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1. Introduction 

The family Parvoviridae consists of small nonenveloped,. icosahedral 

viruses 20-25 nm. in diameter. The capsid contains a linear, primarily 

single-stranded, DNA genome with a molecular weight of 1.2 to 2.2 x 106 

daltons. These viruses have been shown to replicate within the nuclei 

of infected cells and are reported to cause fetal and neonatal diseases 

in various animal species (Tattersall and Ward, 1978). 

Three genera constitute the Parvoviridae family: l)l>arvovirus, 2) 

Adena-associated viruses, and 3) Densoviruses. These divisions are 

based pJ:imar.ily upon the requirement of a helper yirus for their repli .... 

cation. · The genus Parvovirus, as opposed to the Adena-associated viru-

ses, are characterized by their ability to replicate without the pre-

sence of a helper virus. These viruses are also ref erred to as the 

nondefective or autonomous parvoviruses. Members of the Parvovirus 

genus include bovi.Ile parvovirus (BPV), Kilham rat virus (KRV), H-1, Lu 

III, and minute virus of mice (MVM) (Siegl, 1976). Another character-

istic of the autonomous parvoviruses is the pack.aging of DNA strands of 

only one polarity in the virions (the minus stI;"and). This is in contrast 

to the Adeno_;associated and denso viruses which separately encapsidate 

both plus and minus strands (Tattersall and Ward., 1978). 

Although the autonomous parvoviruses are able to complete their 

replication cycle without helper virus functions, they are dependent on 

l 
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a cellular function(s} or event(s) associated with late S or early G2 · 

phase of the cell cycle (Siegl, 1976). Various investigators, working 

with parvovirus-infected cells have isolated several low molecular 

.weight DNA species that could not be demonstrated in mock infected 

cells. These DNA species h.ave been termed replicative forms and inter-

mediates. Parvoviruses for which replicative structures have been 

isolated include Lu III (Siegl and Gautschi, 1976), Kilham rat virus 

(Lavelle and Li, 1977), H-1 (Rhode, 1914), and minute virus of 111ice 

(Tattersall et al., 19-73; Dobson and Helleiner, 1974), however replica--·-·-
tive structure studies have not been reported for bovine parvovirus 

(BPV). 

Characterization of the replicative form and intermed;i.ate DNA from 

parvovirus-infected cells was accomplished by several techniques. The 

visualization and determination of contour length of the DNA was per: 

formed by electron microscopy. Molecular weight was also determined by 

this method. Centrifugation studies were used to determine the sedimen-

tation characteristics of the DNA including sedimentation coefficient 

and bouyant density. The presence of secondary structure in the 

replicative structures was demonstrated by BND-cellulose or hydroxya-

patite chromatography. 

Because of the lack of published information regarding the repl.i-

cative forms of BPV, as mentioned earlier, the overall objective of the 

research reported in this thesis was the isolation and characterization 

of the replicative forms of BPV. 

Specific goals included the following: 
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1. To determine the suitability of the guanidine-hydrochloride 

method and the Hirt procedure for extracting low molecular 

weight DNA replicative structures from BPV-infected cells. 

2. To determine the contour length and molecular weight of tl:ie 

DNA replicative structures by electron microscopy. 

3. To determine the secondary structure of the DNA by hydroxya-

patite chromatography. 

4. To determine the sedimentation coefficient of the DNA replica-

tive structures in neutral and alkaline sucrose. 

5. To determine the bouyant density of the DNA replicative struc-

tures by centrifugation in neutral CsCl. 



2. Literature Review 

2.1 Prologue 

Members of the Parvoviridae family are the smallest known DNA-

containing animal viruses. The virions are 18-25 run. in diameter and 

·contain a single-stranded DNA genome. Over 25 different viruses have 

been identified since the first isolation in 1952 ,. and many have been 

characterized extensively. In the interest of brevity and in considera-

tion of themortality of man, this thesis will be concerned primarily 

with the replication of the autonomous parvoviruses. For further infor-

mation, the reader is.referred to The Replication of the ~9-lian -- . ' - -. - ---------
n 

Parvov-iruses edited by Tattersall & Ward (1978). 

2.2 The Autonomous Parvoviruses 

Over 20 different autonomous parvoviruses have been isolated. This 

group Uicludes Kilham rat virus (KR.V), minute virus of mice (MVM), H-1, 

Lu III, and bovine parvovirus (BPV). Although these viruses have been 

isolated from different sources (see Table l) they have two character-

istics that justify their classification as nondefective parvoviruses. 

The first of these characteristics is their ability to replicate without 

requiring the presence of a helper virus, as is the case with adenovirus 

coinfection with the adeno"-associated virus genus. Also, the autonomous 

parvoviruses encapsidate predominantly the minus strand whereas adeno".".' 

associated viruses pack.age both plus and minus strands separately 

(Tattersall and Ward, 1978). 

4 
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Table 1. The Autonomous '.Parvoviruses 

Isolation v· . b Molecular b irion 
Virus Source a Date a Size (nm) Weight (d) 

Bovine par- Calf feces 1961 23-28 
vovirus (BPV) 

H-1 Human Hep-1 1960 20-30 6.6 x 10 6 
transplantable 
tumor 

Kilham rat Rat liver sarcomas 1959 18-28 6.6 x 106 
virus (KRV) 

Lu III Human Lu 106 1971 19-22 5.7 x 106 
cell. line 

Minute virus Mouse adenovirus 1966 19-28 
of mice (MVM) stock 

a bTattersall and Ward, 1978 
Siegl, 1976 
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2.3 In Vitro Characteristics 

Parvoviruses are able to replicate within the nuclei of various 

cell types including cell lines and primary cell cultures. These 

viruses, however, replicate lllOStefficiently in actively dividing cul-

tures. Further replication studies showed.that the virus requires some 

cellular function(s) that is e:xpressed in late S phase of the cell 

cycle. Infection of non-mitoti.c cells does not result in production of 

progeny virus particles. The parvoviruses are also unable to stimulate 

cells to enter S phase (Tattersall and Ward, 1978). These observatiorts 

are .not surprising since in vivo studies had demonstrated that these 

viruses were responsible for a number of diseases in fetuses and neo-

nates which are known to have large populations of mitotic cells. Adult 

animals, are, for the most part, not susceptible to these Q.iseases 

(Tattersall and Ward, 1978). 

2.4 J?hysico-chemical Characteristics of Single;,;.Stranded DNA of the 
Autonomous Parvoviruses · 

The DNA isolated from the autonomous parvoviruses has been shown by 

various investigators to be predominantly linear and single-stranded. 

Siegl (1973) reported .that approximately 70% of Lu III DNA was sensitive 

to the exonuclease from the mushroom Verongia aerophoba, a single strand 

specific enzyme. BND-chromatography demonstrated similar results with 

86% of the total radiolabeled virion DNA being recovered in the frac-

tions eluted with 1 M NaCl plus 2% caffeine. This suggested that the 

majority of the DNA was single-stranded. No DNA was eluted with 1 M 

NaCl which elutes double-stranded DNA. Using the Lang microdiffusion 
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technique for electron microscopy (EM) in which formaldehyde is added to 

prevent single strand collapse, molecules were seen that had charac-

teristics of single-stranded DNA. Length measurements estimated average 

contour length to be 1. 61 ± 0.125 µm. :Souyant density of virion DNA in 

CsCl was 1.725 g/cc and the molecular weight was calculated to be 1.59 

x 106 daltons (Siegl, 1973). 

Bourguignon et. al. (1976) obtained similar results with MVM. The 

molecular weight of the linear virion DNA determined by EM was 1.48 x 
6 10 daltons. Hydroxyapatite column chromatography showed an elution 

pattern characteristic of single stranded DNA with some secondary 

structure. Upon digestion with Sl endonuclease and exonuclease I, 6% of 

the MVM genome appeared resistant to these single strand specific enzymes. 

Since exonuclease I is specific for the 3' end of single..,.stranded DNA 

molecules and because it digests MVM DNA to the same extent as Sl, it 

was suggested that the 5' end of the virion DNA contained duplex region 

with characteristics of palindromes. Polyacrylamide gel analysis of the 

Sl resistant fraction suggested a size of approximately 130 + 20 base 

pairs. Further, Sl digestion studies with 32P labeled 5' phosphate 

confirmed the presence of the hairpin structure at the 5' end. Because 

MVM DNA both serves as a template-primer for a number of DNA polymerases 

and is digested with exonuclease I enzyme, it was suggested that the 3' 

terminus forms an unstable hairpin structure. 

Characterization studies of KRV DNA have also demonstrated pre-

dominantly linear, single stranded DNA molecules. (Salzman, et. al., 

1970; Salzman, et. al., 1971). The molecular weight of KRV is 1.6 x 
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6 10 daltons. Contour length measured by EM was L505 + 0.206 µm. 

Digestion.of KRV DNAwith exonuclease I demonstrated that 70-80% of the 

DNA was sensitive to this single strand specific enzyme and thus demon-

strates its linearity. Salzman (1977) reported that Sl endonuclease 

resistant fragments containirig 5' terminal 32P labeled phosphate could 

·be generated in KRV DNA by incubatiOn of the labeled DNA with the 

enzyme. These fragments could be eluted fromBND cellulose columns 

under the conditions for elution of double-stranded DNA, thus estab-

lishing a hairpin or duplex structure at the 5' terminus~ 

Furthermore, treatment of double-stranded 32P labeled KRV DNA from 

infected cells with exonuclease III reduced the fraction of DNA res.is-

tant to Sl digestion, after denaturation, by half indicating the poss.i-

bility of a hairpin or duplex structure at the 3' ·terminus. ·Lavelle & 

Mitra (1978) demonstrated that KRV DNA was resistant to exonuclease I, 

which is specific for 3' end of single-stranded DNA thus confirming the 

presence of the 3' hairpin. These investigators further demonstrated 

that prior treatment of .the DNA with .. exonuclease III rendered the ])NA 

susceptible to exonuclease I. Polyacrylamide gel electrophol:'esis 

resolved two fragments; one of 135 nucleotides and one of 110 nucleo-

tides. Previous studies (Salzman, 1977) reported an exonuclease I 

sensitivity that was used as evidence for the linearity of the molecu],es. 

The contradictory observations by Lavelle & Mitra of exonuclease I 

resistance is possibly due to the contamination of exonuclease I with 

double-stranded specific enzynie in the previous studies by Salzman (:8ern 

& Hauswirth, 1978). 
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BPV DNA has been shown to be linear single-stranded molecules with 

a molecular weight of 1.7 x 106 daltons and bouyant density of 1.721 

g/cm3 (Saemundsen, 1978). It has also been shown to contain duplex 

regions that comprise about 7% of the genome which suggests the presence 

of hairpin structures. BPV appears to encapsidate plus strands into 

15-20% of the virions. This phenomenon appears to be dependent upon 

cell type in which the virus is propagated. This is contrary to findings 

for other autonomous parvovirus which encapsidate predominantly the 

minus strand. 

In summary, the physico-chemical properties of autonomous parvo-

viruses are as follows: 

1. The DNA genome consists of single-stranded molecules con-

taining hairpins or palindromes at both the S' and 3' termini. 

2. Molecular weight of the genome ranges from 1.4 x 106 to 1. 7 x 

106 daltons. 

3. Contour length of the single-stranded DNA is approximately 1.6 

µm. 

4. Most autonomous parvovirus encapsidate predominantly the minus 

strand except for BPV which also encapsidates the plus strand 

in 15-20% of the virions depending upon, cell type. 

2.5 Physico-chemical Characteristics of Viral DNA Isolated From Infected 
Cells 

Since replication of the autonomous parvoviruses occurs without the 

aid of helper virus but is dependent upon some cellular function of late 

S phase of the cell cycle, various investigators have looked to the 

infected cell for answers to the question of parvovirus replication. 
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2.s.1· :Parvovirus Lu III 

Siegl and_ Gautschi (1976)__ isolaied _ radiolabeled low molecular 

weight DNA by the Hirt •procedure (l.96 71 from HeLa -cells infected _early 

in S phase with Lu !II_. Isopycnic sedimentation of the Hirt supema-:-

tatant DNA showed that RF DNA could .be detected as early as 9 hours post 

infection. -- Chaxacterizatiori of this -- RF DNA frOm. the ·CsCl _ gradient was 

accomplished by Sl nuclease digestion, .which showed a peak of priJllS.rily 

Sl resist:ant molecules that corresponded to the peak of radioactively 

labeled DNA from the_ gradient. These results suggested that this DNA 
- - -

was double--stranded. Electron<microscopic studies demonstrated that the 

molecules 'tVere linear. Two different type of molecules were seen; 

completely double-stranded molecules which were designated replicative 

forms (RF) and double-stranded m~lecules that had single-stranded.side_ 

chains which we.re called replicative intermediates (RI) • Rate zenal 

sedimentation analysis in sucrose gradients revealed-that the R'.F had a 
.. •:·. 

sedimentation coefficient of-- i4. 7S. ·sedimenting just in front of the RF 

DNA were the RI's with a_ S value of 18 to 225. -Another type of .molecule_ 

was also seen by EM thaf was ' approximately 31:imes as lori.gc as _.the' RF DNA 

and has an S value.of 24. Bouyant de~sityin CsCl of the 14.7S D:NA was-

1.714 g/ml. The molecu:).ar weight for this 'DNA as measured by sedimen-

tation and EM was reported t~ b~ 2..8:x106 to 3.l,xl.06d, which is 

approximately twice the mol,ecular weight for single-stranded Lu III 

virion DNA. No length measurements were reported .• 

Furthe~·''studies by the same investigators (Siegl and Gautschi, 1978), 

usini; HeLa or NB cel;I.s, demo-O:strated as before- that virus specific 
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DNA could be isolated as early as 9-10 hours post infection in both cell 

types. Sedimentation analysis of the low molecular weight DNA in 

neutral sucrose gradients showed that at 9-10 hour post infection, there 

appeared to be.only one predominant peak of DNA for both the NB and HeLa 

cells. This DNA sedimented at 14. 7S, as before. As the infection 

progressed the sedimentation profile became more complex. Several other 

types of molecules appeared in both alkaline and neutral CsCl gradients 

that had different sedimentation characteristics. This phenomenon 

seemed to be more pronounced in HeLa cells. In alkaline gradient analysis 

of low molecular DNA from HeLa cells, molecules with a S value of 16S, 

20.4S (dimers) and 26.SS (tetramers) were observed. The relative number 

of each increased with time. NB cells yielded low molecular weight DNA 

molecules only of monomer and dimer size during the same time period. 

