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ABSTRACT

MITOCHONDRIAL STUDIES OF HUMAN SKIN CELL
CULTURES INFECTED WITH VERRUCA VIRUS

by Peter Gieuhil Walyaki

This study was designed to investigate the effects of
verruca virus on the mitoohondria of human skin cells and
partiocularly the total mmber of mitochondria in the cells.

The oells were produced in two types of media bPut the
serur nutrient was the same. The source of verruca virus was
fresh wart tissues and tissue stored in SO per eent phos-
phate buffered glyserine. Morphological and cysologioal .
studies of mitochondria from infected test cells and uninfected
cells were done, Cells were homogenized and then fractionated
using differential centrifugation methods. The mitochondiria
were identified by their ability to stain with low concentra-
tions of Janus green B. Comparison of the merphology of
mitochondria isolated from the cells and those seen in the
intact cells appeared similar. Mitochondria from infected
cells were mainly filamentous, elongated or slightly swollen.
Mitochondria from uninfeocted cells were mainly rodlike.
Infected cells, regardless of medium, contained more mitochon-
dria than the uninfected cells.
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INTRODUCTION

The human war$ virus from verruca vulgaris, a meaber of
the papova group, is related to polyoma and papilloma viruses.
The virus is of oconsiderable interest as it is the only virus
known t0 produce tumors in man. The tumors sometimes become
malignants The verruca virus is struoturally similar te the
polyoma virus which produces malignant diseases in animals,

The viral causation of malignant tumors in man s at -
present a theory and rests only on indirect evidence. The
best basis for this bellief lies in the undisputed role of
viruses in malignancies of animalse It is therefore diffiocult
to oconceive that the human species would de so unique as te
escape infection by viruses which produee tHumors.

Infection of a cell with a virus is nanifested in many
wayse The effect may be observed in the sell, the organ
and the complete animale The most frequent mieroscopio
result of viral infection is necrosis and degeneratioa,
however, this may not always be observed. Also, neorosis
and degeneration are the final remults of infeotion. Infeo-
tion of a cell by a virus produces changes, some of whioh
are not easily determined and may require special methods for
their detection. VWhen viruses penetrate suitabdle cells they
multiply at the expense of the cells. Since viruses lack
the full physiological and bdiochemical endowment of ocells,
they are unable to generate the snergy required for their
multiplication. Consequently they depend on the enzyme
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systems of the infected eells %0 smupply the emergy.

The living oell is a very complex unit: It is the fun-
damensal unit of which all living organisms are made. There
are many types of cells and the eells of the draim or skin
tissae are different in merphology as well as in funcsion.
Despite the differences all cells have several things in
ccmmen: They have a cell membrane, a oytoplamm eontaining
various organelles and a omtral nucleus. In additiom %o
having some definite structures, eells have a mumber of fume-
tienal capacities in sommen.

The pretoplamm of living cells has been studied exten-
sively Btut much remains to be understecd. What was originally
considered s strusture ecmposed of an external membrane, a
eytoplam and a central muoleus has beenn shown $o be differen~
tiated into erganelles adapted t0 ocarry om the many diverse
processes of 1life, With the aid of the elestren microscope,
eell diclogists have begun to discern the molecular activities
of the parts of the system. In recent years, their work has
converged with that of the bicchemists who have trased some
of the pathways by which the cell carries out the bdiechemiocal
reactions which underlie the processes of life,

One of she most important components of the cell are the
mitochondrias They are the sites of oxidative resctions that
provide the oell with the energy i needs for its metadbelio
and synthetic reactions. The mitochondria are pressnt in all
1iving cells, doth animal and vegetadble. They are the “power.
plants® of all life. Each mitochondrion is adapted %o its
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function by a fine struotures They extrast energy from the
chemical bonds in the nmutrients of the cell by oxidation and
respiration: The energy is generated in the form of the
eompound ademnosine triphosphate (ATP)s The ATP in tumm steres
the energy produced in the mitochondria and supplies 1% to
the cell when needed,

It 18 alee mown that she mitechondria are an extyemely
sensitive indiecator of cell injury. It was Sherefore decided
to study the effects of verruca virus en the hest-oell mitochem
dria, particularly as the virus affects the total mmbder of
nitoshendria ia skin tissue celle under variocus experimental
oconditions, Other studies inoluded the cytelogical and
norphological charasterization of the mitochendria doth in the
intact oells and in the isolated state.
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Common warts may be separated into four varieties (1).
1, Verruca wvulgaris--the raised warts frequently observed
on the hands. 2. Verruca plana juvenilis which are umally
found on the hands and face of childrem. 3. Verruca
acuminata which are pointed filiform and csuse genital
lesions which may become malignant. #. Laryngeal papillomata.
Warts may ocour alse on lips, in she nostrils, in she
auditory meatus or on the edges of eyelids.

Poot (2) desoribes the common wart as a denign Stumer
which is usually compesed of a mumbeyr of papillae cemprising
horny soales and clustered in patches. It may de flat and
the papillae inconspiocuocus or 18 may resemble a Suft of haix-
1ike projections clustered on a stalk: I may have a cauliflower-
1ike complexity. The papillae may, in some instances, be
fused into a horanlike preocess, attaining a sentimeter or mere
in length and dismeter and project from a oupped depression
in the skin.

Warts 4iffer from malignant cancers in that they grew
outward from the surface of origin, while cancers invariadly
grow inward (3, d). VWarts are extremely hard due to excessive
keratinization of the epidermal ocells, have a mooth margin
and are sometimes murrounded dy an erythematous haloe. IS is
in these type of warss that Bunting et al., (5) reported thas
the wart virus is commonly found,

&
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I8 1s ot knowmn when the infective nature of warts was
first discovered, For many years peocple have known that
warts can spread by contast and it is further known that
warts can disappear upoa suggestion or simply by deing wished
away even though ne ssientific evidencs exists to suggess
that this is possible.

The first experinents reporting the infeeticus nature
of warts were thess of Jadassohn (6)s His experiments,
begun in 1894 consisted of a series of intradermal injestions
of ground np wart material or wart Sissue fragaemtes into
beth himself and his asaistants. Varts remlited in 3 out
of 74 sites of inosnlation, thus demoustrating that warts
were Sranmissidble from man ¢0 man. He made no attemp$ to
explain the etielogical fasotor.

The viral mature of the ageat involved was demanstrated .
when Ciuffo (7) prodused warts on both his hands and those
of the patiants frem whom the warts had eriginally deen
removeds The Berkefeld N filtrates of extracted wart tismme
were used and after 5 momtha incudation peried, warts appeared
on both subjecss. Ciuffo's findings not only eonfirmed those
of Jodassshn tut alee demomstrated that a eell-free filtrate
of wart material was imnfestious. Serra, in 1908 eenfimmed
the filterability of the wart agente: These findings were
further oonfirmed by Wile end Kingery (8) whe were able te
induce warts by the introduction of oell-free filSrates,
Kingery (9) removed an experimemtally produced wart and after
filSering the extract, reinoculated another volunteer,
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producing sagain a wart growth, Goldsohmidt and Kligmam (10)
repeated thess procedures and were unsucoessful in producing
warts with theiyr extrasts.

In all the tranmission experiments in human beings, a
long incubation peried; 5 months or more, was required before
the appesarance of a wart growth. In mest instances the
warts regressed shertly aftsr their appearance.

In 1953, Bivins (11) removed a wart frem his finger,
inooculated a broth muspension of the homogemized verruoocus
maserial onto the shoricallamtoic membranes of 10 day old
chiok embryos. ihitish "pearl®. growths appeared om the cho-
ricallantoic meubranes after ssveral days incubation: This
agent was micosssfully transferred in eggs with material
filtered through a Bexkefsld V. candle., He comeluded she
wart virus caused the massive proliferation and ®pearl®
formatiens, Siegel (12) found that the agemt Lsolated by
BivVins was a strain of a canary poxvime.

