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STATEMENT OF THE PROBLEM 

A. Purpose of the research 

The purpose of this research was to study the composition 

of adenovirus type 5 in order to determine the number of individual 

components and/or polypeptides associated with the virion. The 

method of disc electrophoresis was chased to separate both the cap~ 

sid (surface) antig~ns of adenovir~s type 5 and any antigens that 

may be present within the.capsid shell. 

During adenovirus multiplication, soluble antigens are pro

duced in excess of the amount necessary for incorporation into the 

mature virion. Three of these soluble antigens have been detected 

by numerous researchers and have been shown to be identical to 

structures comprising the capsid, or outer protein shell, of the 

intact virion. These antigens have been termed the hexon, the pen

tan, and the fiber (Ginsberg et al., 1966). 

Although the intact virion is necessary for infectivity, 

the soluble antigens of adenovirus have been shown to exert specific 

effects on adenovirus-susceptible cells. For example, the penton, or 

"toxin", is responsible for the early cytopathic effects in H:eLa 

.cells (Pereira, 1958;· Everett and Ginsberg, 1958). Also the fiber 

antigen has been shown to inhibit virus multiplication in HeLa cells 

if the cells are treated with fiber antigen prior to treatment with 

infectious viru~ (Pereira, 1960; levine and Ginsberg, 1967). 

1 
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Other specific properties have been attributed to the capsid· 

antigens. For example, the fiber and penton units are res~onsible 

for direct as well as indirect hemagglutination (hemagglutination 

of red .blood cells in the presence of.heterotypic antisera) (Rosen, 

1960; Pereira and de Figueriedo, 1962). In addition, the fiber; 

which is part of the penton in the virion, contains a knob-like· 

projection which is thought to be associated with aFtachment of 

the virus to a susceptible cell (Levine and Ginsberg, 1967). 

Since the viral antigens exert specific effects on cells, 

both .as soluble antigens and as components of the virion, separa

tion of the viral antigens from one another is· important for further 

study. Detection of any additional components of the virus can pro

vide a basis for determination .of possible new functions of the 

virion as well as a greater understanding of the structure of adeno

virus. 

The existence of adenovirus proteins that have not yet been 

isolated and characterized is likely.. Although much. is known about 

the external structure.of the virus, little is known about the in

ternal structure. At least 40 per cent of its volume has not been 

characterized. Investigators have recently obtained evidence indi

cating the presence of a new antigen of adenovirus. This antigen is 

thought to be located inside the viral capsid (Russell' et al., 1967c). 

The primary purp.ose of this research. is to determine t.he 

number of separate components or units of the virion; secondly, to 

separate the three principal viral antigens.by disc electrophoresis. 
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B. Approach to the problem--disc electrophores~s 

. Electrophoresis i~ a method for· the ~eparation of ionic 

components of a mixture .. The antigens of adenovirus are separable 

by electrophoresis in gel on the basis of s.ize and charge. Rela

tively little research has been done using electrophoresis for 

separation of adenovirus components. Prior to the development of· 

disc electrophoresis few electrophoretic techniques were. available 

that could be utilized efficiently for the separation and identi

fication of adenovirus components. Because of the difficulty in 

obtaining large ~nough amounts of purified virus. to give visible 

results after electrophoresis and staining, results of electro

phoresis in gels were assessed by supplimentary techniques, such 

as immunodiffusion. 

Disc electrophoresis is a very efficient technique for the 

separation and identification of components in a biological system. 

This technique includes· an electrophoretic step for concentrating 

ionic components into thin discs before the separation of components 

by molecular sieving and differences in electrophoretic mobility of 

the ions. During the concentration step a number of events occur. 

Glycine, an ion contained in_the buffer, has a mobility that is 

less than the mobilities ~f the sample ions. Chloride, an ion con-

·tained in the gel, has a mobili~y that is greater than the mobilities 

of the sample_ ions. The sample ions concentrate into thin discs be

tween the glycine and chloride ions, in an order dependent upon the 

electrophoretic mobilities of the sample ions. Following the con

centration step, the ions migrate into a gel with regulated pore 
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. sizes to obtain a molecular sieving effect 6n the ions. The small 

glycine ion readily passes through the pores, passing the sample 

ions, and establishes a 'voltag~ gradient in which the separation 

of sample ions occurs. 

Purified virus preparations ordinarily contain very.small 

amounts of protein. The concentration step of disc electrophoresis 

is especially effective for arranging virus components so that they 

will be visible following electrophoresis and staining. 

C. Controls 

The separated components detectable by disc electrophoresis 

must be established as viral. The use of a highly purified virus 

limits the number of non-viral contaminants obtained in electro

phoresed virus preparations. Controls should be kept at all stages 

of the purification procedure. These controls should be electro

phoresed simultaneously with corresponding virus preparations. 

Controls should al~0 be kept on all reagents used for electro

phoresis. These controls will identify components separated. by 

disc electrophoresis.that are not of viral origin. 



REVIEW OF THE RELATED LITERATURE 

A. Adenovirus isolation and detection of antigens 

In 1953 adenovirus was first isolated in tissue culture of 

tonsillar and adenoid tissue obtained from persons with "acute res

piratory. disease" (Rowe, 1953). Adenovirus particles were found to 

be regular icosahedrons with an outer capsid composed of 252 sur

face units· (Horne, 1959) and an inner core of DNA (Valentine, ·1958). 

The replication of adenovirus was found to be associated with the 

synthesis of at least three soluble antigens. The presence of 

these antigens was demonstrated by complement fixation (Huebner 

et al., 1954, Hilleman et al., · 1955), by conglutinating comple

ment-absorption (Prior and LeBeau, 1958), by red cell sensitiza

tion (Friedman and Bennett, 1957), and by the. Ouchterlony gel dif-

fusion precipitation technique (Tanaka, 1957). 

B. Separation of the soluble antigens of adenovirus type 5 

Many techniques have been.used to separat~ the s·oluble anti

gens of adenovirus. Among these are the techniques of immunoelectro

phoresis, DEAE chromatography, ·and density gradient centrifugation. 

They will be discussed· individually below . 

. Immunoelectrophoresis--In 1959 Pereira, Allison, and Farthing 

reported the separation of the soluble antigens of adenovirus by 

electrophoresis. Adenovirus type 5 was electrophoresed in 2 per 

cent washed agar in borate-phosphate buffer. Following electro

phoresis, the isolated antigens were reacted against homologous 

5 
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rabbit antiserum by immunodiffusion. Three precipitin lines were 

noted. The antigen reacting with ·the antiserum to form the precipi

tation line nearest the anode was termed 11AM1 antigen, and the anti

gen that migrated slightly toward the cathode was termed ncu anti

gel"l:· The antigen that migrated s li.ghtly toward the anode was termed 

"B" antigen. 

Antigen "A" was observed tQ have a negative charge at pH 8.3 

and an electrophoretic mobility corresponding. roughly with that of 

rabbit serum albumin. Antigen 11B11 was observed to have a negative 

charge and an electrophoretic mobility intermediate with that of 

rabbit serum alpha and beta globulins. Antigen "C" had a mobility 

simifar to that of rabbit gamma globulin and was observed to have a 

positiv~ charge at pH 8.3. 

Pereira et. al. (1959) also found that precipitation lines 

caused by the reaction of antigen "B" with homologous antise·rum 

could not be detected when adenovirus type 5 was either heated at 

70°C for ten minutes or treated with trypsin or other proteolytic 

enzymes prior to immunoelectrophoresis. Antigen "B" was separated 

from "A" and· "C"~ by sensitivity to heat and proteolytic enzymes. 

These investigators also studied the reactions of adeno

virus types 2 and 5 with various antisera by the Ouchterlony techni

que. They observed that reactions between adenovirus types 2 or 5 

and homologous antisera resulted in three well-defined precipitation 

lines. Gel diffusion reactions between adenovirus types 2 or 5 and 

their heterotypic antisera resulted in only one precipitation line. 

The precipitation line formed by the reaction of adenovirus and· 
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·heterotypic ~ntisera was continuous (formed a line of identity) with· 

one of the precipitation lines of the virus-homotypic antiserum. 

Antigen "A'm was identified as the antigen that cross reacted with 

both homotypic and heterotypic antisera. The precipitation· line 

resulting from this reaction was located in the gel closer to the · 

·antiserum well than were precipitation lines of the other reactions. 

Antigens "B" and "C" reacted with homotypic antisera, but 

only the former reacted to a slight extent-with hetero~ypic anti

sera. ~recipitation .lines resulting from the re':lction of these 

antigens and heterotypic antisera were visible only after staining 

the agar gels. The precipitation line formed by the reaction of 

antigen. "B" and homologous antisera waS" located nearer the antigen 

well than were the other precipitation lines. 

DEAE chromatography--In 1959 Klemperer and Pereira.reported 

the separation of the three soluble antigens byDEAE chromatography. 

