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ABSTRACT 

Nuclear polyhedrosis viruses (Family: Baculoviridae) show great 

promise in agricultural pest control applications. However, in order 

for these viruses to be used most effectively, basic questions regarding 

the molecular basis of their replication, evolution, and host-

specificity must be addressed. This thesis is concerned with delineating 

mechanisms of nuclear polyhedrosis virus host-specificity. 

An 2:11̂  vitro model was used to compare the importance of membrane-

level and intracellular host-range mechanisms for nuclear polyhedrosis 

viruses. This model was composed of two systems: Autographa 

califomica NPV (Acal NPV) , strain Gl (Gerwig, 1981), which at low 

multiplicity produces semi-permissive infections in Spodoptera 

frugiperda cells, formed system I of the model. System II was composed 

of semi-permissive, S_. frugiperda NPV (SF NPV) infections in 

Trichoplusia ni cells. Transfection studies with Acal NPV Gl (System 1) 

showed that naked DNA does not enhance this semi-permissive infection. 

In addition, electron microscopy revealed that 50 percent of these 

infections produced progeny virus, but not polyhedral inclusion bodies, 

indicating that there is a host-range block in this system between 

virion morphogenesis and PIB formation. Infection kinetic studies 

with system II revealed that progeny virus was produced, but the yield 

was 700-fold less than positive controls. However, electron microscopy 

showed that the progeny virus was not enveloped, and was found in only 

five percent of infected TN cells; the remaining 95 percent of the cells 

contained forms of cytopathic effect such as virogenic stroma, but no 



virions. This suggests a host-range block at, or prior to, virion 

morphogenesis. These data strongly indicate intracellular, and 

perhaps intranuclear sites of host-range restriction for the above 

model infection systems. Further experiments based on these data 

should eventually lead to a better xinderstanding of the genetic and 

biochemical mechanisms of host-range systems for the NPV. Once these 

mechanisms are understood, highly effective and specific strains of 

these viruses can be manufactured for the purpose of controlling 

agriculturally important pests. 
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INTRODUCTION 

The use of insect viruses as biological pesticides has received 

considerable attention lately, since problems with resistance and 

toxicity remain associated with chemical approaches to pest control. 

Insect viruses are far safer in agricultural applications than are 

chemical pesticides because they have much narrower host-ranges, and 

do not pose danger to non-target organisms. One group of viruses, the 

baculoviruses, are known to infect only arthopods, mostly insects, 

and most particularly, lepidopterans. 

These viruses are characterized by a large, circular, double-

stranded DNA, which has a molecular weight of 100 million (Burgess, 

1977). The nucleocapsid is about 50 nM by 250 nM, and is surrounded 

by an envelope. Virions are often embedded within a proteinacious 

crystal or polyhedral inclusion body (PIB), of viral origin (van der 

Beek, 1980). 

Baculoviruses are currently classified primarily on the basis of 

their morphological characteristics, although new biochemical and 

host-specificity information should also be included as legitimate and' 

relevant criteria. Two main groups of baculoviruses exist; the 

granulosis viruses (GV), with single virions embedded within each 

ovoid inclusion body, and the nuclear polyhedrosis viruses (NPV), which 

have many virions embedded within each polyhedral-shaped inclusion 

body. Two subgroups of NPV have been identified: the multiply 

embedded NPV (MNPV) have several nucleocapsids sharing a common 

envelope, whereas singly embedded NPV (SNPV) have only one nucleocapsid 



per envelope (Summers, 1969; Harrap, 1970; Granados, 1976; Knudson and 

Harrap, 1976). 

During an infection, non-occluded virus (NOV) is produced in 

addition to the occluded form of the virus (OV); OV are embedded 

within PIBs. NOV, which are not embedded within PIBs, acquire their 

envelopes by budding through the nuclear envelope or plasma membrane, 

or by apparent de_ novo sjmthesis within the infected cell nucleus 

(Stoltz ̂  _al_, 1973; Robertson, 1974). NOV are responsible for cell-

to-cell spread of an infection within the insect host; this is also 

the form of the virus used to infect cell cultures. PIBs are 

responsible for insect to insect spread of an infection (Granados, 1980), 

and are the form used in field applications of the virus for biological 

control. Intact PIBs are not infectious in cell culture; however, 

once these PIBs are disrupted through alkaline treatment, the released 

virions are infectious. (Summers and Volkman, 1976; Volkman and Summers, 

1977). 

In an ̂ n vivo infection PIBs dissolve within the alkaline midgut 

after they are ingested by the insect larva. Virions are released and 

infection is initiated within the midgut epithelium (Kawanishi et^ al, 

1972). In this tissue, the predominant form of the virus produced is 

the NOV; NOVs are released and spread to other tissues via infection 

of hemocytes. In these tissues, and especially fat body tissue, large 

numbers of PIBs are produced. Approximately one week after inoculation, 

the body of the insect ruptures, releasing PIBs which have the potential 

for initiating new infections (Kawanishi et al, 1972; Harrap, 1973). 

As with most viruses, baculoviruses have very specific host-range 



properties in their natural insect hosts, and in cell cultures derived 

from host tissues. In both in vivo and in vitro infections, host-range 

is determined by interactions between viral and cellular factors at 

probably several sites during the viral replication cycle. In 

baculovirus infections these interactions and their modes of action are 

poorly understood; however, a comparatively large body of information 

has accumulated from studies with animal viruses (Luria et al, 1978; 

Nayak, 1978). Most of this information comes from studies with 

picomaviruses (Taylor and Chinckar, 1979; Crowel, 1976; Kown, 1979; 

Poste, 1977) , rhabdoviruses (Simpson et al, 1979; Morrongiello and 

Simpson, 1979), herpesviruses (Epstein £t̂  al, 1980), poxviruses 

(Dales ̂ a l , 1976; Kruby et al, 1980; Drillien et al, 1978), and 

adenoviruses (Schindler ££ al̂ , 1981; Chinski and Soeiro, 1981). 

Information generated from these studies indicate several sites of 

host-range mechanisms for these viruses; these range from virus 

absorption mechanisms to transcriptional and translational sites. 

Some preliminary information regarding baculovirus host-range 

mechanisms has been produced. Burand et_ jl (1980) and Carstens et_ al 

(1980) have independently shown that certain NPV DNAs are not 

successfully transfected into non-homologous infection systems, 

indicating intracellular host-range blocks in these systems. These 

workers have shown, however, that these NPV DNAs can be successfully 

transfected into homologous infection systems, indicating that viral 

DNA alone is capable of initiating infection using host cell 

transcriptional and translational mechanisms. These transfection 

techniques may prove to be powerful tools in elucidating host-range 



mechanisms, and in determining the genetic basis of these mechanisms. 

Because of the potential wide-spread use of baculoviruses as biological 

pesticides, the mechanisms of host-range restriction must be determined 

so that these viruses can be used effectively and safely. Knowledge of 

these mechanisms will hopefully allow recombination of host-range 

related genes by the use of genetic engineering technology, so that 

intermediate or new forms of these viruses can be produced to meet 

specific pesticidal needs. 

The experiments outlined in this paper were designed to determine 

the importance of membrane-level and intracellular sites of host-range 

restriction in nuclear polyhedrosis virus infections. An in vitro 

model which consisted of two strains of MNPV showing limited infective 

capability in cell culture was used (Fig.l). One of these strains, 

Autographa califomica MNPV strain Gl (Acal MNPV Gl) was isolated in 

this laboratory (Gerwig, 1981). Gerwig (1981) showed that Acal 

MNPV Gl has a plaquing efficiency in Spodoptera frugiperda cells 

(SF-IPLB-21AE) which is 300 times less than that of a closely related 

strain, Acal MNPV LI (Lee and Miller, 1978); yet both strains are 

equally efficient in Trichoplusia ni cells (TN-368). In addition, 

Acal Gl intracellular and extracellular virus yield and percent 

infection (as determined by the number of cells containing PIB) are 

reduced, relative to Acal LI, in SF cells (Bilimoria and Gerwig, in 

preparation). The Acal MNPV G1/SF-IPLB-21AE infection, therefore, 

represents a semi-permissive infection, whereas the Acal MMPV LI/ 

SF-IPLB-21AE infection represents a fully-permissive control infection. 