Siegel and Novy (13) were unable $o mmecesafully sule
tivate the viral sgent causing verruca wvulgaris and ocondyloma
ssuninatun in doth the chericallantoiec membrane of the chiok
mbryo and in tismie sultures of Hela and monkey kidney cells.
Stegel and Novy's findings confirmed those eof Felsher (14).
Pelsher (14) eculd net isolate the virus by the inoeulation
of the chick allan$eis membrane with material from outaneous
lestions.

The first report of the successful isolation of the
wart agent was in 1961 by Mendelson and Xligman (15)s The
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hunen wart virus was mococessfully isoclated in monkey kidney
tismie sulture sells: Inosculation of human volunteers with
cealle=free mitrient fluids from the ocultures produced wart
growth in the skin of the volunteers, In the same year,
Hayashi (16) in our laderatory reported the isclation and
serial propagation of the wart agent ia culfures of normal
human skin. This agent was neutralized by undiluted homel-
ogous patiant’s serum and 1y human gsmma globulin,

Strauss et al. (17, 13) sxamined semcentrated extracts
of wart tissues under the slectren misroscope. "Crystalline®
viras=like particles from skin papillomas were charecterized
by intranuclear inclusiem bodies. The common wart and normsl
skin preparations 4id not contaln unifoma particles btut
merely smorphous sscattered sclumps of matter, collagen fiders
and spherieal sizes of wvarying diamster. The partioles in
the erystalline array aversged S2 mm in dismetsr. The find.
Aings of Stranss ot al. were not cenfirmed by Siegel (12).

The latter, using a refined comoentration method, found a
large variety of particle sisess In seme of the preparatioms,
uniform 16 mu virus-like particles were ebserved and Siegel
hypothesized that these might be the wars agent.

The electron nisroscope has played a majer yole in
ressarch designed to investigate the developuent of the virus
in wart tissues Almeida ot al. (19) found that the virus is
formed in assocliation with the maclei of cells of the stratum
spinosums Virus partieles gradually spread throughout the
nacled of the eells in the stratun grammlosum and persist as
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close-packed aggregates smbedded in the substance of the
stratun corneum, This ocorvelatss to the developnens of
basophilisc intramiclear inclusions seen with the light
niorossopes

Electron microscopy studies 3lso showed that the eomino-
philic intrmmolear inclusions deseribed by Strauss et ale
(20) were the product of almormal keratinization that eccurs
in wart cells and were in no way related to the viruss The
observations of Lipechuts in 1924, Blank et al. (21) and
Arwyn (22) all sadbstantiated these remlts. -

Almeida ot ale (19) veporSed that virus partiocles oould
only be seen in the cytoplamm after they were released from
the mucleus by disruption of the muclear membdrane, The
sequency of developmnent of the human wart virus was similar
S0 the development of Mope papilloma virus in rabbit papille-
mase Farther, me specifis particles otuld bBe detected in
proliferating oells that were undergoing degmmeration and
ascrosine: It is not knowm whether the virus was pressnt in
the proliferating cells in some form that ceuld not be rec-
ogaized in the eleotyon microscope or whether the astiom of
the virus in exoiting proliferation was am indivect ones

- Bloch sand Geldmsn (23) found cells infested with the
human wart vires contained a greater smount of deoxyribemolelio
seid (DNA) than nommal growing callss The marked inSrssuclear
syntheais of DNA was found $o degin early in the sourse of
infestion of cells of lower stratum malpighiti. In the early
phase of infeetion, an asidophilic intranuclear inclusion
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body was recognizables The inclusion body and nucleuns then
enlarged and was followed by progressive disorgsniration of
the nuclear struotures The inclusion body bessme basophilie
and stained with the Feulgen staine. Finally the nucleus
disappeared leaving the inclusion body in the cell remnent.
At a relatively late stage, all the sellular DNA was relocated
in the inclusion body and 414 not significantly inorease in
smount thereafter,

- Williams et als (28) undertook studies designed to char-
acterize the wart virus mnorphologleally. The mmclel of some
cellg in the gramilar layer contained uniform partiocles of
mean dismeter 46 ume Most of the particles consisted of
dense core of dlsmeter 34 mu surrounded by a less denee layer
of width about 6 mu. In seme, the central regiom was less
dense than the peripherys AS no time were virus particles
ssen in the cytoplasm eof any of the cells. The shell oppsid
of the particles was found to consist of 52 gapsomeres arranged
in a2 513:2 axial symmetrys The number and arrangement of
the capsomeres on the wart virus was established to be the same
as that found on the polyoma vimue (24)s It 48 of interest
that the wart virus which causes benign tumors in man is
stracturally atuuar to the polyoma virus whieh produees a
wide spectrum of maligpnont tumors in several species of animals.

Villlans (25) used the acridine orange technique to
demonstrate DNA and ribormoleio asid (RNA) in verruca vulgaris.
T™he DNA linked to virsl protein was resistant to deoryridbome-
clease (DNaase) whereas PNA in normal cells was readily
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degradeds In the huran wart the epidermal cells eontaining
DRAase resistent nmuclel apnearsd to bde situated in areas in
which virus particles were found, This led to the eonclusion
that the DNA in the intranuclear inelusion bodlies of human
spildermal cells infectad with the wart virus 1¢ a micleo—
protein. Mogts (26) in investigations carried out in our
laboratory, infected humasn sgtin esll cultures (A7) with
verruca virss Her results showed that within 24 to 43 hours
AU eells infected with verrusa virus sontalmed intranucleaxr
inolnsions of DN¥A« The inclusions resisted removal by DNAase
unless they were first digested with pepsin. At no time were
sueh inslunions sisseptible to ribomeolease Adigestion.

Bassell (27) in eur laboratory found complement fixing
antibodies spacifie for the wart agent in patients® sera.
Undey these circunstences the wart pgent and antibolies
appeared in the some individuals Almeida and Soffe (28)
dateoted antiboly to human wart virus by ismune electron
nioroecopy or sgar-gel precipitin tests using antigen extraoted
from wartss Antidody was detected in about helf a series of
82 patients with warts,

Hayashy (1€) could propsgats the wart agent only by cell
to cell transfer, Dilution of sers or globulin 414 not
prevent infection by the wart virus indicating that lerge
snountse of sutidodies wers necessary to prevent infection of
nommal cells by the wart agents Attempts to establish the
sgent in monkeye, rabdbits, hamsters, mice, and chicken were
not sueceselfules By cleotron mierossopy srherical particles
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were observed in ertracts from wart tissue and infected cule
tures which were not pregent in normal akin cells, The size
and range of thega particles varled from 50 to 75 mue The
particles were not uniforn and no particles of any ono size
were predominars.

Lyell 2n? Miles {29) found eosinophilio, intrasytoplamaie
ad intramiclear inclusion dodilses in some wartse They found
both type 1 wart and type 3 wart and suggasted the name
*Verruca Mlgaris® be confined %o type B warts and that type
1 be ronemed "Mymesia.®

Crawford and Crawford (30) studied the muclele acida of
polyonia, shope rabbit panillama, dovine papilloma, canine
papilliomn and hnman pepilloma viruses, with alactron nleroee
eopy and analytionl centrifugation,  Tha polyoma vims differed
in size and muslelis anid pronertias from the papllloma viruses.
The four papilloma viruses were sinilar to sach other in nany
respocts tut differed sisnificantly in the base composition
of thelr muolelc acids as indicated dy 4ifferent gusnine-
oytosine ratios.

By electron microscopy Noyes (31) studied fractions of
the hman wart virus fron bhandse obtalned by asuecrose denmity
gradient centrifugation. Material obteined from bend 3
eonsisted of intest particles with well preserved structure,
The hollow mhﬁlar capaomeres that studded the surface of
the partioclesg measured about Bog in dizmeter and projected
ontward $0-6OR:_ In pdd4iticn, bals 3 end & contained sone
bizarre, elongated, emmlarged dumd hell forms whose surface
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was oomposed of capsomeres typlocal of those covering the
particulate form of the wart virus. IS was suggested that
the mall ringliks stxuctures were developnmtal forms of
the human wart virus.

