the gels were measured and recorded. 

1 

(b) Lfnear-log density gradient 
(Brakke and Van Pel,t 1970b) 

\ 

"Linear-log" gradients were made for RNA according to the 

pipetting formula of J~ckson ~ al. (1973): 2.1, 3.7, 2.6, 1.7, 1.3, 

and 1.4 ml of ,325, 270, 210, 160, 100, and 0 mg/ml of deco1orized 
\ 

suerose,"respectively, dissolved in sse, were 1ayered in SW 40 cellulose 

nitrate tubes, and the procedure described previously for intact 
1 

virus es was carried out. After the tubes were centrifuged at 6°C for 
\ 

five hours at 36,000 rpm, the gradients were fractionated with an Iseo 

apparatus. BMV- and TMV-RNA standards for S-value estimation, w~re 
1 

prepared according to the same method described for PV-RNA extraction. 

During fractionation, the PV-RNA band was co11ettted for inféetivity 

assay on,G~hrena globosa. 

, 

\ 

, 
j 
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(c) Formaldehyde treatment 
'" (Boedtker 1968) 

40 

The formaldehyde treatment used by Bo.Tdtker (1968) was use..d to 

enable a .ore accura~e~stimàtion of the RNA molecular weight by 

centrifug~tion in linear-log density gradients. Thirty-sev~n per ce~t 

reagent grade' formaldehyde was di1uted ta ,30 per cent by adding one

fifth volume of 0.45 M Na2HP04.+ 0.05 M NaH2PO,4; one V~lum(Of th~ 
latter wa§ then added to nine volumes o~RNA solution. Th resultant 

Bolution"which was 1.1 M formaldehyde and 0.09,M Na
2
HP0

4 
+ 0.01 M 

NaH2P04, was heated to 63 DC for 15 minutes, co?led rapidlY,in ice water 

" and used for density gradient centrifugation immediately. 

The preparation and centrifugation of linear-log densi~y 

graàtents wer~the same as 
fl ~ 
t 

(d) Nuclease treatment 
, (Makkouk and Gumpf 

described in the prev~us experime~t (b) 

PV-RNA preparations were incubated ,for 30 minutes'at 37°C wtth ' 

3 ~g/m1 of RNase, and the same treatment was donè'with DNase at the J 

" 

concentration of 50 ~g/ml. As a control, inslead of nuclease, the same 

amount of distilled water was added ta the RNA preparation. 

After incubation for 3q minutes, one part of t~e preparation ... 
was used for linear~Og density gradient as descrihed previously in 

experimental procedure (h)'. 
, " 

The remainder of th~ sample~ after th~ 

addition of about one per ~t celite, was inoculated to Gomphrena 

glohosa for infectivity assay, which was carried out according ta ,the 1 

procedures describ:\, by Brskke and va~ Pelt (l970b) • The finger was 

P3M 
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dipped in'a bentonite suspension, th en in the nueleic aeid solution, 

and leaves of the assay plant, (Gomphrena globosa) were rubbed. The 
, \ . 

nucleic acid solution contained a low concentration of bentonite (about 

100 Ug/ml) and one per cent suspended celite. 

2. Protein 

1. ISample preparatj.on and electrophoresis 
(Hill and,Shepherd 1972) 

The molecular weight of the PV-protein subunit vas estimated by 

its eomparison with five proteins of known molecular weight as the .. 
standards. These proteins in~luded: TMV-protein subunit, aleohol 

dehydrogenase, myoglobine, ovalbumin, and carbonie anhydrase. .' 
~ \ 

AlI proteins were prepared for electrophoresis by dissolving 

weighed amounts of non-viral proteins and virus concentration by 

certain OD (viral proteine) in 0.01 M phosphate, pH 7.2, containing 
) . 

one per cent SDS, and, one per cent 2-mercaptoethanol. The protein-SDS 
l. 

soluMons were then heated for one minute at 100°C. Approximately 

50-100 ~g of each sample was mixed with one drop of glycerol and one 

drop of aqueous 0.05 per cent bromophenol blue and applie~ to the top 

of the gels, prepared as previously described~n (a) with a micropipet. 

The chamber buffer, which was ,the same as the gél buffer, was diluted 

1:1 with distilled water, and one per cent 2-mercaptoethanol was added. 

; Electrophoresis was carried out at eight mA/gel until the 

brÇ)mophenol tracking dye approached the opposite end of the gel.' 

mi~ation distance of the tracking dye and length of the gels. vere 

mea8ured.~ 
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ii. Staining and destaining 
(Hill and Shepherd 1972) 

For staining the gels were immersed in 0.05 per cent aniline 

42 

blue blaek in 15 per cent acetie acid and 50 per cent ethanbl overnight. 

The gels were then washed successively with seven per cent,acetlc acid 

for one hour, seven per cent acetic acid in 50 per cent ethanol until 
CI 

the protein banda were evideJ;lt, and seve~ per cent acetic acid in 25 

per cent ethanol unt'il the remaining dye WaS removed. Migration 

distance of the stained protein components and gel length were then \ 
\ 

measured and the relative electrophoretlc mobility was calculated in 

thé' manner of" Weber and Osborn (1969), and the relative mobllity of 

pro teins in the gel was p~otted against the logarithm of the protein 
/ , 

molecular weight. Gels were s'tored in seven pet cent acetic ~cid in 

25 per cent ethanol. , 

K. Serology 

1. Antiserum preparation 

Antiserum ta PV was prepared in two rabbits through a series of 

intramuscular injections with a known quantity of purified PV in 0.02 M 
. \ ' 

~ borat~ buffer, pH B. O. The virus suspension was emulsHied w1 th an 

equal volume of Freund's incomplete adjuvaht (BalI' 1964). Rabbits wer~ 

injected at weekly intervals for. four weeks (3, 4, 4, and 4 mg of v~rus 
\ 

respectively). ,Pt:ior to the first injection, normal serum was prepared 
4' 

frqm blood obtained by bleeding each rabblt from the marginal ear veine , . 
The blood~was collected in a plastic petri dish, incubated at 4°C for 
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12 hours, and the serum was collected and c1arified by centrifugation 
" 
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for 15 minutes in an International Clinical Centrifuge. The serumwas 

sto~d in 1-2 ml aliquots at -20 Ge with 0.02 per cent sodium azide 

added as preservative. 

Bleedings for innnune serum we,re masle about two weeks after the' .. 
( , \ final injection. lt was collected as described for normal serum and 

titrated by the microprecipitin technique of Van Slogteren (1954), 

reacting one drop aliquots of a two-fold dilution series of antiserum 

against one drop aliquots of a two-fold dilution series of the virus 

(l.O~~g!ml) (Bli1196l). 

2. Th~ microprecipitin test 

The microprecipitin test of,Van Slogteren (1954) was used as a 

diaSnostic method to establish the presence or absence of PV in 

clarified expressed sap of infected 1eaf tissue and to measure the 

• titer of the antisera. Usually dilution titrations were performed in a 

grid patter~ (BalI 1961). Small droplets of two-fold dilutions of the 
s. • 

antiserùmw~re dispensed with a micropipet and placed on the bottom of 
-\ 

------ , a plastic petri dish. Equa1ly smali dro,l~of~two~fold dil~tions of 
, -------

-------the antigen were added to ~---antlSerum droplets and mixed. The bottom 
~- v 

of the dish and-eOe drop lets were then covered with white light 
" \ ,.!, 

paraffin oil (Saybolt viscosity l25!135),.to prevént evaporation. The 

pIétes were incubated for one hour at room~temperature and examiried by 

a dark field binocular microscope for the presence of a precipitate, 
til'i 

i~dicati~g a l'OSitivf antigen-antibody reaction. A c~hfirmatory reading 

was made afte the plates had been stored overnight at room temperature • 

\ 
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Teating of each antigen-antibody system was done by reacting the 
, ". 

1 

antigen yith normal serum and clarified sap of healthy plants with 

immUne serum as controls. Dilutions of' ant~gens and antise~a were made 

in 0.05 M Tris-HCl pH 7.1" containing 0.85 per cent NaCl. 1 barification 

of the plant sap was accomplished by homogenizing the leaf tissue in 

0.05 M Tris-Rel, pH 7\.1 (l.g tissue/l ml buffer). The homogenate was 
\ 

p1aced in a water bath at 40°C for one hour, -then centrifuged for 20 
l 
minutes at 10,000 rp,m ta ,remove denatured host proteine and debris. 

The supernatant was pipetted off and used immediately. 

3. The Ouchterlony double diffusion test -

PV antiserum was prepa~ed according to the method discussed 

,fPreviously, and the sa~ method was used to prepare potato virus Y 
-;J; . ' 

(PVY) antiserum. PVX (PV.As 1147), PVS (PV.As #43), cactus vi~us X 

(CVX) (PV.As 879), el0~ yellow .osaie virus (CYMV)~V.AS 856), ... 

tobacco etch virus GTEV) (PV.As 1'87) antisera, and TEV (PV'. 69), and 

mild strain of PVX (PV.179), were obtained from the American Type . , 

Culture Collection (ATCC). Antisera to carnation vein mottle virus 

(CVMV) was kindly suppliedlby Dr. M. Hol+ings of the Glasshouse Crops 

Research Institute, Sussex, England. 

