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S T E L L I N G E N 

I 

Het voorkomen van meer dan e6n persistent virus in Solanaceeen gebiedt 
dat de zuivering van bladrolvirus gepaard moet gaan met een biologische toet-
sing op de zuiverheid van het gebruikte uitgangsmateriaal. 

Dit proefschrift. 

II 

De hoeveelheid bladrolvirus die een bladluis na het zuigen op een besmette 
plant bij zich draagt, is voor het grootste deel direct uit de plant opgenomen 
en voor een kleiner deel toe te schrijven aan virusvermeerdering in de bladluis 
zelf. 

HARRISON, B. D., Virology 6, 265-277, 1958. 

Ill 

Dat virussen niet volgens een algemene procedure kunnen worden gezuiverd 
moet niet alleen worden toegeschreven aan de verschillen in de oppervlakte-
eigenschappen van hun capsiden, maar ook aan de samenstelling van eel- en 
weefselmaceraten en de verhouding tussen de concentraties van het virus en 
de normale celbestanddelen. 

Dit proefschrift. 

IV 

Op grond van onze kennis van de virusoverdracht door bladluizen moet 
worden verondersteld dat de overdracht van virussen die eerst in de vector 
circuleren, niet vermindert door een bespuiting van planten met minerale olien. 

BRADLEY, R. H. E., Can. J. Microbiol. 9, 369-380, 1963. 

De experimentele inductie van tumoren in Locusta migratoria L. kan worden 
verklaard door de activering van een tumorverwekkend virus. 

MATZ, G., J. Insect Physiol. 6, 309-313, 1961. 
MATZ, G. et al., J. Invert. Path. 8, 8-13, 1966. 

VI 

De cyclische activiteit van de prothoracale klier wordt gedurende de ont-
wikkeling van het insekt in belangrijke mate gereguleerd door het juveniel 
hormoon. 

KRISHNAKUMARAN, A. en H. A. SCHNEIDERMANN, J. Insect Phy
siol. 11, 1517-1532, 1965. 
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VII 
Voedselpreferentie bij een fytofaag insekt is geen onveranderlijke eigenschap, 

zodat taxonomische differentiatie slechts gebaseerd op verschillen in voedsel
preferentie, met groot voorbehoud moet worden beschouwd. 

JACOB, F. H., Proc. R. ent. Soc. Lond. A. 24, 99-110,1949. 

VIII 
Vegetatieve planten van Silene armeria L. komen niet tot bloei door passage 

in een entplaats van een zich autokatalytisch vermeerderend bloeihormoon, 
doch door die van een bloei-continuator, die tijdens de bloemknopvorming 
wordt geproduceerd. 

WELLENSIEK, S. J., Naturwiss. 53, 411, 1966. 

IX 
De hypothese van Kauffmann dat de vorming van niet definieerbare pro-

dukten bij de inwerking van lithiumpiperidide op 2-chloorpyridine aan het op-
treden van 2, 6-dehydropyridine als tussenprodukt moet worden toegeschreven, 
is onvoldoende gefundeerd. 

KAUFFMANN, TH. Angewandte Chemie 77, 557-571, 1965. 
ZOLTEWICZ, J. A. en C. L. SMITH, J. Am Chem. Soc. 88, 4766-
4767, 1966. 

X 

De invoering van arbeidsbesparende bereidingswijzen van Goudse Boeren-
kaas heeft voor de zelfkazer alleen zin, indien dit niet ten koste gaat van de 
uitzonderlijke kwaliteiten, die haar zo vermaard hebben gemaakt. 

DIJKSTRA. H., Landb. T. 78, 312-317, 1966. 

XI 
De effecten van gammastraling op het substraat zijn zo onvoldoende bestu-

deerd dat het thans nog geen aanbeveling verdient het gebruik van voedsel 
te bevorderen, waarvan de houdbaarheid door deze bestraling is verlengd. 

Persbericht van het Voorlichtingsbureau voor de voeding nr. 
1276. 

XII 
Het gebruik van visuele hulpmiddelen tijdens de verdediging van een proef-

schrift zou het behandelde voor een groter publiek bevattelijk kunnen maken. 
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CHAPTER 1 

I N T R O D U C T I O N 

The purification of the causal agent of leafroll disease of potato from its 
vector Myzus persicae Sulz. and its subsequent characterization will be de
scribed. 

The disease was first mentioned by HOPPE in 1747 in Germany (SALAMAN, 

1949). APPEL (1906) gave a detailed description of the symptoms and was able 
to separate leafroll as a specific disease from the complex of potato degeneration 
('Abbau'). The infectious nature of potato leafroll was demonstrated by 
QUANJER et al. (1916). Shortly after this, OORTWIJN BOTJES (1920) provided 
evidence that the aphid M. persicae transmitted the causal entity from plant to 
plant. This was independently found by SCHULTZ and FOLSOM (1921). On the 
basis of the results obtained in the graft experiments the causal entity of leaf-
roll was considered to be a virus on the analogy of other viruses (QUANJER et ah, 
1916). 

However, knowledge of the intrinsic properties of the virus was lacking be
cause of the failure to transmit it mechanically from plant to plant and the 
absence of a method to purify the virus. After a technique had been developed 
for testing extracts for infectivity by injecting aphids (STEGWEE & PONSEN, 1958) 
it became possible to attempt the purification and the characterization of this 
virus. 

In the following sections a survey of published work being of interest to the 
present study will be given1. In the last section of this chapter the scope of the 
study will be presented in more detail. 

1.1. TRANSMISSION OF POTATO LEAFROLL VIRUS 

The transmission of potato leafroll virus (PLRV) has been extensively studied 
by many workers. QUANJER et al. (1916) were able to transmit the virus from 
diseased plants or tubers to healthy ones by stem or tuber grafts thus demon
strating the infectious nature of the disease. These experiments do not, how
ever, explain the transmission in the field. OORTWIJN BOTJES (1920) demonstrat
ed in greenhouse experiments that the disease could be transmitted by the aphid 
M. persicae. He correctly assumed that this also occurred in the field. SCHULTZ 

& FOLSOM (1921) reported similar results with the aphids M. persicae and Ma-
crosiphum solanifolii (Ashm.). In subsequent years this transmission was stu
died in detail. From the results obtained by ELZE (1927), SMITH (1929 and 1931), 
DAY(1955) , MACCARTHY(1954), and MACKINNON (1963) it may be summarized 
that the aphid acquires the virus more readily in a long than in a short feeding 
period, that after a short acquisition feed a period exists during which the 

1 An extensive review of literature on potato leafroll has recently been published by BODE 
(1962). 
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aphid is not able to transmit the virus, and that after this period of latency the 
aphid is infectious for the remainder of its life. PLRV and most of the other 
circulative aphid transmitted viruses can not be transmitted to plants by me
chanical inoculation. 

Infectivity assays were, therefore, not possible till a decade ago when methods 
for injecting aphids were developed. HEINZE (1955), DAY (1955), HARRISON 

(1958), STEGWEE & PONSEN (1958), DAY & ZAITLIN (1959), STEGWEE & PETERS 
(1961), MUELLER & ROCHOW (1961), MUELLER & Ross (1961) and MURAYAMA 

& KOJIMA (1965) were able to make aphids infective by injecting them with 
small quantities of haemolymph or extracts from viruliferous aphids, or ex
tracts from infected plants. Furthermore, studies on PLRV were favoured when 
KIRKPATRICK (1948) discovered that Physalis floridana Rydb.1 could be used as 
test plant for this virus. This plant species developed more pronounced symp
toms ten to fourteen days after infection than potato plants did. WILLIAMS & 
Ross (1957) showed that P. floridana was more sensitive for the virus than po
tato. It, therefore, became possible to test injected aphids easily and effectively 
for infectivity. 

