@/“,M"wild;{m %M,«, &Lﬁ’/ ﬁ
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Mhether all viruses multiply in exactly the same mammer as 'phage

13 not entirely clear but avallable evidence indicates that they behave in
a similar or analogous mamer., Lilkke phage, they all behave like transmicse

" _have only a reprcductive physiology; all multiply only inside of those
-~ 1living cells, producing death and disintegration or mutation, directing the

~ hours, in various systoms," --l, Frobisher,Fundam&ntals of Hicrobiolosy,?Z,
W.B. Saunders. Co.,Philadelphia,(1958).

ever, this particular- onewtakeswus to the heart of the matter: All vipruses
seermn to multiply in a simllar or analogous mammer, With ti:is in mind we
propose the following statement: ALL VIRUSES RIPRODUCE I BAGTIRIAL
_Since we know that viruses ('phages) can and do reproduce in bacteria, let
" us say that viruses can reproduce only in bacteria. (What justification is

~ thére for this statemont? Namely, thot we may be led by it to acgount .
for the facts and make some verifiable predictiona, or else led b@';fsg%rﬁor
to a bctter hypothesis{) , , . - it : -

" This hypotheﬂia scens to be stymied vhen it cores to explaining how
,plant animal and insect viruses reproduce, ZElectron microscope studles
clearly show that viruses are found within the plant, animal or insect
cellss Ve could get around this by suggesting that bacteria are prosent
amongst the tissue eells, and that the viruses cnter the eells,after
reproducing in bacteria. However, this idea falls down vhen we reallze
. that viruses are cultivated (rmultiply) in tissue cultures in which bace
 teria have been inaotivated by antibloties or other memns,*“For example,
~ polio virus is eultured in bacteria«free monkey kidney tissue preparations.“
- Thus it seoms that the original hypothesis is defeated. Surely, all
viruses cannot reproduce in bacteria, (But! We are not yot embtirely -
defeitod, JWe have only eliminated the rmultiplication of viruses by
‘EXTRACZLLULAR bacterla, We have not eliminated this possibllility for

~assumption in order to retain the original hypothesis. We rmst assume
‘that there ars intracellular bacteria. H e, ‘

In urder to lcdk for these bacteria, a definitian 15 1n order.
"Prabably the best positive definition of the bacteria that ean bo made
at present would run as follows. The bacteria are a morphologically
varied collection of small microor”anisms with a primitive cellular organe
ization, 1like that of the blue-green algae. Most of them are non=photoe
thetic, The photosynthetic representatives differ from blue=green

in which oxygen 1s never evolved‘",uunbuderorf Stanler, and Adelberg,

Sinca we require the presonce of these bacteria in the cells of a ,§ ;f

_;multitude of organisms (perhaps even one-celled organisms othen, than
- bacteria) 4t would be inconceiveble to think that there are bacteria S
prosent which have escaped deteetion. These bacteria are then necessarily
of & ourious kind--they have been dlscovered and yet remaln undiscovered.
Serutiny of cellular components funiversally! found in cells is limited
by our- dafinition of bacberiaa “Also, 1t would seem that‘we reqnire a
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~4ble mutagenlc agents; all (with the possible exception of some large viruaas)’

synthetic mechanisms of the infceted cell to the making of virus suhstance. ;,':
- Animal viruses, like 'phago, show a latent period, varying from minutes to

Tt may appear strange that we should bogin with a quotation, Hower”"'

INTRACILIULAR bacteria. It is now apparent that we mmst make a big fr;f;”p‘

algae physiologioally, for they carry out a special kind of photosynthesis |
‘*?;The Microbial wbrld, 106, Prentice Hall Inc., dngelwood Cliffs,N.J.,(l957).yv4¥ﬁ

?”




| 'Eomponentwnot rostricted in location to eithor cytoplasm or nucleus,
 for viruses have been. observed in both arcas., Therefore, wo need a

specific cellular cpmponent which has some freedom of motion within the
 eell or several components found in both arcas. Also, i1 wve are looking for
 bacteria, we might be suspiclous ~articularly of moving bodics anyway.

~ iWe might now venture a guess-as to which coellular componcnt might '
' be accused, ) In animal cells, it 1s the MITOCHONDRIA THAT SEEM TO SATISFY -
 THE CONDITIONS OUTLINED THUS FAR. They are present in a multltude of i
 orgenlsmsy they have some freedom of motion within the colls and they
. £1t our definition of bacteria. This last point mipht be dispubted on the
. grounds that mitochondria are not microorganisms with a primitive cellular
. orgsmization, as the definition requires. Howevor, such a dispute would
. find 1ts basis in turn in the definitionf of 'microorganism! and tprimitive
. eell!, and in this regard 1t can be said that mitochondria are within
. the size range of some bacteria, and that electron microscopy has recently
revealed the membranous structure of the general mitochondrion; one whiech -
~ ¢ould be labelled as a primitive cellular organization. (See M. 1). B
 Another ‘important.criterion to be used in declding whetber a cellular
" component could be ‘considered a tmicroorgenism! 1s that-conccrning the S
mode of reproduction of the cellular component,  Strikingly, both animal
and plant mitochondria, like bacterid, appcar to be solf-replicating
" bodios. Furthep, it has boen established that this division process is e
not necossarily céordinated with the cellts nuclear dlivision. This appare . |
ent indepondence in reduplicating arguesifor a division bpparatus incorpors
ated within the mitochondrias. - ' . o oo o et

‘So far-we have pointed to the mitochondria as tho bacteria of the
animal cell. ' But what about plants? What: component of normal.plant
‘cells will fit-the criteria thus far laid dowm?  The obvious component 1s
again the mitochondria, as we mentioned earlier, However, there ls a i
geocond component’ whioch also might be accused. Coing back t¢ cur definition -

~ of bacteria, we find that "most of them are nonsphotosynthetic,  The L
photosvnthetic representativos differ from blue-groen algae physlologleally,
for thevy carry out a speeial kind of photosynthesis In which oxygen is

never evolved," Briefly, the similarity 1s seen in the following equations:

Green 'Plantaaruuw'-zl-(lo—-;c(ﬂo o Ol S

Sulfur Bacterias Cor +HhD + LHAS “o CH O 4 Ltho +2 5

However, the remarkable thing is not just that these ccuations are :
similar, but that 'photosynthesis is cormon to both plants and bacteria,
That such a process ghould occur in two places iIn nature is not so remarke
able, howsnver, when we realizec that it is not the plant cells themsoclves
that are doing tho photosyntheslszing, but rather a plant cell component,
This is of ccurse, the CILOROPLAST, WIHICI IS PRESENT WILILVER PLANTS ARE
FOUND., The chloroplast, like the mitochondrion suits our definition of
‘bacteria in that it 1s wikhin the size range of bacteria and has a
tprimitive eellular organization! (boaring a distinet rolationship to the :
~ mitochondrion,)” Chloroplasts also seem to have a divislon apparatus 2 i
comparable to mitochondria since chloroplasts often?differentiate from 7« | / -
plant mitochondrias (See Figs 2)e L R s o




; ~ancestry with these primitivg populations,.

_course of evolutione

‘\ v cycles
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" Thus we riaintain our originalvhypothésis, namely that "all viruses

T reproduce in bacterla", by ineluding the mitochondria and chloroplasts
- under the heoading 'bacteria's We wlll show, in the following arguments,
- why we feel jJustified in doing 'so. . ‘

.

BRI A

We shall ndw attack the problem of virugecell interaction in a

- different way, namely, by focusing on evolution, We will have to adopt

~one of two roads irmediately. ' Eilther mitochondria evolved from materials

. Inside the c¢ell, or they evolved from materials outside the cell., To us, e
~ the second possibility seoems the more probable\bocause mitochondria are gelfe-

replicating units with characteristic gonetic ocutentland a distinct
membranous structure which 3 n the cell but rather appcars
to move freely through the cytoplasms On this basis we suggest that |
HMITCCHOWDRIA AND BACTZRIA HAD DIRECT COMMON ANWCISTRY FROM POFULATIONS OF
TPRIMITIVE CTLLSY, Further, we also stote that CHLOROPLASTS had common

Some of the smaller population méﬁbera(primitive baétaria) found

Tfegobd living conditions within the larger members and a rutualistic reolaw

tionship developed and was selceted for in the evolution of the lorger

- eell types., The primitive bacteria adapted to their ncw envirmment and

- a8 a result lost many functions which were no longer of-use to thowm an< hieh
- were of no evolutionary advantage to their host, Purther, the interplav

~ between two genotic systems PROVIDED A GRUAT POTINTIAL FOR VARIATION, This

“Interplay made possible the development of multicellular organisms from
one~celled and colonlal forms, Both systems are passed on from generation
to generation 1In an interrated manner. Thus, the mitochondria and chloroe

~plests in cells today appear to function as vital organelles, and indeed
they are vital in that many of thelr capacitlies were exploited in the

é

Perhaps 1t is time to stop speeulating about the occurrence of such
eventsy; and see just how feasible this plan iss There is no nced to
question the genoral concept of mutualism, as 1t is & wido spread natural
phenomcnont, In 1itas oxtreme would be found a relation such as that between

- man and his crop plants, while in its more restricted use, a rolation such
- a8 that found tcday 1h Hydra wvhich contain, within certaln cells, photo=
- synthotle alpaes In this latter case, the Hydra benefits by galning

~ carbohydrates, while theo protist in turn receives water, nutricnts, and

'shelter?', Now exactly what is tho difference between this situation “
and that of the chloroplasts in planta? If we throw away for the moment

~ the traditional eoncept of the chleroplasts as an oendogonous part of the
~e0ll, we will see that, there is no difference. But) Is therc not a big

difference in thé Rlgié and chloroplasts are passed from genoration to
gencration? The algae are passed on from !parent! to tchildt by entering

 SBBAraSHERRY BT eheX UG ed en BT e o ropl sk g D tha soodous’ |
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‘f pre-chloroplast constituents would maintain an independence even in the

B8 gn ®these
seedw~and there is some evidence that they dol Chloroplasts develop e
from small cytoplasmic perticles included In the seed, and their eontinuity
from generation to generatioh depends on thelr ability to form these !sporeo-
like! particles, This ability of chloroplasts to form sporcs parallels the
abllity of several bacterial spocies to form spores as a part of their life

e,
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. - It 1s apparent that the hypothesis that chloroplasts, mitochondria,

. and bacteria have common ancestry rust lecad us to change somevhat our

conception of the nature of living organisms, I'or wlth regard to plants,

- nature utilized the potential that lay.ready 1n the form of photosynthe-

- slzing 'primitive bacterial! to build larger and more complex living
structures which digplayed these bacteria in great mumbers and to great

~ advantage., IHowever, a problem may now arise, IMutuallism means a mutually

~_ benoeficial relationship botween organisms, Iere though, it is apprarent

~~-that since chloroplasts and mitochondria function so intimately wlth the

rest of the cell that they are consldered to be cell parts, these structures

~are hoavily responsible for the evolution of plants in the first place.

Thus we must streteh the meaning of mutualism somewhat In that the particle

pants of the .system can.no longer get along succesasfully without each others

Thus far we have ignored the mitochondrla somevhats Hitochondria
partiecipate mutually elso, but in a more subtle mammor, They are best
known as centers. of enzymic activity within the cells TFurther some
investigators beliéve that the enzymes found within mitochondria initiate

| oytokinesis, Their blochemistry will be discussed in moﬁeu¢et@11‘1atar one

e One point left untouched is the mechsnism wherebv one organism

. should wet into another, as we have suggested by having primltive bacteria

- within primitive larger cells, (One reasonable way we cculd Ppropose is

- that the. larger cells ingested the smaller, but in-this ease did not .
digest them. Such a possibility 1s supported by obscrvation. (See Fig.3)

- The bacteria in this case appear to help in digestion within the flagellate

. Hero then 18 a case of bacteria living within a living cell, a flagellate,

A simllar situation is proposed for the orlgin of chloroplasts and mito-

, -~ Thus:-it -is with this evolutionary argument that we justify the

~ elaim that chloroplasts and mitochondria may be ineluded under the overa=
Kall hoading of bacteria, s B

b , : 4 4F 2% S gE S S 4 4 4 .