Tnoe^the^r. these infections constitute system I of the ̂  vitro model 





FIGURE I 

Diagrammatic representation of the ±n_ vitro host-range 

model system. Solid lines indicate fully-permissive 

infections and dashed lines indicate semi-permissive 

infections. System I was composed of Autographa califomica 

MNPV (Strains Gl and LI) infections in both T_. ni and 

S_. frugiperda cells. System II was composed of ̂ . 

frigiperda MNPV and A., califomica LI infections in both 

T. ni and S. frugiperda Cells. 
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system developed in our laboratory (Gerwig 1981), as seen in figure 1. 

System II is also composed of a semi-permissive infection and 

fully-permissive control infection. S_. frugiperda MNPV (SF-MNPV) 

produces a fully-permissive infection in SF-IPLB-21 cells, yet produces 

a semi-permissive infection in TN-368 cells. Information in the 

literature (Knudson and Buckley 1977), suggests that the SF-MNPV/TN-368 

infection is completely non-permissive; however, data produced in this 

(Carpenter, unpublished) and one other laboratory (Mcintosh, personal 

communication) have indicated this to be in error. 

The aim of this research was to determine the relative importance 

of membrane-level versus intracellular mechanisms of host-range 

restriction in the above model systems. Transfection experiments were 

designed to evaluate whether the semi-permissive Acal G1/SF-IPLB-21AE 

system (System I) could produce fully-permissive infections by bypassing 

putative membrane-level host-restrictions. Infection kinetic experiments 

were performed to determine the extent of SF-MNPV replication in TN-368 

cells, (System II) and electron microscopic studies were performed 

with both semi-permissive systems in order to locate possible 

intracellular sites of host restriction. 



MATERIALS AND METHODS 

Cell Culture Growth and Maintenance. TN-368 cells (Hink, 1970) were 

provided by Dr. F.W. Hink of Ohio State University. SF-IPLB-21 and 

SF-IPLB-21AE cells (Vaughn et_ al, 1978) were provided by Dr. J.L. Vaughn 

of the Insect Pathology Laboratory, USDA, Beltsville, Maryland, and 

by Dr. C.Y. Kawanishi of the Environmental Protection Agency, 

respectively. All three cell lines were grown in TNM-FH medium (Hink, 

1970) with 10 percent fetal bovine serum and 50 )ig/ml of Gentamicin 

(Schering Inc.) TN-368 cells were routinely subcultured after three 

days growth at a 1:10 split ratio. SF-IPLB-21 and SF-IPLB-21AE cells 

were subcultured after six days' growth at a 1:10 split ratio. 

In Vitro Virus Production. SF-MNPV of unknown passage number was 

obtained from Dr. A. Mcintosh of the USDA, Tifton, Ga. Acal Gl was 

provided by D. Gerwig, and Acal LI was obtained from laboratory stocks. 

Virus stocks were produced in culture using the standard procedure 

outlined by Hink _et̂  al̂  (1977). Since prolonged passage of baculoviruses 

in vitro changes infection characteristics (Granados, 1976), log-phase 

cells were inoculated with zero-passage (P-0) virus obtained from 

larval homogenates, or with laboratory stocks of virus of P-3 or less. 

Intracellular and extracellular viruses were collected at five days 

post-infection. Intracellular virus was released by transferring cells 

to a 02 bijou bottle and sonicating in a Heat Systems (Model W-225R) 

ultrasonicator at 50 watts for 10 seconds. Extracellular virus was 

harvested directly from the culture fluid over un-disrupted cells. 

The preparations were clarified by centrifugation at 2000 g for 10 

minutes to remove cell debris and PIBs. 

8 



In Vivo Virus Production and Purification. Trichoplusia ni and S_. 

frugiperda eggs were a gift of Dr. A. Mcintosh. Approximately 1000 

neonate larvae of both species were placed in 30 ml plastic cups 

(2-3 larvae per cup) containing supplemented pinto bean diet (see 

appendix for formulation), and were incubated at 28^ C. Second instar 

larvae were fed PIBs (produced in cell culture) at rates of approximately 

10' PIBs per cup by injecting the suspended PIBs through the lid of the 

cup and onto the surface of the diet. S_. frugiperda larvae were fed 

SF-MNPV PIBs and T_, nl larvae were fed either Acal MNPV LI or Acal MNPV 

Gl. The larvae were then incubated at 28° C and were checked daily 

for characteristic signs of disease (pale coloration, swollen appearance), 

After five days, all larvae were collected. Approximately 100 larvae 

infected with each virus were collected and frozen for use in obtaining 

P-0 NOVs. PIBs were isolated from the remaining larvae by homogenization 

in SDS (Scott et^ al̂ , 1971) , followed by centrifugation at 9800 g for 

30 minutes in 40 percent sucrose, which resulted in a pellet of 

PIBs and cell debris. The pellet was then resuspended in 80 percent 

sucrose and centrifuged at 6000 g for 15 minutes. PIBs remained 

suspended in the supernatant, which was then diluted to 40 percent 

sucrose with double-distilled water. PIBs were again pelleted at 

9800 g for 30 minutes, and were then purified twice by centrifugation 

in double-distilled water at 7000 g for 10 minutes. Acal LI and Acal 

Gl PIBs were counted with a hemocytometer, and stored at -15° C at 

concentrations of 10 to 10 PIBs per ml of water. No substantial 

amounts of SF-MNPV PIBs could be collected. 

Obtaining NOVs from Infected Larvae. NOVs were collected from infected 



10 

larvae as per the procedure of Linn and Hink (1980). Infected larvae 

were collected during the procedure outlined above, and were stored at 

-15 C. To obtain P-0 NOVs these larvae were thawed and homogenized 

in TNM-FH medium (1 ml/larva) containing 40 mg of cysteine per 50 ml 

of medium. Cysteine inhibits the synthesis of melanin, which has been 

found to be toxic to cell cultures. The resulting homogenate was 

centrifuged at 10,000' g for 10 minutes to remove debris; NOVs remained 

in suspension. The supematant was then filtered through 0.45 um 

membrane filters. Supematant from j[. lU larvae was used to infect 

TN-368 cultures, and supernatant from £. frugiperda larvae was used to 

infect SF-IPLB-21 cultures. In both instances, 1 ml of supernatant was 

layered over log-phase cells, followed by incubation at 28° C for one 

hour. After incubation, the supematant was removed, and the cells were 

refed with fresh medium. Infected cultures were incubated at 28° C for 

five days; by this time, most flasks produced about a 50 percent 

infection. Intracellular and extracellular virus was collected and used 

to produce virus stocks as described above. 

Titration of NOV. Stocks of Acal LI and Acal Gl NOVs were titrated in 

TN-368 cells using either the plaque assay method (Hink, 1973; Wood, 1976; 

Gerwig, 1981), or the tissue-culture infectious dose-50 percent (TCID-50) 

method (Brown and Faulkner, 1975). The plaque assay method involved 

adsorption of 10-fold virus dilutions onto log-phase cells set up in 24-

well tissue culture trays. After a one-hour adsorption period, the virus 

was removed, and the cells were overlayered with 1.5 percent Sea-plaque 

agarose (FMC Corp., Marine Coloids Div.) and incubated at 28° C until 

plaques (foci of cells containing PIBs) were identified. Plaque assays 

—^^_—' "* ''~—̂ "~'"1 icate, and an average value was obtained for each 
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viral titer. The TCID-50 were performed by seeding 60-well Terasaki 

plates (Falcon Plastics #3034) with a suspension of 4x10^ cells per ml, 

at a rate of 5 ul per well. Ten-fold virus dilutions were prepared, and 

10 ul of each dilution was placed in rows of 6 wells. The plates were 

then sealed and placed in airtight plastic bags to ensure proper CO2 and 

moisture conditions. The trays were incubated at 28° C for five days, 

then each well was scored for presence of CPE. The TCID-50 titer was 

then calculated as described by Davis (1978) , or with the aid of an 

algorithm chart (Carpenter, unpublished-see appendix). SF-MNPV was 

titrated by the TCID-50 method exclusively. 

Comparative Morphology of Acal LI and Acal Gl Plaques. The plaque 

assay procedure described above was utilized in this experiment. Serial 

10-fold viral dilutions from lO"-'- to 10"^ were used as inoculum. The 

trays were examined at five days post-infection, and plaque morphologies 

of both viruses were recorded. Typical Acal LI and Acal Gl plaques 

were photographed at magnifications of 40x and 200x with an Oljmipus 

inverted phase-contrast microscope. A Canon AT-1 camera (with auto 

exposure) equipped with a Cameron T-mount adaptor was attached to the 

phototube of the microscope. Kodak Plus-X Pan film was used to 

photograph plaques. 