RF molecules eluted from a BND cellulose column with 1 M NaCl were 

further characterized by EM and shown to be predominantly linear mole-

·cules. RF' s from NB cells had a length 1. 2 to 1. 7 µm whereas RF' s from 

HeLa cells were more heterogenous in length. Two thirds of these double-

stranded RF molecules had covalently linked strands which formed a 

hairpin structure. About 20-30% of the RI's eluted from BND-cellulose 

with caffiene, were shown to be y-shaped by electron microscopy. These 

molecules were primarily monomer length and the complimentary strands 

were not covalently linked. Because these branched RI molecules had 

single strands of varied lengths, it was suggested that these molecules 

were the most active in the replication sequence. 
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2.5.2 · Farvovi:nis· Minute Yi-rus·o.f :M:tce· (MVMl 

Tattersall et. al. (1973)_ was able to isolate replicative form DNA 

fromMVM-i.nfected-mouse L cells. Hirt extraction of low-molecular 

weight DNA frC>m infected cells showed an increase in the. amount of 

radiolabeled DNA in the supernatatant at 8-14 hour that could not be 

detected in mock-infected cells. The appea:J:'ance of this labeled DNA in 

the supernatant corresponded to the production of cell-associated -virus 

hemagglutinin. This DNA eluted from HAP column in two peaks; one in the 

position of single-stranded DNA and the other in the position of double-

stranded DNA. Alkaline sucrose gradients revealed that the single-

stranded peak from HAP behaved identically to single-stranded -virion DNA 

suggesting that it is progeny single-stranded DNA, Neutral sucrose 

gradient sedi111entation of the double-stranded peak from HAP resolves one 

major peak corresponding to an S value of about 16S. A small amount of 

apparently heterogenous length DNA was also detected sedimenting in 

front of the main peak whieh was postulated to be complexes of genome 

length viral DNA. Approximately all of the. double-stranded HAP peak 

sedimented as a single band in alkaline sucrose and had an S value 

slightly· lower than the polyoma, DNA-included as a-marker. The Hirt 

supernatants were· also subjected to benzoylated DEAE-cellulose. chroma-

tography. Thi.s· procedure. resolved two peaks, one eluting under condi-

tions that elute double str.anded DNA and the othe.r peak at a position 

corresponding to partially single-stranded -:molecules. These double-

stranded and pa"I'tially single-stranded 1D.olecules we;re shown by hy-hri-

d:l:zat:l:on to contain -virus specific base sequences. 
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Ward and Dadachanji (1978), working with 32P-labeled MVM DNA, 

showed its conversion to a duplex form 6-8 hours post infection in 

parasynchronous culture of mouse L cells. This DNA will spontaneously 

renature suggesting that the two strands of the duplex are covalently 

linked. The amount of this spontaneously renaturing duplex DNA de-

creased as the infection continued. The authors speculated that the 

covalent linkage is an important event early in the replication process. 

When double-stranded monomers and dimers were digested with the re-

striction enzyme EcoRI, fragments are resolved on polyacrylamide gels 

which contained the 3' and S' termini of the genome. These fragments 

were also capable of spontaneous renaturation suggesting a covalent 

linkage between the virus and complimentary strand. Ward and Dadachanji 

mention, however, that it is not certain that the linkages occur at the 

termini of the genome. They also state the renaturation is consistent 

with the proposed models for parvovirus replication through a self-

priming mechanism (see Section 2.6). EcoRI digestion of double-stranded 

dimer RFs yielded a fragment not present upon digestion of monomers are 

digested. The fragment contained a 3 1 terminus of the genome, was the 

same size as monomer RF DNA, and underwent spontaneous renaturation, 

which suggested that the viral and complimentary strands in dimers were 

covalently attached through the 3' end of the virus strand. Pulse-chase 

experiments involving monomer and dimer RF demonstrated that these 

radioactive molecules lost their radioactivity when chased with non-

labeled thymidine. The loss corresponded to an increase in radioa-

ctivity in single-stranded DNA, which suggested that the progeny DNA 
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could be p.roduced -from bot;h 111onomer and dim~r forms. The authors point 

out that this observation is.consistentwith the proposed replication 

model (see Section 2.6). 

2.5.3 Parvovirus Kilham Rat Virus (KlW} 

Gunther and May (1916) reported that Hirt extraction of KRV in-

fected.rat cells yielded a single peak of radioactively labeled DNA when 

.subje.cted to isopycnic centrifugation. These molecules were subse-

quently analyzed on neutral sucrose gradients and two peaks were ob- _ 

tained. Characterization of these two peaks by HAP showed that both 

contained_ double-stranded molecules. Hybridization demonstrated that 

both peaks were virus specific.. Further ra_te zonal centrifugation 
.. . . 

analysis showed that one of- the double-stranded peaks corresponded to 

monOtn.er length molecules with a molecular weight approxitnately twice 

that of single strand KR.Vvirion DNA. The other peak consisted of dimer 

length molecules. Rest.i1ts from sedimentation o:f the monomeric and 

dimeric forms in alkalin~ sucrose gradients led the authors .to postulate 

that the viral-and complementary strand. were ccnralently lirtked suggest-

ing a self-priming process. :fbr replicat.ion. -
- -

The Hirt extraction does not recove-r p"I'.ogeny DNA becau_se it is 

encapsidated as it is made and is prec.ipitated in the Hirt pellet. This 

was overcome by Lavelle and Li (1977) who developed a.method for obtain-

-_ ing low mo.lecular weight DNA from infected cells that would also yield 

progeny DNA. -- Briefly, the infected or mock.;.infected cells were lysed in. 

the presence of 4M guanidine,.-hydrochloride (G.-HCl) and sediniented in a 

sucrose gradient that also (!oritained G-HCl. The authors reported that 
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KR.V-inf ected cells pulse-labeled with 3H-thymidine (3H-TdR) and sub"'." 

sequentlychased with non-labeled TdR demonstrated two peaks of radio.,.. 

labeled low molecular weight DNA upon extraction by this method. One 

peak corresponded to the 16S replicative form and the other cosedimented 

with 32P labeled 25S virion DNA. The radioactivity in the 16S peak was 

also shown to decrease as the infection progressed. This decrease was 

concomitant with.an increase in the 25S peak. Thus, part of the 16S 

peak could be chased into the single-stranded position which suggested 

th.at the 16S DNA included molecules that are intermediate in the syn-

thesis of progeny DNA. Another DNA species was also found in the lead-

ing edge on the 16S peak. It also decreased as the infection progressed 

and was double-stranded with some single-stranded nature as determined 

by Sl endonuclease digestion. This DNA was postulated to be replicative 

intermediates. Mock-infected cells treated in the same manner failed to 

yield any of the three DNA species described above. The authors point 

out that contamination due to sheared cellular DNA is greatly reduced as 

evidenced by the large amount of radioactivity in the bottom of the 

centrifuge tubes in comparison to that of the supernatant. 

Hayward et. al. (1978) were able to isolate a double-stranded DNA 

from KRV infected cells which had an approximate molecular weight and 

length corresponding to th.at of monomer molecules. The molecules were 

found to consist of monomer length single strands upon denaturation. 

Another type of DNA species was also recovered that was again, a double-

stranded monomer length and had a molecular weight of twice the virion 

DNA. However, these molecules were shown to form dimer length single 
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strands upon denaturationindicating that these molecules consisted of 

viral and complimentary strand covalantly attached. Linear dimer double-

stranded DNA was also seenwhich had a molecular weight of·twice the 

duplex monomer RF. These molecules consisted of equal amounts of co-

valently linked dimers and monomer single strands. The dimers were 

shown to renature to form duplex monomers. The data presented did not 

demonstrate any precursor-product relationship between the different DNA 

species. 

Further characterizations were reported in 1978 by Li, Lavelle and 

Tennant for KRV. Again,.using the G.;..HCl method for extracting low 

molecular weight DNA from KRV infected cells, three pools were obtained 

from the preparative G-HCl sucrose gradient. These were designated 

Pools I, II, and III with Pool I being the fastest sedimenting peak. 

Neutral sucrose gradient analysis showed Pool I to be 25S which is the 

sedimentation coefficient for single stranded virion DNA. Pool III has 

an S value of 17Swhich corresponds to a similar value obtained for H,-1 

double-stranded RF. Pool II seemed to be more heterogenous than the 

other two pools, and had a Sedimentation coefficient. between 17S and 

23S. 

Velocity sedimentation in alkaline sucrose gradients was also 

performed with 32P-label AAV DNAand 14c-label KR.V virion DNA used as 

. markers. 3H-labeled Pool L DNA cosedimented with the 14c-KRV virion. 

DNA that was longer than genome length was not d.etected. The majority 

of the DNA from Pool III also cosedimented with the KRV virion DNA, 

however, some DNA was observed that was twice unit length. DNA that was 
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shorter than unit length was not observed. Pool II again appeared to be 

more heterogenous than the other two . pools. Approximately 35 % was 

observed to be longer than unit length and 25% was shorter than unit 

length. Genome length DNA (Pool I) made up 40% of the total DNA in the 

gradient. 

Sl endonuclease digestion and END-cellulose chromatography yielded 

similar results as to the·secondary structure of the molecules within 

the three pools. Pool I appeared to be single-stranded DNA with charac-

teristics consistent with those of virion DNA. Pool III was similar to 

the linear double-stranded replicative forms which were described for 

several other parvoviruses. Pulse-chase experiments, in addition to the 

·nuclease digestion and column chromatography, showed that Pool II seemed 

t.o be the precursor for the other two classes of molecules and consisted 

of double-stranded DNA with some single-stranded regions, characteristic 

of replicative intermediates. The authors contend that these results 

are consistent with the proposed model of parvovirus replication (see 

Section 2.6). 

2.5.4 Parvovirus Hl 

Rhode (1974a) reported the isolation of a DNA species from H-1 in-

fected hamster embryo cells that was not of cellular origin. Prior to 

infection with H-1 the cells had been preincubated with 14c-TdR to label 

cellular DNA• At 20 hours post infection, the cells were again labeled, 

but with 3H.,..TdR. After isolation of the nuclei from these cells, the 

nuclei were placed on a controlled pore glass bead column, lysed and 

viral DNA was subsequently eluted with 1% SDS, O.lM NaCl, 50 M Tris-HCl 
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pH 7. 4. and 1 tnM EDTA. Both the NaCl and SDS elution fractio.ns were 

subjected to sedimentation in neutral sucrose gradients. H-1 virion·DNA 

was also run.separately as a marker. Both eluants yielded a single peak 
3 ,' u ', ' 

of H-DNA, but no.peak of prelabeled · C-cellular DNA~ The s value of 
6 '' the SDS eluant was 16.5 S; which suggested a weight of 3. 7 x 10 daltons 

or· twice that of virion DNA~ Hirt extraction of .H.,..1.,-infected hamster 

embryo c.ells also demonstrated s:µnilar results upon velocity sedimenta"'.' 

tion analysis •. DNA-DNA hybridization of the 17S peaks confirmed that it 

was. of viral origin. · Bouyant density in neutral C.s.Cl was 1. 705 g/cc. 

Studies using RNA synthesis inhibitors, actinomycin D and a:-

ama.nitin, and the protein synthesis inhibitor, cycloh~imide (Rhode, 

1974b), showed that the initiation of RF synthesis is dependent upon .. 

protein synthesis in late S phase. However, its continuation is not 

dependent upon protein synthesis. F~tthermore, progeny synthesis appears 

sOiliewhat dependent upon viral. protein(s). 

Studies by electron microscopy of H-1 RF synthesis wet:e reported.by 
' . . ·.· 

Sing.er and Rhode (1977). Low molecular weight DNA was extracted from .·. 

par asynchronous cultures of· hamster embryo fibroblasts or h\iman NB·. cells 

infected with a temperature-sensit:i.v'~ll!lltant, ts-1, of H-1 deficient in 

the synthesis of progeny single:..st:tand.ed DNA at the restrictive tempera.,. 

ture. The purpose of using the temperature sensit·ive mutant was to 

reduce confusion in identification; of ;BF DNA and RI ·DNA involved· in. . . . . ·' ., . 

progeny synthesis when viewed under the electron. microscope. The DNA 

isolated from the wild type: or ts-1-in~ected c~lswas subjected to 

rate.,-zonal sedimentation. in rieutral sucrose gradient~ and then banding 
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in Cs2so4 density gradients. The DNA was spread for electron microscopy 

by the aqueous or fonnainide techniques. Single-stranded virion.DNA was 

cospread by the formamide technique with single-stranded ~Xl74 DNA to 

deteruU.ne the molecular weight of H-1 v.irion DNA. 

MonO'mer artd dimer. length.linear double-stranded RF molecules were 

observed. which b.ad mean lengths of 1.53 +0.04 µm and 3.10 + .28 µm 

respectively. Only 16 dimer length molecules were measured and 20-100 

are needed for statistical accuracy (Kay, 1976) therefore, this value 

must be viewed with some caution. Also observed under the EM were 

linear Y-shaped double-stranded molecules which were postulated to be . 

involved-in synthesis of daughter RF DNA molecules. The authors term 

these branched molecules replicative intermediates, but they must not.be 

confused with the replicative intermediates involved-in the synthesis of 

single-stranded progeny DNA. It is unfortunate that the te:i:.in "replica-

tive intermediate" was used in this in.anner, . as it. increases confusion. 

Both monomer and dimer branched molecules were measured and were 

dete:i:.inined to have mean lengths of 1.55 + .10 µm and 2. 94 + • 22 µm 

respectively. These lengths were obtained by adding the length of the 

longest branch to that of the unreplicated portion of the molecule. To 

insure that these Y-shaped molecules were double-stranded and did not 

contain single-stranded regions, they were spread for EM by the aqueous 

method. No pooled bushes characteristic of single-stranded DNA were 

observed, suggesting that these m<:>lecules.were indeed double-stranded. 