If mitochondria, chloroplasts, and bacteria are shown to have some
propertiocs In common, and we hypothesize that they have a direct ancestry,
- we might search wlth confidence for other properties held in cormion,

Therefore we might lopfcs v look at the mitochondria and chloroplasts
as the bodles in which viruses reproduce since one wellelmown proporty of
boetaria 1a thelr ability to reproduce viruses, : ’

Since we iIntend to deal particularly with the problem of virus reprode
- uetion, 1t would be appropriate to pose the problem: VWhat 1s a virus?

‘The most readlily studied viruses are those which infeet bacterig; namely
the bacterilophages. So we shall start by trying to understend the nature
of the bactoriophage«bacterium relationship, Probably the major charactere .
istic of this relationship 1s its sgecifioi§¥. Cortaln viruses infect
certain bacteria and eannot infect others unless a rutation of the virus
or bacterium occurs., If we can explain this specificity, we probably
: aggll»havergone a long way toward discovering the nature of the relatione
- ship. IR '

~ The plctures of phages tattacking! a bacterium strikingly resemble

- pletures of sperm tattackingten egg, and an individual phoge itself has

a coertaln resemblance to a sporms Resemblance alone however is certainly 4
1ittle basls on which to draw a connocetion} we can say only that these are




analogies. However, in & certain licht ‘thess relations nay be viewed
a8 more than analogies, Let us call a bacteriophage a degencrate sperm.

| “As a sperm, it should be incapable of self reproduction in isolation,

which it 1s. Now let us eall the bactorium an olaborate egge As an e
egg 1t should also be incapable of lsolated self reproduction, which it
is not, lere, parikhenogenesls seems to be the rule rather than the '

- exception. While the 'analogy' faila somewhat at this point, 1t st11l may

be carried further.,-‘

: What e have sugrestcd is thnt ‘the 'phaga-baoterium.relationship is
typa of sexual relaticnship in which the phage would demand a specific

.?host Just as a sperm demands a speciflc eogge Wnen the phage contents

(ganetic nessaga-HNA) enters a bacterium two things can happen:

:  11. New phages may be produced which escape the host through lysis. This

may be likened to spermatogonesis, in which the explosion of phages is
really only. the phenomenon corresponding to liberation of sperm by melosis,

, 52.,The penetle content of the phage csmplcmants that of the bacterium giving

- prophage. This may be likened to fertilizatirn,just ag the genotic
contont of the spsrm complements that of an egg. Vhen the sperm contents |

~ attaches to the correspondins and recipient structures in the egg, :
‘the sperm constitucnts are replicated faelthfully in all of the progeny

of that ege cells The zame can be said of the prophage phenonenon. We

need only substlitute the word bacterium for egg, and 'phage for sperm.

In the multicellular organism this replication continues until scmo of the

progeny of the original fertilized egp sapapate out ag the sperm or ogg

‘eontribution for sgcceeding pgonerations, Here recembination of genectlc

material can give rise to different oggs or sperms. This 1s also typleal

of the conversion of proplhage to’ xy$¢fww(a phage in which some of the phages

(spermlike) are like the origlhal -genetically, and some are not, Here is

‘what M. Frobisher and W. W@idel have te say on the subjact*

o "”he essantial featura of fertiiizabion 1n a1l fbrms of 1life
‘qgexhibiting séex 1s at the microscopic, single-cell lével, ‘It 1s
* " the complete fusion of the nueleus of a haploid, male gamete with
a haploid female gamete, A diplold cell results, ”his, in essence,
.18 true for the simplest sexually reproducing protozoan or funpgus
© a8 1%t is for violets, human beings, or whalcs, The essentizl event
. 48 the transferrence of genetic DIA. from male to female gamege.
' The male DNA enters the genetlc mechanism of the female cell, becomes
~ 'selfwreplicating and contributes Lo the genetic character of the
rosulting diploid cells., Does this suggest infection with a virus?
‘;;ransduction? Transformation with DNA? Tappra in Paramecium, eto.,?
~ We may 1f we wish, for purposcs of argument, regard sex in higher
:g;animals as an evolved, improved, very selective, very certain L
means of transmitting certain, partioular, genetic material Ffrom
- one particular cell to another particular cell., OCn the unicelle
- ular level of protozoa, yeasts, otc,, simpler and less porfected
~ ‘moans exlst: simple cell fusiom or conjugations, without differe
. .. entiation of male and female, At the st1ll lower levol of Bacteria
- and_viruses, the mere carrying of a bit of genestic LIA by :
- hit-or-miss, catcheasecatch-can means to any 'competent!? oﬁn{
in the vieinity appears to suffice: by tphage, by mere bathing
of the ¢6ll in a solution of sterils DNA, agents like Signa, etc¢
, «dﬂ. Probisharg Pundamentala of m1crobi ogy, 220a ,
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Furtber Weidel has the fallo*ﬁng ta add to- I‘ro’bisher‘s inferred semalityo~

“th adsorption/penetration of a ‘phage particle 1s just
_one oxample of how nature solves a ubiquitous problem: for e
biolopic entities of all sorts, it is cssentlal to establish e
~specific and durable surface contacts to bthers as a prerequie-
site for uni-or bilateral exchanges of materlal or even for -
“. " complete fusion. The infection mechanism of a phage particle S
“..+ ‘is thus bearing the marks of what would be called a typleally -
- sexual process in more obvious cases,"
b "Chomically defined macromolecular comploxes serve as
“mediators for 'sexual! attachment as well as for virus attache
.mente . -Whother these complexes are called receptor substances
LU 4n the ‘latter ease or gamones in the firat, fUnotionally they
'l yust be considered as belonging to the same class."
S0 “"Establishment of spocific surface sontacts is always a
“matter of two, possibly complementary, structures partid-
.pating in the binding reaction. In the case of bacterial
viruses, one i1s of bacterial origin, and the othexr is part of =
the anatomy of the phage particle," «»W;Weidel, Bacterlal Viruses,
. Ann, Rev. Miocrobiol, (1958) 4