Virus partially. purified by.~xtraction with fluorocarbon was applied 

to a·DEAE-cellulose column and eluted .by increasing concentrations 

of NaCl. Antigen 11C" was eluted from the column first, followed 

by antigen "~", and then, by· antigen 11A11u. The elution pattern in

dicated that the isoelectric points of the three antigens decrease 

in the same order. By gel-diffusion and complement fixation studies, 

antigen nA11
' was shown to be group· specific, and antigen "C" was shown 

to be type specific. No serologic cross. reactions occurred between 

an'tigens A and C, but antigens C and B were found to be antigenically 

related. Antigen B was seen to be intermediate in specificity be

tween the other capsid antigens. This antigen was also confirmed 
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as the cause of early CPE* observed in virus-inoculated cells. 

Philipson in 1960 and Wilcox and Ginsberg in 1961 also 

separated the three antigens by DEAE chromatography. The elution 

pattern obtained resembled that obtained by Klemperer and·Pereira. 

Density-gradient ·centrifugation--The three soluble antigens 

were separated from the infectious virus using. density.gradient 

centrifugation by· Allison, Pereira, and Farthing (1960) and by Wil-

cox and Ginsberg (1963). Wilcox and Ginsberg centrifuged freon 

tre~ted adenovirus type 5 in CsCl for 40 hours at 32,000 RPM. They 

found that infectious virus .concentrated in a narrow, dense band 

just below the middle of the centrifuge tube, and that soluble anti-

gens concentrated in a wider, less dense band about 2 to·3 mm above 

the virus band. The mean bouyant density of the infectious' virus. 

was found to be 1.3349 gm/cm3 , and that of the soluble antigens was 

found to be 1.2832 gm/cm3 . 

C. Evidence for the identification of soluble antigens as components 

of the intact virion 

Wilcox and. Ginsbe.rg in 1963 showed that the soluble antigens 

of adenovirus type 5 are identical with antigens contained in the 

intact virion. The following methods were used: infectious virus 

was banded three times on CsCl by density gradient centrifugation. 

Soluble antigens were also banded three times. Fractions were 

* Antigen B corresponds to the "cell detaching factor" de-
scribed by Rowe, Hartley, Roizman, and Levy in 1958 and to the "toxin-· 
like factor" described by Everett and Ginsberg in 1958. 
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collected after each centrifugation and assayed for infectivity and 

complement fixing activity with ant·iserum to adenovirus type· 5. 

Twice banded infectious virus was then disrupted into its component 

parts by dialysis against buffer at pH 10.5. The disrupted virus 

was subjected to density gradient centrifugation, and fractions 

were collected and assayed for infectivity and complement fixation. 

The disrupted ~irus showed ·significantly less infectivity than the 

non-disrupted fractions of the intact virus. This indicated that 

the intact virus had dissociated by .dialysis against buffer at pH 

10.5. In addition, complement fixation assays revea~ed .that dis-. 

rupted components band~d at a position corresponding to that occupied 

by the soluble antigens, and that the soluble antigens were immuno

logically identical to the disr~pted components. 

Infectious virus that had been disrupted by dialysis at 

pH 1'0.5 was also applied to a ·DEAE cellulose column. Fractions were 

eluted, and aliquots from the fractions that showed antigenic activ

ity by complement fixation were examined by electron microscopy. 

The structures seen were identical to those seen in purified pre

parations of the group- and type-specific soluble antigens. The 

results obtained by Wilcox and Ginsberg were proof that the soluble 

antigens of adenovirus type 5 are immunologically and morpholog

ically identical. to antigens contained in the intact virion. 

D. Purification and chemical analysis of adenovirus 

Green and Pi~a in 1963 developed a purification method for 

the isolation of milligram quantities ~f adenovirus type 2 of high 
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purity as determined by various criteria. Their purification pro

cedure included the following steps: (1) KB cells grown in sus

pension cultures and inoculated with adenovirus type 2 were har

vested by centrifugation at 2000 rpm for 20 minutes. (2) The 

resulting cell pellet was resuspended in. Tris buffer and cells 

were disrupted by freezing and thawing. (3) Centrifugation of 

~he suspension was conducted. at 2000 rpm for 20 minutes, and the 

supernatant was collected and subjected to treatment with gene-

tron: the supernatant and an equal amount of genetron were homo

genized_in an ice bath; the homogenate was then separated into an 

aqueous and an organic layer by centrifugation at 2000 rpm for 2 

minutes. The aqueous layer was collected and extracted with gene

tron by the method described above. The two organic layers were 

also treated with genetron in the same manner, and the resulting 

aqueous layers from the centrifugations were pooled. (4) Ultra

centrifugation was conducted as follows:. the aqueous pool was layered 

on RbCl (density 1.43 in 0.01 M Tris buffer) and ultracentrifuged 

at 20,000 rpm for 45 minutes. The intact virus s.edimented at the 

boundary of the RbCl and the suspending medium of the previously 

layered virus suspension. The virus was collected, suspended in 

0.01 M Tris, and subjected to two equilibrium density gradient 

centrifugations using RbCl. Intact virus concentrated into a 

translucent band in the centrifuge tube at a concentration of 

1.34. Virus collected from the band formed during the second den

sity gradient centrifugation represented a 35 fold purification of 

the virus contained in the initial cell pellet. The virus purified 
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bi this procedure was found to contain less than 0.01 per cent-host 

cell protein. 

From their purified virus preparation Green and Pi~a de

termined that adenovirus type 2 contained DNA in an amount equal 

to approximatelY: 13 per cent of the dry weight of the virus.· No 

significant amounts of RNA were detected in the adenovirus. The 

protein content of the virus·was found to be 87 per cent. Protein 

and DNA were concluded to be the primary constituents of adenovirus. 

A base analysis of the DNA of adenovirus types 2 and 4 re

vealed ratios consistent with the expected values for double 

stranded DNA. In these viruses there was a high guanine-cytosine 

content in relation to the .adenine and thymine content. [The 

guanine-cytosine ratio·;·has been used as a basis for classifying· 

adenoviruses into groups (Green, 1963).] 

E. Hemagglutinating activity and antigenic determinants of 

adenovirus 

Adenovirus types can be classtfied into one of four sub

groups based on their hemagglutinating activity (Rosen; 1960)~ 

Two types of hemagglutination are exhibited by adenovirus: (1) dir

ect hemagglutination is defined for adenovirus as the agglutination 

of rat or rhesus erythrocytes in the absence of heterotypic anti

serum. (2) Indirect hemagglutination is defined as the hemagg_lu

tination of rat or rhesus erythrocytes only in the presence of 

heterotypic antiserum. 



Comp.onents of the virion that are responsible for hemag

glutinating activity differ· among subgroups and, in some cases, 

among subtypes within subgroups. Rosen in 1960 and Pereira and 
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de Figueriedb (1962) determined ,that the hemagglutinating activity 

of adenovirus subgroup III (which includes types 1, 2, 4, 5, and 

6) is due to the penton and fiber antigens. The penton was found 

to cause direct hemagglutination, and the fiber was found to cause 

indirect hemagglutination. 

Direct hemagglutinating activity of adenovirus types 

classified in group I, on the other hand, was determined to be 

caused by an aggregation of 12 pentons ·forming a pentagonal dodeca

hedron. This structure was also observed in preparations of adeno

virus type 4 (subgroup III) and in preparations of adenovirus type 

9 (subgroup II)(Norrby ~ al., 1967). The penton of types 3, 4, and 

9 were determined to be responsible for indirect hemagglutinatiun 

(Norrby, 1966; Norrby et al., 1967). 

F. Morphology of subunits of the virion 

In 1965 Smith et al.· pr.ovided information about the arrange

ments of subunits in the adenovirus capsid and the ma~ner in which 

the subunits were held together. Varying concentrations of sodium 

la~ryl sulfate, an anionic detergent, were used to disrupt whole 

virus particles. The resulting dissociated viral components were 

studied by electron microscopy. Two predominant types of clusters 

of capsomeres were o~served: (1) type A groups, which consisted of 

clusters of six capsomeres, and (2) type B groups, which cons~sted 

of nine capsomeres. 
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Valentine and Pereira in 1965 studied the antigens of adeno

virus type 5 by electron microscopy and by gel diffusion. Antigen 

A was seen to b~ the principal component with 240 capsomeres on the 

surface of the virion that have six nearest neighbors. Each capso

mere unit· was found to have a diameter of 80 R. ·Antigen B was 

identified by electron microscopy and found to be the capsomeres 

on the twelve vertices of the virion which have five nearest neigh

bors. This structure was observed to have a round head 80 R in dia

meter which was attached to a tail 200 R long and 20 R wide with a 

40 X knob on the end. Antigen C was seen to exist in the virion as 

part of antigen B, and to be the same as antigen B without the head. 

The head of antigen B was observed.to he trypsin sensitive; after 

treatment of antigen B with trypsin, this antigen converted to anti

gen C. The m9lecular weight o~ antigen A was estimated to be about 

210,000; that of antigen. B, about 280,000; and that of antigen C, 

70,000. 