PV was Igrown on to~~ plants; TMV on Nicotiana tabacum var. 
r 

Turkish; TEV on!. glutinosa; PVX on N. tabacum, !. J rustica; and PVY 

on N. tabacum var. Whi te burley. All mentioned virus es were purified 

partially by grinding the frozen tissues with an equal weight of 0.8 

per cent NaCl in potassium phosphàte buffer, pH 7.0 (V/W), filtration 
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through a double layer of cheese c1oth, and incubation for one hour at 

40 Dc in the water bath. After à differentia1 centrifugation, the high-

speed p~lets were resuspended in 0.02 M borate buffer, pH 8.0. The 

resuspe~ed pellets were given a low-~peed centrifugation for ten 

minutes at 10,000 rpm and the supernat~t8 were co11ected and used for 

this experiment. The same method was applied for healthy tomato leaves 

used as a control. ' 
j , 

Immunodiffusion plates were prepared by pouring 2.5 ml of agar 

solution into each quadrant of a quadrant-type plastic petri dish. The 
\ 

agar mixture consisted of 0.8 per cent Difco special agar-Nob~e, 0.2 

per cent sp~ and 0.1 per cent sodium azide in distilled water (Gooding 

and Bing 1970) which was heated to about 90 De for 30 minutes in the> 
.f • 

water bath. The degrading agents (SDS and sodium azide) were added to 

the warm agar (60°C) just before it was pipetted into the diffusion 

chamber. These were 1eft level on a table for a few minutes for 

gelation to occur, and then wells were cut with a no. 2 cork borer 

(5.5 mm) in a hex~gonal arrangement such that the center of each:well 

was 8-10 mm from the center of a central weIl and the distance between 

the centera of the neighbouring peripheral wells was 8-10 mm. 

Usually the central weIl was charged with antiserum and the 

,peripheral wells were charged with the partially purified viruses, and 

t~ plates were Jncubated for 10-12 hours in a moist chamber at room 

;(emperature. The plates were then examined for the presen~e of a 

visible precipitation line, in indirect li~~ against a dark background, 
, 

~ in a laboratory-cons tructed cardboard device. 
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EXPERlMENTS AND RESULTS 

A. Host Range and Symptomatology 

e 

Plantago major L., the apparent natural host, infected with PV 

under natural conditions, showed general mottling and leaf malformation. 

The same symptoms were observed under gre~nhouse conditions (Figure I-A) • 
• 

Eighty-five other species and varieties of plants from ten different 

families were inoculated with PV to determine !ts host range. Among 

these plants, 30 species and varieties from seven families showed 
"'\ 

symptoms (Table 1), and 56 species and varieties out of six families 

did not sh:o~ a~r' symptoms (Table 2). \ Extracts from most, of the 

symp,tomless pl~ts we;'e back-inoculated to assay plants (Gomphr'ena 

globosa) or the natural host (Plantago major) to detect possible 

symptomless infections, but none of them showed any reaction. 
e 

Most of the plants in Chenopodiaceae showed local lesion 

~ ! sympt,?ms, mainly necrotic local les ions (Figure I-E and I-F). Sorne 

• beet varieties showed ringspot symptoms on inoculated leaves and some 

were not a host of the virus. One species (Chenopodium capitatum) 

showed systemic vein clearing, mottling, followed by vein necrosis and 

death of the plant, while Chenopodium foétidum was not a host of the ' 

l' 

virus. In Amaranthaceae, Gomphrenà globoea reacted with necrotic local 
//' 

les ions (Figure I-C and I-D) and Amàrartthus rétroflexus showed primary 

necrotic local lesions and vein necrosis, which a few days later, , 

46 
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TABLE 1. Symptom deve10pment on various host plants after inoculation with p~ 

, "l.. 

Incubation 
Scientific name Counnon name Family period* Description of symptoms 

(daIs) /' 

1. Amaranthus retrof1exus** Rus sian Amaranthaceae 8 Necrotic local 1esion, and"vein 
pigweed , necrosis. After a few days the 

inocu1ated 1eaves dropped down 
while they were still fresh and 
gr~,A few days 1;ater, . ~-systemic vein necrosis was 
developed. 

\ 

2. Gomphrena globosa Globe- -=Amaranthaceae 3 Necrotic local lesions; at 
amaranth first they were sma1l, but 

'" after 2 days they enlarged, 
with a red margine 

3. Dianthus barbatus**' Carnation Caryophyllaceae 20-23 Mottling and proliferation. 

4. Beta vulgaris Beet ~henopodiaceae 6 

var. Betteraves " " " Ringspot symptoms, with reddish / 

red pack margins, on inoculated leaves. 
-

5. var. Betteraves " " " Ringspot sympt~~, with reddish 
ruby queen** margins, on inoculated 1eaves. 

6. var. Improved " " Il Reddish chlorotic spots, and 
dark red** p, ringspots with reddish margins 

on inoculated leaves. 
t" 

7. var. 107 Detroit red fi " " Reddish chlorotic spots on 
inoculated leaves. 

~ 
~ ..... 
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TABLE 1 (continued) 

Incubation 
Scientific name CODDnon name Fam:i.1y period* Description ~ of symptoms 

(da~s) 

8. Beta vulgaris** Sugarbeet Chenopodiaceae 6 Reddish chlorotic spots, some , of which then changed to 
necrotic lesions on inocu1ated 
1eaves. 

9. éhenopodium-album " 5 Papery necrotic local lesions; 
after a few days the inocu1ated 

\' leaves dropped down while they 
were green and fresh. 

10. C. amaranticolor n 4-5 8mall necrotic local les ions 
which enlarged after a few days. 

11. C. capitatum** " 6 First symptom was ch1orotic 
..... ". local spotting, and after a 

while the inoculated leaves 
dried out and dropped. Then 
the symptoms changed to 
systemic vein clearing, mosaic 
and after a few days vein 

... necrosis and the whole plant 
dried out. 

::lÇ 
Il 12. C. quinoa / 4 Chlorotic local les ions which 

changed to necrosis few days 

\ -; 1ater. 

13. 
\ 

Spinach " Spinacea oleracea lt;" 7-8 
\ 

var. Epinard America** " " " Ch1orotic local les10ns which .z::.. 
, - changed to necrotic les ions few (Xl .. days l.ater • 

./ 
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TABLE 1 (continued) 

Incubation 
Scientific name Commo~ name Family period* Description of symptoms 

(days) 

14. Spinacea oleracea Spinach Chenopodiaceae 7-8 

var. Epinard North 
LanG** 

15. var. Hyb.530** 

16. Tetragonia expansa 

17. Medicago sativa** 

18. Plantago major L. 

19. Datura metel** 

20. D. stramonium** 

21. Lycopercicum escu1entum 

var. Asgrow 
searlet dawn** 

22. var. Armstrong W2l8** 

" .. 

" 

Il 

New Zealand 
spinach 

Alfalfa 

< 

" 
./ 

.. 

Fieoidaceae 

Leguminosae 

; Broad-leaved' Plantaginaceae 
plantain 

Tomato 

" • 

.. 

./ 

Solanaceae 

" 

" 
" 

" 

" 

" 

~ 

13-15 

ChI oro tic local lesions which 
cbanged to necrotic lesions few 
days later • 

Chlorotic local les ions whieh 
eha~ged to necrotic les ions few 
days later. 

Chlorotic loca~ lesions. 

Very,mild vein clearing-whieh 
changed to mild mosaie. 

10-12 ./ Vein clearing an~ mottling, 
developing~nto_reaf 
malformation. • 

11-13 Systemic chlorotic lesions. 

Il Chlorotie local lesiops.,~ 

8-10 

" Mottlin~ and leaf malformation • 

.. .. " " " 

--

" 
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TABLE l (continued) 

Scientific name 

23. Lycoperc:lcum esculentum 

var. Early chateau** 

24. var. Fire ball** 

25. var. Glamor** 

26. var. John Bear 

27. var. Jub:llee** 

28. var. Michigan State 
porune • 

29. var. Pink Gulf State 

30. var. Rideau** 

Common name Family 
1 

Tomato Solanaceae 

" " 

" " 

" " 

" " 

" " 

" " 

" " 

" " 
/ 

*Denotes the time of first symptom appearan~e. 
, 

/ 

• 

./ 

Incubation 
pèriod* Description of symptoms 
{daIs) 
8-10 

" Mottling and leaf malformation. 

" Il " " Il 

" " " " " 

" Il " " " 

" " Il " " 

" " " " " 

" " " " " 
1', " " " " 

**Reinoculated to GOmphréna globosa to detect ,the presence.of PV. 

"1'" 
./ 

1:-- / 

/ 

-' / , .,. 