The branched molecules were ordered based on the proportion that 

had been replicated. The replicated portions ranged from o.1s .... 0.88 

genome lengths with replication forks distributed randomly. The authors 



20 

conclude that the origin of replication is. therefor.e with 0.15 genome 

iengths from the end(s) of the molecules. Since "eye" structures were 
' ' ' 

· not obserted, they suggest. that the replication proceeds unidirection ... 

ally· in 73% of .the:. RF. ~lecule •.. · However, they could no.t disregard the 

possibility that· the .. ends are replicated' by a. f o.rk moving in. the oppo-

site c;lirection.. Based on measur~ents of single•stranded virus <l1Xl74 . 

DNA., the molecular.weight of the siilgle""stranded H.;.,l virion DNA was 
6 ' ' ' 6 ' ' ' ' 

1.40 x 10 - L56 x 10 daltons. · The double-stranded monomer RF DNA has 

a molecular. weight of 2~ 95 x ~p6 ·, based upon 4ill74 RF II DNA. Molecular 

weight.values were not reported for di.m.er length double--stranded RF 

molecules. 

2.5.5 .Bovine parvovirus {BPV) 

Parris and Ba~es (1976) reported.that optimum conditions .for bovi1le 
. ' 

parvovirus (BPV)·replication.in bovine fetal spleen (BFS) ·cells occurred 

when the cells were beginning• S phase. Low .molecular weight DNA ,:ex-

tracted by the Hirt methoci· was detected in :SPV-infected BFS cells 8 hrs •. 

post. relea.se from the synchronization block. This is 2 hours. after the 
' . 

division of cellular.DNA. '+he authors postulated that this :DNA was due 
' ' 

to virus replication. However; tb.eypointed out that hybridiz4tion 

· should be perfornieci. to conf iriu the. presence of viral sequences. BPV-

inf ection appeared 'to.have little effect on cellular DNA synthesis or 

the progression of the eel.ls through s-phase •. · RNA and protein synthes;i.s, 

however, were reduced. Charac:teristics of the low molecular.weight DNA 

from infected cells was not reported.. 

It has also been reported (Bates, ~t. al., 1978; Pritchard, et. 
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al., 1978) that BPV lacks a virion-associated DNA polymerase. Further, 

there was also a temporal correlation between the levels of DNA poly-

merase and viral DNA synthesis (Pritchard, et. al., 1978). The authors 

postulated that DNA polymerase oc was involved in the replication of BPV. 

Again, characterization of the replicative forms from BPV~infected cells 

was not done. 

2.6 Model for Parvoviral Replication 

The fact that the parvoviruses have a single-stranded DNA genome 

has lead to a number of questions concerning their replication since all 

known DNA polymerases required a 3 1 -0H for chain elongation and are 

unable to initiate synthesis of DNA without this primer (Klein, 1973). 

Cavalier-Smith (1974) suggested that eukaryotic DNA replicated by using 

palindromic sequences which form duplex hairpin structures. This hair-

pin is then used as a primer for DNA synthesis. 

The current model for parvovirus replication proposed by Berns and 

Hauswirth (1978) is similar to that suggested by Cavalier-Smith. In the 

Berns and Hauswirth model, (see Figure 1) the single-stranded virion DNA 

is converted to a duplex form using the 3' hairpin as a primer. The 

hairpin must then be opened at a specific site and the replication 

completed so that terminal sequences may be conserved. This RF can then 

undergo semi-conservative replication to form daughter RF's, is subse-

quently nicked again forming a 3' hairpin primer, and is used as a 

template for progeny strand synthesis by a single strand displacement 

mechanism. Dimers and trimers are also possible through extended syn-

thesis of the parental or daughter RF's. 
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Figure 1. Proposed model for parvovirus replication (Adapted from 
Berns and Hauswirth, 1978). 

r liir 

)c 



23 

This model is consistent with the available data on automous parvo-

viruses in that the single stranded virion DNA is able to form hairpin 

structures at both the 3' and 5' ends. Also, various investigators (see 

section 2.4) have been able to isolate and characterize these replica-

tive forms and intermediates. The enzymes required for site specific 

nicking have not, as yet, been identified. 

2.7 Electron microscopy 

2.7.1 Early techniques. 

Original techniques for visualization of nucleic acids involved 

drying droplets of DNA or RNA solutions upon specimen grids, however, 

these methods proved unsatisfactory in that aggregation of the nucleic 

acid molecules occurred upon drying. In addition, structural artifacts 

and preferential orientation were also common. Because of these prob-

lems electron microscopy initially was not very useful for characteri-

zation of nucleic acids (Lang, 1971). 

2 .• 7. 2 Pro.tein-f ilm technique. 

In 1959, Kleinsclnnidt and Zahn devised a method for visualizing 

nucleic acids that has proven to be the cornerstone for the use of 

electron microscopy in nucleic acid characterization. This technique 

utilized a protein plus DNA solution (the spreading solution) that was 

allowed to flow down a glass ramp onto the surface of an aqueous solu-

tion of ammonium. acetate (the hypophase). A portion of the film was 

subsequently transferred to a coated grid and stained or shadowed to 

enhance contrast. An advantage to this technique is that only 2-5 µg/ml 
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of DNA or RNA is required (Evenson, 1917). It is knowri as the aqueous 

· sp·rea:ding technique (Davis, 1971), Since 19.59, various other methods 

·have been developed for spreading both single- and double-stranded 

nucleic. acids for elect.roil microscopy. AlthQUgh reagents and/or· concen- .· 

trations may vary, .the p;rotein film-DNA or RNA complex is shared by most 

spreading techniques (Lang,. et• al., 19Jl). 
. . ··-.-.· -

.The protein.normally used for spr~ading is cytochrome C, a basic 
' '• 

· protein which binds to the negatively charged nucleic acid through the 

positively charged side groups and constituent amino acid residues 

(l<leinsclnnidt, 1968). The 'protein film formed on the surfcice of the 

.aqueoushypophase is denatured at the surface/air interface and results 

in a stable insolublemonolayer which fixes the attached nucleic acid in 

a two-d:i:liiensional position (Lang, ·et. al., 19.67), ·. Thus, aggregation and 

distcn:tion caused by drying encountered in previous techniques is 

avoided. The stable protein monolayerthat fixes .the nucleic acid· 

molecules may also be compressed or decompressed~ It is the different 

degrees of compression that allow the film to be trans.ferred to specimen 

grids for visualization. Experiments involving.repeated ·compression and 

decompression of the film have demonstrated the elastic properties of 

the protein'monolayer •. It is this elasticity that provides flexibility. 

·for absorbed nucleic acids and prevents strand breakage (Kleinschmidt, 

1968), 

Although cytochrome C is the most common protein employed in 

spreading techniques, other basic globular proteins have also been shown 

satisfactory. These alternate proteins include trypsin, chymotrypsin, 

. ribonuclease:, methylated albumin· and lysozyme (Kleinschmidt, 1968). 
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2. 7. 3 Secondary Structural Differentiation 

An aqueous spreading technique developed by Kleinschmidt permits 

the visualization of double stranded DNA and RNA (Davis, 1971). These 

molecules appear as gently curved filaments. If single-stranded DNA or 

RNA is spread by this method, it appears as bushes in the electron 

microscope. This is due to the random intramolecular base pairing which 

results in the collapse of single strands. 

2.7.4 Technique for Spreading both Single and Double-Stranded 
Nucleic Acids 

Many techniques have been reported for spreading both single- and 

double-stranded nucleic acids (Westmoreland, et. al., 1969_; Davis et. 

al. , 1971). The methodology of spreading relies on the basic protein-

film technique developed by Kleinschmidt and Zahn in 1959. However, 

several different reagents are used to prevent intramolecular base 

pairing occurring in single stranded nucleic acids while leaving double 

stranded molecules in their duplex form. 

One of these techniques was developed by Inman and Schnoss in 1970 

for use in denaturation mapping experiments with phage A DNA. In this 

procedure, the double-stranded DNA of bacteriophage A was mixed with 

sodium carbonate, EDTA and formaldehyde and adjusted to the desired pH. 

The mixture was allowed to incubate for 10 minutes at room temperature 

and then placed on ice for 5 minutes. This solution was adjusted to a 

lower pH with addition of a phosphate buffer, an equal volume of forma-

mide was added and the mixture was again cooled. A 5µ1 sample of the 

nucleic acid suspension was allowed to flow down a tapered glass rod 
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onto the surf ace of a drop of distilled water that was formed in an 

indentation in a teflon block. The protein film was compressed by 

removing a small amount of water from the well and the samples were 

picked up by carbon coated mica. The mica disks were rotary shadowed 

and the carb.on film floated onto the surface of clean distilled water 

and picked up by specimen grids. Electron micrographs of A. DNA spread 

by this method revealed long strands of double~stranded DNA that con-

tained "bubbles" or single-stranded regions rich in adenine and thymine 

pairs which had been denatured by the high pH during spreading. The 

single-stranded areas appeared thinner than the double-stranded regions, 

thus both single and double-stranded DNA could. be visualized. Visuali-

zation of separate single and double-stranded molecules is also possible 

with the Inman & Schlloss technique, (D.R. Allison, personal connnunica-

tion) by keeping the DNA-formaldehyde solution at a lower pH than necessary 

to denature double-stranded DNA. The formaldehyde and formamide present 

in the spreading solution prevent formation, of the intramolecular hydro-

gen bonding in single-stranded DNA and thus prevent single strand 

collapse. Formamide also enhances contrast (Westmoreland, 1969) and 

seems to reduce tangling of the single strands at low ionic strengths 

(Davis et. al., 1971). 

2.7.5 Grids and Support Films 

The grids used for electron microscopy of nucleic acids are gener-

ally made of copper or nickel. The mesh size will vary depending upon 

the strength of the support film, size of the molecules being viewed and 

the type of electron microscope (Evenson, 1977). Generally, when 
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.molecules of 1-2 µn are being examined, a mesh size of 300 will be 

satisfa.ctory. Larger molecules (30-80 µm), however, will require· a mesh 

size between 50-100. Support film characteristics on larger mesh grids 

(50-100) may present problems especially when performing contour length 

measurements, in that the film may stretch or break when it is exposed 

to the electron beam. Thin and fragile support films should be used 

with·the smallest mesh in order to minimize errors introduced through 

the aforementioned stretching or breakage (Evenson, 1977). 

The type of support film will influence the success of any spread-

ing procedure employed (Evenson, 1977). Consideration of many factors 

is necessary when choosing the type of support film to be used with a 

particular nucleic acid sample. These include strength of the film 

itself, composition, thickness, and surfac.e charges. 

Parlodion (Gollodion) is one of the most widely used plastic 

support films for nucleic acid observation. Strips of parlodion are 

dissolved in dessicated amyl acetate and a drop placed on the surface of 

distilled water (Bradley, 1~65). The parlodion layer is lowered onto 

grids which are resting on a wire screen or filter paper. The grids are 

dried and are ready for use. One of the major disadvantages of this 

film is that it will stretch when exposed to the beam (Lang, 1970), 

which will introduce error into length and molecular weight calculations. 

Also, if care is not taken to prevent water condensat;ton in the stock 

parlodion solution or when dTying the grids, ''holey" films may result 

that are unsuitable for visualization and characterization of any 

nucleic acids (Evenson, 1977}. 
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Form.var, (poly [vinyl] formol) is another support film used in 

electron microscopy. It is usually a thinner film than parlodion and 

thus provides better resolution of nucleic acids. It has the disadvan-

tage, however, of being hydrophobic which inhibits the wetting action of 

the spreading solution (Kay, 1976). Like parlodion, it also has the 

disadvantage of stretching and/or shrinking when exposed to the electron 

beam (Lang et. al., 1967). 

Carbon support films seem to provide the best results for nucleic 

acid visualization (Kleinschmidt, 1968}. Briefly carbon is evaporated 

at high vacuum onto sheets of freshly cleaved mica. Mica provides the 

smoothest natural surface available. The carbon is floated onto the 

surface of clean distilled water and picked up with specimen grids 

(Carol Baker, personal connnunication) • These films provide a strong., 

yet thin, support for nucleic acid samples (Evenson, 1977) and also will 

not stretch or shrink when exposed to the electron beam (Lang et. al., 

1967). 

Surface characteristics of the carbon support film are not well 

understood. Carbon films are usually hydrophobic and are sometimes 

difficult to use for nucleic acid spreading. Various methods are avail-

able for enhancing absorptive characteristics of carbon films. One 

technique involves placing carbon filmed grids under ultraviolet-light 

source for 30 minutes. These grids are wettable with the spreading 

solution for approximately 1 hour after treatment (Kay, 1976). Another 

method involves treating carbon films with a glow discharge, which is 

carried out under a partial vacuum in the presence of air or amylamine 



29 

atmosphere. This places positive charges on the grids which will 

attract the negatively charged nucleic acids. This positive charge is 

stable for approximately 20 minutes after glow discharge (Evenson, 

1977). 

2.7.6 Contrast. 

2.7.6.1 Staining 

There are several staining pro.cedures for contrast enhancement of 

nucleic aC.ids. Themost widely used is positive staining with uranyl 

acetate. Uranyl acetate may be dissolved in several organic solvents 

such as ethanol and acetone (Evenson, 1977). If an alcohol solution is 

used, staining and dehydration maybe accomplished in one step (Klein-

schmidt, 1968). Various times have been reported for proper staining of 

nucleic acids, for example, 15-30 seconds is suggested by Gordon & 

Kleinschmidt (1968). The staining solution may also be prepared using a 

diluted hydrochloric acid solution (Davis et. ·al., 1971). Longer stain-

ing times are required, however, for aqueous uranyl acetate solutions 

(Kleinschmidt, 1968). All uranyl acetate solutions must be stored in 

dark containers to prevent a precipitation which will result in large 

electron dense crystals in electron microscope samples (Kay, 1976). 

2.7.6 • .2 Metal Shadowing 

Metal shadowing is the most common procedure used to enhance con-

trast in nucleic acid samples. Briefly, a metal or metal alloy is 
0 heated and allowed to evaporate at an angle of 5-10 onto specimen grids 

located 10-15 cm away from the metal source. The grids are mounted on a 
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rotary table that is. turning at.a speed of 30;...60 rpm. Shadowing may be 

performed without rotation of the specimen if done from several differ~ 

entangles simultaneously (Kleinschmidt, 1968). Either technique will 

allow metal to be preferentially deposited around the nucleic acid 

molecules. Subsequent resolution of the nucleic acids is dependent upon 

. the vacuum achieved during evaporation. ·Several metals and metal alloys 

may be used for metal shadowing. These include platinum, platinum-

palladium and uranium. Platinum-palladium (80:20) is the most widely 

used and results in a small grain size (Kleinschmidt, 1968). 