The viral capsid was estimated to be 80 R thick·and to 

account for less than 40 per cent of the total volu~e occupied by 

the icosahedral virion. A dense region about 400 R across the cen

ter of the adenovirus was also noticed in thin sections and positive 

staining with uranyl acetate. This region, which was observed to 

occupy about 20 per cent of the volume· of the virion, was thought 

to be occupied by the.viral DNA. Another layer between this region 

and the surface of the virus was observed to be at least 150·~ thick. 

The units of this region could not be seen in the negatively stained 

pictures of broken virions or detected immunologically. The contents 

of this region have not been determined. 
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G.· · Evidence for an internal protein 

Ginsberg et al.· in 1966 proposed the names, hexon, penton, · 

and fiber for antigens A, B, and C, respectively .. Since 1963 these· 

antigens had been recognized as components of the adenovirus capsid. 

Very little had been established, however, about the internal struc-

. ' 
ture of the virion. Using electron microscopy Epstein et al. in 

1960 and Horne in 1963 obtained evidence for an internal protein. 

Philipson i~ 1967 also obtained evidence for an. internal protein 

while studying adenovirus eclipse. 

In 1967a, during a study of the effect of heat on the archi-

tecture of adenovirus type 5, Russell et al. reported the possible 

presence of a previously undescribed protein that was apparently 

contained within the capsid. They observed that the removal of 

capsid antigens from the virion by heat did not by itself account 

for the observed increase in density of the nucleoprotein that re-

mained. The increase.in density could be explained, however, if it 

were assumed that there was an internal-protein comprising as much 

as 20 to 30 pe~ cent of the total viral protein. Morphological 

examination of fractions from density gradient cent~ifugation of 

virus showed thread-like objects in the apparent absence of capsid 

antigens. Examination of heated virus also show~d similar objects, 

although not so we~l defined, that were found in close association 

with ruptured capsids. The authors suggested that the "thread-like" 

objects coul~ be a viral nucleoprotein and the denatured product 

of a more ordered structure. 
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Russell et al. 1967b obtained evidence that suggested pos-

sible existence of an internal protein while studying the properties. 

of adenovirus antigens and their sequential development in infection. 

Antisera were prepared that were specific for the known capsid 

antigens:· the hexons, pen tons, and fibers. Antisera were also 

prepared to penton bases. In addition,. Russell et al. prepared 

an antiserum to an extract from cells that had been infected .with 

* adenovirus type 5 in the presence of an inhibitor of DNA synthesis. 

This antiserum was found to fix complement with an antigen, de-

signated npn antigen, that appeared early after infection of cells. 

The time of appearance of_the P antigen was seen to be a function 

of the multiplicity of infection. Fibers and hexons could be de-

tected 4 hours after the appearance of the P antigen, and penton 

bases could be detected 2 hours after the appearance of the fibers 

.and hexons. At this time infettivity als~ appeared, indicating 

that viral components were being incorporated into the virion. When 

virus infectivity reached maximum levels, a decrease in the CF 

activity agains ant·i-P serum was observed. The P antigen, like the 

penton base, was seen to be heat labile. The authors speculated 

that the p antigen might be a precursor of a viral component or 

that it might be a regulatory protein or enzyme necessary for virus 

* In 1965 and 1966 a number of investigators studying cells 
infected with adenovirus types 12 and 8 detected an antigen syn
thesized early in infection ·that was immunologically distinct from 
the capsid antigen. This antigen, called T antigen, was found to 
be synthesized in infected cells even in the pre~ence of inhibitors 
of DNA synthesis. 
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replication. Another possibility considered ~as that the P antigen 

might be an internal protein intimately connected with the viral 

nucleic acid. 

To determine whether or not the P a~tigen detected by com

plement fixation might be the internal protein suggested by the 

density gradient centrifugation tests and electron microscope ob~ 

servations, Russell and Knight conducted another experiment. Whole 

virus was dissociated by· "aging" at 4°C for varying periods of time. 

The 11 agingu process .was used in an att:empt to disrupt the· virus with

out destroying the capsid antigens and the heat labile·P antigen and 

penton base. Anti-P serum (as previously described) was used in com

plement fixation tests and radioactive-agglutination tests to detect 

P antigen in whole virions and in the 11aged" viral· preparations. P 

antigen could not be detected in the whole virus·preparation, but 

was detected in the "agedu preparation. These results suggested 

that-P antigen could be detected only after the interior of the virus 

had been exposed. Subsequent electron microscope examination. re

vealed many broken capsids. This was an indication that the "aging" 

of the viral preparation had caused viral dissociation. 

Green in 1962 and Green, Pi~a, and Kimes in 1967 reported 

that adenovirus contains only protein and DNA. Valentine and Pereira 

in 1965 noted that only 60 per cent of the volume of the virion is 

accounted for. Because of these facts· and the results of their 

experiments, Russell et. al. (1967c) concluded that either the DNA 
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of the virus is very loosely packed into the remaining space inside 

the capsid or that there ·exists an internal protein. 

H. Disc electrophoresis 

Technique--The physical differences in the· three antigens 

permit their separation by electrophoresis. A very sensitive 

method of electrophoresis was developed by Ornstein ari.d Davis in 

1964.· Using whole human serum they showed that disc electrophoresis 

was an effective method for concentrating and separating ionic com

ponents of a mixture. Ornstein contributed to the background artd 

.theory of disc ele-ctrophoresis, and Davis contributed to the tech

niques involved in utilization of d{sc electrophoresis ·for separa

tion .of components of human serum. To illustrate the sensitivity 

of this type of electrophoresis, Davis showed that 20 serum proteins 

were separable from a sample of whole human serum by disc electro

phoresis. Comparable electrophoresis of whole human serum in starch 

gel resulted in the separation of only 12 serum proteins. 

Ornstein and Davis indicated that two primary mechanisms 

are involved in disc electrophor~sis that contribute to the sen-

sitivity of the system. (1) The first mechanism involves the for-

matiqn of· "thin starting zones'' for components; while in a "large 

pore geln the components stack up as thin discs according to dif

ferences in mobility. The components then enter the· "small pore 

geP~, or "separating gel11 • (2) The second mechanism involves the 

sieving effect of the "small pore geP'; separation of components 

is obtained not only by difference in mobility as determined by 
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charge but also on the basis of the molecular size of the component 

in relation to -the gel pore size. 

Ornstein observed that there are many advantages in using 

polyacrylamide gels. These. advantages include thermostability, 

transparency, strength, chemical inertness, availability of a 

large range of pore sizes, and they are non-ionic. 

Davis showed that as little as 200 ~g of protein can be 

electrophoresed with visible results after staining. Other ad

vantages of disc electrophoresis were shown to include the follow

ing: (l) relative simplicity, (2) minimal amount of time to com

plete, .(3) reproducibility; (4) suitability for comparative studies, 

(5) clarity of gel for absorption.studies, and (7) ability to elute 

components from the gel for use in further tests. 

Disc electrophoresis applied tb separation of adenovirus 

proteins--Maize!, in 1966, used disc electrophoresis to" detect pro

teins of adenovirus type 2. Virus was first radioactively, tagged 

and then purified by the method of Green and Pina (1963). Maizel 

~sed preformed CsCl gradients instead of RbCl giadients~ Electro~ 

phoresis was conducted following dissociation of the virus by sodium 

dodecyl sulfate and 2-mercaptoethanol. Eight to ten electro

phoretically different kinds of proteins were detected. Maizel 

indicated that treatment with sodium dodecyl sulfate and 2-mercapto

ethanol dissociated viral structures to their ultimate polypeptide 

chains without breaking known covalent linkages other than disul

fide bonds. He also stated that preliminary chemical and immuno

logical studies (unpublished) of proteins obtained by electrophoretic 

I 
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fractionation indicated that the virion is more complex immunolog-

ically than·had been previously thought. Since adenovirus particles 

have DNA genomes of approximately 23 ~ 106 Daltons (Pilfa and Green, 

1965), they can code-for more than the known number of proteins. 

Maizel stated that it is pr9bable that adenovirus DNA specifies for 

a number (possibly a large number) of nonstructural proteins. This 

type of protein has not as yet been identified in adenoviruses. The 

large number of electrophoretically different proteins obtained in 

this research may indicate that the known antigens are th~mselves 

aggregates of different proteins (Pereira and Valentine, 1967).* In 

1967 Maizel et al. using disc electrophoresis determined that the 

electrophoretic mobility of the polypeptide structural compo~ents 

of adenovirus types 2, 7, and 12 are different for each type. 