STEGWEE & PONSEN (1958) were able to demonstrate that PLRV multiplies 
in the aphid. Haemolymph of a viruliferous aphid was injected into a PLRV-
free aphid, which was confined to a Chinese cabbage plant for 7 days. The 
haemolymph of this aphid was injected into another PLRV-free aphid. The 
donor-aphid was tested for infectivity on P. floridana. After 7 days the process 
was repeated, and this was carried out 15 times. The aphid injected in the last 
transfer proved to be infective. The authors calculated that if no multiplication 
had taken place the dilution would have reached 10-21 while the haemolymph 
could only be diluted to 10-4 to remain infective. From results obtained by 
testing the virus content of aphids at various periods after they had acquired the 
virus, HARRISON (1958), however, concluded that PLRV does not multiply in 
the vector. 

Recently another assay method was developed for certain circulative aphid-
transmitted viruses. Barley yellow dwarf virus (ROCHOW, 1960) and beet wes
tern yellows virus (DUFFUS & GOLD, 1965) could be fed to aphids from liquid 
preparations placed between membranes, but this procedure has not been used 
in the assay of PLRV. 

The mechanical transmission of infectious nucleic acid extracted from PLRV 
infected potato plants, was claimed by BRANDENBURG (1962). This could not 
be confirmed by other authors (SARKAR, 1963; PETERS & DIELEMAN, 1963 and 
KOENIG & MUELLER, 1964). Results obtained by SPIRE (1965) and FRITZ (1966) 
are, however, in agreement with those of BRANDENBURG. These authors used 
potato plants as test plants. It should, however, be pointed out that other factors 
may cause symptoms on potato plants, which may be confused with those caused 
by a leafroll virus infection (QUARTER et al., 1916; ROZENDAAL, personal comm.). 

Throughout this report the name P. floridana will be used. WATERFALL (1958) considered 
this plant to be a variety of the species P. pubescens L. referring to it as P. pubescens L. var. 
pubescens. 
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1.2. ISOLATION OF THE VIRUS FROM INFECTED PLANTS 

AND VIRULIFEROUS APHIDS 

The first recorded attempt to isolate PLRV was by BAWDEN & NIXON (1951). 
Sap of infected potato and Datura stramonium L. plants was clarified at 7000 
rpm for 10 minutes. Portions of the supernatants were mounted on specimen 
grids for electron microscopy but no specific particles were detected. They 
concluded that the virus concentration would be lower than 10 mg/1 if the 
particles were spherical and 1 mg/1 if they were rod shaped. 

In a similar study made by SPRAU (1952) sap of infected potato plants was 
partially clarified in three different ways and studied by electron microscopy. 
Filiform particles with lengths from 150 va\x to 4250 m\x were found in one pre
paration, whereas the length varied from 66 mfi to 2300 m\x in another extract. 
He doubted, however, whether these particles were those of PLRV. 

Threads with lengths of the same order were found by HEINZE (1955). Par
ticles varying in length from 337 to 5000 ra\x were found in the blood of viruli-
ferous aphids and particles varying in length from 620 to 1670 mjx were found 
in sap of infected P. floridana clarified at 25.000 rpm for 60 min. The nature of 
the threads was not determined in the studies of both SPRAU and HEINZE. 

DAY & ZAITLIN (1959) partially clarified the sap of infected P. floridana plants 
by a cycle of differential centrifugation. The sediments formed at 140,000 g for 
one hour proved to be infectious when injected into aphids. Specific particles 
were not observed in the infectious preparations by electron microscopy. 
The virus was also not recovered with continuous electrophoresis at 2°C. 
They concluded that leafroll virus protein constitutes only a very small frac
tion of the proteins in the extracts. 

DAY (1955) isolated infectious extracts from viruliferous aphids. About 10 
per cent of the plants became infected when the inoculated aphids were 
permitted to feed on them. Infectivity of aphid macerates was also demonstrat
ed by HARRISON (1958) and MURAYAMA & KOJIMA (1965). STEGWEE & PETERS 

(1961) recovered infectivity from sucrose gradients after the resolution of a 
macerate from viruliferous aphids at 90,000 g for 90 minutes. STEGWEE & 
PETERS (1961) as well as MURAYAMA & KOJIMA (1965) showed that infectivity 
could be retained when preparations were stored in vitro at 2°C for a few days. 

1.3. THE NATURE OF THE VIRUS 

Some excitement arose when BRANDENBURG (1962) reported that the infec
tious component of PLRV was DNA. Plant viruses usually contain RNA as the 
infectious component. He based his conclusions on the fact that pressed sap of 
infected potato plants developed a positive blue colour with the diphenylamine 
test for DNA of Dische. Furthermore, when a phenol extract of leaf material 
was inoculated mechanically onto potato seedlings, they became infected. The 
infectivity in phenol extracts could be destroyed by DN-ase, but not by RN-ase. 
Inoculation of crude sap, however, did not result in diseased plants. BRANDEN

BURG, therefore, assumed that PLRV occurs in the plant as a free DNA 
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molecule. PETERS &DIELEMAN (1963), SARKAR (1963) and KOENIG & MUELLER 

(1964) could not confirm that the infectious agent of PLRV was DNA. The de
velopment of the blue colour in sap of infected plants with the diphenylamine 
reaction is caused by the larger concentration of sugars in these plants (GOVIER, 

1963; FRITZ et al, 1963; HECHT et al, 1963; PETERS & DIELEMAN, 1963; 

KOENIG & MUELLER, 1964). 
The mechanical transmission of PLRV nucleic acid to potato plants was 

again claimed by SPIRE (1965) who used extracts of frozen plants in an electro-
inoculation method, and by FRITZ (1966) who used phenol extracts. In these 
cases, as well as in the studies of BRANDENBURG potato plants were used as test 
plants. 

1.4. ELECTRONMICROSCOPICAL STUDIES ON TISSUES OF 

VIRULIFEROUS APHIDS 

The occurrence of PLRV in the salivary glands and the intestinal canal of 
viruliferous aphids has been extensively studied. 

After an electronmicroscopical study on the morphology of the salivary 
glands of the aphid M. persicae two types of particles resembling viruses were 
found in the glands of viruliferous aphids by MOERICKE (1961) and MOERICKE & 
WOHLFAHRT-BOTTERMAN (1962). Some particles were about 200 my. long and 
30 mji. wide and often had a laminated structure, and others found in only one 
cell, were measuring 300-400 mjA in length and about 50 mfz in width. The par
ticles were found to be solitary or arranged in bundles. They resembled the 
polyhedra virus of Bombyx mori (BERGOLD, 1958) and a virus infecting corn 
(HEROLD et al, 1960). In further studies of MOERICKE (1963) identical structures 
were also found in non-viruliferous aphids in different tissues. He, therefore, 
concluded that they had no connection with PLRV. 

FORBES (1964 b) made an electron microscopical investigation on sections of 
the stomach of M. persicae. In some cells of viruliferous aphids rod shaped 
particles were found, which were absent in nonviruliferous aphids (FORBES, 1964 a). 
However, he did not give sufficient information for a comparison to be made 
with the results of MOERICKE. 