Noyes (32) studied the cytopathic effect of the virus.
on primary human emdryonic skim snd muscle eell cultures.
Approximately 107 to 10° 1ntast wart virus particles were
required to initiate the cellular change when added to a sell
monolayer in & Leighton tubes

Spontanecus regressien of naturally escuring haman warts
umally occurs at puderty (4). It has mot been dstermined
wvhether this 18 due to antibody formation or other causes sach
a8 local tissue resistance, Clarke (3)) performed expériments
to explors the often-quoted theory of charaing warts away,
He found no real svidence shat magie or suggestion has any
effect on wartss He speculated that dramatio sures sometines
reported wers prodably the remult of the magie ritual eoinsid-
ing with the end of the warts natural life.

The Hitochendrie

The gmeric denomination chondriome emdraces all the
gramlay (mitechondria), filamentous or rodshaped {chon-
dricoconts), cytoplammie bodies that are found in all animal
eells, doth vertedrate and invertebrate, and in all plant
eellse: Aceording to Cewdry (34) the teminology applied to
mitochondria is rather somplicateds At least 50 different
names have been used for this organelle. In the Anglo-3axon
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countries the nans mitochondria 1s used, both for the smtire
group of organslles, chondriosome t0 each one of thea and
the nsmes mitochondria and chondriecont to the gramular and
filamentous forms respectively (35). Lewis and Lewis (36)
reported that the mitoohondria were also called plastosounen,
plamafaden, plamakoxen, paramiton, miorosonen granules and
filaments. ’

A mitochondrion may be morphologically defined as a sell
organelle bounded by a meabrane within which are membranocus
structures (cristas) either villous or vesieular, s ground
substance or gramlar matrix and eecasicnally, dense gramla-
tions: Manotionally, mitochondria may be defined as biochen-
ical machines which ce% a2 the power-houss of a oell (37)«
They are charaoterized by & series of physicocheuical resc~
tions and staining propertiess asmong the more important prep-
srties are their visidility in visro, their mipravital colorm-
tiom with stains sueh as Janus green B, the mnecessity for
special techniques for fixation for their preservation, their
iipepretein compomition, thely specific ultrastrusture and
their high ooncentration of cersain enztymes (35),

In 1924 Cowdry (34) reported that mitochomdrial ohanges
nay be qualitative, guantitative and/or topographicals Owing
te the mall size of the nitochondria (width 0.2u to 0O.5up
length 0.3u to 0.52) end the limits of the resolution pewer
of the 1ight mioroseope, qualitative changes can only de
detected in optiocal miocroscopes by a few oriterias With the
advent of the electron microssope, it has beoone increasingly
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easler to observe the mitochondrisa and mitochonirial changes
oan be defined in a more diversified and reliable sense.

The mitochondria are wbiquitous in living cells and
after some erperience they oan eesily be recognized microscop-
fcally. The avanination of mitochondria in living cells offers
cortain difficultiens owing to their low refractive index., They
are clearly visible with fark field illumination and phase
oontrast, 7Vital examination 1s ertremely important im the
study of the variations of the mitochondria with time and
under the action of different stimmli., The mitochondria are
never as conspicuocus as the mmcleus, They vary greatly in
size, shape and position (34, 36, 33)., In the living cell,
these bodies are continmrously schanging size, shape sand posi-~
tions Lewias and Lewls (36) observed as many as 20 differeat
shapes oxh!.b).tod by a single mitochondrion within a period of
15 mimtes, Qualitative changes (3) nmot only imvolve varis-
tions in size and shape of the whole mitochondrion But also
its ultrastrusture.

Robertis et al., (35) state that the mitochondria have
two 4ifferent types of motion, one of agitation and the other
of displacenen$ from one part of the eell to another. Studies
of cultured cells dy means of moving plotures takea with the
phase microscops show that mitochondrial movements are &ue
to cytoplammic eurrentss The mitochondria move eonstantly
during interphase btut such movement becomes diminished during
eell 4ivisions PFrederiok (40) using phase ocontrast mioroscopy
and microcinsmatography in the in vitro study of cultures of
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fibroblasts, was able to accurately follow the movemen$ of
the mitochondria in the resting as well as in the dividing
eellse, During the displacement, the mitochondria may attach
$0 a certain site on the nuclear membrane.

Hitochondria filaments fragment into granules and these
are in turn united together (36). It has also been observed
that mitochondria inorease in size in hypotonic solutions
and diminish in hypertonie solutions. Zollinger (41),

Harman (42), Reckmagel and Malamed (43) and Clande (44)
observed that isolated mitochondria behave as omometers
changing in size with the tonicity of the mediume. Their
swelling serves as an early sign of cell damage. Rouiller (39)
believes that while this sxplanation is eorreot in some cases,
it caxnot become a general rule,

The mitochondria are very labile structures and ean de
altered by the action of various agents. Lewis and Lewis (36)
found that alkalis, ammonia gas and sodium hydreoxide cause the
mitochondria to swell without any sign of vissosity, Chlore-
form, xylol, ether and acetic acid dissolve the mitochondria,
Janus green B unless used in low concentrations of 1318,000~=
15200,000 18 toxic to the cells and causes the mitochondria
to divide into gramules. These remilts led Lewis and lLewis
to maggest that the mitochondria were concerned with the
physiology of the sell and were probably involved in respirs-
tions This suggestion has been confirmed by numerous oytol-
ogists and biochemists.
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Maley and Johnson (80) found that the swelling of mitochon-
dria is quickened and/or accentuated by pH rise or addition
to the media of various substances such as calcium, potassium,
phosphates and succinates. Swelling of mitochondria can de
slowed by adding adenosine triphosphate (ATP), citrate,
mnagnesium, fluoride and dinitrophenol. Thus, the ommotic
phenomenon canno$ wholly explain the swelling of mitochondria.
Rouiller (39) suggested that mitochondria swell when they lose
some ATP as the latter preserve the mitoshondrial structures
by fixation of the caloium ion.

There are many other mitochondrial changes, most of
which are irreversible. 3Such changes affects 1l. The mitochon-
4rial memdrane that dbecomes single or is disrupted. 2, The
oristas, which through vesiculatien break up into granulations
and dissppear. s The matrix which assumes a roughly gran-
ular, filamentous appearance or else is converted into
ommiophilic masses.

Vital and supravital staining is facilitated by colora-
tion with a dilute solution of Janus green Bs In this stain
the mitochondria become greenish blue in color. Chambers (45)
studied this reaction and eoncluded that it was not due to a
chemical combination. He also found that Janus greem B had
a coagulating effect. He suggested that the stain should not
be used as a sole means of identifying mitochondria. However,
Lewis and Lewis (36) using Janus green B studied the aitochone
dria ia living cells and found that characteristic mitochon-
drial shapes were preserved, but that the Janus green B became
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toxic to the cells after a periocd of 90 minutes.

 Lazavow and Cooperstein (46) studied the enzymatic basis
for the Janus green B staining reasction and found that the
reaction was oxygen depemdemt, that the dye would de reduced
by the lactic dehydrogenase enzyme systems The mitochondria
take on a greenish dlus cclor which is later reduced $o red
and finally decolorization occcurs. Mitochondria can also be
colored in esll culture with methylene dlue dut this colors~
tion was found te be desclorised by bright illumination (36).
The ocoloration with stains, such as cresyl violes and toluideme
blue, may bs related to the oxidation-redustion petensial of
the cell,

It has long been known that mitochendria are labile
struoctures and disintegrate wvhen exposed te fixatives (I3,

35, 36)s PFor this reasom, all the metheds used fer their
fixation are based on the stabilixzasion of the structures by
the prolonged action of oxidizing agemts smch as ommic asid
and potassiun bichromate.