Disc electrophoresis was again utilized in a study of adena-

virus type 2 in 1967 by,Petterson, Philipson, and Hoglund. Viral 

hexon antigen was· purified by a process involving the. following 

techniq~es: freon extraction, CsCl density gradient centrifugation, 

agarose chromatography, DEAE cellulose chromatography, preparative 

polyacrylamide electrophoresis, aJ?-d sucrose density gradient centr.i-

fugation. The resulting hexon preparation was analyzed for purity 

by analytical ultracentrifugation, electron mtcroscopy, polyacrylamide 

*Evidence that the fiber antigen is composed of_more than one 
reactive site was obtained by·Pereira and de Figueriedo in 1962. 
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electrophoresis, and immunodiffusion. Hexon preparations 'obtained 

from elution of adenovirus from bEAE chromatography resulted in the 

appearance of 6 to 8 bands following polyacrylamide electrophoresis, 

but the most purified hexon preparation resulted in the appearance 

in only one band following polyacrylamide electrophoresis. An amino 

acid analysis of the hexon antigen was also conducted. The argenine 

content in the hexon was noted to be significantly lower than that 

in the intact virion. The authors stated that this fact may indi

cate the presence of an internal protein rich in this amino acid. 

Disc electrophoresis has also been used to separate com

ponents of poliovirus (Maizel, 1963) and to analyze sialidase from 

influenza virus (Seto and Hokama, 1964). 



MATERIALS AND METHODS 

A. Virus production 

Virus· was produced in HeLa (or KB) cells which were grown in 

monolayers. Cells were grown in 32 ounce bottles and fed with Eagle's 

.:MEM containing 10 per cent fetal calf serum (FCS), 100 units/ml of 

penicillin, 2.5 ~g/ml of streptomycin, and 25 units/ml of ~ycostatin. 

Cells were checked for bacterial contamination by inoculation of 

suspended cells onto blood agar plates and into thioglycollate 

broth. After formation of a cell monolayer, the growth media was 

removed and 9 ml of Hank's Balanced Salt Solution (BSS) was put into 

each 32 ounce bottle containing a cell monolayer. One ml of adena-

. 5 . . . . 1 106· S TCID v~rus type suspens~on conta~n~ng approx~mate y 
50 

was 

inoculated into each bottle. Bottles·were·incubated for one hour 

at room temperature. After the incubation period, the inoculum 

was removed, and cells were fed with Eagle's .:MEM containing 2 per 

cent fetal calf serum. An equal number of uninoculated control 

bottles were prepared as described above. 

Uninoculated cell controls were harvested after three to 

five days, while infected cells were harvested· after development 

of 3+ or 4+ CPE (75 to 100 ~er cent of cells demonstrating a cyto-

pathic effect). Cell preparations were treated as follows: cell 

monolayers were washed three times with ~saline, removed from 

the glass· using a rubber policeman, and resuspended in rr saline 

21 
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as a 10. per cent·cell suspension of the original media volume. Cells 

harvested in this manner.were frozen (at minus 20°C) and thawed six 

times to disrupt cells and release virus. The· crude cellular debris 

was removed by centrifugation at 6600 x G for 20 minutes· at 4°C. 

The supernatant was· stored as crude virus. 

B. Virus purification 

Crude virus and control tissue preparations were purified 

using methods similar to those of Green and pii(a. (1963) as follows: 

Freon extraction of virus~-Two parts of cold freon (Genesolv

n*) were added to one part virus supernatant (obtained as described 

above), and the resulting mixture was homogenized at 0°C for one 

minute with a Virtis· n45 11 homogenizer (at a setting of 30). The 

aqueous layer of the homogenate was separated from.the freon layer 

by centrifugation at 1800 x G at 4°C. The aqueous layer was then 

re-extracted with freon and recentrifuged as before. The resulting 

aqueous layer .was stored as freon extracted virus or freon extracted 

controls. 

Assay of viral activity--Freon extracted virus .and controls 

were tested for antigenic activity by passive hemagglutination (PHA) 

using the method of Stavitsky (1953) as modified by Lefkowitz (1967).. 

Fresh sheep. red blood cells in Alsevers solution were washed three 

times in n saline and then resuspended as a 2.5 per cent cell sus

pension in phosphate buffered saline (PBS) at pH 7.2. One part cell 

*Allied Chemical Company 



suspension was mixed with o·ne part 1:20,000 tannic acid in PBS. 

After incubation for ten minutes. at 37°C the cells were centri

fuged, washed with PBS, and resuspended in-PBS. 
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The test antigens were coated on the erythrocytes as follows: 

one volume of the resulting tannic acid-treated RBC in pH 7.2 buffer 

was added to four volumes of buffer pH 7.2 plus one volume of the 

virus dilution to be assayed. The mixture was allowed to incubate 

at room temperature for ten minutes. During this incubation period 

the viral antigens attached to (coated) the tanned red blood cells. 

After incubation, the cells were centrifuged, washed, and resus

pended in 1:100 normal rabbit serum (NRS) in PBS. 

The antigen-coated erythrocytes were added to four fold 

dilutions (diluted with NRS) of rabbit antiserum to adenovirus type 

5. Antigenic activity was assayed by micro-PHA (Lefkowitz, 1967) as 

follows: five hundredths ml of a 0.625 per cent suspension of coated 

erythrocytes was added to 0.1 ml antiserum dilutions in microtiter 

dishes, and the resulting mixture was incubated at room temperature 

for three. hours. Results were read. as the highe-st dilution of anti

sera reacting with the antigen-coated cells to cause complete hemag

glutination which was recorded as 4. Less complete hemagglutination 

reactions were recorded as ±, 1, 2, or· 3. Cell controls, serum con

trols, and "known" antigen controls were used in all tests. 

Infectivity of viral preparations was titrated by the 

following method: HeLa cell monolayers were grown in culture· tubes 
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using the same growth media as previously described. Prior to ino

culation of virus, cell monola~ers we~e fed with 0.9 ml of Eagle's 

MEM containing'2 per cent fetal calf serum. One-tenth ml of adeno

virus type 5 dilutions in ten-f6ld increments was inoculated .into 

each tube. Mon6layers were examined daily for six to eight days, 

and cytopathogenic effects that were recorded as ±, 1, 2, 3, or 

4. Uninoculated cell controls were kept with each titration. 

Protein determinations for virus preparation were made from 

optical densities read at settings of 260 and 280 m~ on a Beckman 

spectrophotometer with an ultraviolet light source according to the 

method.of Layne (1963). ~aline controls were used for standardi-

zation. 

·preparative ultracentrifugation--The freon extracted virus 

preparations were purified using ultracentrifugation in a refriger

ated Beckman ult~acentrifuge with an SW-50 rotor. The antigens 

were ·either subjected to one cycle of density gradient centrifuga

tion or to;.a· combination of ncushionn ultracentrifugation and den

sity gradient centrifugation. 

(1) Density gradient centrifugation--Twelve ml of freon 

extracted virus and comparable controls were concentrated separately 

to 3.4 ml by pressure dialysis using twelve lbs/sq. in. of pressure.· 

Each concentrate was mixed with 1.7 ml of a 11.38 molal solution 

of CsCl and centrifuged at 86,000 x G for 40 hours. After centri

fugation, twenty to twenty-three fractions were collected by the 

bottom drip method using· a Buchler fractionating devi6e. Each 
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fraction consisted of exactly twenty drops. One ml of n'saline was 

added to each fraction. Fractions were then tested for antigenic 

activity by PHA, and for infectivity in HeLa cells as previously 

described. Fract~ons active by PHA were pooled for subsequent 

tests. This pool was labeled "V fraction". Control fractions 

corresponding to "V fractions" were combined and termed 1nC frac

tions". (The 11 C fractionsn contained non-viral components that 

were not removed by the methods used for virus purification.) Both 

~nv fractions" and "C fractions" were dialyzed against 0.01 M sodium 

phosphate buffer at pH 7.2 to remove CsCl. 

(2) Cushion procedure--Thirty cc.of freon extracted virus were 

concentrated to 4 cc and layered on 1 c~ of CsCl having a density of 

1.43. The virus was centrifuged at 20,000 rpm for 1 hour. After 

centrifugation the intact, infectious virus concentrated into a band 

on the surface of the CsCl layer, and the soluble antigens remained 

in the supernatant. Th~ supernatant was ·harvested from the top of 

the centrifuge tube.by aspirating with a needle and syringe, and the 

virus band was harvested by side puncture of the tube with a 26 

gauge needle and a one ml syringe. The virus was located as a white 

opalescent band. 

The virus band and the supernatant were subjected separately 

to equilibrium density gradient centrifugation in CsCl as previously 

described. The virus band that ·resulted from re~centrifugation of 

intact virus was collected again by side puncture of the centrifuge 

tube and was suspended in 3 ml of saline. Fractions from the centri

fuged supernatant were collected by the bottom drip method as described 



26 

for density gradient centrifugation. These fractions were ass~yed 

for antigenic activity by PHA, and the five fractions showing the 

highest antigenic activity were pooled. 

Both the virus band and the pooled supernatant fractions 

were dialyzed overnight against p.o
4 

buffer at pH 7.2 to remove CsCl. 