Extraction of Acal LI and Acal Gl DNA. Occluded virus was used as a 

source of DNA since large amounts of PIBs were easily obtained from 

infected larvae. Purified PIB stocks were thawed and counted with a 

hemocytometer. Approximately 2xl0-'-̂  Acal Gl PIBs, and 1x10""-̂  Acal LI 

PIBs were used in the extraction procedure. The PIBs were diluted to 

27 ml with double-distilled water, and to this was added 3 ml of 
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alkali dissolution reagent (1 M Na2C03 and 0.4 N Na HSCH2COOH) and 

1.5 ml of 1 percent aqueous sodium azide. This mixture was stirred 

at room temperature for one hour, and an additional 2 ml of alkali 

dissolution reagent was added and stirred for another hour. This 

treatment dissolved the proteinacious PIBs releasing enveloped NOVs. 

Debris was removed by centrifugation at 4000 g for 10 minutes, and the 

supematant was centrifuged at 30,000 g to produce a clearly visable, 

opalescent pellet of NOVs. NOVs were then resuspended in 1.5 ml of 4% 

sodium lauroyl sarcosinate in DNA extraction buffer (TRIS/EDTA, lOx: 

TRIS HCl, 15.8 g/1; EDTA-2H20, 3.72 g/1, pH 7.5) and 0.15 ml of 1 percent 

aqueous sodium azide. After an incubation of 30 minutes at 60° C, the 

mixture was cooled to 37° C, and proteinase K (BDH Biochemicals) was 

added to a concentration of 400 pg/ml. This was incubated at 37° for 

1.5 hours to dissolve the viral envelope and proteinacious capsid, 

thus releasing the naked DNA. Extraction buffer-saturated phenol 

(1.65 ml) was added to this solution, and the two immiscible 

solutions were mixed by rolling in 15 ml tubes at 80 r.p.m. for 30 

minutes at room temperature. The phases were separated by low speed 

centrifugation (1000 g) for 10 minutes, and the aqueous phase 

(containing DNA) was extracted two additional times using buffer-

saturated phenol. The aqueous phase was then dialysed for 72 hours 

against 1 liter of extraction buffer at 4° C with constant stirring. 

The buffer was changed four times to ensure thorough dialysis. 

Concentrations and purity of viral DNAs were measured by performing 

an ultraviolet scan between 220 nM and 320 nM on a Beckman 

spectrophotometer. Specific readings were measured at 240 nM, 260 nM 
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and 280 nM; calf thymus DNA was used as a standard. The DNA yield 

from Acal LI was 370 pg, and the OD 260/ OD 280 ratio was 2.1. The 

DNA yield from Acal Gl was 642 pg, with an OD 260/ OD 280 ratio of 2.0. 

Plaque Assays of Transfected Acal LI and Acal Gl DNAs. The transfection 

procedure of Potter and Miller (1980) was used in this experiment. 

Five-fold serial dilutions of viral DNA, along with calf thymus DNA 

were mixed in HEPES buffered modified Rinaldini's BSS (RHeBS: 8.0 g/1 

NaCl, 0.2 g/1 KCl, 0.1 g/1 NaH2PO^.H20, and 5.0 g/1 HEPES, pH 7.05) in 

siliconized, sterile 1 ml vials. Viral DNA dilutions began at 2 pg/ml. 

The overall concentration of DNA in each dilution was 20 pg/ml. The 

DNA was precipitated with 31 pi of sterile 2 M calcium chloride per 

vial, and 0.25 ml of the suspension of precipitated DNA was then 

layered over log-phase SF-IPLB-21AE cells, established in 24-well trays 

(Costar). Each DNA dilution was tested in triplicate wells; the fourth 

well per row was used as a control. The DNA was allowed to adsorb 

for 20 to 30 minutes, and then the mixture was aspirated from the wells. 

Fresh medium was then added to the cells, followed by a 4 hour 

incubation at 28° C. After this, the medium was aspirated, and the 

cells were incubated for 5 minutes with a 20% dimethyl sulfoxide/TNM-FH 

solution. This was followed by two washes with fresh medium. The cells 

were then overlayered with 0.5 ml of 1.5% Sea-Plaque agarose, and 

incubated at 28° C. After 5 days incubation, typical plaques resulting 

from both viral DNAs were photographed, as described above, with an 

Olympus inverted phase-contrast microscope. 

Ultrastructure of Acal LI and Acal Gl Morphogenesis. Ten 75 cm^ 

Coming tissue-culture flasks were seeded with 1x10 SF-IPLB-21AE 
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cells, which were allowed to attach overnight. Five flasks were 

inoculated with Acal LI, and five flasks with Acal Gl. All flasks 

were inoculated with virus at a multiplicity of infection (MOI) of 

0.03. Virus was allowed to adsorb for 2 hours at 28° C, then the 

flasks were refed with 15 ml of fresh TNM-FH. At specific times 

post-infect ion (t=0, 48, 72, 96, 120, and 144 hours), cells were 

washed and fixed for electron microsopy, according to the procedure 

outlined later in this section. Micrographs representing typical 

differences between Acal LI and Acal Gl morphogenesis were prepared. 

Infection of SF-MNPV in TN-368 and SF-IPLB-21 Cells. Sixteen 25 cm^ 

Coming tissue culture flasks of both SF-IPLB-21 and TN-368 cells 

were prepared, with a seeding ratio of 2x10 cells per flask of TN-368 

and 3x10^ cells per flask of SF-IPLB-21 cells. The cells were allowed 

to attach overnight, and were then inoculated with P-3 SF-MNPV at an 

MOI of 5. After a 2 hour adsorption period at 28° C, flasks of 

SF-IPLB-21 cells were washed three times with medium, then incubated 

at 28° C. Flasks of TN-368 cells were not washed since adsorption 

of SF-MNPV in these cells is apparently very slow, and washing the cells 

reduced the percent of infected cells, even at 6 hours post-infection. 

At specific times post-infection (t=0, 6, 12, 24, 48, 72 hours), cell 

morphology and CPE were photographically recorded using the inverted 

phase-contrast microscope. In addition, medium supematant was 

collected in order to titrate extracellular NOV levels. The cells 

were then washed, and intracellular NOV was released by the freeze-thaw 

method (5 cycles of freezing and thawing at -15° C) of cell lysis. 

In addition, at each time post-infection, two flasks of each cell line 
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were pooled, washed, and fixed for electron microscopy, using the 

procedure outlined later in this section. Intracellular and 

extracellular NOV levels for each time post-infection were determined 

using the TCID-50 assay method. NOV yields from both infections 

were compared on the basis of infectious units (I.U.) v£ time post

infection (Davis, 1978). 

Electron Microscopy. Infected cells and control cells were detached 

from tissue culture flasks at specific times post-infection by 

shaking, and were fixed in cacodylate-buffered 2.5% gluteraldehyde 

(pH 6.3, 395 milliosmoles) at 4° C for 3 hours. Cells were post-

fixed in 2% osmium tetroxide in cacodylate buffer (pH 6.3), were 

dehydrated in a graded ethanol series, and were embedded in Spurr's 

embedding medium (see appendix). The cells were centrifuged and 

resuspended during each step of fixation and embedding in glass 

centrifuge tubes. The cells were sectioned with an LKB ultramicrotome, 

and examined with a Hitachi HS-8 electron microscope. 



RESULTS 

Whole Virus Plaque Morphologies. Plaque assays of Acal MNPV LI and 

Acal MNPV Gl in TN-368 cells indicated that the two strains had 

approximately equal infectivities, and identical plaque morphologies in 

this cell line. Assays performed in triplicate produced average titers 

of 3.2 X 10^ pfu/ml for LI in TN cells, and 1.6 x 10^ pfu/ml for Gl 

in these cells. Acal LI and Acal Gl have also been shown to have 

equal plaquing efficiencies and plaque morphologies in Mamestra 

brassicae cells (IZD-MB0503) and in a new, attached TN-368 cell strain, 

TN-368A (Carpenter and Bilimoria, in preparation). Triplicate assays 

in SF-IPLB-21AE cells gave average titers of 2 x 10^ pfu/ml for Acal 

LI, and 1 x 10 pfu/ml for Acal Gl. These results are not significantly 

different from those obtained by Gerwig (1981) who showed a 300-fold 

reduction in Gl plaquing efficiency in SF-IPLB-21AE cells as compared to 

the LI strain. 

The above results provide quantitative data showing that Gl is 

less efficient than LI in infecting SF-IPLB-21AE cells. Qualitative 

differences in plaque morphology were also observed. Figure 2-A 

shows typical Acal LI plaques in SF cells at five days post-infection. 