1,-~~','~/ 

~~ _"i ~~; A~';{~·ëi:" f~--~~·..I ~ .--., ... ;;.,,, .. 
~ .. L .. ~,,:.;.t?~~l;~.~t:.~I!';. .. ). "'<'tJ).;~'(~~ ~ .... ~ ... ~ (~ ... -(~: ... < . ~ ,..... ~ 1.,. .. .! v \.~~ ... :.;:t" " " t ." 1 t: ~ : '~ 

Cl 

i" 

VI 
o 

~ 



,. 
(; 

~~ 
r' 
" 
T-
f' 
~, , 

~ e 'ï . 

i-

f 
t 
~ 
" t 

r 
~ 

\ , 
as 

• ~......, " .... "\:' <f'oi' 

51 

] \ 

TABLE 2. "-List of non-host,plants in?cu1ated with PV 

Sc1ent1fic name 

~. Beta vulgaris 

2. " " 
3.-Chenopodium 

foetidum* 

4. Citrt,11us vutgaris 

5. Cucurbita ~* 

6. Cucumis sativus* 

7. Avens sativa 

8." " 

9. Hordeum vulgare 

10. 

11. 

12. 

13. 

" 
li 

" 
Il 

, 

Il 

" 
" 
" 

14. Triticum aest1vum 

-J..5. " Il 

16. !!!. mays 

17. Glycine max* 

18. Phaseolus aureus 

19. Phaseolus vu1garis 

20. 

2l. 

22.. 

23. 

24. 

25~ 

26. 
27. 

28. \ 

Il 

" 
Il 

Il 

Il 

" 
" 
Il 

Il 

rr 

Il 

" 
" 
" ", 

" 
ft 

n 

" 

1 

Commonfname 

Beet 
Il 

Waterme10n 

Squash 

Cucumber 

Oats 

" 
Barley 

Il 

Il 

Il 

Il 

Wheat 
Il 

Sweet corn 

Soybean 

Mtmgbean 

French bean 

If Il 

'\:(; , Il 

Il Il 

, 

" Il 

1 

Il " 
Il Il . 
fi " ! '\ 

" Il) 

Il 11 

I07 A 

\ ,Swisschard 

Chârlston 
gray 

Butternut 

Clint land 

Roxton 

Betzes 

Champlain 

Hypana 

Montcalm 

Moreval 

Comel1 

Winter wheat 

Harosoy 

B1ac.k 
va1entine* 

Bount1fu1* 

Cont'ender 

Ear1y waxbean 

Highlan~er 1 

Kentucky 
wond'erwax 

Likalake* 

Pinto* 

Slender green* 

Sprite 

Fami1y 

\ 
Chenopod1aceae 

Il 

Il 

Cucurbitaceae 

Il 

Il • 

Gr aminea e 
Il 

Il 

Il 

Il 

" 
" 
" 

• Il' 

Il 

Legmnosae, 
Il 

" 

" 
Il 

" 
11 

" 
Il 

Il \ 

Il 

" 

\ 
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TABLE 2. (continùed) 

Scientific name 

29. Pisum sativum 

30. " " 

31. " " 
32. " " 
33. " " 
34. Sesbania exaltata 

35. Trifolium:pratense 

36. Trifolium repens 

37. ~~ 
38. .Y!s!!!. si~ens1s 
39. FasoExrum 

esculentum 

40. Capsicum ~ , 
~ 

41. Nicotiana glutinosa 

42. Nic ° tiana rustica 

43. Nicotiana tabacum 
-, 

44. " " 
45. ' • " ,II 

46. " " > 
47. " " 
4f1. ,.. 

\ 

" " 
49. " " 
50. " " 
51. " ,1. 

52. fi fi 

53. Petunia hybrida* 

54. 
" \ 

Solanum dal~amara* 

55. Solanum nigrum* 

56. Solanum tuberQsum* 

Common na me 

Pea 

" 

" 

" 
fi 

Red clover" 

White clover* 

Bread bean* 

Cow pea* 

Pepper 

Toba~co* 

"- * 

" 
" 
Il / 

Il 

" 
11 

" 
" 
" 
If 

POtatQ- ~ 

Variety 

Alaska* 

American 
wonderpea* 

Thomas- Laxton 

Fam11y 

Leguminosae 

" 

". 
Laxton's progress " 

Little wonder " 

" 
" 
" 
" 
" 

52 

Polygonaceae 

Sweet lepper Solanaceae 

" 
" , 

Haranova -~ " 
Haranova T . " 
B~vana* " 
Bavans 38* 1 " 
Bavans 425*~ 

Samsun* 
" 
" \ 

~rlve~t:ri~. " 
Turkiah* \1 .. 
Wh1te'burley* " 
Xanthi* ., " 

\1 

" 
" 
Il - 1 , 

~Re1neculated to ~hréP"globosa to detect the presenc~ of PV • 

.. 
" 

• 
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1 

,Figure l-A. Systemie symptoms of PV on deCat:hed leaves of Plantago 
" major. 

) 

Right: infected leaf; left: healthy leaf. 

, 

Figure l-B. Systemie symptoms of PV on detaehed leaves of tomato. 

Right: infected leaf; left: h~lthy leaf. ", 
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Figure l-C. Local lesion symptoms bf PV on detached ,leaves of 

Gomphrena glQbosa. 

Right: healthi leaf; left: infecSed leaf . 

.. 

-'~re l-D. 'Detached 
. 

Gomphrena/globosa showing local , 
c used by PV. ) ,lesioI} 
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Figure l-E. 

Figure l-F. 

, 

• 

" ;-

• ~ocal symptoms ca~sed by PV on detached leaves of 
, \ 

Chenopodium amaranticolor. 

Right: healthy leaf; left: infected leaf. 
1i: 

Local les ion symptoms caused by PV on detached leaves 

of bbet (Improved dark red). 
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Figure I-G. Detached ieaves of Dianthus barbatus showing~yétemiC 
mottling SymptOIDS of PV • 
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develofe~ into the systemic vein nec rosis symptom. 
1 \ 

From Caryo-

phyl1a~\e, ,/1 Dianthus barbatus (carnation) showed systemic mottling 

proliferation sympt?ms (Figure " l-G~, and in Fi~oidaceae,~~etragonia 
, ) 

61 

and 

expansa showed chlOr~,tic local lesions. Only Medicago sativa from the 

~ Leguminosae family showed very mild vein clearing and mild mosaic 
1 

symptoms; the rest of the species and varieties which were\tested did 

\ 
not show any symptoms and were not hosts of PV. From Solanaceae, Datura 

stramonium reacted with chlorotic local lesions, Datura metel with 

systemic chlorotic lesions and aIl varieties of tomato which were 

tested. reacted with systemic mottling and malformation (Figure l-B), 
1 

but none ôf the tobacco varieties, potato, or pepper, showed any 

symptoms .... The plants from Cucurbitaceae, Gramineae, and PolygonaceK, 

which were tested'were not hosts for PV. 

\ B. Physical Properties of PV in Plant Sap 

" '\ 
1. Thermal inactivation point 

1 

Results obtained for the the~mal inactivation point studies are 
J 

presented in Table 3. At 70 0 e several local lesions were observed on 
a 

test ~lants but not at 75°C. 

Dilution end point ) 
~.YO~g Chenopodium amaranticolor plants with'about 10-12 leaves 

were used as the locàl lesion hosts. In aIl treatments the same numqer 

of leaves per plant (four leaves) were inoculated, and les ions were 

,counted eight days after inoculation. 

\ 
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\ 

TABLE 4. Infec ti viey dilution end point of the PV in crude extracts 

Il 
of i~fected tomato 

\ 

Dilution of Number of local lestons 
èrude sap per p1an~ 

.... 

10-1 '34 

10-2 21; , 

10-3 . 6 

10-4 ! 5 

\ '10-5 2 

10-6 0 

10-7 .0 

10-8 0 
1; 

1 , 

;; <ç: .. 
'\ 

• ,; 
'" 

\ 
" 

"\ \ "'-
"\ 

• , .,. 

" 
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\ 

"' 
TABLE 3. Thermal\ inaetivation point of PV 

\ 

Number of local le~ionB 
'\ 

Temperature Test .plants Control Oc \ 
n . 
1 2 1 t 2' 

\ 4~ \;9 232 32 322 
) 

50 24 343 36 308 

• 1 
55 ,95 315 

\ 3~ 206, 

60 24 2-17 37 304 
0 

65 28· 31 28 184 
1 

70 1 9 47 406 

75 0 0 47 304 ,; 
~ 

80 0 0 30 183 
.. 

~ ... 
85 \ P 0 42 . 316 

1 
\ 

1 ~ 

t >4 

r 
J. 1 

" . 
, \ 

" 
, l . 

... 

.. o 
1 

• 1 . , 
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\ 

Table 4 shows' the results obtained in the infectivfty dilution 

end point etudies of PV. Sap was still infectious at a dilution of 
f 

10-5 but no lesions were formed at 10-6• 

3. Particle length 
\ 

, ,- Particle length was measured from electron microscop'e photo-
1 

graphy of 255 particles. Partiàles were prepared for electron 
\ 

microscopy by the leaf-dip method, f'ollowed by conventional negative 

staining procedures. Electron micrographs of preparations from leaf-

dip technique (Figure 2) showed flexuous rod-spaped particles measuring 

about 202-648 nm ~ length. The length of 90 per cent of 254 measured 

~. particles ranged between 567 and 627 nm. The histogram (Figure ~) oI 

234 particles in the 546-648 nm range, which represented 93.5 per ~ent 
-

of the~populktion sampled, showed the modal length to be 607 nm. 