The pooled fractions were labeled. as "supernatant" and were frozen. 

One cc of the virus· band suspension was labeled as "intact virusn 

and was frozen. Two cc of the virus band were dialyzed 'for 4 days 

against sodium carbonate-bicarbonate fuuffer at pH 10.5 (0.2 M) to 

disrupt the virus into its component antigens, as described by 

Wilcox and Ginsberg (1963). The resulting suspension was labeled 

udisrupted virusu and frozen for later use. 

C. ·Disc electrophoresis 

Materials--Vertical electrophoresis was conducted by a method 

similar to that of Ornstein (1964) and Davis. A Canalco electro-· 

phoresis apparatus with a six ·s:ample capacity and a constant current 

Spinco power supply were used. These are shown in Figure 1. 

Each sample migrated through two types of gel: the spacer 

gel and the separating gei. (1) The spacer gel (or "large pore geP~) 

contained 1.25 gm per cent acrylamide (monomer) and 0.31 gm per cent 

BIS (N, N'-Methylenebisacrylamide) (comonomer). These reagents were 

incorporated with sucrose into a Tris, HCl solution to give a pH of 

6.7. Riboflavin and TEMED (N,N,N'-Tetramethylethylenediamine) 

were added as catalysts, and the gel was photopolymerized by fluore

scent light. (2) The separating gel (or nsmall pore gel") contained 
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Fig. 1 

Disc· Electrophoresis Equipment 

The Spinco power supply and Canalco Electrophoresis 

Model 6 Apparatus are shown. 
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either 7 gm per cent or 5 gm per cent acrylamide and either 0.1 gm 

per cent or 0.184·gm per cent BIS. These reagents were incorporated 

into a Tris-HCl solution to give a final pH of 8.9 .. Ammonium per

sulfate and TEMED were added as catalysts. Percentages of each re

agent used in each gel .(except for acrylamide and BIS in some of the 

runs) were the ·same as those used by Davis ( 1964). 

Formation of gels and application of sample--Before poly

merization occurre~, the separating gel mixture was put into 7 mm 

outside diameter glass tubing cut into 9.5 em lengths. Enough of 

the ge~ .mixture was used to fill 4.5 em of the tube length. Dis

_tilled water·was then carefully layered over the top of the mixture 

and polymerization was allowed to proceed for about forty minutes. 

After polymerization occurred, the water layer·was shaken off, and 

the gel surface was washed with the spacer gel mixture. The spacer 

gel mixture was then put on top of.the separating gel until a sec

tion of the tubing· 1 em long had been filled. Water .was layered 

on top of the spacer gel mixture and photopolymerization was allowed 

to ppoceed under fluorescent light for twenty to thirty minutes . 

. After polymerization of the spacer gel occurred, the water layer 

·was shaken off, and 0.1 ml of 60 gmper cent sucrose and a 0.5 ml 

s·a.mple were put into the column and mixed together. This solution 

filled a space in the ~ubing about·3.5 em long. On top of this 

suspension was layered a small amount of diluted spacer gel solu

tion, which was allowed to photopolymerize under fluorescent light. 

These techniques are summarized in Figure 2. 
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Fig. 2 

Formation of Gels for Electrophoresis 
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Electrophoresis.~-The tubes containing the gels and sampl~s 

were inserted into the electrophoresis apparatus, and the upper 

and lower buffer b.aths were filled with a cold Tris-Gl~cine buf~er 

at pH 8~3 .. A small amount of tracking dye (0.001 per cent Brom

phenol alue) was incorporated into the upper 'buffer for standardi

zation of the length of runs. The tracking dye was a marker for 

the front of the moving boundary pH gradient. During electro

phoresis the dye concentrated in a blue disc that moved through 

the gel towards the anode (bo~tom buffer). When this disc ap

proached the bottom of the gel the current was turned off, and 

gels were ·removed from the tubes by rirrnning_with a needle and 

expelled using a stream of water. Electrophoresis was conducted 

at 5°C for one and a half to two hours with a constan·t current 

of five rna per sample gel (if six samples were electrophoresed 

concurrently, a current of thirty rna was used). 

The gels were then treated by one of two methods: (1) the 

whole gels were stained overnight with a stain Gonsisting of 1 gm 

per cent Amido Schwarz in 7 per cent acetic acid, or (2) one half 

of the gel which was split longitudinally, was stained as above 

and the other half was used in innnunodiffusion tests. 

After staining, gels were put into large test tubes con

taining seven per cent acetic acid for removal of excess stain. The 

acetic acid solution was changed several times· a day for two or three 

days until gels were clear between bands of electropho~esed components~ 
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(This manual method of destaining was found to be more satisfactory 

than the electrophoretic method of destaining described by Davis 

[1964]). Gels were then stored in seven per cent acetic acid. 

Most of the electrophoresis conducted was done by the 

method desc'ribed by Davis, with the cathode in the upper buffer, 

the anode in the lower buffer, and the separating gel below the 

_sample. To detect components that move toward the cathode ~t pH 

"'"' 8.3', however, ·several of the gels were inserted upside down into 

the electrophoresis apparatus so that the spacer gel and separating 

gel would be above the sample. 

D. Immunodiffusion 

Unstained electrophoresed samples were used for immunodif-

fusion studies. If immunodiffusion was to be done, gels were sliced 

lengthwise immediately· after electrophoresis: on~ half of each gel 

was then stained with Amido-Schwarz dye (for reference purposes), 

and the·other half was sliced crosswise into 2 nun-discs, which were 

then embedded in a gel consisting of 1.5 per cent agar Nobel (Difco) 

in veronal buffer. Some· gels·were not sliced into discs, but were 

embedded intact. The embedded d'iscs o~ intact gel halves·were in

cubated at 20°C with antisera in trenches cut parallel to the row 

of embedded discs. Precipitation lines were visible the following 

day and were observed for about a week. 

Antise.ra used in ·immunodiffusio1;1 studies--(1) Anti-adena-

virus type 5 sera was obtained from a rabbit previously injected 

with 1 ml freon extracted adenovirus type 5,. boosted after· three 

* The fiber antigen migrates slightly toward the cathode 
at pH 8.3. 
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weeks with 1 ml of the same preparation, and bled for. sera one week 

later. This antisera was used unconcentrated in immunodiffusion 

studies. (2) Anti-hexon sera was obtained from a rabbit that had 

·been injected with hexon antigen, boosted with-the same preparation 

after two weeks, and bled for sera after thirty-four days. The hexon 

used for injection had been obtained.by separa~ion of freon extracted 

adenovirus type 5 antigens by DEAE-cellulose chromatography.. This 

antisera was concentrated eight-fold by the method described· below. 

(3) Anti-fiber sera was obtained from a rabbit injected with· fiber, 

boosted with the same antigen after two wee~s, and bled after thirty 

one days. The fiber antigen had been obtained by DEAE chromato

graphy of freon extracted adenovirus type 5. This antisera was 

also concentrated eight-fold by the met~od described in the following 

paragraph. (4) Pooled (unconcentrated) anti-fiber and anti-hexon 

were used in preliminary-immunodiffusion tests. Anti-fiber and anti

hexon sera were prepared in two different rabbi~s by the method used 

to prepare the prev~ously described antisera except that bleeding of 

the two rabbits was on day thirty-four (after initial inoculation) 

and day eighteen respectively. 

Concentration of antisera--Concentration of antisera was 

necessary for immunodiffusion studies. Gamma globulins were pre

cipitated by adding equal parts of antisera and saturated ammonium 

sulfate. The precipitate was removed by centrifugation at 13,000 

·rpm for thirty minutes at 4°C. The precipitate was then resuspended 
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in 3 ml of cold water and the resulting mixture was dialyzed for 

24 hours against five changes of ~saline. Pressure dialysis using 

12 lbs. of pressure per sq. in~ was then used to concentrate the 

gamma globulin to a final eight-fold concentrate. 



RESULTS 

A. Preliminary experiments 

Disc electrophoresis was shown by Ornstein and Davis·(l964) 

to be a very. effective method for· the fractionation of human serum. 

Preliminary tests were conducted to defermine the usefulness of 

their technique for the separation of the various subunits and 

polypeptides ot adenovirus type 5. Two basic criteria were estah-

lished for evaluation of the technique:· ( 1) the sys tern should be 

sensitive and allow separation·of more than three virus components. 

(Three components of adenovirus type 5 are usually separable using 

other forms of electrophoresis.) (2) Results obtained by this· system 

should be reproducible. 

Evaluation of the technique--Experiments were designed to 

test the sensitivity and the reproducibility of the method. Four 

identical samples of freon extracted adenovirus type 5 were sub-

' 
jected to disc electrophoresis using the method of Ornstein and Davis 

(1964). Each sample consisted of 0.5 ml of .virus containing.approxi-

mate ly 0·. 33 mg/ml protein. · E lee trophores is was conducted for a stan-

dard length of time as described in Materials and Methods. 