' S.E. Turia also has commented on the resemblance of viral infection o
 sexual fertilizatian. ~-Prot0p1asmatoloyia, Band IV,52,(1958). ‘

' Let us adopt the ‘gexual scheme tewporarily, &ince it offers a rather

" simple deseription of what mlght otherwise appear to be a complicated and

perplexing phenorerion, We see that from this point of vlew, a bacterium
pleys a part In the phage life ‘eycle, and the phage plays a part ftn the
bacteria& 11fe aycle. Tha twu ovcles are intimately ralatea.

onw, s:lnca we have ‘been talking; mainly about phan'a, po r'h%pg it is
‘timo to.see how viruses.in general fit into the pleture. If Weldel's
tless obvious',saxual process and Frobishert'st'lower!sexual process are
truly more than analogies with hirher sexual processes, uan they should
hold for all viruses, not just bactoriophages, But what do we mean by
'lower!? DBacteria, as our definitlion admits, have a primitivo ‘constitution,
We call 1t primitive because 1t sdems so by cowparison with othor cells,
1ike the cells of multicellular plmnts and animals, end thus we conme to
the conclusion that bacteria are a 'lower! form of 1life, maintaining this :
lover sexuality. Row, if a phage, as we have maintained, is truly a part 3
of the sexual life cycle of a bacterium, or was a more leglitimate part e L
before degeneration to a pmrasitic nature, then viruses in general must v
somehow be- a part of the sexual lif'e cycles of plant, animal and iInsect
gglla. BUT WHAT 18- SUCH A LOW’FORM GF SBXUALITY DOIRG IN SUCIH HIGH IORMS
LIFE?? ‘

Ve intend to resolve this paradox by claiming that there 1s a certain
-part of plant, animal, and insect cells, which is tlowert!, and with which
virugses enjoy thelr sexusl relations, DBut sexual relations Implies that
genetio mater 1als are involvede«DNA,RNA-wcnd sinece these are in the nucleus
of the plant and animal cells, shall we not have to claim that the sacred
. nucleus of these cells is 'lowar'?~_No,‘there 1s another alternative and
one which perhaps makes up feoel better. Ve nosd only olalm that the
genetio matorials recuired are in thez oytoplasm. In plants the most obvious
extranuclear vehicle of heredity i1c the CHLOROPLAST, MITOCHONDRIA are
: alao faund 1n plants although they appear to be more prominent in animals.

Y G S ;




Both mitochondria and chloroplasts appear to contain RNA and possibly DHA,
Further, recent studies by DuBuy end Wood have shiovm that plant mitvochondria
con rmutate to become wnusual chloroplasts. Furthermore, both mitochondria

and ohloroplasts exhibit what might be called a 'lower! siructure. (Seo iig.l,2;

- Thus Wwe contend that in plant and animal cells, all virusos malntain »
their sexual cycle with chloroplasts, mitochondrlia, or derivatives of these :
structures. . = L ' o ~ ' :

We might wonder why, if mitochondria and chloroplasts contaln a
self replicating matorial --RNA and/or DNA, and are able to mutate, they
might not have changed in"the course of evolutlion so as to become msuscepte
ible to viruses, thereby safeguarding the organisms in which they are found,

‘Here are threo possible answers to this questlont

1. I1tochondria and chloroplasts have not given up this capacity for the
same reéason that extraeellular bacterlia have not given 1t up, It appears
that "this reason is found in the intimacy of tho bacterium-virus relation-
ships Furthermore, the phenomenon known as prophage suggoests that the

" bactorial division (we would use Mmitotle) but thore 1s a current dispute

d&&”'over bacterial division and reccribinatlion) apparatus is used, just as a
| — sperm uses that of an egg, 80 that we might be asking the bacterium,

chloroplast or mitochondria to pive up or completely modify 1ts division
“mechanism, The accomplistment of such a feat would seem unlikely.
2. Capacitics for viral synthesis might go hand in hand with capacitiloes
 for synthesis in general, For example, in Streptomyces (bacteria-like

~°  fungi), sntibiotic =-streptomysin--production appcars to be related to

o four typés to classify them as such, but that they are all just plain

~viral reproduction and relecase of the phage particles,: These capacltles
‘4n the case of chloropleosts and mitochondria are explolted and integrated
into the organismal system; they cannot be given upe.

~ 3s Some mitochondria and chloroplasts may presently be evolving In a direction ;,

that will lead to loss of virus reproducing capacity, or perhara sone
~~ orranellos have already lost this ability to promote viral reproductlon.
| ~  ‘a:*.% wa Eewer R

- SUMMARY

The bacteriuin=bacteriophage relation 1s to be considered a bacteriume
virus. relation. ¥hile.in the conventional literature, a phage 1s regarded
as a-virus, a virus is not a phoge, We wish to state otherwlse, by
- maintaining that all virusos opcrate in the same way that phages do,
nanely through specifilc-action on and in a'baotertumJOhleroglast,,or
mitochondria, - e e A SRR
' There are two prevalent hypothescss One says that ‘there are phages,
. enimal viruses, plant viruses, mnd inscct viruses., The other says that
there 1s not enough difference in the mode of reproduction of these

.

virusos, opsrating on bacteria, The second hypothesis suggests that
tcrminology alone might cloud the fleld of virologye. IFor example, we
may oall a bacterlophage a parasite, bubt when a sced~bearing pod bursts
open, we do not call the seed parasitesof the pod, Nor do we state a

- burst size for the ‘particular spoclos of plant, whleh ilke the burst
size of a bacterium, is probably falrly constant, Nor do we sowy that
the pod 18 lysed, S , :

The second hypothesis 4s the simpler of the two and should be adopted -

before the first for this reason, at loast until it is thoroughly dise

proven by experiment.