Lewis and Lewis (36) found thas the mitoshondria exhibit
extraordinary diversity of form often im the same preparation,
even in adjoining cells of the ssme type. The differeat
uitechondrial shapes may be localized in different parts of
the eytoplam Or may de mixed together, Differences detwesn
cells of the ssme type are umially observed during the variocus
stages of mitosis. A% one stage the cells may be observed to
have similarly shaped mitochondria while in another part preo-
tically all the cells may have quite differently shaped
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mitochondriae In one preparation all gradations in sizZe and
shape may be founds ILewis and Lewis (36) morphologically
classified the mitochondria as saall gramiles, dumb-bell
shaped gramiles, spindle-shaped granmules, reds, threads,
loops, rings end networks. Robertis et ale, (35) eontend
that the shape of the mitoohondria, while variabdle, is
basically filamentous or gramular, In some cells, especially
during functional stages, other forms tham the filamentous
or gramilar forms may be seen. Thus, a chomdrioocont swells .
at one end to ssmme a clud form, or hollows out at one sad
to take the form of a tennis reacket. The mitechondria at
other times may become vesicular imn esppearance with s oentral
clear zones

The size of mitochondria 13 also variable. In most eells
the rodeshaped mitochondiria are 0.5 to lu in dismeter and
of variable length, reaching a maximum of 7ue The sizZe and
shape of mitochondria depend also on $he pH of the medium,
In seid pH they bdecoms vesicular. Homing (47) exsmined
fixed and stained preparations of mitochondria and reported
that they ssem t0 undergo binary fissione He found that an
inerease in size of mitochondria could result from a coales-
cense of two or more miteshondria.

The distribution of mitochondria is in general unifom
but there are many exoepticns to this rule (35, 36, 39, 47,
48)¢ In some cases they may be accumulated preferentislly
about the mucleus or in peripheral eytoplamme During oellular
division the mitochondria tend to aggregate about the spindle
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and upon division of the cell are distributed in appreximately
equal quantity among the daughter cellss The distribution
of mitochondria within the cytoplama should be considered
in relation to their funotion as energy suppliers. In some
cella they move slowly but in others they have a permanent
location near the region of the cell presumably supplied with
energys In some cells the mitochomdria provide & definite
orientations In the cylindriocal epithelial cells they avre
generally oriented in the basoapical direction parallel to
the nain axis (35)s Pollister (#9) mugzested that the eriente~
tion mitochondria asssme, may depend upon the direction of the
currents of diffusion within the cells and would be intimately
linked to the subtmiocroscopie strueture of the ground cytoplam.

The mitochondrial content varies with the cell type and
funotional stage of the oelle In the mouse liver, 1% has deen
sstimated that the mitochondria acocount for 30 to 35 per cemt
of the total mnitrogens In the kidney it represemts 17 per
eent of the Ary weight and 20 per ocent of the $otal mitrogena
of the whole tissue (35)s On the other hand, in lymphoid
tisme values are much lower (50, 51)s In mouse liver homog-
enates about 8.7 x 1010 nitochondria per gram of fresh tissue
have been counted (52)s In a normal liver cell there are
approxinately 2500 mitochondrise. However, cancer cells
contalin fewer mitochondria than nommal oellss In tumor cells,
an average of 786 ¥ 222 mitochondria per cell were found (53,
54)s Howatason and Eam (55) found that in Novikoff's hepatoma
there were fewer mitochondria than in noxmal cellss Each cell
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contalined an average of 620 mitochondriae

Allard et als, (54) suggested that the amall numbsr of
mitochondria in tumor cells could be related to scarcity of
organized ergastroplasmiec structurese Thae intlamate relatione
ship between mitochondria and the ergastroplasm 1g striking
and suggests some sort of dependance of one upon the others
Accordingly a reason for the relative scarcity of mitocnone
dria in malignant cells may be that they are dependent on the
cosxistance of organized ergastroplasumic structures and there
are relatively few of these in tumor cellss

De Robertis et ale, (35) attriduted the fewsr mitochom=
dria in tumor cells to the fact that there is an increase of
anaerobic glycolysis with decrease in oxidations in caicer.
Junqueira (56) found a direot correlation betwesn mumber of
mitochondria and secretory activity in salivary glani o:3ilse

The advances mnade in the last twenty years in understanding
the mitochondria have been due mainly to refined biochemiocal
techniques, electron mloroscopy, phass contrast assoclated
with or without microoinematography and differantial
cantrifugation, Such methods haves les Mada 1% possibls to
probe deeper into the ultrastructural complexity of the
mnitochondrione 2¢ The biochemical nature, particularly its
enzyme content and the role it plays in e¢ellular metabolism.
3. Its mobility within the oytoplasmme 4¢ Its share in the
formation of various cytoplasmic componentse Ultrastmictural
norphological changes involve blochemlcal variationss Thus,
there 18 a correlation between morphology and functione
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Zleotron microscopy makes the study of quantitative changes
nore rellable simece through plotures of the mitoohondrion 1%
yrecludes eny confusion with other cytoplammic organelles.

The concept of quantity does not only apply to a change.
in number of mitochondria but also to its components (increase
or decrease in cristae) and chemical composition. FPhase -
microscopy and miocrocinematography have made it possihle to.
study mitochondrial motion and variations in cell shape in
relation to physiological and pathological state of the cells.

Claude and Pullanm (57) studied the morphology of isolated
nitochondria uasing the electron microscope. The mitochondria
that they studied were obtained from a lymphosarcoma of the
rat and were 1solated by differential centrifugation. In
purified form the mitochondria appeared as spheriscal dbodies
(0ab « 1e3u dismeter). Also guall elements 80-1C0u im (lameter
could be distinguished within the body of certain mitochone
dria. The 1sclated mitochondria retained their individuality
outside thelr normal cytoplammio enviromment. They pevsisted
as discrete bodies in squeocus media as long as the proper
tonicity of the media was maintained.

- Nost of the knowleize related to mitochomdrial ultra=
structure has been contributed by ralade (53, 59, 60) and
Sjostrand et ale, (61, 62, 63)s In 1952 Palade demonstrated
that mitochondria have a limiting membrane, a system of ridges
or eristas in 3 layers protruding from the inside surface of
the limiting memdrane and a matrixe In 1953 Sjostrand (61),
SJostrand and Fhodin (64) specified that mitochondria are
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bounded by double outer csontinuous membrane within whiesh are
imner mitochondrial membranes that form septa which spread
aoross praotically the whole membrane width. Contrary to
Palade's interpretation, Sjostrand and his coe-workers believe
that there is a mere topographical connesction betwsen the
outer and inner mitochondrial membranes. FPalade (59) stated
that the ocuter membrane is doudle and the oristae are folds
of the immer membrane layer. This general pattern of organiza-
tion was found in cells of vertedbrates, invertebrates,
protozoa and plants.

Elkholm and Sjostrand (65) stated that coristae wers an
integral part of the inner membrane, From numerous works (63,
66, 67, 68) 1t may be conoluded that a mitochondrion iss
ls Bounded by a contimuous membrane consisting of twe dense
layers divided by a less dense cuter membranes The surface
membrane is to be considered as the limiting membrane while
the oristae are comnected to the inner membdrane (59, 66).