C. Assessment of Purification Procedure 
\ 

1. Puritication of PV by Triton ~X-lOO clarification 
in borate buffer pH 8.0 and differential and 
density gradient centrifugation 

For the purpose ef .obtainin~ ~ sufflcient quantity of partially 

purifled virus, to be used as the i~ected antigen for antlserum 

productio~ and for determination of somè othe~ physicochemical 
, \ 

pro~erties of PV, this.procedu~e was found the most ~atisfactory of 

several methods invest!gated.· 'Virus yield from infpcted tomato plants 

was relatively high in concentra~ion, averaginfo 200-2~O mg/kg of 
• 

leaves. After stirring for 1-2 hours following the addition of 

1 

l 

• 

.. ' 
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/ 

.... ' , 

\ 

~ 

.1, 

, 
, Figure 2. Elec tron micrograph of PV p.articles, prepared by leaf-dip . . 

method and negatively stained with' two per cent phos-

photungstic aci~~ 

Magn1f~cation approximately 21700 X. 
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Figure 3. Hlstogr~m ~howing the length 4istribution of 234 PV 

particles in the 567-627 nm range. 
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Triton X-IDa (steps d and e in the materialsoand methods) the first 

" 
high-speed pellets were clear and transparent. The ag~regation problem 

was very much decreased, com~ared with,other me\hods, and the low-speed 
, 

i . 
pellet after ~esuspending the first high-speed pellet contained 

relatively little infectivity; prob:ly due ta vi;rus a~~regate~that 
were not broken up by detergent •. 

Different molarities and pH valu~s of borate.buffer were used , . 
~ ~ for homogeni~;lng tissue andl';tested for their effect on the 108s of 

, ., 
.virus during low-speed,centrifugation. Half molar borate buffer pH,8.0 
~ , 
~gave the best result for clarificatton: 

The sucrose density grad~ent centrifugation was used as a tool . 
, 

for assessing the~relative state of aggregation of the vir~s, a~ the .. 
homogeneity of the preparation. After centrifugation of PV f~r 2.15 

*' hours in the SW 27 rotor at 24,000 rpm, a visible band was located 

approximate,ly 1. 9-4~5 cm fr,em the meniscus. Infectivity was~ostl~ 
. ... 

ass<fciked with thi; lt,and. 
1 

Experiments'with borate buffer pH 8.5 and 8.8 gave diffe~ent 

resu~ts from pH 8.0, as shawn in Figure 4-A, 4-B, and 4-C. When the 
, .. 

pij. was incr.eased, the ~rus was c~ncentreted in two closely occurring 

zone" presumably a monomer, followed by a dimer ~ggregate. 

Purification of PV in citrate buffer caused extensive aggrega-
". . 

tien. The yield of virus, a'à shown, iI). T'able 5, was much lower than 
. 1 ~ 

1 • , 

that obtained by other methode •. The abso~ba~ce peaks on scanning 

pa~tern ~ere much broader and'smaller in compar1son'w1th other met~ods 

(Figurè 4-D, 4-E, and 4-F), teffecting a mor~ diffuse diBtr~bution of 

virus throughout the gradient column. 
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. (, 
Density gradient centrifugation showed ~o~sedimented materia1 .. 

in the bàttom of the density gradient tubes containing 'citrate buffer . --
extract, and leas sedimenting material with borate extraats. 

. " ; 

A Aggregation was also extènsive in phosphate çuffer; the yield 

.. 

of virus as shown in Table 5 was about ha1f of the amount gained from 

'. . the method withborate buffer. The scanning patterns also did not 
1 

show a sharp smooth peak (Figure 4-:G, 4-H, 4-1).,.. These patterqs 
, 

showed a m~re rapid1x sedimenting second peak, indicating the presence 
\ 1 

of virus aggregates n~ar or at the bottom of the tubes. 

2. Purification of PV by precipitation with 
-PEG and differential and density 1 
gradient centrifugation 

This method a1so gave satisfactory resu~ts. For PV five per 
, ~ 

cent PEG and three hours stirring with a magnetic stirrer provided 

relatively clean virus in a high concentration as judged by the 

~infectivity test of the supernatant (a low number of 10cai'lesions on 

assay plants) and the concentrati~n of final pellét .. Partially ~ 

\ and the puri~ied virus was reasonably clean, 
() 

scann1ng pattern of " 'centrifuged density gradients showed a sharp, smooth peak (Figure 4-J). 
""; 

.However, an èxtra peak was shown clo~ to the virus peak, which was 
, 

C: probably.due to some virus aggregation. \ 
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Figure 4. Sucrose density gradient centrifugation profiles of 

partially purified PV in,0-30 per cent sucrose gradients 

after cent~ugation in an SW 40 rotor at 36,000 rpm for 

c 

90 ~nu~es. Il 

A. Profile of PV immediétely after purification,with 

Triton X-IDa clarification, in borate buffer, \pH 8.0. 

B. Profile of PV immediately after purifi~ation with 
\ ~ 

T~iton X-IDa clarification, in borate buffer, ~ 8.5. 
• ,0 , 

C. ~Profile of PV immediately after purificatio~ with 

Triton X-IDa clarification, in borate'buffer, ~H 8.8. 
v ~ ~ 

Profile of PV ifumed~ately after purification with 

Triton X-IOa clarification, in citra~e buffer, pH 8.8. 
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Figure 4. (continu~d) , 

. ' 
" 

E. Profile of PV immediately after purification with 
1 

Triton X-lOO clarification, in citrate buffer, pH 8.5. 
1 

,F.' Profile of PV immediately after pur~fication with 
) 

Triton X-lOO clarification, in'citrate buffer, pH 8.0 • 
...." 
G. Profile of PV immediately after purification with ~ 

Triton X-lOO clarificatipn, in phosphate buffer, pU 8.0. 

H. Profffl of PV immediate~y after p~r~fication with 
'. 0 Triton X-lOO clarificatj.on, in P\hospha~eo buffer, pH 7.t'5.' 
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Figure 4. (continued) 

\ 

l , 

I. Profile of pv. immediately after purification with 

Triton X-lOO clarification; in phosphate buffer, pH 7.0. 

J. Purifiëation of PV with Triton-PEG method, 
, " ' K. Purification of PV with n-butanol clarification method. 

" L. Purification of PV with chloroform clarification method. 
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Figure 4. _ (contipued) 0 J 
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'il 

'. 

M. Purification .of PV with n-butanol/chloroform 

clarification method. 
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an~lysi(. ~ " TABLE 5. Yield data and spèctrop~otometric of separate 
preparations of'PV 

Preparà- _\ Absorpt:(.on Yield Ratio -tian Purification method 
~ mg/kg A260/A280 i 

t 
number 1 Min. Max. 

. '1 Bor{lte buffet pH 8.0 + 216 1.28 244 259 

1 
Triton .., 

2 Borate buffer pH R.5 + _ 18"4 1.32 244 259 
i " Triton 1 
! 

.. 
.. 

1 

3 Boràte buffer .pH 8.8 +' 201 1. 32 244 i259 
; 

Triton 

1 4 ' Sodium citr~te buffer ' 50 1.29 246 260 

[-(If f - pH 8.0 + Triton 
, ~ 

Phosphate buffer f 5 pH 7.5 121 1.29 245 ·260 
1 

+ Triton 
, . • , 

6 PEG + Triton 178 1.35 245 .259 
. 

". 

1 

7 N-Bhtanol* " -
8 Chlorof~rm* - "- .. \ ' ", . 

·9 N-Butanol/ch1oroform~ . . 
" " ,,-

'f • *The high-speed pellets w~e too green and impure to be used for 
furtherepurification and, Bpectrophotometri~ ana~ysis. 
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3. P~rifiëation of PV by N-Butanol, Chloroform. 
or N-B~tanol/Chloroform clarification 

'1\ 

Organic solvents such as n-but~nol and cllloroform were not 

• < 

"1 effective~ fo~ EV pu'tif1cation, The virus 'was apparently severely r~ 
f • " # "'II' 

" aggregated, as judged by the great number of lodl1 les ions a,f Gomphrena 
.J '\ . 0 i '" . ~ 

glabosa caused b~ the first low-speed centrifugation pellets. ~The 
... 

results ~btained from n-butaijql, c~loro1orm, and n-butanol/chloroform • 
0, "" • q 

clarification were similar. The first high:~peed pellets we~e green 
'-, 

and contaminated with host materials. The second high-speed pellets 
\ l) if ':!. \ " 

t. Il e Q 

(after layering 'the virus suspension on' 20 per cent sucrose lin rotor-. ~. 
4 

JO 

No. 30 tubes and centrifuging them'as described in materials and 
1 .' . ~ methods) were still green. 'T~e scanning pattern of density gradient 

l 

centrifugation,,(,Figure 4-K, 4-L, "'4-M) showed small peal.t~, which 
, /\ ' 

resembled those af'the nan-aggr~gated PV. and an additional amount of 
" 

uv absçrption, be1nw the firet, peak, pres~bly due ,to virus aggregation' • ...,. , , 

\ 1 0 

D •. Propvties of {'Pur'i:Ùed""'PV 
• ')1 • 

Ji 
• Q 

The virus susp,ension at concentratiqns of 5-10 mg/ml were 
" 

c'olorless and showed sU'ong stream bi~efringence: Maximum yields ,\ 'X 
obtained were about 260 mg/kg 'Of tissue.' The 'ùÜraviolet absorption 

~ 1 ' .. 1 . 

spectra'of several separate p,reparations ~f purifi:Jfp~ s~a~ended in t 

0.02 M borate buffer, pH 8.0, showed a maximum absorption at 259-260 nm 
, 

and\ a miuimum at 244-246 nm (Table 5). The ratio A260/A280 in all\ 
~ 

cases was ab ove 1.25,wh1ch 1s not in agree~ent with that of most 
'~,'.. ,.. . 