" our viow that reproductien of viruses ocours in chloroplasts, mitoe

| Thoy are restricted by host specificitye. This appliecs to bactorloe

'Viruéééﬂreprodﬁcé‘inJhOst bacterih,‘ehloroplésﬁs, or mitochondria, .

phages and the so called plant, animal, and insect viruses(including
tho tumor viruses)., That viruscs should reproduce in mltochondrla S
and chloroplests is undorstandable in the light of the matuallstic o
theory of plastid origin.. . .. .0 : '
Wo have found no recasonable basis or experimental ecvidence supporte

~1ingwthé view that viruses reproduce in ceil nuclel. However, we have

found somo evidence as' well as several theoretical scheies to support

~* chondria, or baoteria, .This evidence followss . . . . /

t T v i i
4. L B s o
. A T o S
L : . L s
“
. , oA i - , .
v ‘, i S i o ’
- S o . 0 .
i Ea - .
Ly .
g
“ - *
; T -
" - .
PR (S ‘ i
kS : ——
A
:
iy i
b . 5 ‘
- S T -




I,

In this section we intend to show several similarities betwecn _
mitochondria, chloroplasts, and bacteria, as found in the litoraturo.

A, Mitochondrial and chloroplast activity in isolation from the rest
~ of the call¢

1, Leon, H A. S.F.Cook Mitochondrial reduplioation in vitro,
Science 12 &, 123, (1956).

5{? - " Ephrussi and others advocate cytoplasmic genetic continuity

(of mitochondria), thus requiring autoduplication of these cyto=
" plasmic elements, Such a process was reported for mitochondria
- in 1910 by Faure-Fremlet, In the course of some studles we pere
o formed on the morphology of mitochondria, this phenomenon of
. selfeduplication was also found to occur in vitro,"

flv25 Kardos, J, and R, Kis Bagoly, Studlies of the extrscellular
= developmental possibllities of mitochondria in the cells of
- plants,Acta, Blol, Acad, Sci. hungarlicae_ 6 (3), 19-30, (1955)

fﬁ;, "Yhat were belleved to be mitochondria broke into rods, coccus,

ete, forms, and moved in various directions. The question as to
© wnether the bodies are mioroorganlsms or mitochondria is briefly
i fodiscussed. ,

3. 'Mlen, M.B., F,R, Whatley, and D.I.Amnon, Photosynthesls by

pisolated chloroplasts ’ Biochim. et Biophysica Acta, _1, 16 (1958)

B‘ The action of antibiotios an’ mitochondria and chloroplasts.

L l. Loomio,w F.,On the mechanism of aotion of Aureomycin, Science 111
:ih7hp (1950).;£;E - B , _

_fﬂlt was “observed that low concentrations of aureomycin ‘depressed
B fj_pggsphorylation in nonmal mitochondria wiﬁhout 1nhlbiting respire
; ¥ '. a On. . . ) .

s

PR

rﬁ{fai‘Van Eeter, J.C., and J J Oleson, Effoct of aureomycin on the re=

- spiration of normal rat liver homogenates. ocienoe 113, 273, (19 51) +

*A*‘Bvidence is presented showing that aureomycin causes an inhibition
of respiration of whole rat-liver homogenates-- possibly may
block some part of the Krebs tricarboxylic acid cycle,

3. De Dokeanrenson,<M., and. S,Messin, The genetic continulty of
Eugzlena chloroplasts. I, lMechanism of the appearance of wnite
clones in streptomycin-treated cultures Bioohim. et Blophys.

 Acta, 27 (1) 1L5, (1958),

oSEESREmELE, 93&23t%xs%nsggseagssfzﬁwaetﬁg&? hpgen
bactariostatic action similarity) ;

.
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o “iffﬂ_hu. Vavra,J., ”he action of streptomvcin on chlorqplasts of the S
e ;.335 flagellnte Luglena gracilis Klébs., Folla Dlol., 3 (2), 108(199)“

“The decrease 1n ‘the size of the plastias under the 1nf1uence of
stnpptomycin 1s. explained as‘bein ‘due to the loss &f the ablliy
of tne pla'tids, during division to continue growing.

5. Robbins, W,J.g A.HorVGy, and I L Stebbins, Eu slena and vitanin
B12, Anng: w. Y. Acad, bci.,.gu, 818, (1993) |

Streptomycin 1n sufficient anounts oroducedSBQrmanently bleached
" stralns of Eugleona, Intermediate amounts .of. the drug produced
-pale green and yellow strains,, Bl ached stralns were also pro=

'Q ducéd by aureomycin and by growth the dark at elevated temps,

’cc, Viruses associated with mitochondria and echloroplasts,

"'Q\Q 1. Sukhov, K.S., and G,S. Uikifarova, Crystalline inclusions of
: -tobacco mosaic virus in’ the plastids of niosaic tobsacco,
ﬂfﬁklady Akad, hauk, . bbe, J g (5) 766, (1955).

‘MWashed chloroplasts of mosaic tobacco were studiad with the
~electron microscope., Crystalline agzgregates of virus were obe-
served, which suggests that they can reproduce in these organs,

| ,va \V 2+ leyon, H,, Virus formation in chlorcplasts, Exptl, Ceil Res. i,
-~ 362 (1953) -

.;"Exanination with the electron microscope has revealed that the

- filamentous particles characterlstic of leaves infected with teet

. yellows virus are frequently found in association with cHloro-
. 'plasts, and appear to have been extruded from them, Similar in-
AR N : vestigations have been carried out on tobacco mosale virus, The
(e - ascumption is made that at leasb some viruses are formed within

‘,chloroplasts. :

“”*]A;f‘\“Bo Ackermann,d W. and H.,Kurtz, The relation of Herpes virus to host
- — cell mitochondria, J, Exptl, led., 90, 151: (1952)

"It has been demonstrated previously that certaln of the oxidative
. peactions of the Krebs cycle which are locallzed in the mito-
- chondria are essential to the propagation of influenza virus, .
Purthermore, changes in these activities have been observed in:
tissues infected with herpes virus ( both by author--Ackermann s
. The data reported here shows exlstence not only of a blochenical
g e but also a physical relationship of this virus to nitochondria,
«  'The interpretation is tentatively advanced that these orgasnelles
. - are a site of viral synthesls in the cell.The virus found in the
cytoplasm,may result fromn a deterioration of the mitochondria
_ e ~at the time of viral maturation. Lata indicate that in livers in-
-~ fected with herpes virus, there is a selective destruction or
‘ : e ,daterioration of mitochondria.