LI plaques were large and well developed, and appeared quite dark due 

to the large amounts of PIBs within infected cells. Figure 2-B 

shows a higher magnification of an Acal LI plaque. Most cells within 

these plaques contained large amounts of PIBs, and very few cells 

did not contain PIBs. Figure 2-C shows typical Gl plaques in SF cells 

at five days post-infection. These plaques were small and ill-defined. 

Figure 2-D represents a higher magnification of a typical Gl plaque. 

16-
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FIGURE 2 

A: Light micrograph of plaques produced by Acal LI MNPV 

whole virus (arrows). These plaques are quite similar 

in size and appearance to plaques produced by Acal LI 

MNPV DNA. Mag. = 195x. 

B: Light micrograph of a plaque produced by Acal Ll MNPV 

whole virus. Like Acal Ll DNA plaques, Ll whole virus 

produces large, distinct plaques, containing cells with 

large amounts of PIBs. Mag. = 970x. 

C: Light micrograph of plaques produced by Acal Gl MNPV 

whole virus (see arrow). These plaques are small and 

diffuse, and much lighter in appearance than Acal Ll 

plaques. Mag. = 195x. 

D: Light micrograph showing high magnification of a plaque 

produced by Acal Gl MNPV whole virus. Cells contain 

few, small PIBs. Many cells within the area of the 

plaque appear to be devoid of PIBs, yet do contain other 

CPE, such as nuclear hypertrophy. Circled cell is 

typical of cells infected within Acal Gl whole 

virus plaques, and is similar to cells infected with 

Acal Gl DNA. Mag. = 970x. 
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Most cells within these plaques contained few PIBs, and many cells 

did not contain PIBs. Figure 2-D also shows that the cells within a 

plaque which did not contain PIBs still displayed CPE in the form of a 

hypertrophied nucleus. This CPE was not observed in uninfected cells 

beyond the outer edges of the plaque. Ll and Gl plaque assays were 

allowed to incubate for up to ten days. No significant changes in 

plaque morphology were observed after day four. 

Plaque Morphology of Transfected DNA. Acal Ll and Acal Gl DNAs were 

transfected into both SF-IPLB-21AE and TN-368. Acal Ll and Acal Gl 

DNAs were successfully transfected into SF cells, resulting in 

infections with typical cytopathic effect. Transfection of either DNA 

into TN cells was unsuccessful after many attempts. Plaques 

produced by transfected Ll and Gl DNAs in SF cells were very similar 

to plaques resulting from whole virus inoculations. Figure 3-A shows 

typical plaques produced by transfected Ll DNA. These plaques were 

large, dark, and well defined. Figure 3-B represents a higher 

magnification of a transfected Ll DNA plaque, showing cells with many 

large PIBs. Few cells infected with Ll DNA contained no PIBs. 

These plaques were quite similar to those produced by whole Ll 

virus (figs. 2-A and 2-B) . Figure 3-C shows plaques resulting from 

transfected Gl DNA. These plaques were small and diffuse. Increased 

magnification revealed cells with few, small PIBs; also seen were cells 

containing no PIBs, although they did display nuclear hypertrophy 

which was not seen in control cells outside of the plaques, (fig. 3-D). 

These plaques were similar to those produced by whole Gl virions 

(figs. 2-C and 2-D). 
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FIGURE 3 

A: Plaque produced by Acal MNPV Ll DNA in SF-IPLB-21AE 

cells at 5 days post-infection. Arrow indicates 

boundry of this large, well defined plaque. Dark 

cells contain large amounts of PIBs. Acal Ll MNPV 

DNA produced plaques similar to those generated by 

Acal Ll whole virus. Mag. = 195x. 

B: Light micrograph of an Acal Ll MNPV DNA plaque, showing 

CPE of individual cells. Large numbers of PIBs give 

cells a dark appearance. Very few cells remain un

infected within the area of the plaque. Mag. = 970x. 

C: Light micrograph of a plaque produced by Acal Gl MNPV 

DNA (see arrow). These plaques are small and ill 

defined, similar to plaques produced by Acal Gl MNPV 

whole virus (see fig. 2-C). Mag. = 195x. 

D: Light micrograph showing high magnification of a plaque 

produced by Acal Gl MNPV DNA. Acal Gl plaques are 

quite similar to plaques produced by Acal Gl whole 

virus. Circled cell shows typical cell with few 

small PIBs. Mag. = 970x. 
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Comparative Ll and Gl Morphogenesis in SF-IPLB-21AE Cells. To detect 

any significant differences between Ll and Gl assembly, release, and 

occlusion, viral morphogenesis was studied with light and electron 

microscopy. Electron microscopy was used to examine levels of NOV and 

PIB production, as well as the production of aberrant particles which 

could account for reduced titers of Gl produced in SF cells. Light 

microscopic examination of both Ll and Gl infections in SF cells, at 

an MOI of 0.03 revealed percent infection values similar to those 

obtained by Gerwig. Ll virus in SF cells achieved about 95 percent 

infection after five days growth, while Gl produced slightly less 

than 50 percent. Both viruses at this low MOI produced visible signs 

of infection after extended lag periods,* however, Gl virus had a 

longer lag period than did Ll. 

SF cells infected with Ll, or Gl, at 0 hours post-infection, 

looked much the same as uninfected control cells (not shown), as seen 

with the light microscope; electron microscopy showed that all cells 

had normal distributions of chromatin in the nuclei, and distinct 

nucleoli (fig. 4-A) and (fig. 4-B). No NOVs could be detected at this 

point due to the low MOJ used as inoculum. Since the infections were 

not synchronous due to the low MOI, cultures were examined at 24 

hour intervals, beginning at 48 hours post-infection. Micrographs of 

representative infected cells were taken in order to illustrate 

typical stages of infection. At 48 hours post-infection, the majority 

of cells infected with Ll showed a hypertrophied nucleus containing 

dense virogenic stroma (fig. 4-C). Large numbers of NOVs could be 

seen in the nucleus, as well as smaller amounts in the cytoplasm. 
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FIGURE 4 

A: Electron micrograph of an SF-IPLB-21AE cell inoculated 

with Acal Ll MNPV at 0 hours post-infection (MOI=0.03). 

A normal nucleus (N) is seen, with an intact nucleolus 

(NU). Mag. = 9,000x. 

B: Electron micrograph of SF-IPLB-21AE cells inoculated 

with Acal Gl MNPV at 0 hours post-infection (MOI=0.03). 

A normal nucleus (N) is seen with an intact nucleolus 

(NU). Mag. = 8,000x. 

C: Electron micrograph of an SF-IPLB-21AE cell infected 

with Acal Ll MNPV at 48 hours post-infection (MOI=0.03). 

The nucleus (N) is hypertrophied, containing a distinct 

virogenic stroma (VS) and numerous progeny virus 

particles (V). Mag = 8,000x. 

D: Electron micrograph of an SF-IPLB-21AE cell infected 

with Acal Gl MNPV at 48 hours post-infection (MOI=0.03). 

The nucleus (N) is hypertrophied, containing a distinct 

virogenic stroma (VS) and numerous progeny virus 

particles (V). Mag = 9,000x. 
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Figure 4-D shows a cell from an SF culture inoculated with Gl, at 48 

hours post-infection; as with Ll (fig. 4-C), the nucleus is hypertrophied 

and contains a dense virogenic stroma associated with large numbers 

of NOVs. Figures 5-A and 5-B show Acal Ll and Acal Gl, respectively, 

at 72 hours post-infection. In both infections, NOVs were seen in 

association with membranes and were apparently in the process of 

envelopment. At 96 hours post-infection, membrane bound Ll viruses 

were seen being occluded within polyhedra (fig. 5-C). At this point, 

the majority of the cells infected with Ll were in this stage of the 

replication cycle. Figure 5-D shows a typical cell infected with Gl 

at 96 hours post-infeetion. The majority of these cells at this point 

did not contain PIBs; however, no difference was seen in the number of 

nucleocapsids per envelope, nor in the number of enveloped nucleocapsids, 

as compared to Ll (fig. 5-C). A few cells contained small amounts of 

PIBs. At 120 hours post-infection, large numbers of cells infected 

with Ll contained many large PIBs as well as high numbers of NOVs, 

both in the nucleus and cytoplasm (fig. 6-A). Cells infected with 

Gl had few, if any, PIBs, yet contained large numbers of NOVs in the 

nucleus and cytoplasm. Gl PIBs seemed more densely laden with occluded 

virions than were Ll PIBs (fig. 6-B and 6-A). At 144 hours post

infection, the infection cycle for both viruses seemed complete in 

virtually all infected cells. Many cells had undergone lysis by this 

time. The majority of SF cells infected with Ll had large numbers of 

PIBs which were approximately 5 to 10 times larger, in section, than 

Gl PIBs (figs. 6-C and 6-D). Almost all cells inoculated with Gl 

were infected at this point, and contained NOV levels comparable to Ll 
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FIGURE 5 

A: Electron micrograph of an SF-IPLB-21AE cell infected 

with Acal MNPV Ll at 72 hours post-infection (MOI=0.03). 