2. T. 7 Uses of EM in Nucleic Acid Characterizat.ion 

The major use of EM in the characterization of nucleic acid is in 

the measurement of contour length and molecular weight. Contour length 

is determined by measuring the length o:f a large number of molecules 

photographed at a known magnification. Magnification may be calibrated 

using a grating replica and/or internal nucleic acid marker of known 

length (Kay, 1976). The number of molecules are usually measured for 

statistical accuracy is 20 to 100. These contour length measurements 

can then be used to estimate molecular weight (Lang, 1970). This is 

done by using a nucleic acid standard of known molecular weight from 

which molar linear density in daltons/cm or daltons/µm may be calcu-

lated. Substitution of the contour length (L) of the unknown DNA sample 

into the following equation results in a value for molecular weight: 

M = M'L 

In this equation M is molecular vreight and M' is molar linear density 

(Lang, 1970). 
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Lang (1970), using the diffusion technique for preparing nucleic 

acids for EM calculated the molar linear densities for bacteriophages 

T2, T4, and T7 DNA molecules. Several assumptions (Kay, 1976) were made 

during these calculations. M' was assumed to be independent of base 

composition. Methylation of any of the bases present was assumed to 

have no effect on the configuration. Although the "B"configuration may· 

be true for DNA in solution, this was not necessarily believed to be 

true for the DNA molecules on specimen grids. With these assumptions, 
10 Lang calculated the M' f.or T7 to be 2.07 + 0.04 xlO dalton/cm. The 

value for standard molecular weight and contour length was 25.l x 106 d 

and 12.15 µm respectively. This value was believed to be applicable to 

DNA' s with similar base compositions. 10 An M' value of 2.28 x 10 d/cm 
10 ., was obtained for T4 and 2.23 x lO· d cm for T2. 

In addition to contour length and molecular weight measurements, 

several other parameters may also be determined. These include degree 

of secondary structure, circularity, and degree of branching (Lang et. 

al., 1967). 

2.7.8 Factors Influencing.Contour.of Double-Stranded·DNA 

In 1967, Lang and coworkers defined several factors that can 

influence the cont.our length of DNA. Various measurements were made of 

double-stranded Tl, T3 and BPV (bovine papilloma virus) DNA spread by 

the diffusion technique which employs a solution of DNA onto which a 

cytochrome C film is allowed to form. DNA molecules diffuse through the 

solution to complex with the film at the surf ace of the solution (usually 

a droplet). It was noted that while the method of nucleic acid extrac-
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tionshowed little influence on contour length, the ionic strength 

. demonstrated a marked effect. For example T3 DNA prepared for EM by the 

diffusion method at an ionic strength of 0.00003 had a contour length of 

13.77 µm, whereas the T3 prepared at an ionic strength of 0•20measured 

· 11. 83 µm in length. A similar decrease in contour length with increasing 

ionic strength was also observed when samples were sprei;i.d by the aqueous 

technique of Kleinschmidt. Lang suggested that this linear extention is 

a result of electrostatic repulsion between the like charges within a 

DNA molecule. These repulsive forces· increase at ionic streng.ths less 

than 0.10 M. 

Ionic strength also was shown tcr have. an effect ~n the stability of 

the· protein film. DNA molec'Ules s·pread by the diffusion methdd had a 

flower-like appearance at ionic strength less than 0.10~ which Lang 

. suggested was due to instab.ility of· the protein film. ·:this effect was 

not as pronounced when spread by the aqueous technique at ionic strength 

greater than 0.05. · It was most conunon when the DNA solution was spread 

onto water. 

Inman (1967) also.reports similar findings.with regard to ionic 

str·ength in cotitour length measur'einents of double-stranded phage A. DNA 

in which the DNA is spread by the aqueous technique onto hypophases of 

various ionic strengths. He also noted that the influence of ionic 

strength on contour lenth was considerably reduced if the hypophase 

contain 0.5%,formal:dehyde. Looping and aggregation were also reduced. 

In addition, Inman s_uggested that it was the different spreading con-

ditions that resulted in length discrepancies for DNA of other sources 

that had been reported by various investigators. 
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2.7.9 Factors Influencing the Length of Single Stranded DNA 

Bujard has reported several major factors that will influence the 

length of single-stranded DNA. Single-stranded DNA was unfolded in the 

presence of formaldehyde (final concentration of 5%) and dimethylsul ... 

foxide.. The DNA sample was prepared· for EM by the diffusion method of 

Lang, et. al. (1967) using varying ionic strengths in the hypophase DNA 

mixture. One of the factors that was observed to influence molecular 

length of single-stranded DNA was that of unstable protein f.ilms which 

may result from contamination or convection• Preferential orientation 

of molecules characteristic of such an influence is indicative that the 

molecules were subjected to some type of mechanical stress. Linear 

expansion results from this stress. Bujard noted that single-stranded 

DNA is highly susceptible to this type of stress and observed that in 

some instances of film instability, single-stranded fd DNA measured 3.1 

µm as compared to 1.25 µm. observed in experiments in which the protein 

film was undisturbed. 

Ionic strength was also shown to have a marked affect on contour 

length of single-stranded DNA. Bujard reported that the length of 

single-stranded DNA increased by 74% if the molarity of the ammonium 

acetate solution used in preparation of the DNA for EM was decreased 

from 0.4 to 0.1. He also suggested that it is the effect of the ionic 

strength on contour length that accounts for the length variations 

reported in the li.terature for various single-stranded viral nucleic 

acids. 
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2. 7.10 Sources of Error During Contour Length Measu.rements 

There are various sources of error in contour measurements which 

may compromise the accuracy of the results (Lang et. al., 1967). One of 

these sources is in the determination of magnification using a grating 

replica. The grating constant given by the manufacturer was shown to be 

2.7% lower than Lang measured by light microscopy. Pincushion di'stortion 

in both the electron microscope and projector or enlarger is also a 

source error. Lang demonstrated pincushion distortion in the electron 

microscope to be 1. 7% and 0. 5% for the negative projector. Other sources 

of error include determination of enlargement factor in the negative 

projector or enlarger and tracing. The determination of these errors 

will be described in the Materials and Methods section. 



3. Materials and Methods 

3.1 Cells 

Bovine fetal spleen (BFS) cells were obtained from bovine fetuses 3 

to.6 months of age. After aseptic removal, the spleens were cut into 

small pieces and placed in a·sterile Erlenmeyer flask (500 ml) to which 

was added approximately 250 ml of 0.25% trypsin. This mixture was 

agitated using a sterile magnetic stir bar until the tissue was almost 

fully digested. The cells were then pelleted at 1500 rpm in an IEC HN-S 

table top centrifuge for 10 minutes. The cell pellet was resuspended in 

Eagle's minimum essential medium (MEM; Flow Laboratories, Inc.) and 

seeded into glass tissue culture bottles (TC; Brockway Glass Company) in 

MEM plus 10% lamb serum (LS; Flow Laboratories, Inc.). Upon formation 

of a monolayer, the cells were dispersed with a solution of trypsin-

versene (TV) and either dispensed into TC bottles or frozen and stored 

in liquid nitrogen. 

BFS cells were maintained in MEM plus 10% fetal bovine serum (FBS; 

Flow Laboratories, Inc.). The cells were dispersed and dispensed in a 

ratio of 1:3-5 after formation of a monolayer (5-7 days after seeding). 

Only cells between passages 10-20 were used for experimentation. 

3.2 Bovine Parvovirus 

BPV was isolated and maintained according to Bates, et. al. (1972) 

and Bates and Storz (1973). 
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Virus stocks were propagated in BFS cells that had been seeded in 

75 cm3 plastic flasks (1-1. 5 x 106 cells/flask; Falcon) in MEM plus 10% 

Ls.- The cells were observed for 100% cytopatb.ic effects at which time 

they were frozen and thawed 3 times. The cell suspensions-were ~ombined 

and centrifuged at 6500_rpin for 10 minutes in a Sorvallsusperspeed RC2-

-B automatic refrigerated -centri;fuge. The titer of the :resulting super-
7 natant was determined by plaque assay. Average titers wer.e 5 x 10 

plaqtie forming units (pfu)/ml. Virus stock was stored at -20°c. 

3.3 Synchronization, In;fectionan:d Ra.diolabeling 

BFS cells were synchronized as described by Parris. et. al. (1975). 

Briefly, .. BFS cells were seeded into 15 nnn x 60 mm petri dishes (1. 5 x 

106 cells/plate) or plastic roller bottles (1. 7-2.0 x 107 cells/roller 
3 bottle; 850 cm· Corning) containing MEM and 10% dialyzed LS or FBS, 

which had been screened for the presence of BPV-antibodies by hemagglu-

tination-inhibition testing. _ The medium also contained. 2 1llM hydroxyurea -

(HU; Sigma). Appro::x;imately 32 hours after addition of the HU block, the 

cells were released by washing 3X with warm (37°C) Dulbecco 1ssalt 

solut.ion. 

Upon release the cells were infect-ed with stock BPV at a multi-

plicity of infection (m.o. i.) of 10. . - 0 After 1 hour incul:>ation at 37 C, 

MEM plus 10% dialyzed LS or FBS was added back to the cells (3 ml/petri 

dish; 20 ml/roller bottle) and then reincubated at 37°c. 

At 13.5 hours past infection (h.p.i.) the cells in petri plates or 

roller bottles were labeled :with 3H,..TdR (200 µCi/plate or roller bottle; 

ICN} and then incubated for various times and either innnediately harvested 
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-4 or subsequently chased with unlabeled TdR (1 x 10 M); for 2 or 4 hours 

and harvested. 

3.4 :Extraction of Low Mplecular Weight DNA 

3.4.1 Guanidine - Hydrochloride Method 

BFS cells that had been synchronized, released, infected and 

labeled in 15 x 60 mm petri plates as previou$ly described were har-

vested by removing the medium from the plates and adding 2 ml of saline 

A solution (see appendix). After agitating the plates and removing the 

saline A, 2 ml of Trypsin-versene (TV) was added and the cells were 

observed for characteristic "rounding" morphology with an inverted 

microscope (Olympus). The TV solution was removed and 0.1 ml of TV was 

again added and the cells reincubated at 37°c for 1-2 minutes. To each 

plate was added 0.4 ml of phosphate buffered saline (PBS; pH 7.0) and 50 

µl of proteinase K (2 mg/µl; Merck). The cells were gently scraped from 

the plates and the 0.5 ml suspension was layered onto a 5-20% sucrose 

gradient containing 4 M gµanidine hydrochloride (G-HCl; Lavelle and Li, 

1977), and 10 niM Tris-HCl and 1 niM EDTA (TE, pH 8.0) to lyse the cells. 

These gradients were incubated for a minimum of 17 hour.s at room tempera-

ture before centrifugation. 

The sucrose-G-HCl gradients were centriguted in an SW27.l rotor at 

zo0 c for 16 hours at 27,000 rpm in a Beckman L5-50 ultracentrifuge. The 

gradients. were fractionated from the bottom and 0.5 ml fractions were 

collected. Aliquots of 100 µl from each fraction were precipitated onto 

Whatman 113 filter papers by 3, 10 minute washes in cold trichloroacetic 

· . acid {TCA; Sigma) . After dehydration by 3, 10 minute washes in cold 95% 
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ethanol and 1, 10 minute wash in diethylether, the filters were air 

dried and placed in 5 ml toluene-PPO-POPOP scintillation fluid and 

counted for l minute in a Packard Tri-Carb liquid scintillation counter. 

DNA in rexnaining portion of the fractions was precipitated with 95% 

ethanol containing 3 M sodium acetate. 

In some cases the nuclei from infected cells were isolated by the 

method of Lynch (1975) and used for isolation of viral replicative 

forms. BFS cells were seeded in 15 x 60 mm petri plates (1.5 x 106 

cells/plates), synchronized and infected as previously described in 

Section 3.3. 3 At 13. 5 h. p. i. , 200 µCi/ plate of H-TdR was added and the 

cells incubated for 2 hours at 37°c. The cells were harvested by scrap-

ing and pelleted at 1500 rpm in an IEC HN-S tabletop centrifuge. The 

pellet was resuspended in 0.3M sucrose cbntaining 4 mM CaC12 and 5 mM 

dithiothreitol and homogenized with 60-65 strokes in a Potter ... Elvehjem 

h . 4°C. omogenizer at Removal of the cytoplasm was monitored by phase-

contrast microscopy. The nuclei were then pelleted at 1000 x g for 10 

minutes in a Sorvall superspeed RC2-B automatic refrigerated centrifuge 

and resuspended in PBS plus 100 µg/ml bf proteinase K. A total of 3 X 

106 nuclei were then layered on top of a 5-20% sucrose gradient con-

taining 4M G-HCl, incubated, centrifuged and fractionated as before (see 

Section 3.4.1.2). 

3.4.2 Hirt Procedure 

BFS cells were seeded into plastic roller bottles, synchronized 

and infected as previously described in Section 3. 3. The cells were 

labeled at 13. 5 h. p. i. for. 2 hours with 200 µCi/ roller bottle of 3H-TdR. 
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The cells were harvested by scraping and pelleted by centrifugation at 

1500 rpm in a IEC-HN-5 tabletop centrifuge. The low molecular weight 

DNA was extracted by Hirt method (Hirt, 1967) as modified by Siegl and 

Gautschi, (1978). The cell pellet was resuspended in 5 ml of 0.6% 

sodium dodecyl sulfate (SDS), 10 mM Tris-HCl, 10 mM EDTA (pH 7 .5). To 

this suspension was added 300 µg/ml of proteinase K. It was then 

incubated for 1 hour at room temperature and subsequently made 1 M NaCl. 

The.cell preparation was placed on ice in a refrigerator, incubated 

0 overnight, and then centrifuged for 30 minutes at 17,300 x g at 4 Cina 

Sorvall superspeed RC2-B automatic refrigerated centrifuge in SS-34 

rotor. The pellet was discarded, the supernatant placed back on ice, 

ai;i.d the incubation and centrifugation was repeated twice more. The 

final supernatant was stored at -20°c until further purification. 