1.5. THE SCOPE OF THIS STUDY 

The preceding sections show that very little is known about the properties 
and chemical constitution of potato leafroll virus and, moreover, that results 
are often contradictory. Some physical properties can be established using crude 
virus preparations, but for investigations on the chemical constitution it is 
necessary to use purified virus. An attempt was made to develop a purification 
procedure whereby virus could be purified from its vector or from one of its 
hosts. This seems to be justified because of the recent development of purifi
cation techniques and the method now available to test the infectivity of PLRV 
suspensions, which open new possibilities. 
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Purification experiments were carried out on viruliferous aphids because 
usually their extracts were infectious, whereas those of infected plants were not. 

As the ribosome content of aphids is very large, it was difficult to perform 
a separation between the virus and the the non-viral constituents. After preli
minary studies the virus could be purified in very small quantities. The biological 
purity of the virus isolate was tested in order to verify the causal relationship 
between the extracted virus particles and the disease. 

Besides PLRV, particles resembling viruses could also be extracted from 
aphids which were reared on plants infected with one of the PLRV isolates. So
me biological and physical properties of these particles referred, to as virus-like 
particles in this study, will be described in Chapter 8. 



CHAPTER 2 

MATERIALS A N D M E T H O D S 

The general procedures that were followed and materials that were used will 
be described. In subsequent chapters relevant experimental details will be 
given where necessary. 

2.1. SYMPTOMATOLOGY OF THE ISOLATES OF POTATO 

LEAFROLL VIRUS USED 

Most experiments were carried out with the isolate of potato leafroll virus 
(PLRV) used by STEGWEE & PONSEN (1958) in their work on the multiplication 
of this virus in the aphid M. persicae. The symptoms caused by this isolate on 
the potato variety Bintje, were described by BEEMSTER (pers. comm.) as severe. 
It was found that this isolate caused moderate symptoms on P. floridana. On 
some leaves a strong chlorosis between the veins occurred fourteen days after 
inoculation by aphids, with intensification of the green colour along the veins 
around the chlorotic areas. The edges of the basal parts of the leaves showed a 
tendency towards a slight cupping. The other leaves of the plant showed a 
mild chlorosis over the whole leaf. The entire plant was somewhat stunted. 
Epinasty of the petioles, as described by WEBB et al. (1952) for all the strains of 
PLRV they investigated, was hardly discernible. Twisting of the petioles was 
never observed. After development of the symptoms the plant recovered rapidly 
and could only be distinguished from the healthy ones by a lighter green colour. 
Over a period of 5 years during which this isolate was used, instability of symp
toms as observed by MACCARTHY (1963) in his PLRV isolates was never seen. 

In the final experiments on the purification of PLRV an isolate was used which 
caused severe symptoms on potatoes as well as on P. floridana. This isolate was 
supplied by Mr. A. Rozendaal from the Laboratory of Phytopathology. Severe 
leaf chlorosis, leafrolling and basal cupping of the leaves, epinasty and twisting 
of the petioles and severe stunting of the plant were the characteristic symptoms 
of the infected P. floridana plants. Three to four weeks after inoculation the 
lower leaves which also showed the most severe symptoms, abscised. WEBB et al. 
(1952) reported that leafdropping was followed by dying of the plant. In our 
case, however, death rarely occurred. The plant recovered slowly from the 
initial effects of the infection and there was some subsequent growth. Besides 
symptomatological differences, the two virus isolates also differed in another 
respect. Aphids colonized better on P. floridana plants infected with the isolate 
first described than on those infected with the one obtained from Rozendaal. 

Most of the preliminary work on the purification was done with the first iso
late. It appeared, however, that this isolate was contaminated with another, 
unknown, virus. Therefore, in the final purification experiments the second 
isolate, which proved to be free of contaminating viruses, was used. The isolates 
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described above and used in this study will be referred to as the moderate and 
severe isolate, respectively. 

2.2. CULTIVATION OF THE PLANTS 

All plants were grown in soil consisting of a mixture of sand, compost, leaf-
mold and farmyard manure. The soil was sterilized by steaming for two hours 
at 100 °C and sieved before use. 

To have uniform test plants P. floridana seeds were sown in seed trays three 
times a week. The soil used was then sieved once more with a 5 to 6 mesh sieve. 
An even germination of the seeds was obtained after six to eight days when 
they were kept at a temperature of 27 °C and a high relative humidity. When the 
cotyledons of the seedlings were 4 to 5 mm long, the trays were put in a green
house at 20-22 °C. The seedlings were transplanted into 10 cm diameter pots 
at the time that the first true leaf had reached half the length of the cotyledons. 
After one or two days the plants were used for the test feeding of the aphids. The 
true leaf had usually not reached the size of the cotyledons by then. 

P. floridana plants to be used as virus source and for colonization of aphids 
were infected with the moderate isolate a week after being transplanted to 15 
cm pots. 

The severe isolate was maintained on D. stramonium plants. Three weeks after 
sowing, seedlings of this species were transplanted to 15 cm diameter pots. The 
aphids were placed on these plants when the first leaves had reached a length of 
approximately 15 cm. 

Radish plants (Raphanus sativus L.J and Chinese cabbage plants (Brassica 
sinensis ~L.) used to rear PLRV-free aphids were sown every week and after 7 
days the seedlings were transplanted to pots with a diameter of 15 cm. They 
were allowed to germinate and grow at a temperature of 20-22 °C and a relative 
humidity of 65-80 per cent. Two to 4 weeks after transplantation the plants 
could be used for colonization of the aphids. In winter plants were exposed to 
additional light, but this was not sufficient to produce the same growth as in 
summer. 

2.3. REARING OF THE APHIDS 

PLRV - free aphids (M. persicae) were reared on radish or Chinese cabbage 
plants. Four to six plants were covered by an aphid-proof cage and placed on a 
zinc tray. To prevent the aphids from passing the chinks between the tray and 
the rim of the cage, the bottom of the tray was covered with a layer of wet sand. 
The cages were made of a wooden frame on a strip of zinc. The top and two of 
the sides of each cage were closed by glass plates, and the other sides by Mono-
dur netting cloth no. 314. Each new colony was started by placing 5 to 6 adults 
on fresh plants. These colonies were maintained in a separate air-conditioned 
greenhouse at 20-22 °C and a relative humidity of 60-80 per cent under long 
day conditions. 
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The viruliferous aphids were bred under the same conditions in another 
greenhouse with similar climate conditions. A continuous colony of these aphids 
was obtained by removing the old plants and adding fresh diseased plants each 
week. 

2.4. PRODUCTION OF VIRUS-FREE NYMPHS 

The circulative aphid-borne viruses which have been studied extensively do 
not pass from the adults to the nymphs (BJORLING &NILLSON, 1966; SMITH, 

1929). By collecting newly-born nymphs virus-free aphids can easily be obtain
ed. A great number of nymphs of M. persicae can be produced in the following 
way. Viviparous adults are starved for 24 hours at room temperature and 
thereupon placed on a detached radish leaf in a petri-dish. During the next 
hour nymphs are born at a rate of two to three per adult. At intervals of a few 
minutes the newly-born nymphs are transferred to a fresh plant. 