Membranes of apparent d^ novo origin (see arrows) 

are seen surrounding progeny virus particles. 

Mag. = 22,000x. 

B: Electron micrograph of an SF-IPLB-21AE cell infected 

with Acal MNPV Gl at 72 hours post-infection (MOI=0.03). 

Arrows indicate virions being bound by membranes of 

de novo origin. Mag. = 22,000x. 

C: Electron micrograph of an SF-IPLB-21AE cell infected 

with Acal MNPV Ll at 96 hours post-infection (MOI=0.03). 

Membrane bound virions (see arrows) are seen in the 

process of being occluded into PIBs (P). Mag = 34,000x. 

D: Electron micrograph of an SF-IPLB-21AE cell infected 

with Acal MNPV Gl at 96 hours post-infection (MOI=0.03). 

Few cells with PIBs could be identified at this point. 

Groups of unenveloped virus particles can be seen in 

the cytoplasm. Mag. = 17,000x. 



27 

mi 

/h 

:V 

* r f - ' ' ; t- ^ 
VX: 

^ f 

^' 

> ' * : » 

w 

* i 

'5 

^^•!T,.^.^, 

«!» ^ 

• * ! . > ( ' 



28 



FIGURE 6 

A: Electron micrograph of an SF-IPLB-21AE cell infected with 

Acal Ll MNPV at 120 hours post-infection (MOI=0.03). 

Many large PIBs (P) can be seen in approximately 95% 

of the cells at this time. Mag. = 17,800x. 

B: Electron micrograph of an SF-IPLB-21AE cell infected with 

Acal Gl MNPV at 120 hours post-infection (MOI=0.03). 

At this point approximately 50% of SF cells infected 

with this virus show PIBs (P) along with CPE, such 

virogenic stoma (VS) as seen in this cell. Mag. = 14,600x. 

C: Electron micrograph of an SF-IPLB-21AE cell infected 

with Acal LL MNPV at 144 hours post-infection (MOI=0.03). 

Most cells (95%) at this point contained mature PIB (P) 

with numerous bundles of enveloped NOVs (arrows). Many 

cells at this point were lysed. Mag. = 22,000x. 

D: Electron micrograph of an SF-IPLB-21AE cell infected 

with Acal Ll MNPV (MOI=0.03) at 144 hours post-infection. 

Approximately 50% of the cells at this point contained 

mature PIBs (P). These PIBs contained numerous bundles 

of enveloped NOVs (arrows). Mag. = 34,000x. 
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infected cells, yet less than half contained PIBs. In addition, Gl 

PIBs seemed aberrant in that they appeared to have acquired 

polyhedral membranes (Summers, 1977) before occlusion of enveloped 

virions was complete (fig. 6-D). 

Infection Kinetics of SF-MNPV in SF-IPLB-21 and TN-368 cells. A 

comparative virus yield experiment was performed in order to determine 

the extent of SF-MNPV replication in TN cells. A parallel infection 

with SF-MNPV in SF-IPLB-21 cells acted as a control. Figure 7 

illustrates the extent of intracellular and extracellular virus yields 

of SF-MNPV in both TN and SF cells. There was an average decrease 

of approximately 700-fold in the p:ro duct ion of SF-MNPV in TN cells as 

compared to SF cells. Also, a substantial lag phase, followed by a 

slow rate of virus production, was seen in TN cells but not in SF cells. 

Maximum virus production in both infections was seen between 48 and 72 

hours post-infection. Comparisons of percent infection (based on 

percent of cells with PIBs) produced in both cell lines could not 

be performed, owing to the lack of PIB production by SF-MNPV in TN cells 

Comparative CPE and Morphogenesis of SF-MNPV in SF and TN Cells. 

Preliminary infections of SF-MÎ PV in TN-368 cells produced a subtle, 

yet reproducible pattem of CPE after several days growth. The 

appearance of this CPE coincided with the cessation of cell growth, 

as qualitatively determined with the light microscope. It was 

thought that perhaps toxic products formed during the production of 

SF-MNPV stocks in SF cells were responsible for this CPE seen in TN 

cells. Cellular homogenates from uninfected SF cells, however, did 

not produce any recognizable CPE, nor did they inhibit cell growth. 
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FIGURE 7 

Intracellular and extracellular virus yields of SF-MNPV 

in TN-368 and SF-IPLB-21 cells. Solid lines indicate 

intracellular NOV production. Dashed lines indicate 

extracellular NOV production. Both infections were ini

tiated with an M0I=5. TN cells produced maximum intra

cellular and extracellular virus yields of 2.79 x 103 

lU/ml and 1.76 x lo3 lU/ml, respectively, SF cells pro

duced maximum intracellular and extracellular yields of 

9.7 X 105 lU/ml and 1.9 x 10^ lU/ml, respectively. A 

lag period of 24 hours, followed by a slow rate of increase 

in NOV production is seen with the SF/TN infection. The 

control SF/SF infection shows a 6 hour lag, followed by a 

sharp increase in NOV production. 
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In addition, SF-MNPV that was washed by centrifugation still produced 

characteristic CPE. 

Figure 8 shows stages in the development of CPE in TN cells 

infected with SF-MNPV, as seen by light microscopy at 0, 24, 48, and 

72 hours post-infection. Figure 8-A shows TN cells infected with 

SF-MNPV at 0 hours post-infection. No CPE was evident at this point. 

At 24 hours post-infection, TN cell growth was greatly reduced and 

infected cells had a more rounded appearance, together with enlarged 

nuclei containing condensed chromatin (fig. 8-B). At 48 hours post

infection, a clearing of the nuclear chromatin and a dramatic increase 

in the size of the nucleus was evident. Many of the cells became 

rounded, and detached from the culture matrix at this point (fig. 8-C). 

At 72 hours post-infection, the nuclei were cleared and very distended, 

and contained dense spike-like inclusions (fig. 8-D). Many of the cells 

at this point appeared to have lysed. In contrast to the SF-MNPV/TN-368 

infection, the SF-MNPV/SFIPLB-21 control infection followed a typical 

NPV pattern of CPE development. Figure 9-A shows SF cells at 0 hours 

post-infection. No CPE was evident at this point. At 24 hours 

post-infection, the majority of SF cells were infected, as indicated 

by CPE such as nuclear hypertrophy. Many of the cells appeared to be 

fused together at this point (fig. 9-B). Figure 9-C shows SF cells at 

72 hours post-infection. PIBs could be seen in most of the cells. 

Figure 9-D shows SF cells at 96 hours post-infection. Large numbers 

of PIBs could be seen at this time, as evidenced by the darker 

appearance of the infected SF cells. Many cells had lysed by 
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FIGURE 8 

A: Phase contrast light micrograph of TN-368 cells infected with 

SF-MNPV at 0 hours post-infection. There is no 

significant cytopathic effect. Cells contain normal 

nuclei (arrow) with evenly distributed chromatin. 

Mag. = 970x 

B: Phase contrast light micrograph of TN-368 cells infected 

with SF-MNPV at 24 hours post-infection. The cells 

have a rounded appearance - the nuclei (arrow) are 

hypertrophied and contain dense areas of chromatin. 

Mag. = 970x. 

C: Phase contrast light micrograph of TN-368 cells infected 

with SF-MNPV, at 48 hours post-infection. Cells are 

enlarged and rounded, and have hypertrophied nuclei. 

Mag. = 970x. 

D: Phase-contrast light micrograph of TN-368 cells infected 

with SF-MNPV, at 72 hours post-infection. Nuclei (N) 

are hypertrophied, and appear to contain reduced levels 

of chromatin. Many cells appear to be lysed. Some 

nuclei contain dense, elongated inclusions (I). 

Mag. = 970x. 
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FIGURE 9 

A: Phase-contrast light micrograph of SF-IPLB-21 cells 

infected with SF-MNPV at 0 hours post-infection. The 

cells appear normal at this point. Mag. = 970x. 