Gt




\\J n. Dempsey, E w., Variutions in the structure of mitochondria,
Je Biophys. and Tlochem, Cytols 2 (u), Suppl. 305, (1950).

"A final instance should be noted in- which mlitochondria are aluor~,ﬁ

ed in cells, the metabollism of which has been changed. Luse and
smith (unpublished data) have infected splenic cells in mice
by injecting massive doses of salivary gland virus intra. =
peritoneally,. They have also studied human fibroblasts grown in
tissue culture after infection with virus., In both instances,

_ the cells enlarge and exhibit an increased number of mitochon-
dria, with frequent "open" forms, at times Jjust prlor to the
appearance of recognizable viral bodiea wlthin tho cell, "

D. Virusos, mitochondria, and chloroplasts aasooiated with pathology.

l. Huxley, J., Biological Aspeots of Cancer ’ Harcourt,Brace, & Co,
New York, (195&).

‘---§OT”-- In the following quotations we would particularly like
to point to Huxley's anaglogy of tumor-virus masking to alteration
of prophage, as being more than an anglogy. Viruses well may be
capable of maintaining a "prophage" or "latent" state within the
 mitochondria and chloroplasts if one considers the bacterial
. © - nature of the mitochondria and chloroplasts, and this may be
'slgnificant in connectlion with. the differences between a viral

fvf%fﬁ*iﬁfection such as polio, and’ the development of"a cancer LY

‘virus, ‘Possibly, in the former, viral replication takes place

.. ~while 4in the.latter, the virus assumes ‘the latent "prophage"
. form which permanently mutates the mitochondria so as to produce
<'wa§;tho abnormal cellular'functions distinguished as cancer,

oD 71 '"Tho faot that theY (tumor viruses) must primari”y affect

- the cytoplasm 15 important, and points the way to furﬁhor PCw

' .’'search, ey

T pe75 "The cﬁoseness of asoociation between virus partioles and

- . host cytoplasm can vory greatly. The virus 1z mobre -readily liber
ated from slowegrowing benign fjumors, Increased growth rate and

., . ociations with host tilssués-- and diminlsh its froedom,”

. - p.86 "The analogy between the masking and umnasking of tumor
7. virmuses and the altornation of prophage and active phave virus

15 striking,”

will be lysedj. in them the prophage becomes ‘unmasked! or de-
- tached, and proceeds to multiply diaproportionately in the usual
way.Environmental agencles can Hinduce! actlve phage from prophage;
eg., ultra-violet irradiation somehow detaches certain prophabes
. from the bacterial genome and frees them for replication,”
2. Frobisher, M,, Fundamentals of Microbiology, N B, baunders Coe
: Ph.i lade lphiﬂ. X Londonj (1957 ) )

p.586 "It has been suggested, on reasonable grounds, that the tfﬁo
-~ role of carcinogenie agents is to induce cancer viruses which

- may, llke 'phage in lysogenise bacteria, be latent in the tissue

o cells of certain people " o = g

”;*nwithin the mitochondria in a similar fashion to phare replication,

.. malignancy increase its ‘tmasking'--1e, the closeness of its ass=

Ao

~"In all lysogenic ‘strains of bacteria occasional 1ndividuala :
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. ‘\\Q 3. Bernhard,¥, Electron [licroscopy of tumor cqlls and tumor
~ viruses, a review, Cancer Res., 18, 91, (1953)

"The general impression 1s that cancers have fewer mitochondria
than normal cells, This 1s only a general rule, and it is easy
to find exceptions to it," "As mitochondria in tuuor cells often
appear swollen, the density decreases raplidly and the charactere
istic double membrane of their outer walls and cristae may dise -
appear completely, The swelling of mitochondria, preceded by ultrage-'
~ structural defdcts, 1s very frequently encountered,”" "It would ¥
- be of great interest to know whether injured and swollen
mitochondria in cancer cells are linked with the maligznant proe-
cess and represent a primary leslon, or if these defects are ‘
only the result of the rapid azing and degeneration of these cells,
- or of poor nutrition and respiration, very common in necro- :
- blotic areas of tumor tissues." "The #ughor has observed many
tunor cells which were well preserved in all respects and probe
ably very actively growing when being fixed; the only visible
lesion was the swelling of some of their mltochondria,” "An
~ apparently opposite process is observed in many tumor cells:
7 bumor mitochondria are not swollen, but, on the conbtrary, may -
- = . be much denser and smaller than normal," "Among these small and
Ea . dense mitochondria one finds all intermedlate aspocts betweon
e ~ typical mitochondria and dense, spherical formations which have
been called "microbodies"-- very dense particles without any
visible inner structure and limited by a single meubrane, They
© have been considered as precursors of mitochondria," "Ferritin-
hemoslderin granules can be found within microbodies in sathe
ologlcal paraerythroblssts of fowl erythroblastosis, Iwen viruses
may be observed within some mitochondiia of this discase, :
khether the agent. as such has ponetrated incidentally or wicther i
- 1% has been formed In a matrix, [1lling previously GLo 1l Lo~
chondrial body, 15 still UNLNOWN, SUMNATLZIng &l. Lho OD8ervae
tions reoported on tumor mitocnondria, ONe 15 oLruck DY Tho
extraordinary variatlons in their nwiber, size, iora, an.
‘gensgity, and by the frecuent lesions t.ucy oreiClic. |

e

f 5\Q L+ Dounce, A.L;,VN.P. 0'Connell, and K,J.lonty, Action of iiito-
e chondrial DilAsse I in destroying the capaclty of isolated cell
nuclel to form gels, J., of bBlophys. and Biochem, CyGtol. 3

eL9,(I957) : v f;