This is not a general way for aphids to react. Some species like Megoura 
viciae Bckt. and Acyrthosiphon pisum Harris did not give a similar response to 
such a long starvation period. 

2.5. COLLECTING APHIDS 

Aphids used for testing the infectivity of samples and extracts were cautiously 
collected from the plants with a paint-brush. 

Viruliferous aphids used in the purification experiments were sucked from the 
P. floridana plants with an aspirator connected to a vacuum system. When the 
aspirator was made from a centrifuge tube closed by a double bored stopper, 
the skins could be easily separated from the aphids. A rubber tube was pushed 
onto the glass tube that reached into the tube about 2 cm beneath the stopper. 
Another glass tube connected to the vacuum system reached to the bottom of 
the stopper and was closed by a piece of cheese cloth. On collecting the aphids 
they were piled up at the bottom of the tube, while the skins were gather
ed around the closed vacuum outlet. When the vacuum was taken away the 
skins could be removed from the cheese cloth without contaminating the aphids. 

When aphids from D. stramonium plants or large amounts of aphids from oth
er plants had to be collected a washing method was used. The leaves or plants 
were plunged in water. The aphids were washed from the leaves with tap water 
collected on a sieve fixed to the outlet of the funnel in which the leaves were 
placed. The skins could be separated from the aphids by returning them to 
water: the aphids sunk and the skins floated on the surface. This method is 
less time consuming than collecting aphids with an aspirator, but it has the 
disadvantage that aphids cannot be weighed in a dry condition. 

2.6. THE INJECTION OF APHIDS 

Infectivity of extracts from viruliferous aphids and infected plants was tested 
by injecting small parts of the preparations into aphids. This was done by means 
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FIG. 1. Schematical representation of the 
method by which the injection needle is 
made from the capillary tube. The process 
is described in the text. 

B c D E p 

of a micro-injection device developed by WORST (1954) and modified by STEG-
WEE & PONSEN (1958). The complete procedure including the preparation of the 
needle, the injection apparatus and the injection process will be described. 

A capillary tube is drawn from a glass tube of 6 mm o.d. and 2 mm i.d. (Fig. 1 
A and B). The capillary tube is filled with both distilled and filtered water. One 
end is sealed on a small gas name and upon cooling the other end is also sealed. 
About 2 cm from this end the tube is heated, so that the vapour pressure forms 
a bubble in the glass wall (C). The last sealed end is opened with a glass-knife 
and the bubble is drawn out to a length of one to two cm (D). This thin walled 
section is made into a hook and filled with water again (E). The micro-tip 
proper (F) is made on a micro-forge. The pulling force is provided by a small 
weight (7 gram) hung on the hook (Photo 1). When the filament of the micro-
forge is heated, the tube is drawn out into a tip. If the tip is closed it can be 
opened by scraping the tip with the platinum filament of the forge. 

The micro-forge (Fig. 2) is on a light microscope and stands between the stage 
and the body tube which are tilted into the horizontal position. The base of the 
micro-forge is fixed on the base of the microscope which in turn stands on a 
wooden table (Photo 1). The micro-forge consists of a stationary arm mounted 
on the base and a two-jointed movable arm attached by a spring plate to the 
base. The two joints of the movable arm can be moved with respect to each 
other by a hinge. A block of ebonite has been placed in the nick of the short 
joint to support and insulate two connectors to which the filament has been 
connected. The filament can be manipulated by two adjusting screws. The ad
justing screw on the stationary arm gives the filament a horizontal motion, 
whereas the other screw can almost manipulate the filament in the vertical plane. 
It is thus possible for the heated filament to follow closely the glass tube while 
the tip of the needle is being drawn out. 
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FIG. 2. Diagrammatic vertical section 
of the micro-forge. 1) Adjusting screw 
on the stationary arm. 2) Stationary 
arm. 3) Base of the micro-forge. 4) 
Spring plate. 5) Long joint of the move
able arm. 6) Adjusting screw on the 
moveable arm. 7) Wire to power supply. 
8) Block of ebonite. 9) Connectors. 10) 
Platinum filament. 11) Short joint of the 
moveable arm. 

The capillary tube can move to and fro in a holder mounted on the stage in 
the plane of the body tube in order to adjust the needle side by side with the 
filament. 

Injections are made under the binocular microscope. The needle is fixed in 
a horizontal position. The force needed for injection is provided by thermal 
expansion of the water at the closed end of the needle (Fig. 3). The heat is 
furnished by an electric device. Upon cooling the water contracts and the fluid 
to be injected can be drawn into the needle. A small air bubble at the sealed end 
provides a continuous flow of the water column. 

The aphids are anaesthetized with carbon dioxide and handled by means of 
a vacuum system, which consists of a glass tube with a bore just fitting an 
aphid's head and connected to a suction pump. The insects are gently pressed 
onto the needle and injected into the abdomen. The needle is inserted super
ficially into one of the intersegmental membranes (Photo 2). Injections are 
usually made at the ventral side of the abdomen, because these punctures close 
more easily than those on the dorsal side. The needle is cleaned at every change 

FIG. 3. Diagrammatic representa
tion of the method by which aphids 
are injected. 
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of the sample and when necessary to prevent plugging of the needle by aphid 
constituents. In this way about 50 aphids can be injected per hour and 40 to 
200 individuals with one needle. 

2.7. TESTING INJECTED APHIDS FOR INFECTIVITY 

Usually 22 aphids were injected from each sample to be tested for infectivity. 
The injected aphids were put on a piece of filter paper in a glass tube which is 
then closed with a piece of cheese cloth and stored overnight in the cold room 
(2°C). After such storage the aphids appear to accept the test plant more readily. 
The next day the surviving aphids were caged on P. floridana test plants. Two 
aphids were confined to one seedling. The cages were made from a 13.5 cm 
high Perspex tube of 9 cm diameter. At 4 cm from the bottom 2 windows of 
2 cm diameter were cut. The windows and the upper side were closed with 
Monodur netting cloth no. 314. The pieces of netting cloth were glued to the 
Perspex tubes with Klebelosung P.C. 10, supplied by the firm Wientjes at Ro-
den, The Netherlands. 

Observations on the mortality of the aphids were made 24 hours later. The 
living aphids that had left the test plants were returned to them. After an inocu
lation feeding of 5 days the cages were removed and the aphids killed by a 
Phosdrin or Lirohex (TEPP) spray. The plants were placed in an aphid proof 
greenhouse, which was fumigated or sprayed regularly with Lindane or Phos
drin. The test plants were checked for symptoms two to three weeks after ter
mination of the inoculation feed. In winter additional light was given to provide 
a daylength of 16 hours. 

2.8. ULTRACENTRIFUGAL ANALYSIS 

Sedimentation analysis was performed in a Spinco model E analytical ultra-
centrifuge, using Schlieren optics. All runs were made at a constant temperature 
in the range 19-21 °C in 1.2 cm cells. Sedimentation coefficients were calculated 
with the graphical method of MARKHAM (1960) and corrected for a temperature 
of20°C. 