B: Phase-contrast light micrograph of SF-IPLB-21 cells 

infected with SF-MNPV, at 24 hours post-infection. 

Nuclei appear hypertrophied, and some cells have fused 

together. No distinct PIBs can be identified at this 

point. Mag. = 970x. 

C: Phase-contrast light micrograph of SF-IPLB-21 cells 

infected with SF-MNPV, at 72 hours post-infection. 

PIBs can be seen in the majority of the cells at this 

point. Some cell lysis has occurred . Mag. = 970x. 

D: Phase-contrast light micrograph of SF-IPLB-21 cells 

infected with SF-MNPV, at 96 hours post-infection. Most 

cells contain large amounts of PIBs. Mag. = 970x. 
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this point. 

In order to visualize the presumptive host-range block in the SF-

MNPV/TN-368 infection, electron microscopic examination of infected TN 

cells was performed at various times after infection (figs. 10 and 11). 

Electron microscopy was also performed on the SF-MNPV/SF-IPLB-21AE 

control infection. In view of the slightly different kinetics of the 

two infection systems, SF cells were fixed at slightly different times 

post-infection than in the experimental infection with TN cells. 

Figure 10-A shows an electron micrograph of a TN cell infected with 

SF-MNPV at 0 hours (t=0) post-infection. No CPE was apparent at this 

time. Figure 10-B shows ultrastructural detail of a TN cell with 

a hypertrophied nucleus and atypical distributions of nuclear chromatin 

(as compared to t=0). No progeny virus particles were evident in any 

of the cells examined at 24 hours post-infection. At 48 hours post

infection, the majority of infected TN cells contained hypertrophied 

nuclei with atypical chromatin (fig. 10-C) . Most TN nuclei at this 

point contained small areas resembling virogenic stroma, yet as a 

rough estimate less than 5 percent of these cells contained progeny 

virus particles. This figure was based on observations with at least 

100 cells. The majority of cells at 72 hours post-infection were 

devoid of virus particles, but did contain a virogenic stroma-like 

structure, as seen with electron microscopy (fig. 10-D). At this 

point, still less than 5 percent of the TN cells contained virus 

particles. In this 5 percent of the cell population, the particles 

were few in number, and were always seen in close association with 

the virogenic stroma (figs. 11-A and 11-B). Also, no virus particles 
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FIGURE 10 

A: Electron micrograph of a typical TN-368 cell infected 

with SF-MNPV at 0 hours post-infection (M0I=5). No 

apparent cytopathic effect is seen within the nucleus 

(N). Mag. = 14,600x. 

B: Electron micrograph of a typical TN-368 cell infected 

with SF-MNPV at 24 hours post-infection (M0I=5). The 

nucleus (N) is hypertrophied, and there is a marked 

reduction in heterochromatin. No progeny viruses 

are seen. Most cells at this point exhibited this 

form of ultrastructure. Mag. = 9,000x. 

C: Electron micrograph of a typical TN-368 cell infected 

with SF-MNPV, at 48 hours post-infection. The nucleus 

(N) is hypertrophied, and a distinct virogenic stroma 

(VS) is apparent. As with approximately 95% of 

infected TN cells, no progeny viruses can be seen. 

Mag. = 8000x. 

D: Electron micrograph of a typical TN-368 cell infected 

with SF-MNPV, at 72 hours post-infection. This figure 

shows a typical virogenic stroma (VS) devoid of 

progeny vimses, as observed in approximately 95% 

of infected TN cells. Mag. = 17,800x. 
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FIGURE 11 

A: Electron micrograph of a TN-368 cell infected with 

SF-MNPV, at 72 hours post-infection. Unenveloped virus 

particles (arrows) are seen associated with a distinct 

virogenic stroma (VS). Mag. = 10,000x. 

B: Electron micrograph of virogenic stroma (VS) within 

the nucleus of a TN-368 cell infected with SF-MNPV, 

at 72 hours post-infection. Small amounts of unenveloped 

virus particles are seen associated with the virogenic 

stroma. These progeny virions appear either singly 

or in bundles (arrow). Mag. = 10,000x. 

C: Electron micrograph showing elongated and incomplete 

nucleocapsids (arrows), seen in the nucleus of a 

TN-368 cell infected with SF-MNPV, at 72 hours 

post-infection. Mag. = 40,000x. 

D: Electron micrograph of a nuclear inclusion which appears 

to be homologous to inclusions in figs. 8-C and 8-D. 

Thick sections (not shown) indicate that these inclusions 

extend considerable distances within the nuclei. 

Mag, = 40, OOOx. 
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could be detected in the cytoplasm or at the plasma membrane. Figure 

11-C shows aberrant particles, which were present in about 25 percent 

of the cells containing virus particles. At no point during 

the SF-MNPV infection in TN cells were enveloped virus particles 

seen, nor were any PIBs seen with the light or electron microscope. 

Many of the TN cells did contain dense spike-like inclusions 

(fig. 8-D, see arrows) which appeared, under electron microscopy, to 

be highly electron-dense associations of fibrous masses (fig. 11-D). 

Thick sections revealed that these masses were quite dense and 

extended for considerable distances within infected nuclei. A 

crystalline matrix could not be detected within these masses owing 

to the limited resolving capacity of the electron microscope. 

Figure 12 represents ultrastructural detail in the SF-MNPV/SF-IPLB-21 

control infection. Figure 12-A shows a TN cell at 0 hours post

infection; a normal nucleus is obvious. At 24 hours post-infection, 

large numbers of NOVs could be seen in the process of envelopment 

(fig. 12-B) , These NOVs were in close association with a characteristic 

virogenic stroma. Figure 12-C represents an SF cell at 72 hours 

post-infection. Cells at this point contained large amounts of 

enveloped virions, as well as immature PIBs. At 96 hours post-infection, 

the replication cycle was complete in the majority of infected SF cells; 

large numbers of well formed, mature PIBs were seen in the nuclei 

(fig. 12-D). Many cells were lysed at this point. 
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FIGURE 12 

A. Electron micrograph of an SF-IPLB-21 cell infected 

with SF-MNPV, at 0 hours post-infection. The cell 

appears healthy, with a normal nucleus. Mag. = 9,OOOx. 

B: Electron micrograph of an SF-IPLB-21 cell infected 

with SF-MNPV, at 24 hours post-infection. The nucleus 

(N) is hypertrophied, and a distinct virogenic stroma 

(VS) can be seen associated with numerous progeny 

virions, both enveloped and unenveloped (arrows). 

Mag. = 14,600x. 

C: Electron micrograph of an SF-IPLB-21 cell infected 

with SF-MNPV, at 72 hours post-infection. Well formed 

PIBs (P) containing enveloped NOV can be seen. Note 

also, large amounts of non-occluded, enveloped NOVs 

(arrow). Mag, = 22,OOOx, 

D: Electron micrograph of an SF-IPLB-21 cell infected 

with SF-MNPV, at 96 hours post-infection. PIBs (P) 

are seen containing enveloped NOVs, Mag. = 34,OOOx. 
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DISCUSSION 

In a typical infection with whole virus, the interactions between 

viral envelope and cell membrane receptors are thought to constitute 

the initial site of host-range specificity. Other blocks may exist 

inside the cell, aborting infection at various points within the 

viral replication cycle. This study was performed in order to 

determine the importance of intracellular sites of host-range 

restriction as opposed to membrane level sites in nuclear polyhedrosis 

virus infections. Comparative transfection, electron micrographic, 

and growth kinetic studies of the fully-permissive and semipermissive 

infections in"systems I and II (fig. I) has led us to hypothesize 

intracellular, and possibly intranuclear, sites of host-range 

restriction for these viruses. Figure 13 summarizes the possible sites 

of host-range restriction in systems I and II. 

System I was composed of semi-permissive Acal G1/SF-IPLB-21AE and 

fully-permissive Acal L1/SF-IPLB-21AE infections. The Acal Gl/SF-IPLB-

21AE semi-permissive infection was shown to be approximately 300 

times less efficient than the Acal L1/SF-IPLB-21AE infection, at low 

MOI (Gerwig, 1981). Data produced in the current st̂ udy not only show 

this reduction in the efficiency of infection, but also a substantial 

difference between CPE produced by Acal Ll and Acal Gl in SF cells. 

Light microscope examination revealed that Gl virus produced smaller 

and fewer PIBs in SF cells as compared to Ll virus. This difference 

was not apparent in TN cells. These observations were seen in 

routine infections and in plaque assays produced by both whole 

virus and transfected naked viral DNA. 