"The work reported in this paper shows what mitochondrigl LlAaseI
can do to the nucleoprotein of cell mitochondris upon break-
down of compartmnentalization of this enzyme within the mito-
- chondria, 'The firm binding of DNA to chromosomal protein ic ;
- broken by the DNAase and some depolymerization of the LiA occurs,
In view of the probable genetic role of DiA such effects could ;
be expected to cause irrcversible damage to the cell. Anything
that tended to cause mitochondrial disruption within the Hving
. cell therefore could be expected to cause tho eventual death
T of the cell or to produce genotic effects. We thus be#ome aware
FE ~ of a possible basis of cytopathology that seems not td have
. been emphasized previously. e :

s
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Clerici E., and G. Cudkowlecz, Certain eiPect cf'pQQimet:yl

‘amino azobon&ene, deficlent diet, and hypoionic ..edla on

mifochondrial enzymcs in experliental rat-liver carcino*aneais,
J. Wat. Cancer Instit, 16, 1459, (1956). N

'M"Recent investigations have emphasized a ciose correiation

34~between the morphology of isolateévyitochondria and their

. ,6‘

~ Graffi has shown, fluoresce brightly if carcinogenic hydrocarbons
.-are brought into their surroundings, because the grana accui- _ :
ﬂﬁulate the carcinogenic substances, Probably this accumulation |
* '1s thé -expl.nation for the fact thai carcinogenic hydrocarbons, =
_although almost insoluble in water, can inhibit respiration

- -and’ therefore have.a carcinogenic eifect " v

';Jodﬁs,u.d and L.a.tumuy, JGrc&itary and pathogenic nature of L
f'mutant mltochenAria in wcneta, J.Ja . bancen Ihqt., 1:,1105, (1951)

-nl“Present reﬂults strongly support/the view of the autanomous
~_‘hereditary” (extranuc:ear) natura of plastlds. They demonstrate
. that many distinet types of nupant mitochondria can be recog-
. nized by thelr plagtid forms. ¥n the cells, and all . possible
. .combinations observed without transition forms between normal
.- and mutant types, Such fialition forms mi; ght be expected
oo 1f diffusable extramiltochondrial cyuoplaomic factors weyre reo=
" sponsible for the plastid abmormalities (plasmagenes). Ei

the abnormal mitochondrial derivatives cause pronounced derange

“tinuing cause of neoplasia,™
" "Virus multiplication and-the multiplication of strongly aberrant
_@_derivatives could be expected to compete for certain loci on
- normal mitochondrial elements, Data support suggestions that car-
tain plent viruses may have evolved and are evolving through
~vchondriogene nutations and natural selection of progreasively

engymic activitiéa, It 1s thersfordcupossible that some enzymes
may be influenced, durlng carcinogenasis, through modifications

‘of the mitochondrial structure." "The decreased activation of

ATPase in the precancerous liver nitochondria could be interpret»
ed as an example of an enzynic alteration related secondarily -
to a modification of the mitochondrial structure brought about
by experimental carcino&enesis." '

uarburg, 0., On_the origin of cancer cella, Science, 1”3, 309,
(1956) —
~=l{07E~ in the followinu quotation Warburg refers to the mito~
chondria au g;gna., 7o -~ .

"The connection of respiration with the grana also explains a
carcinogenesis that I have not mentioned previously, the cars
cinogenesis by X-rays, Rajewsky and Pauly have regent'y shown
that the respiration linked with the grana can be destroyed with
strong doses of X-rays, while the small part off the respiration
that takes place in the fiuid protoplaum can be inhibited very
little by X-rays. Carcinogenesis by X-rays is cbviously nothing
else than a deqtructi#m of respiration by elimination of the
respiring grona.," "It" should be mentioned here that grana, as

Lm«if

Some of

ments in cell growtirand function.‘”hey constitute ‘the con-

o
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'&enes rutation rate of chondriosones can ba enoriic

nore virus-like forms thus produced. Through xn‘iacnce of ruclear
- 0TE: llere 15 an example of the 'direct interuction of' the

two genetic systens (as mentioned previously).

"Thore appear to be no reasonable grounds for douthng that
plant and animal mitochondria are basically homologous

celiular orgsnellcs, eg. as homologous as are plant and artual
nuclei, It i1s believed, therefore, that the resuits of the pres-
ent study suggest that a considerable range cf pathologic
conditions may exist 1n animal tissues as a resuit of chondrliome

‘mutations.Such a view hag n?ready been expresued."

oods, ¥.W,, and H,G,luBuy, The action of mut:nt chondriogenes

- and viruses on plant cells wlth special refercnce to the

plastIds, Ameér. Je Lot., 30 (o), 419, (1951).

vormal mitochondria of . Nepeta cartaria and liicotiana
differentiante into chloroplasts coutaining grana.iitochondria
possessing mutant chondriogenes however, develop into abnormal
plastid forms characteristic of the given chondriogene mutant,
These modifications include changes in plastid size, pigrment

i content, Sifn and number of grana, vacuolatlon, enzyme active~
Co

PREN

1tles, etc 113 infected with certaln stralns of tobacco

*ﬁ?moeaic virus undergo modifications in plastid development that
- parallel those produced by mutant chondriogenes in Nepeta." ‘

"Mutation of tobacco green mosaie virus to yellow mosalc types

- pesults in characteristic changes in action of virus on chloro-

plast development, Cytologic evidence of multiple infcction of

single cells with both parent and mutant viruses was obtalned,
In cells containing both normal and mutant mltochondrial
systems each plastid system 1g Independently niodifled by the

virus, Thls supports the previous theory thnt certain plant
viruses have had a mitochondrial origin.," -

;--uO”W%' ‘underlined sentence appears to support our view of the
8 ecificit¥. of viruses for mitochondria as being similar to
1

phage spec city for bacteria-- specificity is altered by
mutation of the phage, the bacterium, or both.

E, Similarities in the biochemiatry of mitochondria, ‘chloroplasts,
.and bacterla,

; l 5

Hogeboom, G H.,W.S Schneider, Med, Striebich, Localization and

.1ntegration of cellularAfunction - mitochondria, _Cancer Fes,

13, 617, (19531

:¢ f;"The mitochondrial content~of enzyme systems related to the
.. respiratory activity of the cell 1s their most striking bio=
“.. “ chemical property,' The dtilization of reduced ¢ytochrome o

"appears to be localized EXCLUSIVELY.in the mitochondria.”