CHAPTER 3 

THE CHOICE OF THE VIRUS SOURCE 

It is desirable to select the host most suitable as a virus source. There is only 
a limited choice for PLRV. It has a restricted host range and its propagation 
has been demonstrated in one vector only by STEGWEE & PONSEN (1958). In
fectious fractions have been extracted by several workers from diseased plants 
as well as from viruliferous aphids as mentioned in the first chapter. It was, 
therefore, of considerable interest to determine whether plants or aphids were 
the best source in the purification of PLRV. Among the known host plants of 
PLRV P. floridana may be of considerable interest because this plant develops 
clear symptoms shortly after infection. Furthermore, aphids can acquire the 
virus more easily from this plant than from any other species that has been 
tested (PETERS & ASJES, unpublished). This observation may point to a higher 
concentration of the virus in this plant than in others. It was, therefore, decided 
to compare the usefulness of this plant as a source of virus with that of aphids 
for our study. The infectivity of clarified aphid macerates was compared with 
that of crude sap of P. floridana plants. Subsequently a test was performed to 
determine whether the infectivity could be recovered from macerates and sap 
after concentration at 100,000 g for 1 hour. 

3.1. INFECTIVITY OF UNCONCENTRATED APHID MACERATES 
AND PLANT SAP 

Aphid macerates were prepared in the following way. Viruliferous aphids 
(50-100 mg) were triturated in a glass tube with a glass rod. Buffer (0.01 M 
phosphate buffer pH 7.2) was added using a volume twice that of the weight 
of aphids used. The macerates were clarified by centrifuging at 1000 g for 
10 minutes. The supernatant was used to inject PLRV-free aphids. The results 
of the infectivity assays are given in Table 1. The clarified aphid macerates which 
were diluted three times, were consistently infectious. In fact, infectivity could 

TABLE 1. Infectivity of clarified and diluted macerates of viruliferous aphids.1 

_ . f Amount of aphids _ , . M B f ^ " , 
Experiment , .. Dilution of the macerate 

( m g ) 1:3 1:30 

1 60 4/10 1/10 
2 100 7/10 4/10 
3 80 2/10 0/10 
4 80 3/10 1/10 

1 The aphids had been reared on diseased P. floridana plants. 
a Two injected aphids were confined on a P. floridana test plant. Numerator: number of 

infected plants. Denominator: number of inoculated plants. 
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be demonstrated in macerates diluted up to thirty times in three out of four 
experiments. 

One or two droplets of sap were pressed from leaves of diseased P. floridana 
plants inoculated two to three weeks earlier and showing clear symptoms. The 
sap was collected in a glass tube placed in an ice-bath. Samples of the sap were 
injected into a number of aphids within 7 to 15 min after preparation of the 
inoculum. 

The results of infectivity tests and the mortality of the aphids after being on 
the plants for 24 hours are given in Table 2. 

With the exception of the first four experiments the injected aphids were kept 
overnight in the cold room after injection. Each test plant was inoculated by 
one or two aphids as indicated in Table 2. 

TABLE 2. Virus infectivity in sap pressed from diseased P. floridana plants. 

Exp. 

1 
2 
3 
4 
5 
6 
7 
8 

Time interval be
tween preparing 

the inoculum and 
using it for the last 

injection (min) 

7 
7 
7 
7 
7 

10 
10 
15 

Injected 
aphids stored 
overnight at 

2°C 

no 
no 
no 
no 
yes 
yes 
yes 
yes 

No. of 
aphids 
injected 

38 
22 
32 
36 
42 
58 
49 
77 

Survival 
on the test 
plant after 
24 hours 

35 
6 

24 
29 
14 
51 
36 
12 

No. of 
aphids on 
each test 

plant 

2 
2 
2 
2 
2 
1 
1 
1 

Infectivity1 

4/19 
0/11 
0/16 
0/18 
3/21 
9/58 
2/49 
0/77 

1 Numerator: number of infected plants. Denominator: number of inoculated plants. 

Only a small number of test plants became infected. The infectivity of the 
leaf sap thus tested may be compared with the infectivity of macerates of viruli-
ferous aphids diluted thirty times. This means in terms of virus concentration 
that the content of plant sap is about 30 times lower than in aphid macerates. 
Thus, aphids were preferred as a virus source. However, it may be expected 
that an increase in infectivity can probably be obtained by concentrating sap 
from diseased plants by high speed centrifugation or some other mild procedure. 

3.2. EFFORTS TO CONCENTRATE THE VIRUS IN SAP FROM 
DISEASED PLANTS 

In the experiments described in this section 4 to 6 weeks old P. floridana plants 
showing clear symptoms were used. The plants had then been infected for 2 to 
4 weeks. Leaf material (5-7 gram) was ground in 8 ml 0.1 M or 0.01 M potas
sium phosphate buffer pH 7.2. The homogenate was filtered through cheese 
cloth, partially clarified at 4000 g for 10 min and the supernatant centrifuged 
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for two hours at 76,000 g. The pellets consisting of a large quantity of green 
material with a dark brown coloured core were dissolved in 0.3 to 0.5 ml 0.01 
M phosphate buffer pH 7.2. The resulting suspension was clarified at 1000 g 
for 10 minutes and injected into aphids. In six experiments performed in this 
way none of the injected aphids was able to infect a test plant. 

Concentration of the virus from the sap did not result in an increased infec-
tivity as expected. DAY & ZAITLIN (1959) found 8 per cent of the plants were 
infected when a comparable fraction was used as inoculum. The difference in 
the results may be explained by the presence of some plant material in our ino
culum. In order to prevent loss of virus, we retained the green layer of plant 
material overlying the high speed pellet which DAY & ZAITLIN had washed 
away. This may have influenced unfavourably the transmission of the virus 
after injecting the aphids with this material. We performed, therefore, some 
experiments to concentrate the virus after removal of most of the greenish 
plant material. 

Leaves of diseased P. floridana plants (10-12 g) were ground with buffer 
containing 0.5 M sucrose, 0.005 M tris-HCl (tris (hydroxymethyl)-aminome-
thane-hydrochloride) and 0.01 M magnesium acetate, pH 7.0 in a mortar 
with a pestle and sand. The homogenate was filtered through cheese-cloth. The 
filtrate was centrifuged at 25,000 g for 15 min and the supernatant was then 
centrifuged at 100,000 g for 90 min. A brownish-green pellet without an over
lying layer of green material was obtained after high speed centrifugation and 
resuspended in 0.2 ml of a buffer consisting of 0.005 M tris supplemented by 
0.001 M magnesium acetate and adjusted to pH 7.0. This suspension was clari
fied at 1000 g for 10 min and tested for infectivity by injecting portions of it 
into aphids. In two out of four experiments one of ten inoculated test plants 
became infected, thus giving an average of 5 per cent infection. These results 
are comparable with those obtained by DAY & ZAITLIN, who did not inclu
de the green plant material in their inoculum. Therefore, we may tentatively 
conclude that some substance among the green plant material may have some 
inhibitory influence on the transmission of the virus. 

On comparing the results using either unconcentrated or concentrated frac
tions from infected P. floridana plants similar levels of infectivity were observed. 
From the data in Table 2 it may be inferred that an average of 6.6 % of the 
inoculated plants became infected. A level of 12% was found by MURAYAMA & 
KOJIMA (1965) in a test on the infectivity of unconcentrated P. floridana sap. 
From the infectivity levels of unconcentrated and concentrated P. floridana sap 
it may be concluded that concentration of this sap does not lead to an increase 
in the infectivity of the extracts. 

3.3. DISCUSSION 

In comparing different purification procedures it is essential to follow the 
virus in the various fractions which are obtained. This has to be done by in
fectivity tests, because other tests to detect the virus are not available. It is, 
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therefore, necessary to commence the purification from a source in which a 
fair concentration of virus could be detected. It was shown that aphids provide 
a better source of PLRV than P.floridana. 