( 

flexuous rod-shaped viruses (u~l~y lees than 1.25). In general, this .~ 
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Figure 6. 

.. 

Electron micrograph of a purifiea"preparation of PV, 
1 

negatively stained with two per cent 'phosphotungstic 

ac:t.d (PTA). 

~gnification approximately 21, 700 X. 
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ratio was between 1.28 and 1.32, suggesting sorne host i~purities~ . , 
\ 

, especially in the latter case. 

A typical UV a~sorption curve of a purified PV suspension/ia 

shown in Figure S. An extincti~n coefficient of 2.7-2.8 at 260 nm was 

caIcu1ated on the basis of dry weight d;termination • 
. 

Examination of e1ectron mictographs ,of Rurified preparations 

~evealed some heterogeneity of particle length in the preparations. 

Pieces of rads and lateral aggregates as weIl as end-to-end aggregates 

were deteqted (Figure 6). 

~' 

E. Sedimentation Coefficient 
\ \ 

... \ . 
\,\ '·This experiment was repeated three times; in a11 cases similar 

\,: . 
results'.. were ob tained. l'he depths of sedimentation 'for. BMV, SBMV, TMV, 

- " 
\ \ 

~ and PV were, measured as described in materials and methods from the 
\, -

1 scanner c~~~t..s (Figure 7-A to 7-I) and the results were recorded (see 
\~ , 

Table 6). As the results of thése three experiments show, the depth of 

sedim~nltatiOn\f PV is the same as SBMV. To make sure that no d~ffer
ences existed between the sedimentation rate of PV and SBMV, the 

. 
experiment was repeated and centrifugation continued for 150 minutes 

\ - J 
instead of 90 minutes, and again the same estimate of sedimentation 

coefficient (l~5 s)' was obtained (Table 7). 

The logarithm of sedimentation was ~lotted against the logarithm 

of depth (Figure P)" Pl 'use of the least squares method. The plotted 
J 

line has a slope of 0,75, in comparison with 0.8 obtained by Brakke and 

Van Pelt (1970a), 
1 1 

, ' 
'C 
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Figure '7. Linear-log density gradient profile of pqrified 

preparations_of BMV, SBMV, TMV, and PV in an SW 40 
, . 

ro~or at 36,000 rpm for determination of S-valûe of PV~ 
, 1 

, 1 

i, 

, , D 

A. Profile of BMV centrifuged fo~ '90 minute~ 
B. Profile of ?BMV centrifUge~Or 9Q minutes; 

C. Profile of TMV centrifuged for 90 minutes. , . ... 
D. Profile of PV eentrifuged for 90 minutes • 
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F~gure 7. (continued) 
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Profile o~ SBMV + PV centrifuged for 90 minutes. 

Prctfile oi BMV + SBMV + PV centrifuged for 90 ~nutes. 
~ l' • , 

Profile pf SBMV centrifuged for 150 minutes. 
" , 
'/ 

Profile! of PV centrifuged fOI! 150 minutes. 
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Fig~re 7. (continued) ! 
I. Profile of BMV + SBMV + PV centrifuged for 150 , 

minutes. " 

\ .. 
r 

" - ' . .. 
" - ..... 

<,' 

" 

.. 
~ 

\ 
\ 

\ '\ 

'\ ..; 

1~ 

\ 
'~ 

" 

, . 

1) 

1 

! 
i 
" 

'0 

l 
l' 
L 

1 

~ 
, 1 



1 

) 

.... . 
1 (-1 1 

" " "l-

r 
.. 

lib ... 

l ' 

(j 

... 
';;" . . r~"-' .. ,.' " 1\ li 

fi) ; .... '.0 ~!... • '1 . -c • 1 
1 

= " 

C , , , 
,0 0.8· 

. 1 

1 j '"" E c"" 1 c .. 
~ 0.6 an 
N 

.... 
,cG 

" 

l, a» 0.4. 
Co) 
c r 

~ ......,., ... O.~ ft 0 ! ..: 

fi) 
.Q -

V '...,J ~ 

ct ~ . , • 
,Depth of·l sedi~entation 

~ " ~ ~ ~ / 
/ 

" 

. 
'" 

"- Il' ~ 

1 

0 
~ 1 

, . . 
"-

'\ 

, , ~ 

<. 

'., -' 



! 

, . 

." 

0' ) 

('1/ -

, -

/ ' , 
92 

., 
TABLE 6. Depth of sedimentation of BMV, SBMV, TMV, and PV after 90 

Virusl 

BMV 

SBMV 

-TMV 

PV 

TABLE ~ 

1 

minutes céntrifugation in SW 40 rotor ~ 

Depth (mm) 
Known s-values 

Re,p.l 
" 

Rep .• 2 Rep.3 

, 
21.5 21.0 21.0 79 (Brakke and Van Pelt 1970a) 

ot/ 

23.5 ].3.0 23.5 115 (grakke and Van peJ..t 1970a) 

34.5 33.5 ,6 34.0 187 (Lauffer 1944) 

23.5 23.0 23.5 115 (experimentally determined) 

~I 

Depth of sedimentation of BMV, SBMV~ and PV after 150 minutes 
. centrifugation 

Virus Depth (mm) 

~"""--------------------------------------~------------------------------------------
BMV 

SBMV 

PV, 

. --' 

\' 

28.5 

34.0 

34.0 

\ > 
\ 
,\ 

,.1 

b 

• 

1 

! 
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Figure 8. Logarithm of deptbj- of BMV (0'), SBMV (e), "TMV (.), . 

and PV (a) plotted againsJ logari thm of their respective 
i 

sedimentation· coefficients. 
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F. Analysie of Viral Components 

1. Ribonucleic acid 

a. CsCI density gradient , 

To calcula te the per cent of RNA, it'is necessary ta have a 

suitable buoyant density (p), i.e., the density of CsCI at,whlch the 
d . 

particular virus sediments. The estimation of p values of each 

fraction W8S d~scribed previously (materials and methods). The 

1 ~ • 

suitable p value for use in the formula given in the materials and 

methods belongs to the fraction with highest absorbance at 260 nm 

. (Figure 9-A, 9-3, 9-0). However, sometimes this value does not 'fit 

the formula, ~ecause negative values may be obtained under the square 

95 

root sign; therefore, the -value,s of lower fractions were used. Table 8 

shows the ~ values which were used for the calculation in this experi-

ment • 

The buoyant density gradient ~entrifugation experiment was 

repeated three times; the results are 'summarized in Table 8. As this 

table shows, the depth of sedi~entafion ~f PV and tMV in aIl three 

( replications was more or less'the same, which indicates that the 

sedimentation rates of these twopviruses through CsCl gradient are the 

same. In the first and second replications, the tabJe shows exactly 
. 

the same amount of RNA calculated for both TMV and PV (5.27 per cent), 

but~the third replication did not follow the mentioned a~ount. This 

variation might be due to some error during the exper1mental procedure. 
" \ 

Kn1ght ~nd Woody (1958) reported a value of ~.O per cent RNA for TMV, 

~ 
which 1s close to 5.27 per cent obtained in this experiment. The 
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ical density profile of viruses following equilibrium 

sCI cqlumn centrifugation. 

A.' OD profile of ~PV aI,!d its related buoyant density,. 

B. OD profile of TMV and its related,buoyant density. 

C. OD profile of BMV and its related buoyant density. 
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TABLE 8. The depth-of sedimentation of BMV, TMV, and PV through buoyant density gradient, the desired 
p-values which were used in the formula, and the calculated amounts of RNA 

Rep.1 Rep.2 Rep~3 

Per cent Depth Depth Depth / 

Virus of RNA- Desire1i of RNA- Des ired liil> of ~A- Desired of RNA 

sed. content p-va1ue sed. content p-va1ue sed. content p-va1ue (known values) 

(mm) % (mm) % (mm) % 

BMV 22.0 - 21..04 1. 35379 22.5 21.28 1.35487 22.0 -* -* 21 (Bockstahler 
and Kaesberg 

• ... i961) 

- , 
,,'lHV 18.5 5.27 1.31578 17.5 '5.27 1. 31578 17.5 6.08 1. 31795 5 (Woody 1958) 

PV 18.0 5.27 1.31578 17.0 o 5.27' 1.31578 16.5 8~38 1.32012 

*Th~ gradient was mixed before fractiona~ion. 
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higher value'obtained in these experiments may nave been caused by 

agg~egation of TMV particles. The calculated.amounts of RNA for BMV'in 

two different replications were 21.04 per cent and 21.28 per cent, 

which are very close to 21 per cent reported by Bockstahler and Kaesberg 
1 , 

(196~). When the value for p wasl plotted against the fraction number 

• (fractions around the maximum absorbancy), in aIl cases a straight 1ine 
1 

was obtained, indicating the relationship between the~fraction numbers 

and p-values. 

b. Properties of PV-RNA 

The molecular weight of,PV-RNA was determined by coelectro-

phoresis with wel1-characterized marker RNA values (BMV, SBMV, and 

"-TMV-RNA). < This experiment was repeated three times and the resu1ts are 

recorded 1;n Table 9. 