3.5 Purification of Hirt Supernatant DNA 

3.5.1 Phenol Extraction 

The Hirt supernatant was mixed with 2.5 volumes of phenol saturated 

with 0.01 M Tris-HCl (pH 8.0) in a plastic centrifuge tube and agitated 

for 3 minutes at room temperature. The mixture was then placed on ice 

for 5-10 minutes to aid separation of the layers and centrifuged for 10 

minutes at 2000 rpm in an IEC HN-S tabletop centrifuge. The phenol 

layer was removed and the procedure repeated. The aqueous phase was 

dialyzed against TE (pH 8.0). This procedure for deproteinization was a 

modification of that described by Penman (1969} • 
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3.5.2 Hydroxyapatite ChromatQg;raphy. 

Hydraxyapatite (HAe:; DNA,,..grade; BioRaci)_ that had been prepared in· 

0..01 M sodium phosphate ('NaP}_ buffer, pH 7. 2 was used. Approximately 8-

10 ml of the HAP suspension was placed. in plastic 10 cc syringes that · 

contained a glass wool support. · The res1dting packed. volume was 1-2 ml. 

After washing the colUlilnwith several. volumes of O. 01 M NaP, ·the· DNA 

sample was allowed to adsorb to the column and washed with 1.0ml·of 

o.os: M NaP (pH 7.11 •. A gradient of between 0.05 M .... o.4 M NaP was 

·allowed to flow over the·.· column at a rate of about 1 ml/min. The rate 

was adjusted with a Buchler peristaltic pump. Fractions of 2 ml were 

collected and 0.05ml aliquots were placed in 3 ml of ACS scintillation 

fluid with 0. 2 ml of distilled water and counted in a _Beckman LS...,230 

liquid scintillation counter. The elution molarity of the peak frac-

tions was established by determining the .refractive index .of each saniple 

using a Bausch. and Lomb refractometer anci a standard curve. Fra.ctions 

to be used in further purif iCation steps or ot;her procedures were 
. . 

. ciialyzed overnight against TE (pU 8.0; 10 mM Tris-HCl, 1 mM ED~A). 

-3.5~3 Preparative Neutral. Sucros.e G:radients 

.Dialyzed samples.from HAP were concentrated by polyethylene glycol. 

This DNA was then placed on :5-30% (w/v) neutral sucrose gradient (pH 

8.0} containing l•MNaCl,l01!1M Tris, l 1!1M EDTA, and 0.15%. sarkosyl. . . 

The gradients were centrifuged in a SW41 rotor at 20°c for 14 hours at 

30, 000 rpm in LS-50 ultracentrifuge. Tubes were fractionated fr6m the 

bottom and d.5 ml fractions C:ollected. ·Aliquots of 50 1-11 were placed in . . . . ·. ' .·, 

3.mlof ACS scintiilation fluid plus 0.4ml of distiiled water. The 
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samples were counted as described in section 3.5.2 Individual fractions 

were dialyzed overnight against TE pH 8.0. and then stored at -20° until 

further use. 

3.6 Electron Microscopy 

3.6.1 Preparation of Carbon Films 

Carbon was evaporated onto sheets of freshly cleaved mica (Fullam) 

in a Ladd Vacuum evaporator (Model 40000} and subsequently placed at 4°c 

.for at least 1 hour. The carbon film was floated onto a surface of 

distilled water. Rhodium backed copper grids (300 mesh; Ladd) that had 

been dipped into a 50 ml beaker of acetone containing 12-18 inches of 

Scotch Brand Magic Tape (Carol Baker; personal connnunication) were used 

to pick up the fil1ll from below and the. coate~ grids were allowed to air 

dry at least 1 hour before use.. The grids were stored in glass petri 

dishes until used. 

3.6.2 DNA Spreading Procedures 

3.6.2.1 Kleinschmidt Aqueous Technique 

DNA at a concentration of 2-5 µg/ml was mixed with 20 µl of 0.1 mM 

EDTA pH 7.5, 5 µl of 5 M ammonium acetate (NH4Ac) and 20 µl of cyto-

chrome C (1 mg/ml; Sigma). This DNA spreading solution was allowed to 

flow down a clean glass microslide onto the surface of 0.25 M NH4Ac 

hypophase that was contained in a plastic trough (9 cm x 9 cm x 1.5 cm). 

Two teflon bars supported the slide. A carbon-filmed grid was used to 

pick up the DNA from the surface of the hypophase and was then stained 

for 30 seconds with a 1:50 dilution in 95% ethanol of uranyl acetate 

(UrAc} stock solution (0.05 M UrAc in 0.05 M HCl). The grid was subse-
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·. . 

quently placed.in 95% ethanol to rem<,>ve excess stain,. air dried and 

viewed under the electron microscope. · The aqueous technique allows 

. visualization of double-stranded nucleic acid. (Kleinschmidt, 1959) ~· 

3. 6.~ 2. 2: Innu;m Technique 

The Inman technique (Inman, et •. al., 1970} allows for vist,taliza~ion . ~ -
of both. double- and single-stranded DNA. This procedure is a slight 

. . . . 

·~edification: (D.P. Allison; personal communication) of the original 
. . . . . . . 

technique. All DNA spread by this technique was suspended in TE pH. 8.0. 

A titrati(:>n curve was worked out· for this TE buffer in order to deter-

· . mine the amount of 5 N NaOH or l N HCl that must be added to the Inman 

buffer {described below) in order to achieve ~he proper pit for,spreadin:g 

the DNA. 

The Inman buffer consisted of 4 ml of formaldehyde·(;M;:Jllinkrodt); 

0.4 ml of 0.126 M EDTA and 0.32 ml of 1 M Na2co3 adjusted t'o the proper 

pH by the addition of 0.1 ml of lN HCl. To 0.07 ml of DNA sample (2-5 

µg/ml) ~as added 0.030 ml of the I.run.an buffer (final pH spreading solu-:-

· tion was .PH 8.7). This mixture was allowed to incubate for 10 minutes 

at room. temperature and was then placed on ice for 5 minutes~ · · ·At the 

end of this 5 minute incubation, 0.1 ml of formamide (Mallinkrodt) aµ.d 

.. 0.02 ml of cytochrome C (l mg/ml; Sigma) was added, fo1loweg by .another 

· .10 minutes incubation at room temperature. 

To spread the DNA, 0.005 inl of the spreading solution: was allowed 

··.·.to flow. down a tapered glass roq ;onto the surface. of the hypophase. The 
. . 

hypophase consisted of water which.had been plaC,ed·in a well (8.5 ctn x 

1.0 Cl!l) formed ina Teflon block. The DNA-cytochrome C film was picked 
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up by carbon-filmed grids and the grids dehydrated by washing serially 

in distilled water, 50% ethanol and 95% ethanol. The grids were then 

stained for 30 seconds with UrAc (see section 3.6.1.1) and then further 

dehydrated by washing for 10 seconds in 2-methyl butane (Eastman). The 

prepared grids were subsequently rotary shadowed at 60 rpm in a Ladd 
0 vacuum evaporator at angle of 10 • Between 3.5 and 4.0 cm of platinum: 

palladium alloy (80:20; E. Fullam) was used. The samples we:t:"e then 

ready for viewing. 

3.6.3 Visualization and Photography 

All grids were viewed in a JEOL lOOC electron microscope at 20,000X. 

Magnification was calibrated with a grating replica (54,864 lines/in; 

Fullam). The grating replica was checked for accuracy by light microscopy. 

Pincushion distortion was measured by determining the distance between 

bars on the grating replica as viewed on the negatives. Micrographs 

were taken using Kodak electron microscope plate film (114483) and en-

larged using an Omega Pro-Lab enlarger equipped with a Schneider..;.Kreuz-

nach lens (S 5.6/135). Prints were made on Kodabromide RC II F ultra-

hard paper developed with an Ektamatic rapid print processor and fixed 

withKodak Rapid Fix. Pincushion distortion within the enlarger was 

determined by measuring the distance between bars of the grating replica 

as the negatives were viewed through the enlarger. 

3.6.4 Measurements 

The negatives were enlarged in an Omega Pro-Lab enlarger and traced 

onto white paper •. The lengths of the tracings were.measured using a 
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4.4. 

.. . . 
. . 

Kelsh 600-A digitizer. · Tr~cing . error was determined by meastir:i;ng a 

molecule 5-6 times. 

·· 3. 7 . Ve.l,ocity Sedimentation 

·.· 3.7.l Neµtral .Sucrose.Gradients 

Gradients of 5-20% (w/v) or 5.,,-30% ~ (w/v) sucrose (Beckll).an) contaii:u~d 

1 M NaCl, 10 mM Tris-HCl. (pH 8.0), 1 mM EDTA (pH 8.0) and 0.15% sarkosyl 

(Lavelle. and Li, 1977). The pH was adjusted t<:> 8 .• 0. Gradients were• 

centrifuged for 3 hours at 39,000 rpm in SW50.l rotor at 20°C in a 

Beckman 15-50 ultracentrifuge ot :iJl a SW 41 r:otor as described in Section 

3.5.3. 

Tubes were .fractionated from the bottom and approximately 0.2 ml 

.. fract:lons collected directly into counting vials. ACS scin1:illati0Ii 

·.·fluid (3 ml} and distilled water co. 2 ml) were added and the vials 

counted in a Beckman LS-230 liquid sci;ntillationcounter. 

3.7.2. Alkaline Sucrose Grad:t.ents 

Alkaline 5-20% Cw/v) or 5-30% (w/v) sucrpse gradients contained .0.3 

·. N NaOH, O. 7 M NaCl 1 mM eDTA (pH 8~0) and 0.15% sarkosyl (Lavelle & Li, 

·1977). The pHwas adjusted to 12.0. Gradients were centrifuged in SW 

· 50.1 rotor at 42,000 rpm for 4 hours at 20°C in a Beckman 15-50 ultracen-

·. trifuge or in SW 41 rotor as described in Section 3. 5. 3. Tubes were · 

fractionated and counted as described in section 3.7.l. 

' · 3 .8 ISopycnic Sedimentation 

Neutral CsCl gradients to determip.e bouyant density were prepared 

by mixing the DNA sample with CsCl that had been dissolved in TE pH 8~0 ·· 

·:: 

.;; 
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(l.70 g/cc) in 5 ml cellulose nitrate tubes. These were then centri-

fuged for 48 hours in SW 50.1 rotor at 35,000 rpm at 18°c. Fractions of 

0.2 ml were collected from the bottom of these tubes directly into mini-

vials. The refractive indices of each fraction was measured to deter-

mine the density of the CsCL To each vial was added 4 ml of Gradient-

Solv (Beckman) and 0.2 ml of distilled water and counted as before (see 

Section 3.7.1). 

3.9 Hybridization 

DNA used for hybridization was dialyzed against 0.1 X SSC (0.15 M 
14 NaCl, O. 015 M sodium citrate pH 7 .3). The C-DNA samples were then 

denatured by adding 0.1 volume of 1 N NaOH and incubating for 10 min. at 

room temperature. They were brought to a neutral pH by theaddition of 

0.1 volume of 1.5 M NaH2Po4 • 

This DNA:was allowed to adsorb to nitrocellulose filters (5 & 5:25 

mm) according to the method of Gillespie and Spiegelman (1965). After 

presoaking the filters in 6 X SSC for 20 minutes, they were placed on a 

Millipore 12 place manifold and washed with 10 ml of 6 x SSC. DNA 

samples were made 6 x SSC and brought to a volume of 10 ml. The DNA (2 

µg/filter) was adsorbed to the filters and subsequently washed 5 times 

with 10 ml of 2 x SSC. These filters were then placed in clean glass 

scintillation vials and incubated overnight at 60°c. 

The hybridization procedure that was used is that described by 

Green~· al. (1969). 3H-labeled :)?eak II B?V virion DNA and cellular 

DNA were used as probes· and were denatured as previously described. The 

samples were made 6 x SSC and the volume brought to 1 ml. This DNA (O.l 
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µg) was made 0.1% SDS and incubated with the. filters for 24 hours at 

66°C. The filters were then washed twice with 300 ml of 0.003 M Tris-

RCl pH 9. 2 and placed on the manifold where they were again washed 10 

times with 10 ml of the '.rrts-HCl pH 9 buffer. The filters were dried 

under a heat lamp and then counted in 3 ml of toluene-PPO~POPOP. 



4. Results 

4.1 Guanidine - Hydrochloride.Prel'aration of Viral DNA 

The sucrose~G-HCL gradient method for extracting low molecular 

weight DNA from parvovirus-infected cells was shown to provide excellent 

separation without shear of cellular and viral nucleic acids (Lavelle 

and Li, 1977). In addition, this method also allowed for the isolation 

of encapsidated sing.:J.e-stranded progeny DNA and its separation from 

double-stranded RF's. This is unlike the Hirt procedure in which only 

the RF's and RI's are isolated. 

BPV-infected BFS cells were pulse labeled with 3H-TdR for 1 hour at 

13. 5 h. p. i. and subsequently harvested or chased with unlabeled TdR 

before harvest as previously described in Section 3.3. Lysis of the 

cells and sedimentation 'through sucrose gradients containing 4 M G-HCl 

resulted in the gradient profile seen in Figure 2. When cells were 

pulse-labeled and harvested, a single peak of radiolabeled DNA appear.ed 

toward the top of the tube (Figure 2a) or in a position corresponding to 

double-stranded RF DNA based on previous reports by Lavelle & Li (1977). 

Sedimentation of .BPV-inf ected cells that were pulse-labeled and then 

chased for 2 hours with unlabeled TdR demonstrated .two peaks of radio-

labeled DNA (Figure 2b). There was a peak in the region of double-

stranded RF DNA toward the top of the tube and, in addition, a smaller 

second peak toward the bottom of the tube in the position of single-

stranded progeny DNA. The gradient profile of labeled BPV-infected cells 

47 
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Figure 2. G-HCl-sucrose gradient profile of BPV RF DNA from infected 
and mock-infected cells. a) 2 hr pulse with 3H-TdR and no 
chase. b) 2 hr pulse with 3H-TdR and a 2 hr chase with nonlabeled Tdr. 
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Figure 2. Continued. c) 2 hr pulse with 3H-TdR and a 4 hr chase with 
nonlabeled TdR. d) 3H-TdR labeled DNA from mock-infected 
cells. 
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that were chased withuniabeleci TdR for 4 hours demonstrated similar 

re·sults as .those chased for 2 hours (Figure 2c). ·Again, there were two 

peak:s of labeled: D~A; a d;ouble--stranded.peak and a single..;.stranded peak •. 