In addition to aphids, phloem sap may be a rich source of PLRV because 
this virus seems to be restricted to the phloem within the plant (BENNETT, 

1956; ESAU, 1961). Localization of symptoms in this vascular tissue, acquisition 
and transmission of the virus by aphids during long feeding periods, and the 
the failure of mechanical inoculation are usually interpreted as evidence for 
such a restriction. There is, however, no experimental evidence for this as
sumption nor are estimates on the virus concentration in phloem sap available. 
Some conclusions on the virus content of phloem sap may be derived from the 
work of HARRISON (1958) on the behaviour of the virus within the aphid. 
Aphids which were allowed to acquire the virus in a period of 24 or 48 hours, 
were divided into three comparable groups. One group was directly tested for 
infectivity, whereas the other groups were transferred to turnip plants for one 
to four days and subsequently tested. These tests were made by injecting small 
portions of aphid extract into aphids. The aphids which were immediately 
tested after the acquisition feed yielded an infective extract, while the other 
groups did not. HARRISON concluded that the amount of virus acquired during 
brief feedings soon fell below the level needed for detection by the injection 
method. This may be explained by assuming that only a small part of the 
acquired virus has reached the haemocoel, while the majority of the virus 
disappears by excretion from the alimentary canal. Thus, the virus charge of 
an aphid which had a short acquisition feeding on a diseased plant presum
ably occurred in the intestinal tract. It may be concluded that the infectivity 
in the extracts from aphids which were fed for 24 or 48 hours originate 
primarily from the contents of the intestinal tract. Even though the content of 
the intestine tract has been diluted some times by the aphid's blood and the 
buffer added, infectivity could be demonstrated in the extracts (26 % of the in
oculated plants became infected). Assuming that the virus is not concentrated by 
the aphid, its concentration in the intestine would be the same as in phloem sap. 
The virus, therefore, occurs probably in a high concentration in the phloem sap. 

Phloem tissue constitutes only a small part of the plant. Thus, virus present 
in it is considerably diluted upon grinding the whole plant. In addition, the 
virus is then under these conditions unnecessarily mixed with large amounts of 
plant constituents from which it has then subsequently to be separated. It is 
preferable, therefore, to avoid such a contamination by plant constituents. 
This may be done by collecting phloem exudate. Feeding aphids have been cut 
away from their mouthparts (MITTLER, 1957 and 1958; ZIMMERMANN, 1961; 
VON DEHN, 1961; and VAN SOEST & D E MEESTER-MANGER CATS, 1956). The 
phloem exudate flows out through the severed stylets and may be collected. 
Appreciable amounts of sap can be collected from woody plants, but only very 
small amounts have been obtained from herbaceous plants thus far. For this 
reason and because of the technical difficulties involved in the method, we have 
not explored its possibilities. 
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Honeydew excreted by aphids on plants infected with pea enation mosaic 
virus was a good inoculum to render aphids infective by injection (RICHARDSON 
& SYLVESTER, 1965). This source did not play a role in our study because col
lected honeydew was scarsely infectious. 



CHAPTER 4 

P R O P E R T I E S OF T H E V I R U S IN AN 
A P H I D M A C E R A T E 

Before commencing the purification of the virus it was desirable to study some 
properties of the virus in the crude macerate. Tests to determine the longevity 
in vitro, the thermal inactivation point, and the dilution end point were, there
fore, conducted to determine the stability and concentration of the virus in the 
sap. Although these results have a restricted value (Ross, 1964), they are of 
importance in determining the procedure for the purification of the virus. 

4.1. THERMAL INACTIVATION POINT 

An aphid macerate in 0.01 M phosphate buffer pH 7.2 was divided in 3 equal 
parts of 4 ml. These aliquots were heated for 10 min at 50, 60 and 70°C re
spectively. Before assaying the aliquots, they were concentrated by centrifugation 
at 100,000 g for 90 min after the removal of the heat denatured material at 
10,000 g for 10 min. The high speed pellets were dissolved in 0.2 ml phosphate 
buffer, and tested for infectivity by injecting aphids. The aliquots heated at 50, 
60 and 70 °C caused 8, 2 and 1 plants out often to become infected, respectively. 
From these data it was concluded that PLRV was inactivated at about 70 °C. 
MURAYAMA & KOJIMA (1965) came to similar conclusions. 

4.2. LONGEVITY IN VITRO 

The longevity in vitro is clearly dependent on the storage temperature. 
STEGWEE & PETERS (1961) reported that PLRV could be stored at 3°C for 24 
hours and at -16°C for three weeks without loss of infectivity. In subsequent 
experiments it was found by the present author that virus suspensions were still 
infectious after storage at 2°C for 3 days. In one experiment when 0.006 M 
mercaptoethanol was added to the phosphate buffer at 2°C infectivity was 
still demonstrable after 5 days. These values also agree with those reported by 
MURAYAMA & KOJIMA (1965), and by MUELLER & Ross (1961). 

At higher temperatures the infectivity of the virus was destroyed more rapid
ly. Aphid macerates stored at 25 °C were still infectious after 12 hours, but not 
after 24 hours. Macerates incubated at 37 °C were still infectious after 4 hours. 
These experiments were not extended to longer periods. 

4.3. DILUTION END POINT 

Macerates of aphids were diluted in 0.01 M phosphate buffer pH 7.2. Dilu
tions of 1:100 were slightly infectious in six experiments, while those of 1:1000 
were only in one of the six experiments. In that experiment one out of ten 
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plants became infected. STEGWEE & PONSEN (1958) reported some infectivity in 
haemolymph diluted at 1:1000. Hence we can conclude that aphid macerates 
diluted 1:1000 and tested by injecting aphids, approximates the dilution end 
point. Again, MURAYAMA & KOJIMA (1965) obtained similar results. 

4.4. DISCUSSION 

The stability of a virus is usually determined by testing its longevity in vitro 
and its thermal inactivation point. When these tests are carried out with crude 
sap the results may vary with a number of factors such as the occurrence of 
oxidizing agents in the sap, the virus concentration, the host and its age, and 
the pH and the ionic activity of the sap (BAWDEN, 1950; Ross, 1964). Therefore, 
the measurements carried out on the aphid homogenates are of a restricted 
importance. This fact can be supported by comparing the results obtained for 
barley yellow dwarf virus (BYDV) with those of PLRV. HEAGY & ROCHOW 

(1965) demonstrated that BYDV was inactivated between 65 and 70 °C. They 
concluded from their observation that this virus was a rather stable one. 
ROCHOW & BRAKKE (1964) also recorded BYDV as rather stable when they 
found that BYDV was still infectious after storage at 3°C for at least six weeks. 
However, the application of these criteria for determining the stability of PLRV 
would lead to conflicting conclusions, viz. PLRV would then be called a stable 
virus on the one hand, as its thermal inactivation point is about 70 °C, but a 
rather unstable one on the other hand as its infectivity is lost after 4-5 days at 
3°C. 

Since the tests on longevity were carried out on crude aphid macerates the 
instability of the virus should not be overemphasized, because a sap environ
ment may favor stability less than buffer. If this were true it may be expected 
that the longevity in vitro would increase with the degree of purity of the virus. 
Such behaviour has already been demonstrated for virus Y which when stored 
in vitro remains infective for longer periods when it is in a purified form than 
when in crude sap (BAWDEN, 1950). 