The ultraviolet absorption spectrum of PV-RNA (Figure 10) 
1\ 

prepared by SDS-phenol methQd and taken in TKM, had à maximum at 258 nm 

and a minimum at 231 nm. The A258/A280 value was 2.43. 

AlI of the marker RNAs g~ve weIl defined, homogeneouB com

ponents during gel e1ectrophoresis (Figure Il). Four RNA components 

were obtained with BMV~RNA'(Lane and Kaesberg 1971)~a double p~ttern 

with TMV-RNA (which ~ not weIl illustrated in Figure Il), as rep?rted 

by Fowlks and Young (1970), and a broad single band with PV-RNA. 

The distance of reference RNAs' migration th)ough the gel on a 

linear graph was plotted against the log of their mo1ecular\weights 

(Figure 12). By ~xtrapolation of the mobility of PV-RNA to that.o~ 

• 
j 

) 
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molecular weight, values of 2.17-2.21 x 106 daltons were obtained for 

PV-RNA molecular weight. 

The sedimentation coefficient of PV-RNA was determined by 

comparing its sedimentation with TMV and BMV-RNA values. The ammonium 
" 

carbonate-phenol method for RNA extraction, as described in materials 
1 " 

and methods, was used hereafter for the rest of this experiment. 
1 

The nucleic acide were centrifuged for five hourS thr9-ugh 

linear-log gradients in th~ spinco SW 40 rotor at 36,000 rpm, so that 

the lo~rithm of the depth of sedimentation was a linear function of , , 

the ~ogarithm of the s~~~~entation coefficient. 

The depths of the peale were measured on the scanning patterns 

(Figure l3-A to l3-C), from the middle of the p~aks to the meniscus, 

and the log of depth was plotted against the log of sedimentation 

coefficient by using the least squares method (Figure 14). The S-value 

of PV-RNA was estimated as' 37.2 s by compafing its sedimentation'with 

t~e RNA ~alues used as reference. 

The PV-RNA band was collected during scanning and used for 

infectivi~y assay on Gomphrena globosa which showed a low n~ei 0,.-
necrotic local lesions, indic~ting the presence of intact, functional 

PV-RNA •. 

A value of 20.7 S was obtained for the sedimentation coefficient 

of PV-RNA after treatment with formaldehyde. As the results showed ' 

(Table 10 and Figure l3-D to l3-F), this value 1s the same as sediment a-

-tion value for TMV-RNA'as reporte~~y Brakke and Van Pelt (1970b). 
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TABLE 9-. The ~istance of RNA migration in 3 per" cent po1yacry1amide 
gel from 3 different rep1ications, ànd the mo1ecu1ar weights of the 

Viruses 

TMV 

SBMV 

BMV1 

BMV2 

BMV . 
3 

BMV4 

known RNA's 

Distances of RNA migration 
in 3 per cent gel (cm) Known RNA 

mo1.wt. 
Rëp.1 

0.40 
~ 'i 

0 .. 80 \ 

0.25 

1.90 

2.00 _ 

2.40 

4.00 

\ 

1 
..j 

/ 

/ 
/ 

1 
1 

Rep.2 ~ 
0.70 

1.26 

,0.47' 

1.85 
/ 1.,g(t' .. --

2.52 

4.60 / 

:P 

/ 
/ 

l ' 

/ 

/ 

0.75 

1. 70 

0.60 

2.10 
/ 

2.15 

2.80 

4.85 

'\ 

1._09 --r<fI 
'm o.~ 

/ 
1 

. 0.75 106 

.0.28 106 

/ 

/ 
,1 

1 

~I 

• 
Reference 

Knight (1952) 
\ 

Tremaine (1966) 

Lane and ( 
Kaesberg;'(1971) 
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. Figure 10. Typica1 UV absorptio~ curve of a PV-RNA in TKM, prepared 

by SDS-ph~no1 ext;action method. 
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Figure ell. PV, TMV and BMV-RNA bands in 3 per cent polyacrylamide gJl. 
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. 
Logari thm of molecular weight of BMV (.), SBMV _ (0 ) , 

TMV (.), and ~V-RNA (a), plotted agains~ the1r 

respective migr~tion through the 3 per cent polyacryl

amide gel in three different experimen~s ~1, 2, and 3). 
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Figure 13. Linear log sucrose density gradient centrifugation 

profile of BMV, TMV, and PV-RNA, extracted by 

1 
r 

ammonium carbonate-phenol method, centrifuged in SW 40 

rotor for five hours at 36,000 rpm. 

A. Profile bf TMV-RNA 

B. Profile of BMV-RNA 

C. Profile of PV-RNA 

D. Profile of TMV-RNA after formaldehyde treatment. 
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Figure 13. (continued) 

î • 

E. 

F. 

G. 

Profile of BMV-RNA afFer·'forma1dehyd~.'treatm~nt. 

Profile' of PV-RNA a~ter fOI'IlU:!-.ldehyde tt,tment 
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Figure 13. (conti~ued) 

1. Pr~file of PV-RNA after RNase treatment. 
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Logarithm of sedimentation coefficients of BMV (e), 

TMV (.), and PV-RNA (0), p10tted against their 

respective 10garithm of depth, before (1), and after 

(2) forma1dehyde tr~atment. 
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, 
TABLE 10. Depth of seaime~tation of BMV, TMV and PV-RNM before and 
after forma1dehY4e treatment,_ and the BMV and !MV-RNA's known S-values 

bepth of sedimentation (nnn) Known S-va1ue 

Virus Before After Before After 
forma1dehyde forma1dehyde forma1dehyde forma1dehyde 

treatment treàtmept treatment treatment 

, 
TMV 24.50 16:00 31-.18 20.7a 

" , 
27.00 16.00 

1 
~ Pv. 

l ' \BMV1 21.00 Il.50 26.S
b 

15.6
8 

, 

BMV
2 

18.50 Il.50 
b 

22.3 , 13.9
a 

BMV
3 

13.25 8.50 14.0
b 

10.1
a 

aBrakke and Van Pe1t (1970b) 

bBocksta~ler imd ~ae9berg (1965) 

\ 

\. / 

1 
1 

-o· 
.\ 



( 

o 

----~ ---------~-----~----~-----

117 

Table 10 also shows the comparison of S-v~lues of RNAs of PV, TMV, and 

BMV before and after treatment with for1DB:ldehYde. 

By using the formula S = 0.083 MO. 39 for the relationship of 

sedimentation coefficient (S) of forma1dehyde-treated RNA and its 

mo1ecular weight before forma1dehyde treatmend (M) (Brakke and Van pe1t 
1 

6 1970b), a mo1ecu1ar weight of 2.03 x 10 daltons was obtained for PV-RNA. 
\ . 

No nucleic aC\d zone was obtained after density gradient 

centrifugation of a Pfeparation that had been treated with 3 J..1g/m1 

l' RNase. Treatment wit~ 50 VS/ml DNase had no effect (Figure 13-G to 
\ 
\ , 

13-11) • It was therefore conc1uded that nuc1eic acid of PV was RNA. 

\ Z. Protein 

For an independent determination of the mo1ecular weight of the 

PV-protein subunit, polyacrylamide gel electrophoresis in the presence 

.of SDS was used (Shapiro et al. 1967). 'li!fpical gels with PV and 

standard proteins are shown in Figure 15. PV-protein subunit showed a 

/ 
single, well-stained band which moved slower than TMV-protein subunit 

in the gel. tThe mobility of the polypeptide chains through poly-

acrylamide gel was calcu1ated according to the formula given by Weber 

)and Osborn (1969): 

Distance of protein migration length before staining 
Mobility = ------------------------------ x -------------------------

length after destaining distance of dye migration 

The calculation of the mobi1ity must include the length of the gel 

before and after staining as weIl ,as the mobility of the protein and of' 

the marker dye, because the gels swel1 some five per cent in the acidic 

solution used forlstaining and destain~ng- (Weber and Osborn 1969). 
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Figure 15. Represent,ative gels after electrophoresis with PV-protein 

subunit (P); TMV-protein subunit'CT); myoglobine CM); 

-\ 
alcohol dehydragenase (A); 

carbonic anhydrase (C). 
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TABLE 11. _The mobility of protein. in~ cent P01yaCrYl~mide gel, 
and mo1ecu1ar, weights of their polypeptide chaine, taken from the 

literature 
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Eigure 16. Re1ationship between mobi1ity and molecu1ar weight of 

PV-protein subunit ~nd reference pro teins in io per cent 

polyacry1amide gel. Abbreviations a~e: 

A, alcoho1 dehydrogenase 
C, carbonic anhydrase 
M, myoglobine 
0, ovalbum;i.ne 
P, PV-protein subuni t 
T, TMV-protein subundt 

'1. Plot:ted from the tirst experiment IS data 

2. Plotted from the second experimeJtls data 
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This experiment was repéated twice; the calculated mobi1ities 

according to tne experimental data are "recorded in Table Il, The 

mobility of the marker proteins was plottéd against the logarithm of 

their molecular weight (Figure 16) by using the least squares method. 