Transfection of Acal Gl DNA into SF cells did not enhance the 
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infection in this semi-permissive infection as judged by plaque 

morphology comparisons. Similarities between plaques generated by 

whole virus and plaques produced by naked DNA in the Acal Ll/SF 

and Acal Gl/SF infections indicate an intracellular, and perhaps 

intranuclear, site of host-restirction. This hypothesis is based 

on the assumption that naked DNA enters the cells via non-specific 

mechanisms, thereby overriding any specificity that membrane receptors 

may impart to viral adsorption. Since the infections were not enhanced 

in any way through transfection, it can be hypothesized that membrane 

activity plays a lesser role in host-specificity than do intracellular 

mechanisms. The fact that almost all SF cells contained some degree 

of CPE within the nucleus upon infection with Acal Gl, even though 

this CPE was not apparent with the light microscope, is consistent 

with and further substantiates an intracellular block hypothesis. 

Gerwig (1981) showed a two-fold decrease in Acal Gl infectivity 

in SF cells based on NOV yields and percent infection studies. 

Similar results were seen in plaque morphology and electron micrographic 

experiments in the present study. Assays with Acal Gl produced 

plaques with characteristic morphology (fig. 3). Approximately 50 

percent of the cells within the plaques contained small amounts of 

PIBs, the other 50 percent contained no PIBs yet did show evidence 

of CPE (nuclear hypertrophy). Cells at the periphery of the plaque, 

and beyond, did not show this type of CPE. The exact same phenomenon 

was seen in plaques produced by Acal Gl DNA. Electron micrographic 

examination of SF cells infected with Gl, at an MOI of 0.03, 

confirmed that approximately 50 percent of the SF cell population, at 
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six days post-infection, did produce small amounts of PIBs, and that 

these PIBs were defective. It is interesting to note that the 

remaining 50 percent of the cells in the population produced NOVs 

that appeared to be morphologically complete but no PIBs. This 

corresponds well with the light microscopic evidence. 

This information suggests that Gl virus was able to enter the SF 

cells, and that defects in the production of Gl progeny and PIBs 

occurred late in the replication cycle. It appears that two cell 

populations, equal in cell numbers, exists in the SF-IPLB-21AE 

cell line. Population I supports a nearly complete Gl infection, 

with the formation of small amounts of defective PIBs, Population 

II, on the other hand, supports the formation of NOVs that are 

apparently morphologically intact, but does not allow the formation 

of any PIBs, It is possible that NOVs which appear to be intact in 

population II, are defective, causing reduced yields of Gl in SF cells, 

as shown by Gerwig. The above information suggests a substantial 

role for the host cell in the production and regulation of PIB 

production, since Gl infection in TN cells is perfectly normal 

(Gerwig, 1981; this paper). Cloning of SF-IPLB-21AE cells to isolate 

the two populations, particularly population II, could yield a 

powerful system for the study of host-restriction mechanisms, the 

regulation of PIB formation, and MOI dependence in host-range 

phenomena. 

It is not known whether polyhedrin is synthesized in Gl infected 

population II cells. . If polyhedrin is indeed not synthesized, then 

it would be possible to hypothesize that a putative late promoter for 
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PIB production (specifically a promoter for polyhedrin) is defective in 

Gl, such that it can no longer interact, or interacts weakly, with 

putative polymerases in SF cells. This promotor may function more 

efficiently in TN cells, producing a full infection with large 

numbers of PIBs. The fact that Gl restriction in SF cells can be 

suppressed to a limited extent, by high multiplicity may reflect an 

affinity problem of the type described above. Further research on 

the kinetics of polyhedrin and polyhedrin mRNA synthesis in Gl 

infected SF (population II) cells should be fruitful. 

System II was composed of semi-permissive SF-MNPV/TN-368 and 

fully-permissive SF-MNPV/SF-IPLB-21 infections. It is interesting to 

note that morphogenetic and kinetic studies of this system also suggest 

intracellular mechanisms for host-restriction. Before this study, 

several reports had indicated that SF-MNPV was not able to infect 

TN-368 cells (Knudson, 1975; Goodwin et̂  a]^, 1970; Knudson and Buckly, 

1977). Studies in our laboratory, however, showed that approximately 

95 percent of TN cells infected with SF-MNPV at an MOI of 5 exhibited 

various degrees of CPE when examined by electron microscopy. This 

cytopathic effect was similar to CPE produced in early stages of the 

replication cycle by control infections in SF-IPLB-21 cells. 

Approximately 5 percent of infected TN cells contained progeny 

virus particles. These particles were seen in small numbers in 

association with the virogenic stroma. The above findings may 

account for the approximately 700-fold reduction in virus production 

in TN cells as compared to SF cells (as measured by the TCID-50 

and using SF-IPLB-21 as indicator cells).. The reduced infectivity of 



52 

SF virus in TN cells agrees with the electron microscopic observations 

showing that these progeny virus particles, when they did occur 

within cells, were defective in that they never possessed envelopes. 

In addition, PIBs were never seen with either electron or light 

microscopy. 

Since stocks of SF-MNPV used in these experiments were produced 

in SF cells, the possibility existed that some degree of CPE was 

produced by toxic products of cellular origin (Rechtoris and Mcintosh, 

1976), However, our experiments did not show any obvious CPE in 

TN cells inoculated with purified homogenates of uninfected SF cells; 

furthermore, purified stocks of SF-MNPV produced typical CPE in 

TN cells. These data eliminate the possibility that a non-viral 

source was responsible for the CPE, 

These results suggest that infectious SF-MNPV are able to enter 

TN cells, migrate to the nucleus, and initiate infection. 

Some transcription of the viral genome possibly occurs within the 

nucleus of most cells. These transcripts may code for polypeptides 

causing or inducing the early forms of CPE, such as nuclear hypertrophy 

and virogenic stroma. It is possible that a block inhibiting late 

protein synthesis occurs in those cells which do not contain any 

progeny particles (the majority of the cell population in system II). 

Some of these proteins may be viral structural proteins or factors 

(e.g,, proteases) required for the assembly process. It is also possible 

that only a fraction of the structural polypeptides necessary for 

virus assembly are produced, thereby aborting the production of NOV. 

The fact that about 25 percent of the infected TN cells containing NOVs 
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did contain aberrant and incomplete particles (fig. 11-C) does support 

this argument. The kinetics of protein synthesis in this system 

should be studied in order to characterize the position of this block 

in the replication cycle and to establish which polypeptides, 

essential for complete virion morphogenesis, are defective or not 

synthesized at all. 

In the 5 percent of the cells that do produce NOVs, a block is 

probably encountered later in the replication cycle, perhaps before 

the process of envelopment and occlusion, since no enveloped or 

occluded virions were detected (fig. 13). The absence of viral 

membranes of dê  novo origin may indicate an incompatibility between 

viral regulatory systems and cellular factors responsible for the 

synthesis of membrane components and membrane assembly. For example, 

early viral gene products that might normally alter or recombine 

with cellular enzymes that are involved in membrane assembly could be 

inefficient in combining with, or altering these cellular enzymes. 

These interactions might be more compatible or efficient in the 

permissive infection in SF cells. Another mechanism, similar to the 

phage T-4 gene regulation system, may be functioning at the trans

criptional level in TN cells infected with SF virus. Virus induced 

RNA polymerase activity, thought to be resulting from an early viral 

gene product, has been detected in Acal NPV infections (Weaver, 

personal communication). It is possible that similar polymerases 

function in SF-MNPV infections, and that these polymerases may need 

to interact with cellular factors before initiation and transcription 

of late viral genes can occur. These late viral genes may code for 



54 

capsid proteins, viral envelope proteins, or polyhedrin. In any 

event, the inability of this putative viral polymerase to associate 

with its presumptive cellular factor may terminate the viral replication 

cycle at any of the points mentioned above. 

The infection kinetics of SF-MNPV in TN cells (fig. 7) show that 

both intracellular and extracellular virus titers increased approximately 

100-fold over three days' growth, suggesting that some infectious progeny 

was produced and released. However, since no virus particles were seen 

in the cytoplasm or budding from the plasma membrane, it is unlikely 

that morphologically complete progeny virus were actively released 

from the cells. It is possible that the nucleocapsids, in the few 

cells that contained them, were released by cell lysis. However, it 

seems questionable that these incomplete particles would have the 

capacity to reinfect SF cells (the monitoring cell line). On the 

other hand, Knudson and Harrap (1976) have shown that the viral 

envelope may not be necessary for viral adsorption in SF cells. In 

addition, partially enveloped, and unenveloped Acal MNPV have been 

shown to be infectious in TN-368 cells (Summers and Volkman, 1976). 