2. Inside the mitochondrion is a laminated system, umially
at right angles to the main axis of the cell organelle and
Sermed “oristae mitochondriales® and "imner membranes® by
Palade and Sjostrand respectively. 3. The matrix oontains
opaque granules of various sizes, k. The above general
pattern has been found in all cells studied, animal or
vegetadle,

Although all mitochondria exhibit the same genersl
pattern of organization, ultrastructurally they vary ascord-
ing to species, tissues and organss Cristae vary in size,
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shape, numbers and arrangement within the cell organelles
They are not stable structures and are capable of changing
their morphology (39). Differensces in nmumber, arrangement
and shape of cristas must ssrve a useful purposs since the
nembrane including cristae serve as carriers of a large
number of enzymes involved in eomplex biochemical reastions
(69)s Palade (58) noted a correlation between abundance of
oristae and the quantity of enzymess

Chemically, mitochondria oconsist mainly of enzymes and
1ipids (70)¢ Schnelder (50) noted the heavy phospholipid
oontent of mitochondria. He asmmed that its main purpese
was that of a structural component,  Sjostrand (61, 6))
admitted that the double menbranes were protein layers while
Dalton and Felix (67) conjeotursd that the osmiophilio state
of the membranes was due to a ocomponent lipoidal in nature.
Differential centrifugation (50) makes 1% possible to Lsolate
mitochondria from a broken cell muspension. The homogenate
may be divided into four fractionss nuoclear, mitechondrial,
microsomal and supernatant fluid or soluble frastiom,
Biochemical analysis of each fraction defines more ascurately
the chemical compost$ion and the function of each cell constit-
uentes The most striking property of the mitochondria is their
enzyme gystem related to the respiratory activity of the cell.
It 48 in the mitochondria that synthesis of ATP takes place.
Owing to its high energy phosphate bonds, the ATP holds a
prominent role in cellular metabolisa as a source of energy

for synthetic reactions.
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Mitochondrial alterations in cancer cells are common but
are neither constant nor specifio (71)s Howatson and Ham (55)
found that in Novikoff's hepatoma, at pH 7.3, the diameter
of the mitochondria was 0.24u to 1l.2u while in normal cells
it was 0.35u to O0s74u. Elongated forms of mitochondria
present in normal cells were absent in tumor cells. The.
cristae in normal cells were prominent but not as prominent
as in tumor cells. The transverse membranes in the mitochon-
dria of tumor cells appeared to branoch and anastomose more
than those of the mitochondria of normal liver cells. Degen-
srating mitochondria wers larger, had breaks in limiting
nembranes and revealed only remnants of transverse membranes.
The inside of degenerating mitochondria showed a great deal
of granmular material arranged in irregular clumps suggesting
increase in mitochondrial substancee.

Increase in mitochondria in Rous Sarcona was reported
by Bernhard et ale, (72) and in bone tumor gilant cells by
Oberling (71)e Howatson and Ham (55) reported a decrease in
size of mitochondria in Novikoff's hepatomas. Pawcett (73)
observed the same in lLucke's renal adenocarcinoma. Mannweiller
and Bernhard (74) also observed the same in hamster kidney
experimental tumore. HMitochondrial degeneration was demonstrated
in Novikoff's hepatoma by Howatson and Ham (55), in the
hepatoma of man by Oberling (71) and in chorioallantoic mem-
branes infected with fowl pox, vacoinial viruses and herpes
simplex virus by Morgan et ale, (75, 76)e Dmochowski (77)
reported that thers may bde a decrease in the number of cristae
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as in mouse mammary cancex or there may be an increase in
the number of cristae as in Novikoff's hepatoma (55)«
" Benedetti et als, (73) reported that there is en
intramitochondrial localization of virus-like particles in
avian erythroblastosise Ackermann and Kurtz (79) using
centrifugation techniques for separation of structure units
of cells of liver tissue found 16 per eent of the herpes
virus bound to the mitochondria by an intimate attachment.
Further evidence was obtained that the mitochondria underwent
selective deterioration when infected with the viruse The
concept was advanced that the organelles function in the
development of the viruse Changes in enzymatic activities
assoclated with mitochondria were observed after infeetion
with herpes simplex viruss This observation led Ackermamn
and Kurtz to suggest that the mitochondria were a site of
herpes simplex virus synthesis,



MATERIALS AND METHOD3

A1l roagcntl were made with tuo cyclo. all glass
distilled water, Solutions used as 5rowth and naintcnanc.
nodiu wore made with two oyole, a11 glass dlltlllod waters
At times the composition of the media woro altered in order

to meet the specific requirements of each experiment.

Eeagents ,
Egg;s'talanceg galt solutiom (82).

Solution le---Contained 0.7 gm caloium chloride in 100 ml
double distilled water.

Solution 2.---Contained the following reagents in 450 ml
of double distilled water,

Grems Gran
Glucose S KR, POy, 03
Nacl - ko Na HPO, *2H,0 0.3
RCl 2 Phenol Red 0.1

Mg30,°7H0 1 gram

~ The two solutions were sutoclaved separately at 10 lbs
pressure (115°c) for 10 minutes, cooled to room temperature
and then combined,. The pH was adjusted $0 7.0-7.2 with

sterile solution of 74 NaHCO

5
Basal Mediug Eagzle (83)..
10X _gtock Solution
NaCl 34 grams
KCl 2.0 grems

(continued on next page)
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10 Stoc utl continued
CaCl, 1.0 gram
Hgsou'7320 1.0 gram
Glucose 5.0 grams
Phenol Red Oel gram

The reagents 'tr'vdill01"d in 500 ml of double distilled
water, sterilized by Seitz filtration and the pH adjusted teo
7:0-7+2 with sterile 7% N03303. One ml of each mixture of
vitanins and smino acids (Microbiological Associates, Ins.,
Bethesda, Maryland.) were added just before use. The composi-
tion of the vitamin and amino acid mixtures, each dissolved
in a liter of double distilled water was as followss

Yitamin mixture Amino sgld mixture
. Blotin 0.1 gran Arginine 2.1 grams
Choline O¢l gram Cystine 1,2 grans
Polie acid 0¢l gram Histidine 0.8 gram
Nicotinamide Oel gram Isoleucine 2,6 grans
Pantothenio acid 0.l gram Leucine 2,6 grams
Pyridoxal Ol gram Lysine 2,6 grams
Thiamin 0sl gram Xethionine 0.8 gram
Riboflavin 0401 gran Fhenylalanine 1.6 grams
1-Inositol®2H,0 0418 gram Threonine 2.4 grams
Tryptophan Oolt gram
Tyrosine 1.8 grams
Valine 2.4 grams
Glutamine 30,0 grams
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en o m 84
This medium consisted of 0.1f yeast extract and 0,35%
glucose in Hanks® balanced selt solutiome

Antibiotio Solution
Peniocillin (100 units) and dihydrostreptomycin (100 ug)

per ml were added to all nutrient media. Tissue samples were
treated by placing into a solution containing 500 units of
penicillin and 500 ug of dihydrostreptomyecin. Ococasionally,
oxytetracycline (Terramyecin) was added to the media, § ug per

ml or less,

Irypsin

Trypsin (13250, Difco) was prepared by dissolving 0.25 gn
in 100 ml calcium free Hanka' balanced salt solutiom.

The trypsin solution was sterilized by Seitz filtration.
The pH was adjusted t0 7.0«=7.2 by addition of sterile 7%
naacor Cell monoclayers were exposed to trypsin for periods
of 3 to 1 minutes The trypsin was then removed with a pipette.

The AU Cell [ine
The history of the AU cell line used for this study was

adequately desorided by Wheeler ot al., (81)s Originally the
epidermal cells were obtained from a 17 year old boy (AU)e.
The skin tissue was trypsinized and placed in growth medimm
which consisted of 404 pooled human serum, 5% chick embryo
extract and 55% Hanks® balanced salt solution. One hundred
units of penicillin and 100 ug of dihydrostreptomycin per ml
were used in all media.
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The AU cells were grown in 150 ml eapacity milk dilution
bottles or Leighton oculture tubes. The cells adhered to the
glass surface and produced a confluent sheet of epithelial-like
cells in from two to five days.

When originally received in this laboratory the cells
required humen serum for si'ovtho The cells were adapted to
growtﬁ in 20% calf serum. After a aheeé of cells dcniowd.
the cultures were t:anltcr:id by treating the cell monolayer
with 0.25% trypsin (11250, Difco) and Sransferring the cells
to two bottles. The serum conoentration in the medium was
Muod to‘Z% to maintain the monolayer.