Results of the.experiment indicated that at·least ten sub-

stances had been separated from each of the samples subjected to 

disc electrophoresis. After staining, these components appeared as 

"bands," located predominately in the upper one-third of the separating 

36 
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gel. A dark band.was located in each of the four separating geli 

about 1 1/2 em from the top. This was later~ found to be a major 

antigenic component of adenovirus type 5. The bands observed fol

lowing electrophoresis·and staining of each of-the four samples 

were uniform. From these results disc electrophoresis was determined 

to be useful for the separation of components of adenovirus type 5. 

Modification of the disc electrophoresis system--A series of 

experiments were conducted to test modifications of the technique 

of Ornstein and Davis. These experiments were for the purpose of 

determining variations of their technique that would allow- better 

Beparatio~ of adenovirus type 5 components. As a result of these 

experiments two modifications in technique were made: (1) instead 

of incorporating the sample into a "sample gel" as used by Ornstein 

and Davis, the virus sample was mixed with 60 per cent sucrose in a 

ratio of 5:1, and this suspension was layered' on top of the polymer

ized spacer gel; (~) to remove excess stain from gels, "manual de

stainin~ti (washed stained gels with 7 per cent acetic acid after 

staining until excess stain was removed) was utilized instead of 

electrophoretic destaining since the latter of~en caused migration 

or diffusion of bands. These modifications were used throughout 

this research. 

B. Studies-of adenovirus type 5 antigens 

Virus at different stages of purity were used to locate and 

separate the viral antigens from the host co~pone~ts. The results 

of the experiments utilizing disc electrophoresis and immunodiffusion 

will be described in the following paragraphs. 
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Freon extracted virus and controls--Adenovirus type 5 and 

compar~ble controls were freon extracted as described in Materials 

and Methods. An, aliquot of adenovirus type 5 (crude virus) that had 

not been freon extracted was kept for comparative studies. Both crude 

.and freon extracted virus were assayed for antigenic e3:ctivity by·PHA. 

Table I shows· the results of a ·typical assay .. It should be noted .that 

within the range of dilutions tested, i.e. 1:10 through 1:80, only 

small differences in antigenicity·were obtained using the standard 

reference adenovirus type 5 antiserum. 

Crude virus, freon extracted virus, and freon extracted con

trols were subjected separately·to the modified technique of disc 

electrophoresis. The results obtained after staining the gels are 

shown in Figure. 3. Numerous components of both crude· and freon ex

tracted virus preparations were separated by disc electrophoresis. 

Many of the bands in the crude virus gels and in the freon extracted 

virus gels were observed to correspond to bands in the freon extracted 

control gels. These bands, therefore, represented-non-viral materials 

present in both virus· and control preparations. 

These results indicated that viral components could be iden

tified' by disc electrophoresis; however, because of the large number 

of non-viral components in stained gels, further purification was 

needed. 

Freon extracted ~denovirus type 5 and corresponding·control 

preparations were used for immunodiffusion studies. Following electro

phoresis, gels were sliced longitudinally, half was stained, and the 

other half was sliced into 2 mm discs and allowed to react with anti

sera. Results are shown in Figure 4. ·Four different precipitation 
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TABLE I 

ANTIGENIC ACTIVITY"k. OF FREON EXTRACTED VIRUS 

Adenovirus Type 5 Antiserum 

Antigen 40 160 640 2560 10240 40965 163980 c 

1:10 4 4 4 4 4 '4 2 

1:20 4 4 4 4 4 4· 1 

1:40 4 4 4 4 4 3 1 

1:80 4 4 4 4 3 3 1 

c'~c* 

Determined by passive hemagglutination 

** Control 
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. -· ... 

A and B 

C ·and D 

Fig. 3 

Electrophoresed Freon Extracted 

Adenovirus and Controls 

Crude virus gels 

Freon extracted virus gels 

E and F Freon extr.acted control gels 

The- reproducibility of results should be noted. Also 

note the bands present in the upper one-third of the virus 

gels that are not present in the control gels . 
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Fig. 4 

Immunodiffusion Studfes of Electrophoresed 

·Freon Extracted.Adenovirus 

,• 

A -- Freon extracted virus gel cut into 2 mm discs. 

Note the p~esence of four precipitation lines. 

B -- Freon extracted control gel c'ut into 2 mm 

discs. - No precipitation lines were detectable~ 

Denotes bound~ry of spacer $el and separating 

gel. 
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lines were observed between adenovirus type 5 antisera and antigens 

diffusing from the sliced 2 nun discs. These antigens were located 

in the upper one-third of the separating gel. . Precipitation bands 

were not observed between viral antigens and the pool of anti-hexon 

and anti-fiber sera. No precipitation lines were observed between 

control antigens and any of the antisera used. 

From the above results it was determined that antigenic com

ponents of adenovirus type 5 ~igrated only into the upper one-third 

of the separating gel during electrophoresis. Methods were modified 

to allow deeper penetration_of the antigens into the separating gel 

so that better separation of the antigens could be obtained. Two 

.modifications were tested. (1) Electrophoresis was conducted for 

twice the normal length of time. As a result, antigens penetrat.ed 

farther into the separating_gel, but bands obtained after staining 

were diffuse and irregular-when compared to previous results. (More 

diffusion of components had apparently occurred, with a significant 

loss in resolution.) (2) The s_eparating gel ~·vpore size'11 was increased 

by changing the acrylamide concentration in the gel from 7.0 gm·per 

cent to 5.0 gm per cent and the BIS concentration fr6m 0~1 gm per 

cent to 0.184 gm per cent. This increase in 11gel pore sizen allowed 

better penetration of virus com~onents through the separating gel, 

as shown in Figure 5. 

Virus and controls purified by density gradient centri

fugation--Freon extracted v.irus and control preparations were con

centrated four-fold and subjected to density gradient centrifuga

tion. Following centrifugation, twenty to twenty-three fractions 
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·Fig. 5 

Effect of Gel Modification 

A -- Freon extracted adenovirus gel containing 7 per 

cent acrylamide. Electrophoresis conducted for normal length 

of time. 

B jreon extracted adenovirus gel containing 7 per 

cent acrylamide. Electrophoresis conducted for twice the. 

normal length of time. 

C -- Freon extracted adenovirus gel containing 5 per 

cent acrylamide. Electrophoresis conducted for normal length 

of time. 

Note that the heavy band in gel C has penetrated 

farther into the separating gel than the corresponding heavy 

band of either gel A or gel B. 
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Figure 5 
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were collect_ed from each centrifuge tube. Aliquots from each of 

these fractions were diluted 1:25 and assayed for antigen_ic activity 

. by_: PHA .. A typical curve can be seen in Figure 6. Only six of the 

fractions had antigenic activity by PHA. · No antigenic activity was 

found in the control gradients. The virus fractions with antigenic 

activity and the six corresponding control fractions were pooled 

separately and dialyzed overnight against t saline. These po~ls 

were_subjected to· a second cycle of density gradient centrifugation· 

for further purification. Fractions·were collected, and antigenic 

activity was assayed by PHA as before~- Antigenic activity of the 

11 twice banded" virus fractions was comparable to that previously 

found, except that· the ·activity was located primarily 'in five frac

tions. These five virus fractions and fiv~ corresponding control 

fractions were pooled separa-tely and labeled "V. fractionsu and ••c 

fractions" respectively. V fractions and C fractions were then sub

jected to disc electrophoresis. Six bands were observed after stain

ing the virus gel. No bands were observed after staining the control 

gel. 

nv fraction gels" and ·nc fraction gels" were also used' in 

immunodiffusion studies. Longitudinal halves of gels were either 

sliced into two-mm discs or used intact and allowed to react with 

adenovirus type 5 antisera, anti-hexon.gamma globulin, anti-fiber 

gamma globulin and against a serum containing ·antibodies to HeLa cells 

and to other constituents contained in crude preparations of· a_deno

virus type 12. R~s~lts are shown in Figure 7. Four precipitin lines 
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Fig. 6 

Separation of Viral Antigens·by Density 

Gradient Centrifugation 

The reciprocal of the antiserum dilutions are shown 

on the vertical axis. Antigen fraction~, shown on .the hori

zontal axis, were diluted 1:25. . Note that the antigenic 

activity is located in fractions 11 through 16. 
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Fig. 7 

Inuminodiffusion Studies of Electrophoresed Viral 

Antigens Purified by Density Gradient Centrifugation 

A "V fraction*'· 
' . ' -intact gel. 

B nv fracti.on•rf.,.g~l in 2 mm discs. 
. (,~.: . 

C· -- nv fraction''; intact . ge 1., check for negatively_ 

. moving component. 
•.·!.'! 

D WIJC 
·::.~~ 

fractionn ~-:·· .. intact· . ,, : .. gel. 

E "C fract-ion n • 
. ' gel in 2.inm discs.-

F "C fractionu; ·intact ge 1-, check fbr negatively 

moving component. 