There appears, however, to be.a decrease.in the amo~t of radioactivity 

in. the double-stranded region with a concoinmitant increase in.the sirigie-

s.tranded region. Tltls sl,lggests a precur.sor-product relat:ionship between 

DNl\ species -found within each peak when compared to the· 2 Jrour chase 

peribd. The double-stranded regions from the three time periods are 

.liruch broader than the siilgle..;.stranded regions suggesting some hetero--

geneity within. the double-stranded region. The shoulder on .the cioubJ,e-

strap.ded pe~kfrom.the 2hourchase could be due to the presence of RI 
. : : . . ' ·. ·. 

which would be eipected to sediment to an intermediate position between 

double and .. single-stranded DNA. · 'nlis shoulder was not, however, .. clearly 

observed in every preparation. 

Seditnentation of nt~ck-infected cells under identieal conditions 

failed to demo~strate ariy peaks of radiolabeled low molecular weight 

.DNA~ Occ.asionally, . as seen in Figure 2d, a· spike of . radioactivity 

considerably higher in.comparison to the peaks of the low molecular 

. weight DNA .seen for infe~ted cells 'Wa.s obseryed. ·.In conjunction with 
. . . ' 

this observation was the pres.ence of ·a viscous mat~rial . adher_;i.ng . to the 
. . 

sides of the centrifuge tubes after fractionation. Both observations 

suggest that ce1lular DNA coh:t~inati6n could also be occurring · during• 

sedini.entation of the B.PV-infectedcell samples through this type of 

gradient. 

"' .. · . 
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4.1.1 Guanidine-HCL Method of Viral DNA Extraction from Isolated Nuclei 

Even though several of the peak fractions of the double;...stranded 

regions from the G-HCl-sucrose were pooled to be used for further experi .... 

mentation, the total amount of material and total counts obtained was 

relatively low when one considers that at least 10,000-20,000 cpm are 

used, for example, on a single neutral.sucrose gradient. In order to 

increase the yield of material, a procedure was employed to extract 

nuclei from infected cells as described in section 3.4.1.3. A total of 

3 xl06 nuclei could be layered onto the sucrose-G-HCl gradient without 
6 overloading the gradient as compared to only 1.5 x 10 cells which could 

I 

be used for the isolation of low molecular weight DNA in the original 

procedure. 

The results of the sedimentation, by G-HCl method of nuclei from 

cells that had been pulse labeled with 3H-TdR and chased for 2 hours 

with unlabeled TdR were similar to that of the whole cell profile treated 

identically (Figure 3). Two peaks were obtained; one in the double-

stranded region and one in the region corresponding to single-stranded 

DNA. As.would be expected, approximately twice as much material were 

obtained from these nuclei preparations as from whole cell preparations. 

·However, the problem of possible cellular DNA contamination was not 

eliminated as viscous material could still·be detected in association 

with the walls of the centrifuge tubes. Nuclei from mock-infected cells 

yielded a sedimentation profile corresponding to only a basal level of 

incorporation of 3H-TdR into DNA and void o;f; any peaks of low molecular 

weight DNA (data not shown). 



52 

10 

..... 9 z 
0 
I- 8 u < 7 c:: 
L&. 

(") ..... 
6 0 ,.. 

x 
E 5 
Q. 
(.) 

4 .... 
< z 3 Q 
I 
~ 

'(") 2 

1 

0 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
PROPOR110NATE DISTANCE 

Figure 3. G~HCl-sucrose gradient profile of BPV RF DNA isolated from 
infected nuclei. 
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4 .1. 2 Physico...;Chemieal Cha.tacteristics of. DNA Isolated by the 
Guanidine-Hyc1rochlpride.Method 

4.T.2.1 .Velocity Sedimentation: in Sucrose 

.. It was of interest to d:eterndne. the sedimentation· characteristics 

of . the double-strand.ed R.F DNA isolated from BPV-inf e:cted cells in. a.lka-
' • L • 

line and neutral sucrose gradients~ Tu.formation from the: data obtained 

would be indicative of the conformation arid molecular we;i.ght of this DNA 

(this will be discussed·· in more detail ·in Section 4. 5) • 

Sedimentation of the·· double-stranded RF region in both alkaline and 

neutral sucrose gradients in SW50.l rotor as described in Section 3.7.1 

and 3. 7 .2 failed to demonstrate any distinct peak of rad-iola.beled DNA~ 

The. DNA appeared to be distributed throughout the. gradient. This 

observation was consistent for double-stranded RF DNA isolated either 

from whole cells or nuclei by the G-HCl method. 

In an .effort to further purify the RF DNA, it was. subj.ected t.o 

hydroxyapatite (HAP) column chromatography which separates DNA on the 

basis· of secondary·. structure (Benardi, 1971). The RF DNA was found to 

elute from the .column at a NaP .. concentration of 0. 232 M which is the 

molarity at which double-stranded DNA elut;:es from HAP (see Figure 4). 

This confirmed the presence of secondary structure in the molecules 

within the RF region of the G-HCl gradients. 

When this DNA was dialyzed and sedimented on alkaline sucrose 

gradient with 32p...;BPV single-stranded virion DNA as a marker, the 

gradient profile seen in Figure 5 was obtained. A portion of the RF DNA 

appeared to co sediment wi.th the ·single-stranded BPV marker · DNAt however, 

the peak had a leading ~houlder indicating some heterogeneity present 
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within the DNA even when further purified by HAP. 

4.1.2.2 Electron Microscopy 

In order to determine the length of the molecules isolated by the 

G-HCl method and to help in the clarification of the results obtained 

from the velocity sedimentation studies, the double-stranded RF DNA was 

purified by HAP chromatography and. spread for electron microscopy by the 

Kleinschmidt aqueous technique (Kleinschmidt, 1968). This procedure 

allows for the visualization of double-stranded nucleic acid molecules. 

figure 6 is a representative micrograph of the double-stranded RF DNA 

and illustrates the variety of lengths present in the DNA sample. This 

is consistent with the data from the sucrose gradients previously des-

cribed. Length measurements of this DNA were not performed due to 

heterogeneity in the sample. 

4.2 Hirt Extraction of Low Molecular Weight DNA 

The procedure developed by Hirt in 1967 has been used extensively 

to isolate low molecular weight DNA from parvovirus-infected cells 

(Siegl & Gautschi, 1976; Tattersall, et. al., 1973; Gunter & May, 1976). 

In this method, the cells are gently lysed and the cellular DNA is 

precipitated in the cold by the addition of SDS and NaCl. The cellular 

DNA is pelleted by low speed centrifugation while low molecular weight 

DNA remains in the supernatant. This procedure however, does not re-

lease encapsidated virion DNA as does the G-HCl method (Lavelle and Li, 

1977). This is due possibly to the fact that the progeny DNA is rapidly 

encapsidated upon synthesis and is precipitated with the Hirt pellet. 
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Electron micrograph of BPV RF DNA from G-HCl-sucrose gradients. 
Bar represents 1 µm. 
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Because of the inconclusive results from physico-chemical studies 

with the RF DNA obtained by the G-HCl method and the low yield of 

material even when nuclei are employed, it was believed that the Hirt 

procedure would provide a reasonable alternative for the .isolation of 

the replicative structures from infected cells, even though the single 

stranded progeny DNA would not be released. 'l'he possibility of cellular 

contamination, however, would not be eliminated since some breakage in 

cellular DNA can occur during the various manipulations involved. 

4.2.1 HAP Chromatography 

The Hirt supernatant DNA that had been isolated from BPV-infected 

BFS cells and deproteinized by two phenol extractions was subjected to 

HAP chromatography which, as stated previously, will separate DNA on the 

basis of secondary structure (Bernardi, 1971). This procedure should 

also separate RF molecules from the RI molecules since partially single 

stranded molecules elute in an intermediate position between double and 

single ... stranded DNA (Wilson and Thomas, 1973). Figure 7 is a represen-

tative of HAP elution pattern for Hirt DNA. There is a single sharp 

peak of radiolabeled DNA which elutes at a sodium phosphate (NaP) con-

centration of 0.198 M. This concentration falls within tl).e'range of 

elution molarities corresponding to double-stranded DNA as determined by 

chromatography of known DNA samples. It is interesting to notethat a 

separate peak for RI's was not observed. This, however, does not negate 

the possibility that RI's may be present in this preparation. 

When the peak fraction DNA was spread for electron microscopy by 

the Inman technique, a variety of lengths, both long and short, were 
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observed. An interesting micrograph is shown in Figure 8. The most 

striking aspect of this micr.e>graph is the presence of the extremely long 

piece of DNA in a patte·rn which resembles a fingerprint. . This is most 

probably cellular DNA within.the sample and therefore may well be a 

"telltale fingerprint'' of contamination. A majority of the micrographs, 

however, did not show contamination to such dramatic extent, since some 

of the molecules were also very short (data riot shown). 

4.2.2 Preparative Neutral Sucrose Gradients 

Because of the variety of lengths present in samples purified only 

by HAP chromatography, and the strong evidence for some cellular con ... 

tamination, it was felt that further purification of the Hirt DNA was 

needed before characterization studies could be performed. Sedimen-

tation on neutral sucrose gradients was chosen to accomplish this goal 

due to its ability to separate DNA on the basis·of size, shape, and 

density. 

Figures 9 and 10 are gradi.ent profiles obtained from two separate 

Hirt preparations (Prep. I and Prep. II respectively). A major peak of 

radiolabeled double-stranded· RF DNA can be observed in the middle of 

both gradients with smaller peaks of DNA sedimenting slightly faster 

than the major peaks also observ~. Broad minor bands can also be 

observed sedimenting somewhat slower than the major peak. The band is 

more distinct in figure 9 than Figure 10 and may represent a variability 

in the cellular DNA contamination present in Hirt DNA samples. This, 

however, would not account for the extremely long pieces observed pre-

viously since the molecules of this minor band are in the top portion of 
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Electron micrograph of BPV RF DNA from HAP column. 
represents 1 ').lm. 

Bar 
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Figure 9. Preparative neutra,1 sucrose gradient of Hirt supernatant; 
DNA: Prep L 
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Figure 10. Preparative neutral sucrose gradient of Hirt supernatant 
DNA: Prep II. 
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the gradient and should be short. Long molecules such as those in 

Figure 8 would be expected to sediment much faster and band more toward 

the bottom of the gradient. This broad band is, however, consistent 

with the very short molecules that were observed in micrographs of Hirt 

preparations subjected only to HAP chromatography. The possibility that 

this broad band is viral cannot be disregarded. 

4.3 Electron Microscopy 

To determine the contour length of the Hirt RF DNA purified by 

neutral sucrose gradient sedimentation, fractions 10, 12, and 14 from 

Prep I illustrated in Figure 9 and fractions 8, 9, 12 from Prep II 

as seen in Figure 10 were spread for electron microscopy by the Inman 

technique. This spreading procedure allows for the visualization of 

double- and single-stranded DNA (Inman & Schnoss, 1970). Therefore, any 

RI's present should be distinguishable as branched molecules with the 

single strands appearing slightly thinner than the duplex regions. 

4.3.1 Contour Lengths 

Figure 11 is a representative micrograph of DNA from Fraction 14 of 

Prep I. All the molecules visualized from this Prep r fraction were 

linear. Branched molecules were not observed. Figure 12 is represen-

tative of fraction 12 from Prep IL Again, the molecules from the main 

peak of RF DNA were linear. Several branched molecules. wer.e observed 

from this fraction and a representative can be seen in :Figure 13. 

Representative micrographs of molecules from fraction 12 from Prep 

I and fraction 8 from Prep II are illustrated in Figures 14 and 15, 
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Electron micrograph of BPV RF DNA from Prep I, fraction 14. 
Bar represents 1 µm. 



Figure 12. 
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Electron micrograph of BPV RF DNA from Prep II, fraction 12. 
Bar represents 1 µm. 



Figure 13. 
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Electron micrograph showing branched DNA molecules present 
in Prep II, fraction 12. Bar represents 1 µm. 



Figure 14. 
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Electron micrograph of BPV RF DNA from Prep I, fraction 12. 
Bar represents 1 µm. 



Figure 15. 
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Electron micrograph of BPV RF DNA from Prep II, fraction 8. 
Bar represents 1 µm. 
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respectively. DNA from these fractions were also linear and branched 

molecules were not observed. 

The lengths were determined as described in Section 3.6.4. A 

histogram of the lengths obtained from fraction 14, Prep I is seen in 

Figure 16. The lengths show a normal distribution with a single popula-

tion of molecules present. A.histogram of the lengths from fraction 12, 

Prep II is shown in Figure 17. Again, the lengths show a normal distri-

bution with the curve shifted slightly toward the longer lengths. 

Histograms of lengths of molecules from Fraction 12, Prep I and 

Fraction 8, Prep II are seen in Figure 18 and Figure 19 respectively. 

There appears to be two possible populations of molecules present in 

Fraction 12, Prep I. The histogram of Fraction 8, Prep II could also 

suggest the existance of two populations, however, the case for this is 

not clear-cut. The histogram of Fraction 10, Prep I is similar to that 

of Fraction 12, Prep I in that there appears to be two size populations 

(data now shown). 

A summary of the mean lengths obtained for all fractions is found 

in Table 2. The lengths of the RF DNA from the major peak fractions 

(Fraction 14, Prep I, and Fraction 12, Prep II) are 1. 69 µm and 1. 82 

µm respectively. A rather large length discrepancy appears to exist if 

these molecules represent unit length RF DNA. These molecules should be 

the same size since they sediment to similar positions in neutral su-

crose gradients. If, however, one looks at the lengths obtained for 

¢Xl74 RF II DNA, which served as the control for the spreading proce-

dure, a length discrepancy is also evident. The length of 1.63 µm 
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Table 2. Length Distribution of BPV RF DNA 
Purified ori. Neutral Sucrose Gradients 

Preparation Fra.ction No. Population I 

·Length a (µm). · n 

I 10 3.99 + .07 15 

12 2.99 + .06 14 

14 1. 69 + .03 44 

<i>Xl74 1. 63 + .01 24 

II 8 4.02 + .24 25 

9 N.D. b 

12 1. 82 + 0.039 110 

<l>X174 1. 74 + .01 43 

~ean length + S.E. 
Not determined. 