By extrapolation of the PV-protein subunit mobility to that of molecular 
f 

weight, values of 21,400 and 23,700 were obtained for protein subunit ~ 

molecular weight. 

G, êerology ( 

each 

The rabbits were bled, once per week for five successive ~ekS; 

time about 10 ml of blood was taken, as descr:bed in materi~ an~ 
methods. The mictoprecipitin test showed that the titer of antisera 

(for both rabbits) was low, about 1/128. The.antisera were a1so tested . . 
~ 

against clarified crude healthy sap, but no reaction was ob~erved •• The 

normai sera did not show any reaction with PV. 

1 
The immunodiffusion test was done in~quadrant-type petri dishes 

by the method described. The PV-antisera showed a strong precipitin 

li~e only with PV (Figure 17), and not with other aJtigens (TMV~ ~TEV, 

) 

PVY" and PVX) or healthy sap. The other available a~tisera (PVX, CVX, 
, 

P~' PVY, ,TEV, CYMV, and CVMV) also did not show any reaction with PV • 

. -, PVand other viruses (mentioned above), degraded by five per 
r 

cent pyrolidine (in di~tilled water) were ysed similarly.in immuno-

diffusion tests, as descr~bed previously. The gel diffus~~n plates 
, 

were made of O.9,per cent agarose in 0.05 M Tris saline buffer, pH 7.2 

1 

" 

l' 
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Figure 17. Iunnunodif fusion test with PV antisera (central well) 
~ and antigens of: f 
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Figure 18. Immunodiffusidn test in agarose-tris saline buffer. 

A. Central weIl charged with PVY-antiserum, 

B. Central weIl charged with TEV-antiserum, 

and peripheral wells charged with: 
sap; (3) TMV; (4) TEV; (5) PVY; 

\ 1-

. \ 

0, 

(1) PV; 
(6) PVX. 
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(2) healthy 
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(0.85 per cent NaCl in 0.05 M Tris-Hel buffer, pH 7.2). In this 

experiment, also, e~ch ~irus on1y reacted with its homologous antiserum 

(Figure l8-A and l8-B) , and there were no indications of a serOlogic1Pl' 

relationsh1p between PV and any of the other virùses. 
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DISCUSSION 

PV is thought to be a representative of the PVX group of 

filamentous viruses becaus~ of its gross morphology and of its 

properties in vitro. Two other flexuous rod-shaped viruses have been 

reported to infect plantain, i.e., Hydrangea ringspot virus (Hollings 

1958) and beet yellows vir~s (Bennett 1960), but neither of them has 

aIl the characters of PV. 

PV was mechanically transmitted to 30 species and varieties in 

-
seven families of plants, and, like other groups of viruses with 

similar morphology, had a rather narrow host range. Most of the host 

plants reacted with local symptoms. This virus did not infect any of 

the le'gume plants (Table~ 1 and 2) which were tested for host-range 

determination, except alfalfa;' and, also unlike most potato viruses, 

PV did not infect tobacco cultivars. Tomato Hlants appeared to b~ 

suitable for culturing quantities of PV for purification and 

characterization because of their high susceptibility to the virus, 

and because of their fast growth in greenhouse conditions. 

The purification method reported here for PV, employing borate 

buffer, pH 8.0, and Triton X-lOa clarific~ti~n,,~ave much better 

results than ether methods, at least as far as purity of the final 

preparation was co~cerned, and ease of performance. 
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\ 

Some iof the virus in purified preparations apparently was 

aggrjgated, as indicated by the presence of infectious material below 

the discrete bands and in the pellets at the bottom of tubes after 

density-gradient centrifugation. While some of this aggregation . ----- . / . 
probably occurred -during processing, it may have been due in part to 

the aggregat~on of the virus in the infected host tissue before 
1 

.extraction (Delgado-Sanchez and Grogan ~966). Electron mi~ographs of 

thin sections of systemically 1nfected tissues suggest that this ~s 
'D 

so. Thus it wou1d be necessary to disaggregate this virus to obtain 

it in a monodispersed condition. 

1 
The 108s 1n infectiv1ty (infect1v1ty assay on GOmphrena globos'a) 

was mainly attributed to aggregation of virus and host material in the 

pellets after high-speed centrifugation and subsequent remova1 of 

large aggregates by low-speed centrifugation. Adding Triton X-lOO 

resu1ted in dissolution of ce11 membranes and chloroplasts before 

high-speed centrifugat'ion (Van Oosten 1972). This apparently 1ed to a 

re1ease of more virus and a reduction of the loss~s catlsed by 

aggregation of virus and host materia1 in the high-speed centrifugation 

pellet. 

It should be emphasized that the use of urea and mercaptoethano1 
1 

in fractionation does not prevent end-to-end aggregation, Hut is 

large1y effective in preventing the lateral4type of aggregation, and 

concomitant insolubility (Damirdagh and Shepherd 1970). It appears 

that interactions of a hydrophobie type may be responsible for the 
" 1 

lateral type of po1ymerization of some fi1amentous plant viruses. 
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If so, it seems likely that the role of urea is to weaken the affinity 

of nonpolar areas on the surface of the virus coat and thus to weaken 

hydrophobie-type interactions. This action of urea may be due to 
... ~ 

increased solubility of nonpolar groups on the protein rather th an 

solely as a hydrogen bond-breaking reagent (Br~ning and Holtzer 1961). 

The aggregation effect of certain salts on the PV has been 

observed with other viruses of similar morphology. Phosphate h~s been 

observed to indu ce aggregation and to'inactivate PVX, parti~ularly at 

elevated temperatures (Bawden and Crook 1947). Proteins and the 

,materials in plant sap protected against this inactivation. Several 

other salts were also found to have similar inaetivating effeets, but 

not borate or veronal buffers (Shepherd and Pound 196~). The latter 

buffer, but not borate, was found to cause aggregation of turnip 

mosaic virus. 

The characteristics of PV obtained experimenta11y as described 

in this thesis compared with several elongated plant virus groups 

\ 

(TMV, PVX, carnation latent virus, and PVY groups) as shawn in Table 12. 

The physica1 properties of PV are more or less similar to those of 

./ -5 viruses of the PVX-group. Values of 70 0 e and (~Owere obtained for 

thermal inactivation point and dilution end point respectively, whieh 

are very close to the amounts reported for viruses in PVX-group. 
\ 

, 
Particle 1ength was measured aeeording to the 1eaf-dip \ 

preparation method, and the normal length of 607 nm W8S obtained from 

the electron micrographs_. This measurement is also in agreement with 

the length of viruses in PVX-group. "Many factors mJy affe~t particle 

/ 

< 1 

---------------------------------------------------------------------------------------------------------
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/ 

length during the preparation of virus for electron microscopy. 

Francki (1966) proved that the pH of the buffers used in purifying TMV 

plays an important role in determining the length distribution of 

virus particles. He reported that acid conditions cause end-to-end 

aggregation of the rods, whereas und~r neutral or slightly alkaline 

conditions the particles tend to fragment. Hampton et al. (1974) 

-
believed that the particle lengths of pea seedborne mosaic virus (a 

virus of PVY group) in leaf-dip and in partially purified preparations 

Uxed with formalin, were signific/~ntly shorter than those derived 

from either type of preparation wh en fixed with glutaraldehyde, and 

,the length of the virus iri purified preparation was longér th an in 

leaf-dip and partially purified preparations. 
/ 

The concentration of PV in infected leaves was high, often more~ 

than 0.3 mg/ml, compared with 0.5 mg/ml reported for viruses in PVX 

group, and the calculated extinction coefficient was 2.7-2.8, which ia 

very close to 2.97 reported for PVX group (Table 12). 

The linear-log density gradient msthod for estimating 

sedimentation rate is of potential values as an aid in the characteri-

zation of plant viruses. For this purpose, it has several advantages 

over the analytical ultracentrifuge method. Impure virus preparations 

can be used, since the identity of the virus zone is easily establish~d 

by infectivity assays. With many viruses, crude extracts can be used 

after partial denaturation of the normal proteins by freezing or 

.heating.' Low concentrations of virus can be used. The equipment 
1 

necessary for density gradient centrifugation is not as expensive as 

that required for analytical ultracentrifugation (Brakke 1958). 
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Linear log gradients have given good reproducibility and 

resoltuion. The estirnates of sedimentation coefficients from separate 

experiments have usually differed by less than five per cent (Brakke 

and Van Pelt 1970a). The most frequent deviation from expected 

results has been in the slope of the plot of log dépth vs. logs, not 

in the linearity. Therefore, use·of more than one marker particle is 

desirable (Brakke and Van Pelt). 
.. 