The cell line was not homogeneous. Most and sometimes
all the cells in a monolayer were epitheliod (Fige 1) bus
at other times many of the cells had fibroblastio-like appearw

ance.

Growth of AU Cells in Leishton Tubes

L;lghton tubes oontaining ooverlips were seeded with
one mnl of gmth‘mdim containing approximately 500,000
oells and were stationary incubated at 37°c. After a confluent
monolayer was obtained mmall wart. fragments were added.
Growth medium consisted of YEM supplemented with 20% heat
insctivated calf serum and 0.5% lactalbumin hydrolysate,
(LAH) (Difco)e

After & confluent monolayer of cells was formed and
before it was infected with the wart fragments, growth medium
was replaced by maintenance medium which consisted of YEM
supplemented with 24 inactivated calf serum.
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Samples of cells were removed at specific intervals and
either vitally stained with Janus green B or else fixed for
ctaining with acid fuchsin or hematoxylin.

The wart tissues were obtained from a dermatologist®s
office in Detroit, Miohigan. Tﬁoy were removed by total A
enuncleation (85)« The ﬁ.uuu were immediately placed in
vials sontaining sterile 50£ phosphate buffered glycerine.
Upon arrival to the liboraf.tory they were kept refrigerated
at 4°C. Before use they were washed with Hanks' balanced
salt solution and then treated with huﬁ doses of the
antibiotioc solution for varying p.rtodi of 24 to 48 hours.
They were minoced with scissors and/or scalpels and the maall
fragments of wart tissues were added to AU cell monolayers in
ttut;o oulture glass bottles or Leighton tudbess In some
experiments the wart tissue fraguents were first heated to
56°c for 30 minutes, cooled to room temperature and then
added to AU monolayers. A

Fresh wart tissues were removed from individuals in the
ladoratorys They were treated hmnodnealy with the antibiotie
solution and held at 4°C.

Cell free extracts were obtained by grinding the wart
tissue in a mortar and pestle. Hanks' balanced salt solution
oontaining penioillin and streptomyocin was used as diluent.

A 5% suspension of wart material was centrifuged in a horizome
tal position at 795 x g for 10 minutes to remove the cell
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debris and unbroken cells., One ml of the supernatant fluid
wag added to AU oells.

erility Tests

Sterility tests for baotoiial ocontamination were made
of all culture materials in brain heart infusion broth (Difco).
They were considered free of viéblc bacteria if there was
no turbidity after 72 hr incubation at 37°C.

Some cultures wexre tested for the presence of
pleuropneumonia~like organisms by sesding cells and samples
of cell cultures into pleuropneunonia-like organisms medium-
(Difoco)e |

() U ]

The procedure used for fractionation was that of Bensley
and Hoerr (86) with minor modification borrowed mainly froa
the procedure of Hogeboom et ale., (87).

After cytopathogenic effect (CPE) was detected, infected
cell monolayers and uninfected cultures were mechanically
loosened from the glass wall of the bottle, removed, and
saspended in 3 to 5 ml of Hanks'® balanced salt solution.

The infected and uninfected cell suspensions were pipetted
into each of two weighed oculture tubes. The tubes, were
centrifuged for 5 minutes in the horizontal position at

795 x g and the solution was removed with a pipette. The
wet packed cells were weighed using a Christian Becker
analytical balance. Each cell sample was then suspended in
2 ml of 0.88 M suoross solution (Merck reagent grade) Qt
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PR 7¢0=«742¢ The infected cells and control cells were
placed into two different all-glass tissue microgrinders.
Grinders were cooled by placing the tubes in 1ce-baths and
grinding produced a homogenized paste in 1 to 2 minutes of
grindinge Care was taken to keep the specimens cool (0--4°C)
in the subsequent steps of separation. Eﬁoh homogenate was
diluted to a total volume of 15 ml.

t ol mpo 8

The unbroken cells, nuclei and cell debris were removed
from the suspension by centrifugation. The homogenate was
centrifuged at 795 X g for three mimutes at 4°C (International
multispeed centrifuge)s The supernatant fluid was removed
from the sediment and the fluild was centrifuged again for
three mimmtes as aboves A third centrifugation was done
resulting in slightly opalescent lu-pcnhion. The sediments
were discardeds One ml of 0.88'3 lncréuo was placed in a
eonical tubs and S ml of the suspension was carefully layered
over the sucrose solution forming a two-phase systemes The
mixture was undisturbed for 10 minutes at 4°Ce The mixture
was centrifuged (795 x g) in a horizontal position for 4
minutes at 4°C and then the upper phase of the mixture was
carefully removeds Examination of tholaodinent after this
treatment, by staining with Janus green B showed tha$ the
method removed only occasional mitochondriae Examiﬁatian
of the upper phass supernatant fluid contained mainly free

mitochondria and some cell masses.
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Isolation of Mitochondria

The suspension containing free mitochondria plus other
elements derived from the cytoplasm of AU cells was cene
trifuged for 30 minutes at 17,4300 x g to sediment the mitochon-
drias The firmly packed, opaque sediment of mitochondria was
suspended in 0,88 M sucross solutions. In order to free the |
mitochondria preparation from the soluble sudbstances in the
original homogenate the mitochondria were resedimented at
17,400 x g end resuspended again in 0,88 M suorose. The
supernatant fluid was examined for presence of mitochondria.
None was found. The final sediment wi- yellowish in ocolor
and after dilution with suorose solution eonstituted the
ummmum1mmmﬁ®.

E;toohond;;g gounts
Mitochondria counts were made using the method of Harman

(88) with minor modificationse A known volume of sazitably
diluted mitochondria preparation was spread over a messured
area on a microscope slide. The muear was fixed in 4% formalin
or exposed to osmium tetroxide fumes (24 osmioc acid) at room
temperature and stained with acid fuchsine The stained
mitochondria were counted with a Bausch and lLomb (Apochromatio)
microscope fitted with 10X ocular and éox (o1l) objectives.

Por each dilution, at least three slides were prepared and in
each slide twenty fields were counted. The total number of
mitochondria per gram of wet AU cells was caloulated from

the known volume of suspension, the area ocsupled, the total
number of fields per unit area and the weight of the cells.
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Mierophotographs were taken with a Bausch and Lomd
camera using XKodak Panatomic-X sheet film and Panatomic-3X
shest film, The film was developed in DK50 or Microdol-X
(Kodak) and fixed in sodium thiosulfate (hypo)e
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RESULTS

of Verrue s in ells at 37°

As found by Hayashl (16) and Magis (26) AU cell
ouituroa inoculated with small fragments of recently
removed warts were infeoted with the wart virus. The
evidence for this infection was a progressive CPE. Most
of the cells in the monclayers became roundes The Test
of the cells became angular and occasionzlly formed
microvillis The eytoplasm of the cells showed increasing
granulations As degeneration continued cells began to
aggregate and detsched from the walls of the bottles or
Leighton tubes, usually by five days post inoculation.
Uninfected culbtures did not show such an effesS. Cultures
which were inoculated with heated wart fragpments 414 not
show any CPE.

Heavy suspensions of infected cells from these cule
tures were used for serial passage of the wart agent.
Infected monolayers sagain demonstrated the eytopathogenie
effect as described aboves Degeneration was evident 7 to
10 days post inoculations The time required for degenera=
tion to occur varied between 5§ to 10 dayse Uninfected
cultures did not show any CPE. |

The above cultures were grown on YEM medium containe-
ing 207 calf serum and maintained on 2% serume. When AU
cell cultures were grown on Eagles' basal medium plus
serum, 1 to 3 additional days of incubation were required

before CPE took place. 25



Pigs 1. Nommal AU e¢ells stained with
hematoxylin and eosine
Magnification X240,






Figs 2, Mitochondria in normal control cells
vitally stained with Janus green B.
Magnification X1100,



Piges 3¢ Mitochondria in infected cells, 5 days
post inoculation. MNagnification X1100.
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Occasionally, areas of "resistant®™ cells were
found in the monolayers. Attempts to grow these cells

in larze quantities for fractionation were unsuoccessfule

1. gell Fractionzation
In prelininary studies it was found that distilled

water or isotonie saline solution dld not satisfy the
cytological eriteria of integrity so necessary for the
identification of mitochondriae The two wmedia caused
extensive swelling of the mitochondria and mitochondria
freed in either water or saline solution were sphericals
in an isotonio solution, the mitochondria were refrac-
tive whereas in water they were larger and pale in colore
In both media they stalned weakly or not at all with
Janus green Be Mitochondria isolated in isotonic salins
solution tended to agglutinate and resulted in a prohi-
bitive loss when attempts were made to isolate the mitoehone
éria free from nuclei and unbroken cells.