Population II 

Length (µm) n 

1.83 + .23 6 

1.01 + .14 10 

N.D. 
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measured for qJXlJ4 spread at the same time so those samples in Prep I 

corresponds to the value given in the literature for this circular 

molecule (Kay, 19.76). Assuming that this 1. 63 µm value is the standard 

or "correct" -value and considering that the same lot of <PX174 molecules 

was used for Prep I and Prep II, <PX174 molecules in Prep II appear to 

have been elongated by 7% to give a length of 1.74 µm. If one assumes 

that this length elongation is the same for DNA samples spread at the 

same time and under the same conditions, it seems logical that the Prep 

II RF DNA should also be elongated to the same extent. Correcting the 

1. 82 µm measurement for 7% stretching, yields a value o.f 1. 69 ].lm which 

corresponds to the length of DNA of Fraction 14, Prep I. 

The lengths of molecules from Fraction 12 and 10 of Prep I approach 

calculated values for dimer and trimer RF DNA respectively; based upon 

1. 69 µm length. A similar observation can be made with RF DNA from 

Fraction 8 of Prep II in that the length approaches the calculated value 

for dimer DNA based upon the 1.82 ].lm measurement. 

Measurements could not be made upon Fraction 9., Prep II because the 

DNA failed to spread. The reason for this is unclear. BPV virion 

single-stranded DNA also failed to spread even though a number experi-

mental parameters were changed systematically. These included changing 

spreading procedures, use of parlodion, formvar and carbon-filmed grids, 

use of glass to store grids instead of plastic to prevent the build up 

of a static charge, and glow discharged or U.V. irradiated grids. 

Another method for calculating the length of DNA is the determina-

tion of the mode length or the average length of those molecules occur~ 
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ring at the highest frequency. A comparison of the mode and mean 

lengths for BPV RF DNA is shown in Table 3. The mod.e length of the RF 

DNA from fraction 14, Prep I is 1. 66 vm and the mode length for fraction 

12, Prep II is 1. 70 µm. The mode lengths for the molecules are slightly 

lower than the mean lengths. The mode length of ¢Xl74, Prep I appears 

slightly larger than the mean length for the same molecules. The mode 

and mean lengths for ¢X174, Prep II are the sa,me. 

4.3.2 Molecular Weight 

Electron microscopy can be used to estimate the molecules using the 

equation M= M'L where Mis the molecular weight, M' as the molar linear 

density and L is the contour length (Lang, 1970). The value for M' is 

determined using a DNA of a known molecular weight determined from 

independent. experimental procedures. For ¢Xl74 RF lI DNA, the molecular 

weight is 3. 6 x 106 d with contour length of 1. 63 µm (Kay, 1976), M' is 

therefore, 2.2. x 106 d/vm. If one assumes a similar base composition, 

substitution of M' and the.contour length 1.69 µm for BPV RF DNA into 
6 the equation yields a molecular weight of 3.7 x 10 d. 

Molecular weight can also be determined using the mode length 

values. 

1976) and 

6 F.or <PX17 4 DNA with a molecular weight of 3. 6 x 10 
·. . 6 

a mode length of 1. 65 µm, M' is 2 .18 x 10 d/µm. 

d (Kay, 

Substitution 

of M' and the mode length of 1. 66 µm for BPV RF IlNA yields a molecular 
. . 6 

weight of 3.6 x 10 d. 

4.3.3 Estimation of Errors 

Pincushion distorti.on in lens systems results from spherical aber-
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Table 3. Comparison of Mode Length to Mean Length of RF DNA 

Mode Length Mean Length 
Preparation Fraction No. (]..tm) a a (µm) 

I 14 1. 66 + .01 1. 69 + .03 

¢Xl74 1.65+ .01 1.63 + .01 

II 12 1. 70 + .01 1.82 + .039 . 

¢Xl74 1. 74 + .004 1.74 + .01 

a Length + S.E. 
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rations and can never be completely eliminated. When these aberrations 

occur, the peripheral rays of light or the electron. be.am are distorted 

in relationship to those passing through the center of the lens. This 

results in a magnification .difference .between the periphery and the 

center of the field. Dis.tertian of this type in a well-maintained 

electron microscope at higher magnifications (above 5000.x) should, how-

ever, be negligible (Meek, 1976), Pincushion distortion at 20,000x in 

the Jeol lOOC electron mic't'.oscope could not be detected by the method 

described in Section 3.6.3. Pincushion distortion in the Omega enlarger 

was 1. 9%. 

Another source of error is the measurement of the tracings of the 

nucleic acid molecules. This error was 0.5% for measurements performed 

with the Kelsh 600-A digitizer• 

The accuracy of the grating replica is another source of error. A 

replica containing 54, 864 lines I inch (Fullam) was used in these studies. 

The grating lines could not be resolved by light microscopy. Therefore, 

a value of 1. 3% as determined by Lang (1970) for the same type of grat-

ing replica was used. 

4.4 Isopycnic Sedimentation 

Determination of bouyant density of nucleic acids has become a 

standard characterization procedure. The gradient purified Hirt RF DNA 

has a bouyant density in neutral CsCl of 1. 689 g/cm3 (see Figure 20); 

This value corresponds to the 1.688 g/cm.3 value obtained by Parris 

(1975) for Hirt supernatant DNA isolated from BPV infected cells. 
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4.5 Velocity Sedimentation 

It was of interest to determine the sedimentation characteristics 

on neutral and alkaline sucrose of the purified Hirt RF DNA. Figure 21 

shows the gradient profiles obtained from these studies. 

The neutral gradient contained 1 M NaCl. Under high salt condi-

tions, such as this, single-stranded DNA would be expected to sediment 

faster tha.n double-stranded DNA due to the high ionic strength. BPV 

single-stranded DNA111arker appears to sediIDent slightly faster (Figure 

2lb; see arrows) than purified Hirt RF DNA suggesting that the RF DNA is 

double-stranded. 

Under alkaline conditions, double-stranded DNA is denatured. A 

double-stranded RF covalently linked at one end, as proposed in the 

Berns and Hauswirth model (see Section 2.6; Figure 1) should become 

twice·as long under alkaline conditions and would be expected to sedi-

ment faster than a single stranded marker. The peak of purified Hirt RF 

DNA does appear to sediment slightly faster than BPV single-stranded 

marker DNA. It is a.lso interesting to note the shoulder on the main 

peak of RF DNA that is in a position corresponding to that of the single 

stranded marker. This shoulder appears to trail somewhat toward the top 

of the tube. 

McEwen (1967) has described a method for estimating the sedimen-

tation coefficient of nucleic acids from sucrose gradients, in which the 

rate of sedimentation varies directly with the difference in density 

between the particle and solution, and inversely with the viscosity of 

the solution. 
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Figure 2L Neutral and alkaline sucrose gradient profiles of purified 
BPV RF DNA. Arrotvs indicate position .of.marker BPV Peak I 
virion DNA. a) alkaline gradient. b) neutral gradient. 
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For the neutral sucrose gradient, under the conditions described in 

Section 3 •. 5. 3 and assuming that the gradient is linear, the peak of 

radioactivity sedimented to a sucrose concentration of 19% sucrose as 

determined from Figure 2la. This corresponds to a S value of 16. 

Substitution of 16 S intq the equation s0 20w = 0.0882 M0•346 derived by 

Studier (19:65) for molecular weight estimation, where M is the molecular 

weight, yields 3. 43 x 106 d as the weight of purified H:irt RF DNA. 

4.6 Hybridization 

In order to ensure that the purified Hirt RF DNA was viral specific, 

hybridization studies were performed. Hybridization techniques have 

been used successful.ly to demonstrate base sequence homology among 

various viral nucleic acids (Green, et. al., 196~l). Table 4 shows that 

85 to 89% of the purified Hirt RF DNA hybridized to double-stranded BPV 

Peak II DNA under the experimental conditions described in Section 3.9. 

BPV Peak II DNA is thought to represent annealed plus and minus strands 

of BPVvirion DNA (Saemundsen, 1978; See Section 2.4). Between 20 and 

23% of the .purified Hirt RF DNA is shoWn. to hybridize with BFS cell DNA. 

These results suggest that purified Hirt RF DNA.is indeed viral specific 

but has some cellular DNA contamination. 
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Table 4. DNA~DNA Hyhridization 

Input DNA 

BPV RF 3H-DNA 
(15, 010 cpm) 

BPV RF 3H-DNA 
(15, 010 cpm) 

~uplicate determinations 

, Immobilized DNA 
(µg/filter) 

BPV Peak II 
(.2 vg) 

Gell DNA 
(2 µg) 

Bound DNAa 
(cpm) (% of input) 

13384 
13024 

3485 
3144 

89 
85 

23 
20 



5. Dis.cuss ion 

5.1 Comparison of G-HCl ·a:ndliirt.Methods ::for Isolation of RF DNA 
' . ' 

The results obtained from pulse;..chase experiments with BPV ... infected .. · 

tells show that. there was a decrease with time in the amount of radio-

labeled.DN,A in the double-stranded region of the gtianidine-HCl gradients 

·and a conc.onnnittant increase in the. amount of radiolabeled DNA found in 

the single-stranded· region. these data indicate that there are molecules 

within the double ... stranded DNA region which are involved~ in some manner, 

in the synthesis or.evolution of the molecules in the s:i.ngle ... stranded 

DNA region~ Silli:Llar results were reported by Lavelle and Li (1977) for 

!(RV-infected cells. Thes~ molecules could not .be detected in gradients 

of mock-infected ceils suggesting that the DNA. isolated from .. BPV'-infected 

cells was viral ·specific.· The broad double-stranded. DNA region in these 

guanidinehydrochloride gradients indicate that there.is some hetero-
·. . .· 

geneity among the molecules found within this region. Thepresence of 

t,his l:J.et.erogene~ty. is fur.ther supported by the results from velocity 

·.sedimentation analysis in which the double-stranded RF DNA was dis ... 

tributed throughout .the gradient in the neutral. gradients .. A portion· of 

this RF DNA did 'cosed.iment with single..;stranded BPV marI<:er in alkaline · 

sucrose indicat;:ing that the DNA is similar in size. There is, however,·. 

a leading edge of the ~F .DNA peak suggesting, again,·· some heterogeneity 
. . . : 

among the molecules~ The most ·conclusive evidence for heterogeneity is 

· · the· variety of lengths present· in the electr.on mforographs of this 

85 
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double-stranded RF DNA of the original guanidine hydrochloride gradients. 

It is interesting to observe that the double stranded structure of these 

molecules is confirmed since they appeared to spread by the Kleinschmidt 

aqueous technique. 

Observation of spikes of radioactivity in gradients from mock-

iil.fected cells plus the presence of viscous material adhering to the 

sides of the centrifuge tubes used for sedimentation suggest that cellu-

lar DNA may be present in these gradients and also in gradients of 

infected cells. This cellular contamination may be a contributing 

source to the heterogeneity observed in infected cells. The possibility 

that the heterogeneity is due to incomplete pieces of viral DNA cannot 

be excluded. Hybridization studies would be necessary to confirm either 

alternative. 

A similar heterogeneity was initially observed with the Hirt method; 

however, furtherpurification separated the Hirt supernatant DNA to such 

an extent that characterization could be performed. Hydroxyapatite 

chromatography of Hirt DNA yielded a single peak of radiolabeled DNA 

eluting at a NaP concentration that falls within the range of the con-

centrations eluting double-stranded DNA indicating that the Hirt DNA is 

double-stranded. The length variation of this double-stranded DNA 

observed by electron microscopy again strongly indicates the hetero-

geneity within the sample. This was also seen in RF DNA isolated by the 

guanidine hydrochloride method. Cellular contamination is also suggested. 

Purification by velocity sedimentation in neutral sucrose, which 

separates DNA on the basis of size, shape and density, resolved a major 
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sharp peak of RF DNA. This technique appeared to separate the Hirt DNA 

to some extent in that there is a minor broad peak of radio-labeled DNA 

sedimenting slightly slower than the major RF DNA peak. This is in the 

region of the gradient where one would expect small DNA molecules to 

band. Electron microscopy of :molecules within this. region showed that 

these molecules were, indeed, considerably shorter than those in the 

main peak (data not shown). The origin of these small :molecules is 

unclear, as is the source of heterogeneity in the guanidine hydrochloride-

isolated RF molecules. Hybridization studies are needed to resolve this 

question of origin. 

Hybridization of the purified RF DNA from the main peak of DNA in 

the neutral sucrose gradient showed that the purified Hirt RF DNA mole-

cules were 85-89% virus specific. This is comparable to the 80% ob-

tained by Green et. al. (1969) for adenovirus DNA. DNA hybridization 

under similar conditions showed that the bound DNA was not due to non-

specific binding since the purified Hirt RF DNA probe did not adhere to 

blank filters and that the BPV Peak II DNA and BFS cell DNA were present 

on the filters. 

A small amount O·f cellular DNA was present in the purified Hirt RF 

DNA which must be kept in mind when looking at results from other experi-

ments. I feel confident, however, that the results obtained reflect the 

characteristics of the BPV RF DNA. The presence of this cellular DNA 

within the purifie~ Hirt RF DNA sample may be indicative of the source 

of heterogeneity seen in the results of experiments. In addition, the 

Hirt procedure seems better suited for studies with BPV-infected cells 
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than does the G-HCl method, since some of the heterogeneity could be 

eliminated through further purification. 

5~2 Contour Length Measurements 

The mean contour length of purified Hirt RF DNA, Prep I was 1. 69. µm. 

This should be the length of the monomeric form.. Molecules whose length 

approached calculated values for dimer and trimer molecules were also 

observed. These results are consistent with results obtained by Siegl 

and Gautschi (1976) for Lu III RF DNA. The Lu III monomer had a contour 

length of 1.55 µm while longer molecules of 4.7 µm were also observed. 