Boundary·between spacer gel and separating gel. 
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resulted between:"V fraction" and adenovirus type 5 antisera when 

intact. gel halves were used (Figure 7A). One precipitin line was 

seen between "V fraction" and anti-hexon gamma globulin. : This pre

cipitin line corresponded to the dark, broad band in the·reference 

gel. This band was therefore thought to be hexon. When gel halves 

were sliced into 2 mm discs, five precipitin lines were detected as 

seen in Figure 7B. 

Pereira et al. (1959) reported that "C" antigen (fiber) of 

adenovirus type 5 migrates toward the cathode in agar during electro

phoresis using a buffer of pH 8.4. A modification of the disc elec

trophoresis method was made to test for migration to the cathode. 

Samples of both "C fraction" and "V fractionu were subjected ~o disc 

electrophoresis and subsequent immunodiffusion experiments with adeno

virus type 5 antisera .. Results are shown in Figure 7C .. A faint band 

was observed in the "V fraction'' spacer after electrophoresis· and 

staining. A precipitin line comparable to this faint band was observed 

in a position between the "V fraction" spacer gel and the adenovirus 

type 5 antiserum·well. 

Since corresponding controls for all virus preparations were 

negative by electrophoresis and immunodiffusion, the precipitin lines 

observed between uv fraction" ·gels and antisera were pro~ably. due to 

reactions of virus specific antigens with antisera. It was difficult 

to determine which bands corresponded to precipitin lines other than 

those thought to be due to hexon-antiserum and fiber-antiserum re

actions. Additional studies were necessary, therefore, to confirm 



53 

the location of the hexon and fiber in the g_el and to identify the 

penton. The results of the above experiments are shown in Table II. 

Experiments were conducted to locate the hexon, penton, and 

fiber antigens of aqenovirus type 5 following disc electrophoresis. 

To prepare a highly £oncentrated preparation of soluble virus anti-

gen, the freon exttacted virus ~as concentrated ten-fold~and.sub-

jected to "cushionn ultracentrifugation as described in Materials 

and Methods. Following centrifugation, the s~pernatant (located 

above the virus band) was collected and recentrifuged using density 

·gradient methods. After the second centrifugation, fractions were 

collected dropwise and assayed for antigenic activity by'PHA. Five 

consecutive fractions showed a peak of antigenic activity. These · 

fractions were pooled* and dialyzed overnight against·Po4 buffer·at 

pH 7.2. The dialyzed fractions·were again:assayed for antigenic 

activity by· PHA.· ~n antigen dilution of 1:25 reacted with the anti-

adenovirus type 5 serum diluted 1:10240. The purified viral antigens 

were found to contain 1.34 mg protein/ml. Disc electrophoresis ~as 

carried out using these antigens and the results are shown in Figure 

8. At least twelve electrophoretically different components could 

be detected after staining. Six of the bands were considerably 

darker than the others and corresponded to bands seen· previously in 

·ttv fraction" gels. 

'~"These fractions· will be referred to as "purified viral 
antigens. 11 



Freon extracted 
virus 

uv fractionu 
(intact ge 1) 

"V fraction11 

(2. rpm discs) 

"V fractionu 
(check for 
cathode-moving 
component) 

"~~TMBTC 

TABLE II 

SUMMARY OF ELECTROPHORESIS AND 
IMMUNODIFFUSION RESULTS 
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NO. OF PRECIPITIN REACTIONS 
No. Electro
phoretic 
Bands 

TMBTC'I~ 

6 

6 

1 

Anti 
Ad-5 

4 

4 

5 

1 

Anti Anti 
Hexon Fiber 

Anti 
He La 

2 0 0 

0 

-:- Too many bands to count 

Anti Hexon & 
Fiber Pool 

0 
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Fig. 8. 

Purified Adenovirus Antigens Separated by 

Electrophoresis 

A -- Purified viral antigens that migrated toward the 

anode during electrophoresis. Six bands can be seen clearly. 

Six other bands are less distinct. · 

B .. -- Purified viral .antigens that migrated toward· the 

cathode during electrophoresis. One band can.be seen in the 

spacer gel. 

In this research, the ·band marked '111 P 11 was determined 

to be the hexon antigen, the· band marked ."2" was determined 

to be the penton antigen, and the band marked n3n was deter

mined to be the fiber· antigen. 
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A B 

-

Figure 8 



Disc electrophoresis was also conducted by the method used 

to detect cathode-moving componentsr After-staining~ one faint band 

was observed in the spacer gel . 

. Pereira et aL in 1959 reported· that heating ade~ovirus type 

5 at 70°C for ten minutes destre,yed the penton antigen. An experi.;. 

ment was conducted, to detect hea·t labile components present in the 

purified viral antigen preparations. Two aliquots of purified viral 

antigen were heated separately. for ten minutes at 63°C and 70°C re

spectively and subjected to disc elec.trophoresis. An untreated 

sample of purified virus was used as a control. The results are 

shown in Figure 9. Two bands were lost after heating virus at 70°C 

for ten minutes (Fig. 9C). When the virus preparation was heated at 

63°C for ten minutes, the two bands were still observed, but failed 

to take up as much stain as the unheated virus gel (Fig. 9B). 

To further identify bands observed following electrophorests 

and staining, purified preparations of hexon, fiber, or penton were 

subjected to disc el~ctrophoresis for comparative s;tudies .. These 

preparations were fractions obtained by subjecting freon extracted 

virus to DEAE-cellulose chromatography. Fractions determined by PHA 

and complement-fixation (CF) tests to: .. be fiber,. penton, and hexon 

were pooled separately and concentrated by pressure dialysis using 

12 lbs. of pressure/~q. i~. Results of disc electrophoresis of these 

purified preparations are shown inFigure 10., It can be seen that 

·staining of purified hexon resulted in the appearance of a band in 

the separating gel that corresponded to the dark, broad band observed 

after staining of all virus preparations (Fig. lOC). Electrophoresis 
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Fig. 9 

Effect of Heat on Adenovir:us ·Components 

A Purified viral -ant·igens. 

B. Purified viral antigens heated ~t 63°C for·lO 

minutes prior to electrophor~sis. 

0 .. 
C ~- Purified viral antigens heated at 70 C for 10 

minutes .prior to electrophoresis.· 

Note that two. bands in gel B are ·less intense. than 

the corresponding bands in gel A. In gel C these bands ·are 

not distinguishable. 
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Figure 9 
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Fig. 10 

Comparative.Rlectrophoresis Using Both Purified Viral 

Antigens and the_ Isolated Penton, ·Hexon, 

and Fiber·Antigens 

A -- Purified viral antigen gel (postively moving 

components). 

· B. Put~ified p·enton. 

C Purified hexon. 

D Purified viral antigens (negativ~ly moving 

components). 

·E Purified fiber. 

· F Saline blank. 

The purified penton and hexon correspond to bands in 

the purified viral antigen gel containing positively moving com

ponents. The purified fiber corresponds to a band in the puri~ 

fied viral antigen gel containing the negatively moving component. 
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of penton resulted in the appearance (after staining) of a band in 

the separating gel, that cqrresponded to the lower of the two. bands 

{ormed by the heat labile components in the purified viral anti"gen 

preparations ·(Fig. lOB). When electropho~esis of fiber antigen was 

conducted such that cathode-moving components would be detected, 

one band was observed in _the spacer gel after staining (Fig. lOD, 

lOE). 

C. Disruption of complete virions 

Virus obtained by the method of 11cushion11 ultracentrifuga

tion which was followed by equilibrium centrifugation as previously 

described was disrupted by dialysis for four days at-pH 10.5. An 

aliquot of intact virus (dialyzed o"vernight at pH 7.2) had been 

stored' for comparison with the disrupted virus. Following 'electro

phoresis a small amount of hexon antigen was detected after dis

ruption of the virus band. Infectivity of "intact virus" was com

parable to that of the freon extracted virus preparation (ten-fold 

concentrate) from which it was obtained. No infectivity was demon

strated for· the "disrupted virus. 11 PHA assays of. intact virus and 

disrupted virus revealed that no hemagglutinating activity·was pre

sent in either preparation. (Hemagglutinating activity is due to 

both the fiber and penton antigens.) Table III shows the amount of 

protein, infectivity, and antigenic activity of the:preparations used 

in this experiment. A considerable amount of protein was .lost after 

purification of freon extracted virus. As expected, infectivity was 

·associated w:.Eth the intact virus, and early CPE (within 24 hours) 

was associated with viral subunits. 
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'TABLE III 

QUANTITATION OF VIRAL PROTEINS 

Virus Protein No. of Total Infect- Toxic-
"lc PHA*"'c 

·Preparation mg/ml ml ·Protein mg ivity ity Titer 

Freon Extracted 5.150 .3.5 18.025 + + >40965 
Adenovirus 

. Purified Viral 1. 306 7.0 9.142 +· 10240 
Antigens 

Virion Intact 1. 383 1.0 1.383 + 

Disrupted 0.343 2.0 0.686 

*cytopathic effect visible less ·than 24 hours 

**Passive hemagglutination tit~r of antigen diluted 1:25 and 
represented as· reciprocal of antibody titer 



DISCUSSION 

The technique of disc· electrophoresis as described in this 

research was effective for the·separation of components of adeno

virus type 5. Substances with a molecular weight of 1,000,000 are 

ordinarily too large to penetrate into either the spacer or separa

ting g~l. ·since the intact virus particle has ~molecular weight 

of 87,000,000, it did not penetrate into the gels. 