Values of 79, 115, and 187 s were used for the sedimentation 

coefficients of BMV, SBMV, and TMV (markera) respectively. The plots 

of logarithms of depths of the three markers against logarithms of the 

sedimentation coefficients have always been linear with the slope of 

about 0.8 (Brakke and Van Pelt 1970a), whereas a value of 0.75 waè 

obtained by the experiments in this thesis. Results of three different 

expertments showed that the depth of sedimentation of PV was exactly 

the same as SBMV, and a value of 115 s was obtained for its sediment a-

tion coefficient, which is in good agreement with the value of 118 s 
1 

reported for PVX (Berks 1970). 
" 

The amounts of RNA ca1cu1ated for TMV and BMV according to 

buoyant density gradient centrifugation were simi1ar to those reported. 

by other investigatqrs (Woody 1958; Bockstahler and Kaesberg 1961), 

indicating the re1iability of the procedure used. The ca1cu1ated 

- ~ 
amo'unt of RNA for PV in two experiments was the same and equal to the 

amount calculated experimentally for TMV ~5.27 per cent). The commonly , 

quoted RNA content of PVX ia five' per cent (Markham 1959), but 

Reichmann· (1959) repor~ed 0.59 per cent phosphorus, whieh suggests 

1 
~ 
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,~ 
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,\ 
~ 

" " , 
, i 
" .' 

~ 
<' 
~ 

. ~ 
,~ 



( 

.-

o 

'. 

134 

• 
six per cent RNA. In any c~se, neither of these values is far from 

the amount calculated here. 

Some intrinsic viral features can markedly affect ,the p of 
.' 

1 

virus es in CsCl, e.g., presence of lipids and carbohydrates as ~_ 

structural viral components can markedly reduce the p of viruses in 
. 

CaCl (Murant ~ al. 1969). Phyaical alterations in the macromolecu1ar 
\ 

configuration of virions which do not affect the protein to nucleic 

acid ratio can a1so affect that p of viruses in CsCl (Sehgal et al. 

1970). Ideally, fûr the relationship between p and RNA content to be 

ful1y valid, there should be no interaction between Cs+ and the virus 

particles. 

The RNA of PV was extracted by a phenol-SDS extraction method 

(Ralp,h and Bergquist 1967) for the purpose of gel electrophoresis. 

~~MV, SBMV" and TMV-RNA were u,ed as markers, and & three per cent 

acrylamide gel was used for mea~urement of PV-RNA molecular weight. 

, 1 

Staining with toluidine blue showed sharply stained blue b~nds in the 

_-*....1. 
gels readily visible after stàining. Each band represente4 a dis~l,;e .... 

species of RNA. With BMV four bands were observed in the gel which 

represented the four different apecies of RNA, and the two heavier 

RNAs were precipitatèd close to each other in the gel (Figure Il)., A 

1 double pattern band wa's obtained with TMV-RNA and with SBMV a hazy gel 

was obtained. The,hazy gel may be due to too much sample, incomple~e 

deproteinization, or RNA degradati,on (Morris and Wright, personal 

communicatibn). With PV-RNA a broad single band was obtained (Figure 

11) • 

• -, . 
~ 

1 
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The calculated molecular weight for PV-RNA is 2.17-2.21 x lO~, 

and the amount reported for PVX (Brakke and Van Pelt 1970b) is 

6 2.1 x 10 (Table 12). The value obtained for sedimentation coefficient 
\ 

of PV-RNA in 1iqear-log density gradients was 37.25 when determined'by , 

u~ing the reference RNAs. 

The sedimentation coefficient of singl~stranded RNA depends on 

the temperature at which it is measured (M~ra and Ka~sberg 1965), and 
1 

on the buffer. The values reported in the iiterature for the 

sedimentation coefficient of BMV-RNA and TMV-RNA were obtained under 

the same conditions described in this thesis, and have thus been used 

as standard markers'in estimating the sedimentation coefficient of 

PV-RNA. 
, 

According to Boedt~er (l~68), when the secondary structure of 

RNA is destroyed by forma1dehyde treatment, the sedimentation 
. ~ " 

coefficient should depend on1y on mo1ecu1ar weight •. Brakke and Van 

Pelt (1970b) obtained a relationship between the sedimentation 

, coefficient of forma.ldehyde treated RNA (s), and its mo1ecular weight 

before formaldehyde tfeatment (M) as described previous1y in the 
o 

results. Dup1icating the experimental conditions of Brakke and Van 

6 Pelt, a molecular weight of 2.03 x 10 daltons was obtain!d f~r PV-RNA. 
a . 

As shown in Figure 13-D, l~E, and' 13-F, the rate of sedimentation 

for BMV, TMV, an~ PV-RNAs after forma1d~hyde treatment are much less 

than before f9rma1dehyde treatment (Figure 13-A, l3-B, 13-C). Two 

species of BMV-RNA (BMV1 a~d- B~2) were over1apped during the centri

fugation through 1inear-log density gradient (Figure 13-B), but after 

J 

\ 
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forma1dehyde treatment, 3 RNA species were overlapped (BMVl , BMV2, and 

BMV3) and only two peaks were obtained after scanning the density 

gradient tube (Figure l3-E). 
, .. . 

The binding of forma1dehyde by RNA is affected by severa1 
\ , 

factors. The reaction rate ia very 
\ 

temperature-dependent. Variations 

of pH over a range of five to eight have no marked effect on the 
"--' 

reaction which ia consistent with the theoretical consideration that 

the amino groups of the bases are not dissoeiated within this range, 

but the amount of formaldehyde,bound is, however, greatly affected by 

the salt concentration of the medium (Staehe1ip 1958). 

The basis for the conclusion that nuc1eic acid from PV i8 an 

infectious sing1e-stranded RNA is its sus~eptibi1~ty to RNase, 
l " 

resistance to DNase" infectivity tests, and its reaction with 

formaldehyde. 

Po1yacry1amide electrophoresie of SDS dissociated PV suggests 

! 1 

that the capsid of this virus is made, of a single kind of protein 

subunit haVing a mo1ecular weight around 21,400-23,700, which is more , 
or less similar to the mo1ecu1ar weights reported for protein subunits 

of the members of PVX group (Table 12). The gels containing PV-protein 

subunit after staining and destaining showed a sing1e'c~r band, 

indicating a single 'type of protein 8ubunit (Figure 15). 
"" > 

The binding of dodecy1 sulfate~ons to proteins has been shown 
, ' 'J' 

for s~eral protein mo1ecules, and was assumed to be the basts of the 
, ' .,.,.. . \ 

'sep~ration of the denatured proteins upon SDS electrophoresis on 
\ 

po1yacry1amide (Shapiro ~ al. 1967). The electrophoretic mobilities 
1 

1 

• , 

J 
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TABLE 12. Comp~rison of different charactérs of PV obtained according 
to the experiments diseussed in this thesis with the members of TMV, 

PVX, carnation latent virus, and PVY ,groups 

. \ Char.cter. 

Th~rmal inactiva
tion 'point Oc 

Dilution end 
point 

t 

Particle 1ength 
nm 

Concentration in 
sap (mg/ml) , 

Extinction 
coefficient 

)p20,W (particle) 

~er cent of RNA 

'J -' 

PV TMV PVX 

70 

607 480-S80h 

O 3 >l
h 

> • 

RNA mol.wt/106 Z.\17-2.21 2.05~ 
, 

37.25 31.1c .. 

Carnation 
latent 
virus 
group 

620-690h 

PVY, 

0.005- h 
0.025 

Mo1.wt.of 
protein subunit 

2~,400- l7,500h 

23,700 
22,000-
24,000 i 

28,000 
and 

34,00.0 f \ 

a) Berks 1970; b) Brakke 1967; e) Brakke an~n pelt 1970b; 
d) Delgado-Sanchez a~d Grogan 1966; -e) Delgado-Sane e and GrOgan 
19170; f) Hiebert and McDonald 1973; g) ~kkouk an . pf 1974; . Y 
h) Matthews 1970; ~) Miki and'Knight 1968; j) Sud 1972; ~ 
k) Stace-Smith and Tremaine 1970; 1) Va.ma et al. 70; Dl) Wetter 
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of ,different proteine through polyaerylamide gel are independent of' 

the isoeleetric point and the amine aeid composition and "eem to be 

governed solely by'the molecular weights of their polypeptide chaine 

(Weber and Osborn 1969). 'Also, the good reso1ution, and the fact tha~ 

an estimate of the moleéular weight ean be obtained within a day, 

together with the sma1l amount of protein needed,'makes SDS gel 

eleetrophoresis strongly competitive with other methods commonly 

emp1oyed. 

The,antiserum prepared against PV had a low titer (about 1/128), 

but the titer was high enough for some serological tests. The immuno-

diffusion tests in nobel agar-SDS, or with pyrolidine-degraded ~ruses 

in agarose, showed that eaeh antiser~only reaeted with its dependent 
, ... \ ~ 

antigen (Figures 17 and 18), and PV only reae~ed with PV-antiserum. 

The serologieal tests did not ,show any relatiànship between PV and the 

other members of the flexuous rodJshaped groups whieh were tested. 
, , 

Therefore, unless further investigation shows that the virus deseribed 

in' this study is related to some previously deseribed -vif.'us, its 
\". " 

designation as "Plantain virus" seems àppropriate .. 
\1 
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