Singer and Rhode reported similar results for H-1 RF DNA. ·The contour 

length of the H-1 monomer was 1.53 µm and the dimer was 3.10 µm. BPV RF 

DNA appears to be somewhat longer than LU III or H-1 RF DNA. Comparisons 

of this type are somewhat difficult to make since these investigators 

used different spreading procedures. The affect of ionic strength on 

contour length has been discussed in Section 2.7. 

Several branched molecules (RI) were also observed in preparations 

of BPV RF DNA. Length measurements were not performed because of the 

small sample size. These molecules appear somewhat shorter than the BPV 

RF DNA. This might reflect a problem with the spreading procedure 

rather than a true length discrepancy since problems were also encountered 

with spreading of single-stranded BPV virion DNA. Siegle and Gautschi 

(1976) and Singer and Rhode (1977) also observed branched RI. They are 

also postulated in the Berns and Hauswirth (19·78) model for parvovirus 

replication. 

There appeared to be a length discrepancy between the two different 
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BPV RF DNA preparations that were measured. The molecules ft:'om Prep II 

were 7% longer than those from Prep I as determined by measurement and 

length comparison of <l>Xl74 RF II DNA. This apparent elongation iS 

possible with some spreading techniques due to ionic strength of the 

hypophase as described by Lang et , al. (196 7 ; see Sect ion 2. 1. 8) • 

Since distilled water from stock was used, it is possible that the ionic 

strength may vary from day to day which could cause such an increase in 

length to take place. The humidity also seems to play an important role 

in the spreading of nucleic acids for visualization. An intet:"esting 

observation that I noted is that the DNA spreads better on days which 

have more moisture in the air than very dry days. For example double-

stranded DNA spreads better during the humid summer than in the winter. 

r·also find it spreads better.on rainy days than dry sunny days. The 

humidity has an effect upon the static charges in the air which may in 

turn affect the interaction of the carbon film on the grids and the 

protein-DNA film. The result of this interaction could, of course., be 

reflected in the contour· length of the DNA molecules spread on different 

days. There is also a slight possibility that there was an error made 

in determination of magnification. This seems unlikely since three 

photqgraphs were taken of the grating replica at each calibration check. 

Histograms of the lengths of the BPV RF DNA showed a normal distri-

bution of molecules which suggests a single population of molecules. 

There does appear to be s01lle length heterogeneity since the graphs are 

somewhat broad especially that of Prep II, Fraction 12. Preliminary 

results with agarose gel electrophoresis also demonstrate this length 
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heterogeneity in that a broad band trailing toward the longer length 

region was observed. The preparati-ve neutral sue-rose gradients used in 

the purification of the RF molecules appear to have separated some of 

the different sized molecules from Hi.rt supernatants, but some hetero-

geneity still exist.s within the samples. 

Histograms of the other fractions from Prep I and Prep II are some-

what more complex. Two populations of molecules with different lengths 

appear to be present in these samples. Population I consists of mole-

cul.es whose lengths approach that of dimers and trimers. Population .II 

contains molecules with lengths similar to that of.the monomer BPV RF 

DNA. The origin of Population II is unclear, however, it may result 

.from nicks in the dimer and trimer forms of the RF DNA which break the 

molecules into monomer-like molecules. Hybridization stu<:lies are needed 

to confirm the viral specificity of the molecules from Population I and 

II. Firm conclusions as to the true existence of two size populations 

are also difficult due to the small sample size. 

Pincushion distortion in the electron microscope could not be 

.detected by the method described in Section 3.6.3. This is not sur-

prising since a relatively high magnification was used to view the 

grating replica. Insertion of a small objectiveaperature, as used in 

this study, also helps to reduce the affects of pincushion distortion 

(Meek, 1976). The area .of the total field which is actually photo'."° 

graphed in the Jeol iOOC electron microscope is the center portion. 

Pincushion distortion is greatest at the periphery of the field and is 

highly reduced, even at low magrtifications, in the center (Meek, 1976). 
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The greatest source of error stemmed from pincushion distortion 

within the Omega enlarger and the accuracy of the grating replica. Most 

of the molecules traced with the Omega Pro-Lab enlarger were, again, 

those more toward the center of the field than the periphery. The value 

of 1. 3% used for the error in the grating replica may or may not be a 

reasonable estimate. A better method is needed to measure this parameter 

than that described in Section 3. 6. 3. 

It is difficult to compare these errors in measurement of contour 

length for the other autonomous parvoviruses. Values for these factors 

which will influence the contour length were not reported by those 

investigators. 

The mode length of the BPV RF DNA was 1. 66 µm and represents the 

average length value of molecules occurring at the highest frequency. 

This is in contrast to the mean length determination which is the average 

length of all the molecules observed. The use of the mode length, 

exclusively can lead to a biased representation of the data since all 

the molecules that are observed are not included in length calculations. 

5.3 Molecular Weight Determinations Based on.Contour Lenghts and 
S-Value 

A value of L 689 g/cm3 was obtained for the botiyant density of BPV 

RF DNA. This agrees with the value obtained by Parris (1975) for BPV 

Hirt supernatant DNA. It is also similar to the value obtained by 

Saemundsen (1978; 1. 706 g/cm3) for Peak II BPV virion DNA, which is 

thought to represent annealed plus and minus strands. 

The estimated molecular weight of BPV RF DNA as determined by 
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electron microscopy is 3.7 x 106 d. This value is based upon the mean 

contour length of BPV RF DNA and is close to twice the value for BPV 

single-stranded virion DNA of 1. 7 x 106d (Saemundsen, 1978). The 

molecular weight of BPV RF DNA based upon the mode length is 3.6 x 106d. 

BPV RF DNA appears to behave as expected when sedimented in both 

neutral and alkaline gradients. The S1llall shoulder on the -ma.in peak of 

RF DNA as seen in the alkaline sucrose gradient (see Figure 20) appears 

to cosediment with the single-stranded BPV virion DNA marker indicating 

that these molecules are the same size. BPV RF DNA that is covalently 

linked at one end as specified in the Berns & Hauswirth model (Section 

2.6; Figure 1) should be denatured and sediment as a dimer. The presence 

of this denatured unit length BPV RF DNA may reflect a double-stranded 

RF molecule that.has been nicked to produce mononomer length molecules 

plus complementary strands of various sizes which could account for the 

trailing shoulder. Nicked molecules have been detected by agarose gel 

· electrophoresis for MVM RF DNA (Ward and Dadachanji, 1978). The authors 

· suggested that this nicking is due to the actual replication process of 

the virus within the infected cell and is consistent with present repli-

cation models. 

The reason that the single-stranded DNA marker and the BPV RF DNA 

are not separated to the extent that they are in a guanidine HCl gra-

dient is unclear. Perhaps the longer centrifuge tubes used in the G-HCl 

gradient and, of course, the different conditions under which the sedi-

mentation occurred had some .influence in the banding of the different 

DNA species. Whether these factors would cause such a dramatic differ-

ence in separation remains to be seen. 
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The value of 16S for the sedimentation coefficient of BPV RF DNA is 

a reasonable estimate and is similar to the S value obtained by Siegl 

and Gautschi (1976) of 14.7S for Lu III RF DNA and a value of 178 ob-

tained by Rhode (1974) for Hl R'F DNA. 

Several factors may have an affect on the estimation of sedimenta-

tion coefficient as it was described in Section 4.5. First, the gradient 

was assumed to be linear and the sucrose concentration determined by 

extrapolation to a line representing the sucrose gradient. Any concen.,-

tration discrepancy would not have been detected without actual measure-

ment, and this was not performed. Second, the calculations are based 

upon weight-weight solutions of sucrose (McEwen, 1967). Solutions for 

these studies were weight-volume solutions which may cause some errors 

in reading the tables used in the calculations. Even though these 

factors may have caused some error in the determination, I feel that the 

value of 16S obtained is reasonable estimate. 

The molecular weight of 3.4 x 106d obtained using the S-value of 16 

and its substitution into Studier's (1965) equation for determination of 

molecular weight agrees reasonably well with the 3.6x106d or 3.7 x 

106d values obtained from electron microscopy. The slight difference, 

again, may reflect a small error in the determination of the sedimen-

tation coefficient. 6 The 3.4 x 10 d molecular weight is twice the weight 

of single-stranded BPV virion DNA (Saemundsen, 1978). 

5.4 Concluding Remarks 

The following conclusion can be made based upon the results des-

cribed: 
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1 - The guanidine-hydrochloride method and the Hirt procedure are 

effective methods for th~ isolation of replicative forms from 

BPV.-infected cells, however, the Hirt ,procedure seems better 

suited for studies with BPV. · 

2 - The BPV RF DNA has a 1Ilean contour length of· 1. 69 ]...tili and hence 
. . 6 .· 

a molecular weight of 3. 7 x 10 d. The mode contour length .is 

1.66 µmwliich ylelds a molecular weight of 3.6x106d. 

3 - Two size populations were observed in the fractions sedimen--

4 -

ting in f.ront of the main peak of Prep I: 

a) Population ! contained molecules that were significantly 

longer than the predominant RF DNA spec~es~ These mole.-

cules approach calculated values for dimer and trimer 

replicative forms. 

b) Population II contained molecules that had mean lengths 

similar to the predominant RF DNA·species. 
. . . . 3 BPV RF DNA has a bouyant density of l. 689 g/cm .· in neutral · 

CsCl. 

5 - BPV RF DNA has an esti1lla.ted sedimentation coefficient of 16S. 

in neutral sucrose~ 

The origin of the heterogeneity in the RF DNA is unclear. Several 

lines of ·evidence suggest that it is due to cellular DNA contamination, 

however the idea that the heterogeneity is of.virtl origin canrtbt be. 

overlooked. Siegl (19.78) noted that the relative number of monomer and 

dimer length. RF molecules of the parvovirus Lu III varied with the.cell. 

type. He a!So observed short,dciuble;_sttanded DNA.in Hirt supernatants 
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from HeLa cells infected with Lu III. RF molecules in Hirt supernatants 

of Lu III,.-infected NB cells, however, were more homogeneous in size. 

Since the autonomous parvoviruses are dependent upon a cellular func-

tion (s )_ for their replication, perhaps the source of heterogeneity is 

the in degree of competency of the cells to synthesize and process 

parvovirus DNA. 

Perhaps the lack of a certain enzyme(s), or the small amount of it 

within a particular cell type could lead to the formation of incomplete 

DNA. The existance of defecti-ve Lu III virions containing less than 

unit length DNA have been described (Muller~ al_., 1978). The formation 

of these virions was said to be favored under different conditions such 

as host-cell system, multiplicity of infection and passage history of 

the cells. The cell type seemed to have greatest influence- on the 

formation of these defective particles. 

It would be interesting to study the BPV RF DNA isolated from 

different cell types capable of propagating the virus to see if the 

amount of heterogeneity remained constant. Studies of this type could 

also aid in explaining the packaging errors observed for BPV (Saemundsen, 

1978) that was also dependent upon cell type. 
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T. APPENDIX. 

Dulbecco's Salt Solution 

Ingredients per liter: 

Sodium ·Chloride.·-.... -• •.....•. •-· .. ·--· ...... Cl •••••.•. ".·--· •••. •·-. 

_D·is-odium·_ P~os~hat.e.H2o ..... ..... ·-· ...... o ••••••.••.•• ·-···-· •• 

Potassium Chloride ............................. "··-· ... o •.•• 

1'~gnesium Chloride-. H2.o ·-. •· •• -••• •- ·- ••.••• •• •·• •· • • • •· • ·--· • • • • • 
Monopotassium Phosphate •••••••••••••••••••••••••••••.•• 
Calcium Chloride ••••••••••••••••• 
Phenol Red ...... ···-·-·-··-·-•-• ... ·· 
Streptomycin ••••••••.• _ •••••••• 
Penicillin . ......... , . ·- ...... , ............ . 

Saline A 

Ingredients per liter: 

Sodium Chloride ••••.••••• •. .. • ....... ·-............ . 
Potassium Chloride •• 
Sodium Bicarbonate •• 
Glucose •••• 
Phenol Red. ....... ·• ..... 
Streptomycin •••••••••• 
Penicillin . ..... ··-· ... -. 

. . -· ............ . . ·-..... . 

100 

8 
0.12 
0.2 
0.1 
0.2 
0.1 
0.005 
0.1 

100,000 

8 
0.4 
0.35 
1 
0.02 
0.1 

100,000 

g 
g 
g 
g 
g 
g 
g 
g 
units 

g 
g 
g 
g 
g 
g 
units 

.1 
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ELECTRON MIG"R,OSCOPY OF BOVINE ?ARVOVIRUS 

DNA REPLICATION INTERMEDIATES 

by 

Rebecca B. Young 

(ABSTRACT) 

Several low molecular weight DNA species have been isolated from 

autonomous parvovirus-infected cells that could·not be demonstrated in 

mock-infected cells. The DNA species were termed replicative forms and 

intermediates. The purpose of this study was to isolate and charac-

terize the replicative forms from bovine parvovirus (BPV)-infected cells. 

Low molecular weight DNA was isolated from BPV-infected cells by 

the guanidine hydrochloride method and the Hirt procedure. Hetero-

geneity was present in DNA samples isolated by both procedures; however 

the Hirt procedure seemed better suited for studies with BPV-infected 

cells since some of the heterogeneity could be eliminated by further 

purification by hydroxyapatite chromatography and sedimentation through 

neutral sucrose gradients. 

Characterization of the purified Hirt BPV RF DNA by electron 

microscopy showed that the RF DNA was linear and had a mean length of 

1. 69 µm or a mode length of 1. 66 µm. Several branches molecules were 

also observed, however length measurements were not performed due to 

the small sample size. The molecular weight of the RF DNA based upon 



6 6 the mean length was 3.7 x 10 d and 3.6 x 10 d when based upon the mode 

length. Molecules approaching di1ller and tri-mer length were also observed. 

Sedimentaton analysis of the BPV RF DNA showed that the DNA had a 

bouyant density of 1.689 g/cm3 in neutral CsCl and an estimated sedimen-

tation coefficient of 16S in neutral sucrose gradients. The molecular 

weight of the RF DNA based upon the sedi1llentation coefficient was 
6 3.4 x 10 d. 

Hybridization studies showed that the RF DNA was of viral origin, 

but contained some cellular DNA contamination. The cellular DNA contam-

ination could be the source of the heterogeneity observed. 
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