Using other types of electroph~resis, researchers have demon

strated three principal subunits of adenovirus type 5 (Pereira et _al., 

1959). These three substances were identified as hexon, penton, and 

fiber, which are the principle antigens comprising 'the virus capsid 

(Pereira et al., 1959; Ginsberg. et al., 1963). Maize! reported that 

at least ten distinct polypeptides were associated with adenovirus 

type 2. In this research thirteen components were separated from 

adenovirus type 5 preparations. Three of these substances were iden

tified as hexon, penton, and fiber~ as des6ribed in the following 

paragraphs. 

The dark, heavy band ·1. 5 em from the top of the separating 

gel (following electrophoresis and staining of virus preparations) 

was due to a component having many of the characteristics of ~exon 

'antigen. Pereira ~ al. (1959) observed that t~a:ntigen A" (hexon) 
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migrated farther toward the anode during agar·gel electrophoresis 

than did "antigen BM1 (penton) or "antigen Cllli (fiber). He observed 

that antigen B also migrated toward the anode, but antigen G migrated 

slightly toward the cathode. The component causing the dark, he~vy 

band previously described showed the same type of· electrophoretic 

mobility as antigen A by migrating farther toward the anode than 

did the other principal antigens. ·Pereira et al. (.1959) also deter

mined that antigen A diffused in' agar more readily than did. the other 

· antig§ns. He observed that the precipitation line formed by the re-

action of antigen A-and adenovirus type 5 antisera was located nearer 

the antiserum·well than were the precipitation lines formed by ~he 

reaction of adenovirus type 5 antisera and.antigen B or antigen C. 

Although a diff~rent type of electrophoresis was used in this research, 

the same phenomena were observed to be associated wit? the component 

thought to be hexon. This component also reacted specifically with 

anti-hexon gamma globulin. In addition, purified hexon antigen* 

migrated 1.5 em into the peparating gel during disc electrophoresis. 

This distance·was comparable to the faster moving component repre-

sented by the dark, broad band which was present in purified virus 

and thought to be hexon. 

The band thought to be the penton antigen was located in the 

separating gel (about 1 em from the top) slightly above the'"hexon 

*Purified hexon ~ntigen refers to hexon separated from virus 
preparations by DEAE-cellulose chromatography as previously. described. 
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b dn ·k an . During electrophoresis, migration of the npentonn corres-

ponded t6 migration of antigen B (penton) as described by.Pe~eira 

et al. (1959). Electrophoresis of purified penton antigen resulted 

in the appearance of a band (after staining) comparable in location · 

to that thou'ght to be pent;on antigen. Since the pen ton was reported 

to be heat· labile (Pereira et al., 1959), this was one of the cri-

teria used to locate this substance. One ·of the two heat labile 

components found in this work corresponded to the position occupied 

by the component·assumed to be penton antigen. The other heat labile 

component may be-an aggregation of twelve pentons such as those re-

ported in preparations of adenovirus types 3, 4, and 9 (Norrby, et 

al. , 1967). 

When electrophoresis was conducted in order to detect the 

cathode-moving components, one band was observed in the spacer gel 

above the virus sample following staining. Both the distance and 

the direction of migration of this component were· comparable to 

findings for antigen C (fiber) by Pereira et al. (1959) as previously 
- ' . --

described. In- immunodiffusion' tests the negatively moving fiber re-

acted with adenovirus type 5 antisera to form·a strong precipitation 

line. Finally, comparative disc electrophoresis using purified 

fiber resulted in the appearance of a faint band similar to that 

thought to be the fiber antigen. 

Precipitation lines were not seen after reacting the 11 fiber 1n 

with the anti-fiber gamma globulin by immunodiffusion. However in 

'i~ 
-or~Hexon band 11 refers to the band cone luded to be due to 

the hexon antigen. 
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other tests, this preparation of gamma globulin did not react with 

freon extracted virus or any of the other antigens contained in the 

gel. It is probable that the antibody titet of this preparation was 

too low to react with the test antigens. 

Bands obtained by electrophoresis and staining of purified 

hexon, ~enton~ ~nd fiber antigens we~e we~ker than bands of the 

corresponding antigens from density gradient purified virus prepara

tions. This difference is probably caused by the greater concentra

tion of-antigens in the purified virus prepar~tions. Viral ~ntigens 

eluted from DEAE columns were unconcentrated and contained less pro

tein than the ~quivalent amounts of purified virus . 

. Precipitation reactions were probably specific for viral 

antigens since control antigens did not:~.·react -with antiser~. The 

six visible bands observed following electrophoresis and staining 

of "V fractions'' (virus _purified from an original four-fold concen

trate) were probably of viral origin since no components were detec

table following electrophoresis· and staining- of- tivc fractions" (cor

responding controls). Likewise, the negatively moving component was 

probably of viral origin. 

A total of twelve bands ·were found after electrophoresis and 

staining of the ten-fold virus concentrates~ Six of these bands 

corresponded to bands in "V fraction" gels. In addition, one nega

tively moving component-was detected that corresponded to the nega

tively moving component in f~v fractionn gels. This virus was· puri

fied by a method similar to that used by Green and Pi«a (1963). 
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These investigators reported that less than 0.01 per cent of host 

cell components were ·present in their purified virus prepar~tions. 

This amount of non-viral material should not be detectable by disc 

electrophoresis. 

Since much of· the internal structure of adenovirus type 5 

is unknown, some of the bands (other than those identified as hexon, 

penton, and fiber) could represent internal proteins not yet separated 

·by other methods~ These bands may represent an internal protein of 

adenovirus type 5 wfuich has been termed the "P" antigen (Russell et 

al., 1967). 

Electrophoretic bands other than those identified as hexon, 

penton, and fiber may be aggregat~s c~ntaining different amounts of 

the same basic unit(s). For example, when Smith et· al. (1965) used 

electron microscopy to examine preparations of disrupted adenovirus, 

he observed clusters containing different-amounts of capsomeres. 

Most of the clusters contained either nine or eighteen subunits. 

Wilcox ~ al. · (1963) used electron microscopy to study preparations 

of soluble antigens of adenovirus type 5. He·also saw aggregates of 

capsomeres containing different amounts ·of these subunits. In pre

parations of adenovirus types 3, 4, and 9, Norrby et al. (1967) de

tected aggregates consisting of twelve pentons in the form of a 

pentagonal dodechadron. Aggregates. such as these should be ~eparable 

in a gel such as polyacrylamide, which.exerts a "molecular·sieving 

effect" on proteins. 

Electrophoresis of disrupted virus resulted in the appearance 

of only hexon antigen after staining .. Wilcox and Ginsberg (1963) 



69 

determined that the hexon antigen was the primary substance derived 

from similar disruption of intact virus particles. Since the hexon 

antigen is present in the intact virion in an amount equal to twenty 

times that of the penton, one would expect the former to be in 

greater quantities than the latter in preparations of disrupted 

virus. It is probable that a larger quantity of virus was needed 

in this research to detect fiber and pe.nton antigens in disrupted 

virus. 



SUMMARY 

Studies were conducted using disc electrophoresis for the 

separation-of adenovirus type 5 components. A modification of the 

disc electrophoresis method of Ornstein and Davis (~964) was used. 

At· least. thirteen elecirophoretically different·proteins were separ

ated from adenovirus type 5 preparations purified by methods· similar 

to those of Green and Pill'a (1963). Twelve of these components mi

grated toward the anode during electrophoresis; one component mi

grated toward the cathode. The separated components were identi

fied as viral in origin by comparative disc electrophoresis of con

trols and by immunodiffusion studies reacting ~denovirus type 5 

antisera with the viral antigehs separated by electrophoresis. 

Similar immunodiffus~on studies were conducted using controls. 

·The_ separated viral subunits were identified as hexon, pen

tan, and fiber.antigens.using immunodiffusion, heat treatment and 

comparative disc ~lectrophoresis. The hexon was observed to migrate 

farther toward the anode than the other viral antigens·during electro-

·phoresis .. More· hexon was obtained than other components. The penton 

migrated toward the anode into the separating gel to a position 

slightly behind that occupied by the hexon. The fib~r migrated 

slightly toward the ·cathode during electrophoresis. Other compon

ents found after electrophoresis may be aggregations of hexon and 

penton as well_ as internal components not previously identified. 

7.0 
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