A 0483 M sucrose solution was satlsfactory for the
centrifugal fractionation of AU cellse The mitochondria
varied greatly in length when isolated in 0.83 X sucrose
solution, the majority of them being l-lLu in length and
the remainder either granules or slightly elongated rods
and filementss They were readily stained with a solution
of Janus green B in 0,88 M sucrose solution (dye concentrae~
tion 1310,000-1330,000) introduced under the coverslip.

The staining reaction was faint when a dye concentration
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of 13140,000 was used. The morphologlical, cytological
characteristics and the ability to stain with Janua
green B were the criteria used for identification of
mitochondriae

| When uninfectsd cenl'grown on coverslips in
Leighton tubes were stained with Janus green B, it was
found that the mitochondria dooplonizod rapidly upon
sxposure to bright 111um1nat;on. In uninfected cells,
most of the mitochondria were short rods, others were
comua~shaped and the rest were spherical granmmles (Pige. 2).
This was generally true rogardlug of the medium used fer
growthe Infected ooun migod poquy with Janus green B
and decolorized rapidly upon exposure to bright illuminse~
tione The mitochondria in infeoted cells (Fige 3) became
filamentous roiultlng in a :frlngy networke fmu vas
generally true regardless of ‘f.ho mediun used.

Occasionally, unbroken AU cells in the homogenates
were stained with Janus green B. | In uninfected cells,
the intracellular mitochondria were predominantly rode
likes Other mitochondria were commaeshaped and the rest
sphericale In infected cells the intracellular mitochon-
dria were mainly filamentous. The morphology of mitoohone
dria isolated from the cells and those seen in the intact
sells appeared similar, However, mitochondria isolated
from infected ocells appeared Oithor' elongated or slightly
swollen. Unlike some cells (87).‘ the isolated mitochon=
dria from the AU ocells did not require s high veonemtu-
tion of dye to bes stained suitably.
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Wien 0.83 M sucrose homogenates of AU cells were
fized by additicn of en equal volume of 27 aqueous

solutlion of oscinvs tetroxide and the mixture allowed

to stand 9 to 12 hours at 49C, smears were suitable for
staining with standaxd eytologlcal techuiques., However,
fixation and smearing distorted some of the elongated
nitoohondria. The fixed mitochondria were deeply stained
by acid fuchsin, hematoxylin and bagic dyes such as
safranine and orystal violet.

When fresh wart fragments were seeded onto monolayers
of AU cells there was, in every instance, an inorease
in number of mitochondria found in infected cells {(Tadble
1)e. When the original passage was followed by serial
passages of the infeoted cells, thers were always more
mitochondria found in infected cells than in uninfeocted
cells. The mitochondria count om uninfected cells,
original and passages, varied from 4e30 x 10° to Se51 x 10
with an average of 4.98 x 1.08 mitochondrias A count of
the mitochondria from wart w»ﬁd oells ranged from
265 x 10*° to 2.22 x 10'° giving a 1499 x 10 average
nundber of mitochondria per gram of wet AU cellses There
was approximately a forty-fold more mitochondria in
infected cells than in Wnt.d cells (Table 1),

Counts of mitochondria from passage 80 passage
varied slightly in both infected and uninfected cultures.
There was no noticeable trend apparent of increase or

8

decrease in numbers as passages were contirmed,
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When glycerinated wart fragments were used as
infecting material, there were more mitochondria in
infected cells than in uninfeoted cells (Table 2).

In uninfeoted sells the mmber of misochondria varied
_trom £.82 x 108 to 5.77 x 10% per grem of wes Ay celis
with an average of 5.15 x 10° mitochondrias A comnt of
the mitochendria in cell menslayers seeded with glye-
eTinated wart fragaents varied from 1.54 x 2030 e

2¢30 x 101° with an average sount of 1.9% x 1020 per
gram of wet AU eells,

There was approximately a thiny-ouht fold more
mitochondria in infected cells then in wninfested cells
(Table 2)s The mitochendria counts in sells that were
Anfected with glycerinated wart fraguents were cemparable
to those oounts Shat were edtained whem fresh wars frage
ments were used as infeeting material (hbh 1)e

When wninfected ooih were grown oa a eomplex amd
eomnplete medivm there was an inocrease in mitochomdria
eount. Cells grewn on Eagles’ medimm (Table 3) centained
more mitochondria than eells growm om m.mmuu
medium such as YEX (Tadle 1)s The nivochendria cownt
in infested eells, original and passags varied frem
2.33 x 1012 0 1,77 x 1022 witn an average comnt of
h}}:lonmp-otnimunl.- In the sass of
uninfected eells, the mitechondria ceunt ranged from
1049 x 107 to 2.88 x 107 with an average sount of
2,09 x 10° por gram of wet eells (Table 3). 4s in Tadle 1,

S i an g
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there was no notlceable trend of increase or decrease
in numbers of mitochondria as passages were eontimed.
It was also found that infected cells hsd a seven
hundred and forty fold inoreass im mumber of mitochon=
dria when compared with the number found in uninfected
eells. Uninfected cells grown in Eagles' basal medium
cantained a 4.2 fold inoresase in mumber of mitechomdria
as compared te uninfected sells grown in YBM (Tables
1, 3)¢ MiSochondria esunts in infested cells (Tadle 3)
grown in Eagles’ medium, while exhibising some variation,
showed no noticeadle Sremd in mumbers as passages were
oontinued,

Uninfested cells grown in Eagles' mediuwm (Tables 3,
4) contained more mitochondria per grem of AU cells
compared with uninfested cells grown im YRM (Tables 1,
2)s The mitochondria count (Table 4) in uninfected cells
ranged from 1.27 x 107 to 2.7% x 10° with an average
count of 2.25xlo’wmorutm»na. In the
infeoted cells (rabh-b) the mitechendria eount varied
from 1020 x 102 $0 1,91 z 10 vith an average count of
1.59 x lou per gram of wet AU oouc; Infested cells
hed seven hundred fold more miSoohendria than wninfected
cellse ‘ ' L

The remlts of mitochondria counss in cells inoeula-
ted with heated wart material are sumarized in Tables
5 and 6. No ssparate oontrols wers done for the heated
wart material but the eontrols as done in Tables 1, 2,

B 1
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3 and & were used for couparison. Cells groun in the
nore couplets basal medium (Table 5) contained more
mitochondria per gran of cel‘lq than cells grown in the
incomplete yeast extract wedium (Tables 1, 2 and 6).
The results in Tables 5 and 6 also indicate that there
w28 no appreciable inorease or decrease in mitoochondiras
count in cells that were inoculated with heated wart
fragmentss The original passage was followed by serial
paseages of the unhiceated cellse The remults im Tsbles
5 end 6 indicate that there was no notiseable trend of
inorease or decrease in numbers of mitochondria as
passages wers ocontinued.
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DISCUSSION

I MNitechendria Counts
Few successful 1solations of the wart virus have

been aceomplished. AlShough Mendelson and Kligaan (15)
reported the cultivation of this virus in monkey kidney
eell cultures, this has not been confirmed. Their work
lacked adequate controls. Hayashi (16) and Magis (26)
found that this agent could de serially earried ia AU
cellss In order to infeet 0¢ll cultures with the wars
virus, wart tissue fraguents are required. Cell-free
extracts of wart material do net initiate infeetion.