An important conclusion can be drawn from the longevity experiments. 
When purifying PLRV from an aphid macerate, allowance should be made for 
its rapid loss of infectivity. Thus it is essential to extract the virus as quickly as 
possible, and at low temperatures. 

In vitro at room temperature, the virus loses its capacity to infect a plant 
within a day. On the other hand an aphid, after acquiring the virus, remains 
infective for many days and often for its whole life (ELZE, 1927; SMITH, 1929; 
MACCARTHY, 1954; DAY, 1955; PETERS & ASJES, unpublished). This may be 
attributed to the multiplication of the virus in the aphid (STEGWEE & PONSEN, 

1958). 
If the dilution end point is 1:1000 and assuming that 1) 0.003 \il inoculum is 

injected into the aphid (STEGWEE & PONSEN, 1958), and that 2) an aphid needs 
only one PLRV particle to render it infective, it may be calculated that the lower 
limit of the number of PLRV particles occurring in one gram of aphids is 
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3.3 X 108. As the mean weight of one adult of Myzuspersicae is about 0.2 mg, 
one infective aphid would contain at least 6.6 x 10* virus particles. 

The assumption that injecting only one virus particle suffices to make an 
aphid infective is disputable, for we do not know the efficiency of the inoculation 
method nor the number of virus particles needed to initiate virus multiplication 
in the aphid and to overcome the transmission threshold. Thus, the required 
number of particles to make an aphid infective may be higher. If this number 
were 10*, the concentration of the virus in the aphid would still be low, viz. 
3.3 X 1012 particles in one gram aphids. Assuming that PLRV has a particle 

3 3 x 1012 

weight of about 5.106, an amount of ^ ^ ^ x 5.106 gram = 2.6 x 10-5 

6.3 x 1" gram PLRV particles will occur in l gram aphids. This figure will be 2.6 X 
10-9 if one particle is necessary to render an aphid infective. These calculations 
are speculative, but they offer some idea on the concentration of the virus in the 
aphid. 



CHAPTER 5 

STUDIES ON THE NUCLEOPROTEINS 
OBTAINED FROM APHIDS 

In Chapter 6 preliminary studies on the purification of PLRV are described. 
It appeared necessary to eliminate large quantities of non-viral components 
from the macerates in order to obtain a pure virus preparation. Some knowled
ge of the nature of the impurities was essential in order to develop a suitable 
procedure for purifying PLRV. It was evident from spectrophotometrical 
studies that the impurities were mainly composed of nucleoproteins. Some 
properties of a nucleoprotein rich fraction isolated from aphids are described 
in this chapter. 

5.1. ISOLATION OF THE NUCLEOPROTEIN PARTICLES 

Aphids were reared on radish or Chinese cabbage plants. They were collect
ed with an aspirator, and 1 ml of 0.001 M phosphate buffer pH 7.2 was added 
to each gram of aphids. Alternatively, the aphids were collected by the washing 
method. The aphids were triturated with a mortar and pestle, and the homogena-
te obtained from each 1.5 gram of aphids was diluted with buffer to 10 ml. The 
suspension was centrifuged at 1000 g for 10 min and then at 25,000 g for 15 
min. The supernatant was decanted into another tube and spun at 100,000 g for 
75 min. After this centrifugation the supernatant was discarded and the resul
ting pellet was dissolved in buffer. The suspension was clarified by centrifuging 
at 25,000 g for 15 min. Again the supernatant was decanted into another tube 
and then centrifuged at 100,000 g for 75 min. The supernatant was discarded 
and the pellet dispersed by stirring with a glass rod. For studies with the ana
lytical centrifuge the volume was made to 1.0 ml with 0.001 M phosphate buffer 
pH 7.2 for each gram of aphids used. This suspension was clarified by spinning 
at 10,000 g for 10 min. The whole procedure was carried out at 0-3 °C. 

The fractionation of the nucleoprotein particles was checked with spectro
photometrical measurements. Some data of UV spectra of various fractions are 
represented in Table 3. The increases of the quotients of extinction at 258 and 

TABLE 3. Spectral data of fractions obtained by differential centrifugation from macerates of 
the aphid M. persicae. 

Xmax Xmin 
Fraction 

my. m(x Em«M 

First supernatant after 25,000 g for 15 min 258 240 1.29 1.61 0.92 
First high speed pellet, resuspended in 0.001 M 
phosphate buffer and clarified 258 238 1.37 1.73 1.09 
Second high speed pellet, resuspended in buf
fer and clarified 258 238 1.47 1.85 1.25 
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230 mjji, at 258 and 280 m[x, and at wavelengths of minimum and maximum 
absorption after recentrifugation indicated increasing purity of the preparations 
(VANKAMMEN, 1963; LANSINK, 1964; and PETERMAN, 1964). It can be seen in 
Table 3 that fractionation of an aphid homogenate by differential centrifuga-
tion resulted in fairly pure preparations of nucleoproteins. This is also evident 
from the shift of the wavelength from 240 m[i to 238 m(i at which mini
mum absorption occurs. Due to the high content of nucleic acid in the aphid 
homogenates, this shift is not as pronounced as that found for ribosome pre
parations from tobacco leaves (VAN KAMMEN, 1963). 

5.2. UV ABSORPTION SPECTRUM 

The ultraviolet absorption spectra of the nucleoproteins agreed with those 
obtained for ribosome preparations from other tissues and organisms. They 
have a maximum absorption at 258 and a minimum absorption at 238 m\i. 

To compare the UV absorption of nucleoprotein preparations with those 
prepared by other workers both the quotient of the maximum and the mini
mum extinctions as well as the extinctions at 258 and 230 my. are given in Table 
3. The ratios Emax / Emin and E ^ /E 2^ are in agreement with those of the 
ribosomes of tobacco plants (VAN KAMMEN, 1963). The ratio E^g / E^o is very 
similar to the values reported by LANSINK (1964) for the ribosomes of Escheri
chia coli. 

The extinction coefficient of nucleoprotein preparations E ^ ^ g has 
not been determined. To estimate their concentrations in the suspensions from 
aphids we used the value E ^ . ^ = 1 2 7 which is the mean of a number of 
extinction coefficients of various sources listed by LANSINK (1964). 

5.3. THE AMOUNT OF NUCLEOPROTEIN PARTICLES IN APHIDS 

To determine the amount of nucleoprotein particles which occur in the aphid 
0.21 grams aphids were collected with an aspirator. The nucleoprotein parti
cles were then extracted in 36 ml of 0.001 M phosphate buffer pH 7.2 with the 
procedure as described in 5.1. In this particular case the low speed centrifuga-
tions were not carried out at 25,000 g for 15 min, but at 10,000 g for 15 min in 
order to minimize the precipitation of nucleoprotein particles in low speed 
pellets. 

Using the value E ^ 0 . ^ = 127 we calculated that 1 gram of aphids con
tained at least 20 mg of nucleoprotein particles. This means that 2 % of a fresh 
aphid or 8 % of its dry weight consists of nucleoprotein particles. The dry weight 
of an aphid was found to be 24 % of its fresh weight. 