In that experiment, envelopes were disrupted or removed by high-speed 

centrifugation, and nucleocapsids were isolated on sucrose gradients. 

Unenveloped nucleocapsids were then titrated by the plaque assay 

method in TN-368 cells, resulting in titers comparable to those 

obtained with enveloped virus. The specific infectivity of these 

unenveloped nucleocapsids was not reported (particle to infectivity 

ratio), thus making it impossible to compare the actual infectivity 

of unevneloped nucleocapsids to whole virions. The above state of 
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affairs raised more questions about the role of the envelope in 

host-specificity than it clarified. Further research is required to 

elucidate the role of adsorption related phenomena in host-specificity. 

There is some suggestion for the existence of intracellular 

restriction sites in NPV infections in the work of other investigators. 

Burand ^ al_ (1980) demonstrated a 1000-fold lower NOV titer for SF 

cells as compared to TN cells, when both were transfected with DNA from 

Acal MNPV-E2. When these cells were infected with whole virus, the 

NOV titers were the same as those produced by naked DNA, indicating an 

intracellular block. Information generated from studies with animal 

viruses also indicate intracellular host-specificity blocks (Drillien 

et̂  al, 1978; Kruby ̂  al̂ , 1980; Hamilton et al, 1980; Moyer e£ al, 1980) 

These workers used host-range mutants to identify various intracellular 

sites of host-restriction. Work with adenoviruses also indicates 

intracellular sites of host-restriction. It has been shown that in 

abortive infections, late transcription of the adenovirus genome does 

not occur, and that this defect may be due to an incompatibility 

between early viral gene products and cellular components (Ortin et_ al, 

1976; Klessig and Anderson, 1975; Klessig and Hassel, 1978). 

While the studies described in this thesis point to intracellular 

mechanisms of host-restriction for the models we have studied, 

these findings and those of Burand et_ al do not preclude the existence 

of host-specificity sites at the level of adsorption in baculovirus 

systems. Studies with leukemia viruses indicate substantial control of 

host-specificity by membrane receptors (Robinson £t̂  ad, 1980; 

De Larco and Todaro, 1976; Fowler et al, 1977). It is probable that 

— G v e l of control is exercised at this point, 
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as it is likely that several sites within the entire replication 

cycle exert various levels of host-specificity. It is reasonable 

to suspect that an envelope as complex as that found in the NPVs 

(Harrap et̂  aĴ , 1977; Summers and Smith, 1978) could, to a very large 

extent, control the host-specificity of the virus. In fact, there is 

some preliminary evidence that membrane level mechanisms are 

operational in system II of the in vitro model. Washing cells after 

adsorption led to a severe reduction in the percentage of cells 

infected, even at six hours post-infection. The controls in system 

II did not show such a reduction. Further research specifically aimed 

at determining the degree of host-specificity conferred by membrane 

level mechanisms should be performed. 

The ultimate aim of elucidating biochemical mechanisms of 

baculovirus host-range is to be able to intellegently synthesize new, 

improved strains of viral pesticides. However, further studies with 

host-range are necessary before precise genetic engineering techniques 

can be employed to accomplish this. Much remains to be understood 

about the mechanisms of host-specificity in our model systems. 

Experiments that should follow those outlined in this paper include 

studies of protein kinetics in the semi-permissive SF-MNPV/TN-368 

infection. Also, an analysis of RNA kinetics would be useful in 

determining the extent of viral transcription in abortive systems. 

Marker rescue, involving transfection of fragments of fully-permissive 

DNA into semi-permissively infected cells, could identify sequences 

in the viral genomes responsible for host-specificity. In addition, 

the study of host-range mutants would also provide an important 
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approach to this problem. Recently, several mutants of Acal Ll 

have been isolated in this laboratory using 5-bromodeoxyuridine as 

mutagen. These mutants will not only allow us to map host-range 

functions on the viral genome, but also permit us to elucidate the 

molecular basis of host-specificity with an even higher level of 

accuracy than is currently possible with naturally occurring 

variants of the type used in systems I and II. Currently, workers in 

this laboratory are actively pursuing these avenues using the model 

systems utilized in this thesis. Eventually, when the genetic basis 

of host-range is determined, the orderly construction of safe, 

stable, and efficient baculovirus pesticides will become a reality. 
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APPENDIX A 

TRICHOPLUSIA NI MEDIUM (TNM-FH) 
PREPARATION FROM POWDERED FORM (K.C. BIOLOGICALS, INC) 

1. Place 800 ml. DI/D H2O into a 1000 ml. beaker. Adjust pH to 
between 5.6 and 6.5 using O.IN NaOH or O.IN HCl. 

2. Add inorganics and sugars (salt base). Mix thoroughly while 
dissolved. 

3. Adjust pH to about 6.0 using l.ON NaOH. 

4. Add amino acids and viatmin mixture. Mix thoroughly. 

5. Predissolve 1.0 g. CaCl2 and 0.35 g. NaHC03 in 10 ml. each. Add 
slowly to above mixture. 

6. Add 0.6 g L-glutamine. 

7. Add DI/D H2O to bring total volume to 1000 ml. 

8. Adjust final pH to 6.1 to 6.2 slowly with stirring using IN NaOH. 
Some temporary salting is normal. 

The above mixture is equal to Grace's Insect Medium. 

9. To prepare TNM-FH, add 3.4 g each of lactoalbumin hydrolysate and 
yeastolate to above mixture. Add slowly with stirring. 

10. Sterilize by membrane filtration. 

11. Adjust final osmolarity with sterile 0.15g/ml NaCl, adding 1 ml. 
of saline to 500 ml. media for every 10 mOsmol increase required. 

12. After confirming sterility with a contamination check, add Fetal 
Bovine Serum (heat inactivated) to a concentration of 10% and 
gentamycin (.2 ml/100 ml). 



APPENDIX B 

LARVAL PINTO BEAN DIET 

To prepare 400 cups 

Soaked pinto beans 862.5 gms 

Wheat germ 200.0 gms 

Brewers yeast. . 128.0 gms 

Ascorbic Acid 13,0 gms 

Methyl p-Hydroxybenzoate . . . . 10.0 gms 

Sorbic Acid 4,0 gms 

*Formaldehyde 40% 8.0 ml 

Water 1400.0 ml 

Blend above ingredients for two minutes 

Boiling Water 1400.0 ml 

Nutrient Agar 45.0 gms 

Mix agar and boiling water. Add to blender and blend for two minutes, 
Pour to a depth of approximately 2/3 inch cups. Let medium cool 
for at least 1 hour. Place larvae in cups and cover with a plastic 
lid. 
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*Do not use formaldehyde when attempting to raise virus, as it in
activates infectious virus particles. 
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APPENDIX C 

SPURR'S EMBEDDING MEDIUM 

ERL 4206 (Vinyl Cyclohexene Dioxide) 10 g 

DER 736 (Diglycidyl Ether) 6 g 

NSA (Nonenyl Succinic Anhydride) 26 g 

DMAE (Dimethylamino Ethanol) 0.4g 
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APPENDIX D 

ALGORITHM CHART FOR CALCULATING TCID-50 ENDPOINTS 
(For Use With 60-Well Terasaki Microtiter Plates) 

Pattem of Infected Wells Coefficient Exponent (=Highest 
Dilution with Greater 
than 50% Mortality) 

6/6 6/6 
6/6 6/6 
6/6 6/6 
6/6 6/6 

6/6 5/6 
6/6 5/6 
6/6 5/6 
6/6 5/6 

6/6 4/1 
6/6 4/6 
6/6 4/6 
6/6 4/6 

6/6 3/6 
6/6 3/6 
6/6 3/6 

6/6 0/6 
1/6 0/6 
2/6 0/6 
3/6 0/6 

0/6 0/6 
1/6 0/6 
2/6 0/6 
3/6 0/6 

0/6 0/6 
1/6 0/6 
2/6 0/6 
3/6 0/6 

0/6 0/6 
1/6 0/6 
2/6 0/6 

2 .20 
2 .79 
3.94 
7 .00 

1.76 
2 .20 
3 .10 
4 .96 

1.24 
1.60 
2 .20 
3 .51 

0 .70 
0 .98 
1.46 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

lO'^ 
10^ 
10^ 
10" 

10" 
10" 
10" 
10" 

10" 
10" 
10" 
10" 

10" 
10" 
10" 

Note: This chart is 
applicable only 
when a 6;n;n:0 
pattem is seen, 