The close association of the virus with the oell
proupted a eomparisen of the oompenents of the infected
cells $o uninfected cells. Although infestien of AU
cells resmilts in degeneration there are many other changes,
both physical and chemieal, that take place in cells
infeoted with verruca virus. Such shanges affect the
compenents of the cells in varieus ways. Leuchtenbderger
and Leuchtemberger (89) found normal skin eells in vive
contained a eonstant content of DNA while skin oells
infected with verruca virus had a higher DNA eontemt.
The DNA oontents varied from cell to cell. In other
studies, Lewchtenberger and Leuchtemberger (89) feund
that the polyoma virus which is structurally similar to
the verruca virus caused an inorease in mitoshondria of
nonkey kidney cell cultures: Our results summariged in
Tables 1, 2, 3 and ¥ show that when AU cells were infected
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with the human wart virus, there was an inorease in the

nunber of utoehmdm of the cells in every instance.

Magis (26) observed that whem AU eells were growm on
a rich mediun (m). Mdmc of infection (cPB) required
an .auumx one or twe dan. She grevw the cells en an
incomplete nedium (m) plus um or a more «-plou
nedium (LAH) plus serume This obumuou ‘prompted an
investizatien as o What effect the mere cemplete mediua
had upon the nmmber ct um-um in w«uma and
uninfected cells. 1‘0 enhance the poonhh results,

Bagles® nodmn (s very complete mediun) was used to grow
the AU cellss 7The resmults were then eupuod to the
results obtained from oownts of mitechemdris cmtnod tre-
uua grown in saa inscmplets medimm (m).

The total mumber of nmmu. were dnn increased
in eells growmn onm the m;lm mediwn. Both infected oells
{Tables 3, &) and u&ni’um oells always had more mitochon-
dris than their counterpart (Tables 1, 2). |

All control cell oultures cansisted of monclayers
of AU cells which were seeded with 1 ml of a sispension
of uninfeeted AU cells. Xo attempt was made $o htmm
the nunber of viable eells in this ineculun, Since this
method was alse used to seed infested cultures (except
asing infested cells), approximately the ssme number of
cells were used as seed for both infeoted and uninfeoted
oulturess If the normal cells added $0 monolayers attached
to the walls of the bdottle and grew, the normal contrel
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bottles should ecntain more cells and therefors more

mitochondria. This was not the case, in fact, in every
instance the uninfeeted onltures had a iower mitoohondria
eounts The infected cell was able te produce. néro
utoohohdm psr oell than the uninfected. It is possible
that some of the infected cells also attached and mal-
tiplied, however, wart virus infected cells usially round
up and deattash from the vessel wall and de not pomu
Sthe ability to attash to the nn. againe

 The possibility that the inerease in mitechondria
eounts in infested cells may have been caussd by faetor(s)
ether than the virus in the wart material was censidered,
To dof.onmo wvhether the uumn was actually due teo the
v&mo end not ether factor(s), some wart material was
firss brought %0 $6°C for & hr. This precedurs inectiva-
ted the virus. The heated wart material was then used to
inooulate AU salls and mitochondria eounts were done.
Thers was no apparent insrease or decieass in mitoohoniria
An oslls seeded with heated material (Tadbles 5, 6)s¢ The
remilts closely parallel those obtained with uninfected
sells seeded with noermal cellse It is assumed therefore
that the inereased mitochomiria iaqit. were due to the
pressnce of the virus.

The mitochendria ocounts from the different
hemogenates obtained from sells grown under similar
eonditions varied some. This raised the guestion whether
the variation was cansed dy an inability to homogenixe
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cells equally each time or whether the differences
represented a true cell variation. No statsistieal
snalyses were nade. Howevey, in a similar study,
ghelton et al. (52) statistically snalysed the mitochone
dria variation in homogenates prdparcd from 035 nioce
liverss The homogenate differences were not due to
errors in the technique of homogenization but Tather sm
indication of animal variation.

II. gell Frastienaties | .

Cell frastiomation has dean used extensively in
the study of ocellular semponents, particularly by ;
Hogeboem ot ale (87)¢ One main advanSage of thia prece~
duxe is that oell frastioms ean dDe odtained in large
smounts for extensive eytological and bleochemical study.
On the other hand, the possidility that artifacts may be
preduced in the course of frastiomation eamnot de
dissounted: The artifests may includes 1. The morpheleg-
1cal slteratien of intresellular compments particularly
the mitochondria whish are very smusitive %o extraneous
interference, may Do 20 extensive that the mitochemdria
nay not be idmtifiable; 2, ¥hen oell menbranes are
broken a ohange in the biechemiocal properties may remlt
from either adserption or the loss of soluble substances
from the mitoshoadria: In attempts to characterize
bicenemieally or cytolegioally the mitoshondris in the
isolated state, 1% is importans to demonstrate their
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integrity as well as the degree of homogeneity of the

preparation,

The mechanisa by which a hypertonic sucrose solu-
tion 1s capable of preserving the morphological and
cytologiocal eharactexristios 1s not understeood (87).

It is believed that the effect is largely ome of
tenieitys In a series of homogesnates prepared in
prelininary experiments, the proportion of rodlike
forms progressively insreased with inereasing suocrose
concentration. Converssly, when homogenates prepared
in 0,38 M morose were diluted with distilled water to
a final oonoentration of 0.25 X, the rodlike mitoohon-
dria became spherical within 4+6 minutes: The changs
from rodlike to spherical shape was acoelerated in a
thin fila on the miocrescopic slide. XNitochondria
suspended in the diluted homogemmate becams spheriocal
at a lower rate than those obssrved emn the mioresscope
slide, ' '

In unbroken uninfected sells the intracellunlar
mitochondria remained predominantly redlike. The
mitochondria in unbrokea infeoted cells were of 4if-
ferent shapes, some were rodlike, a few spherioal but
the bulk of them were filamentous. The cells 4id net
show shrinkege in the hypertonie medium. Brownian
movemen$ within the wninfected and infeoted unbroken
¢ells in the homogenates was greatly reduced, Hogeboom
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ot al. (37) observed the same phenomenon in rat liver
cells and concluded that the cytoplasm had a gel-like
consistencys They stated that other factors than the
ommotic pressure of 0,88 M sucrose solution may play
an important role in maintaining the integrity of
mitochondrias The high osmotic pressure in the medium
may reflect more than a control of the distribution of
water within and outside the mitochondria.

The 0,88 M suocrose solution used has some disadvan-
tagess Because of its high viscosity, high centrifugal
forces must be used in centrifugation. Hogeboom et al.
(87) believe that the high sucrose concentration may
adversely affeoct the enzymatic propersies of mitochon-
driae

In conoclusion, the results odbtained in this work
were in general agreement with those of other workers.
Many viruses alter the morphology of mitochondria of
infeoted cellse The majority of viruses cause an
increase in mitochondria of infected cells.
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SUMMARY

AU cells which were inoculated with fragments of wart
tissue becanme 'wutod and uhlbitod a progressive
eytopathogeniec effect. ,m infected cells deosme round
or angular and eccasionally formed microvilli. The
oytoplam eof th.o sells showed inoreasing gramilation.
Uninfected conl whioh wers grown on Eagles® medimm plus
serum comtained more miteshondria then mexmal comtrol
oells grom on yeast extrast mediun and calf serum,
mrootoﬁ test eells growmn on Eagles® medium oontained
more mitochondria than infested cells grown en yeast
extract medium.

Infected test cells grewn on either Bagles® medium eor
yeast extract medium eontained more mitochendria than
their respective uninfected cells.

Cells which were seseded with heated warts material 4id
not show any increase in mitochondria counts.
Mitochendria in intoom ocells were more filanemtous
whereas those in uninfected cells were mainly rodlike.
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