The sample contained aphids in all stages of development. It was not deter
mined whether aphids in one stage of development contain more nucleoprotein 
particles than in another. The sample reflects the situation in a growing colony 
of aphids and may be considered as a bulk-sample. Therefore, it may be assum
ed that the nucleoprotein particles content of any other sample from a growing 
colony will also be about two per cent of their fresh weight. 
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5.4. INFLUENCE OF MAGNESIUM IONS ON THE 
NUCLEOPROTEIN PARTICLES 

The nucleoprotein particles of aphids, extracted in 0.001 M phosphate buffer 
pH 7.2 had one main peak in the analytical centrifuge with a sedimentation 
coefficient 50

20 = 78 (Fig. 4A). They had also four small peaks representing 
components with sedimentation coefficients of 115, 60, 45 and 20 S respectively 
(Fig. 4A). From the similarity in the sedimentation coefficients of ribosomes 
(VAN KAMMEN, 1963; PETERMAN, 1964) with those obtained in the nucleoprotein 
preparations of aphids, we may conclude that these preparations consist mainly 
of ribosomes. 

The effect of magnesium ions on the ribosomes was examined by analytical 
centrifugation of aliquots of ribosome preparations which were extracted in 
0.001 M phosphate buffer pH 7.2 and dialyzed in the same buffer to which 
various amounts of magnesium ions were added. A concentration of 0.1 mM 
magnesium had a slight influence on the sedimentation diagram. It caused a 
small decrease in concentration of the 45 S, 60 S and 78 S components, and a 
similar small increase of the 115 5 peak as can be seen by comparing Fig. 4B 

FIG. 4. Ultracentrifugal patterns of ribosome prepara
tions from aphids. The preparations were made in 0.001 M 
phosphate buffer pH 7.2 Samples of this suspension were 
dialyzed in the same buffer after having added various 
amounts of Mg++. The amounts were: A) no Mg++; B) 0.1 
mM Mg++; Q 0.2 mM Mg++; D) 0.4 mM Mg++; F) 0.6 
mM Mg++; E) 1.0 mM Mg++; G) 10 mM Mg++. Speed 
31,040 rpm. All photographs were taken 9 minutes after 
reaching full speed and with the same angle. 
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with Fig. 4A. At a concentration of 0.2 mM magnesium ions the respective 
decrease and increase was greater (Fig. 4C). At a concentration of 0.4-1.0 mM 
both the 78 S and the 115 S peak become gradually smaller, whereas the 45 S and 
the 60 S peaks disappeared (Fig. 4D, E, and F). A complete aggregation of the 
aphid ribosomes occurred in the presence of 10 mM magnesium. From the 
disappearance of the peaks in the sedimentation diagrams (Fig. 4G) it may be 
concluded that there was some aggregation of the ribosomes at magnesium 
concentrations of 0.1 mM and that the aggregation was complete at 10 mM. 

The size of the peak formed by the 20 S component was not altered by chan
ging the magnesium concentration. 

The sedimentation patterns were similar whether the ribosomes were extrac
ted in 0.001 M or 0.002 M potassium phosphate buffer (4:1) pH 7.6, or in 0.01 
M tris-HCl pH 7.2. When the ribosomes were extracted with 0.01 M phosphate 
buffer pH 7.2 the peak of the 60 S component was larger than when 0.001 M 
phosphate buffer was used. 

5.5. DISCUSSION 

Ribosomes have been extracted from different organisms and tissues, and 
one must assume that they are of general occurrence. The literature on ribosom
es has recently been summarized in an extensive review by PETERMAN (1964). 
Isolated ribosomes of Drosophila larvae (the species name was not given) were 
used by LANGRIDGE (1963) in X-ray studies on the structure of ribosomes from 
various sources. Other detailed studies on the ribosomes of insects are not 
available as yet. Therefore, it is not possible to compare the properties of ri-
bosome preparations from aphids with those of other insects. As the presence 
of magnesium seems to be unnecessarily for the integrity of the aphid ribosomes, 
it would be interesting to determine whether this also holds for the ribosomes 
of other insects. 

The biochemically functional unit of ribosome preparations has sedimenta
tion coefficients of 70 and 80 S depending on the source. They require different 
levels of magnesium ions to preserve their integrity. The 70 and 80 S ribosomes 
of plants which are restricted to chloroplasts and cytoplasm, respectively, also 
differ in their magnesium requirements (BROUWER & VAN KAMMEN, 1967). 
Accordingly, HSIAO (1964) divided ribosomes in three groups, viz. a high 
magnesium group represented by ribosomes from Escherichia coli (TISSIERES 

et al., 1959) requiring 5-10 mM magnesium to preserve the main component; 
a medium magnesium group including ribosomes from yeast (CHAO, 1957), and 
from tobacco leaves (VAN KAMMEN, 1963) whose main components are stable 
in 1-2 mM; a third group represented by ribosomes from rat liver (HAMILTON 

& PETERMAN, 1959) and from root tips of Zea mays (HSIAO, 1964) which are 
stable for short periods in buffers without magnesium and for at least several 
days in 0.5 mM magnesium. The ribosomes of the last group form aggregates in 
2-5 mM magnesium. The ribosomes from root tips of maize can be extracted 
in low-ionic media in the absence of divalent cations and remain stable when 
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the sample is dialyzed for 12 hours. Magnesium concentrations of 0.5-1.0 
mM have little effect on these particles. Like the ribosomes of corn, the aphid 
ribosomes can be extracted in media with low molarities of salts and in the 
absence of magnesium. Further similarities between the aphid ribosomes and 
those of the third group with respect to their behaviour in low magnesium 
concentrations were not found. The addition of 0.2-0.4 mM magnesium de
creased the amount of the 80 S component in favour of the 115 S component, 
while the smaller components disappeared completely. It may be concluded 
that contrary to the behaviour of ribosomes of corn even small amounts of 
magnesium promote the aggregation of the aphid ribosomes. Therefore, the 
ribosomes of aphids do not seem to fit into one of the groups mentioned above. 

The property of the ribosomes to associate in aggregates, which can be pre
cipitated at low centrifugal forces, may permit separation of PLRV from ri
bosomes. This would be very useful if magnesium ions did not adversely effect 
the infectivity of PLRV or precipitate the virus. Therefore, a number of experi
ments were performed to study the precipitation of the ribosomes by magne
sium ions during purification of the virus (see 6.8). 

The occurrence of symbionts in aphids is a well established fact (BUCHNER, 
1952). These symbionts are present in so-called mycetomes located in the abdo
minal cavity. The symbionts are described as yeast- and bacterium-like or
ganisms. In view of the dimensions of the mycetomes it may be assumed that 
some part of the ribosomal content of the aphid will be derived from the sym
bionts. Because magnesium is necessary to preserve the integrity of ribosomes 
from yeast and bacteria it is doubtful whether the ribosomes of the symbionts 
are extracted simultaneously with the ribosomes from aphids. If the ribosomes 
of the symbionts are extractable without magnesium, however, the estimated 
ribosome content would be the sum of the ribosomes of the aphids and sym
bionts. If, on the other hand, the ribosome extraction of the symbionts must be 
done in the presence of magnesium, a larger part may be lost in the extraction 
of the aphid ribosomes. 

From the fact that the RNA content amounts to about 50 % of the ribosomes 
(PETERMAN, 1964), the RNA content of apterous aphids of M. persicae would 
be at least 1 % of the fresh weight. This is more than has been reported for the 
alates of Brevicoryne brassicae L. LAMB (1964) found a content of 0.72 % for the
se aphids. 