;@§;5"Systems ¢losely related to cytochrome oxidase are also found
: “in-mitochondria, 1 itochondria ‘play an 1mporﬁant role in the

.Krebs" gséries of" reactions as; indicated by presence -of the fractioh
xauccinio dehydrogenases and oxldation of. a=keto glutarate,

. ‘oxalacetate, and octanoate. - Glutamic and. b-hydroxy butyric acid
dehydrogenaaa are alao present.A reaction that has an important




bearing on the role played by mitochondria in integrated act-
ivities of the cell i1s the synthesis of ATP through oxidative =
phosphorylation, In .the presence of an oxidizable substrate .
ADP 1s converted to ATP at a rapid rate by isolated mitoe
chondria," Ribonuclease and desoxyribonuclease are found in
the mitochondrial fraction , Finally, a number.of vitamins

- and coenzymes are found 1n mlitochondria as well as citric acid

- and phospholipid, - : s , e

2. Aerobio\Bacteria

- Aerobic resplration serves as the principle source of energy
' for growth of many bacteria~ the coupling of oxidation of sube P
strate to reduction of molecular oxygen. Respiratory enzymes -
catalyze the oxidation to water and hydrogen peroxide., Per- , :
oxldases then decompose the peroxide produced, The cytochromes
- are the principle catalyst that mediate between initial dehy-
drogenatlon of substrates and reduction of oxygen to water, .
Energy derived from respiration 1s transferred to energy cone
sunlng reactions thru ATP, Complete oxidatlions of the citric ,
acld cycle ocecurs via coenzyme a, Thus there is a considerable e
sinmilapity between respiration in aerobic bacteria and in T
- mitochondria, ' ; : oy - ,

3. Chloroplasts~ photosynthesis

8, Pigments- chlorophylls, carotenoids, phycobilins,floridorubin
b, Fluorescence of chlorophylls i : 4 L
c. Reactlon: CO, 42H,0 = CH,O + %oy HpO

d, Photosyntheti& phoSphorylafion -

_”'h.‘Anaerobic bacteria~ photosynthesls

S e a8, Pigments- chlorophylls, carotenoids, etc.

ik ~ bs Fluorescence of chlorophylls : . ‘
CE R C. Reactlon: GCOp ¢ H,0 42H,S —=> CH,0 & 250 ¢ 25

- ds Photosynthetic phosphorylation-“obtaining ATP from inorganic
phosphate and ADP under anaerobic¢ conditions,

Thus there 18 much similarity between photoéynthesié of c¢hloro-
plasts and anagrpb;c bacteria, : ‘ N ,

'F, Similarities in the genetic,chemistry of mitochondria, chloroplasts,
. and bacteria (liote~ DNA an yor RHA in viruses , associated with
~ host DNA and/or RNA) o

~ le Chilba, Y.,and K, Sugahara, The nucleic acid content of chlore
. oplasts 1isolated from spinach and tobacco lesves, Arch, Siochnen,
- - and Biophys,, 1L, (@), 367, (1957). ;

RNA and DNVA were extracted from cﬁigpoplaaﬁs isolated from
- 8plnach and tobacco leaves, It was inferred that not only REA
1 but alschNA may be real consgituents of chloroplasts,

K it e 6 R e T e s e .»-‘-.{\.§<u’h.. g D ke el ey i i i




° - 2. lalrd, A.K., N.Y.Gaardo, H.Rls, Cancer Res. 12, 276, (1953)

RNA was found in mitochondria not contaminated to any
appreclable extent by the microsomes,

~*»Further there 1s some. evidence for the presence of DNA in both
animal and plant mitochondria. (Stafford, 1951, Physiol.Plantarum
6963 lcClendon, 1952, Amer,dJ.Bot. 39, 275: Schneider et al,
19 , Ju Natlgcancer Inat. 10, 977')
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- 2, Darlington,CD., The

. symbiotically combined with the cells of plants and enimals.” UThe evidénce

"~ blologlc principle, then microsymbiosis, en analysis of symblont roactions

 THEORIES (related to our work) -

1, Altenburg, B,, The 'viroid! theory, The symbiont thoory,Amor, Nat. 80, 559,
- 861, (1946)., Ho suggests that 'ultra-microscoplc organisms akin to viruses!
are universally prosent as useful symbionts in the cells of cellular N
organisms., These 'viroids! are precolliular ropresentatives that survived
through adopting a symblotie-hablt. Pathogenic viruses are dorived from
viroids during evolutione
latmarene thoory of the oririn of cancer, Brit. J.
Cancer, 2, 118, (19 s He regcirds viruses as autogenous--originating 5
from normal oytoplasmic proteins which have become abnormal; and also : £
autonomous in being able to infect fresh cells, . L
3, Wallin, I.E., Symbiontlcism and the Origin of Species, The Williams &
Wilkins Co.;ABﬁggimore;3(l927);' : T
Wallin prosents the histéry of mitochondrial rescarch, then a chapter
on the bactorial nature of mitochondria (Chap. 3)s This includes rmch of
his own resesrch on staining, chemical reactions, reactions to physical :
~ agents, thermal responses, and chemical constitution. It seems that Wallin'ts |
~conclusion (p.31) 1s still Justifled today. lle says "These facts, apparently,
admit of no other interpretation than that mitochondria are living organisms,

S i

for ealling mitochondria basteria, rests upon the following attributes: Thelr

~ general-behavior in tho cell 1s simllar to that of kmowm microorganisns v
which 1live svmbiotically in tho cells of higher organisms; for example, the

root-nodule bacteria of legumos. -Wnen growun independently in artificial . ,
"~ media, they behave in sll observed partlculars llke bactoirla.. They divide -
~ 1ike bacteria., They are similar to bacterla in structuro and shape., They
oxhibit no cultural characteristics foreign to bacteoria." (p.4l). Wallln 3
then presonts a chapter on the behavior of mitochondrla in which he includes
~ the following statement; "the possible relation of mibtochondrla to the :

etlology of disease is irmediately indlcated by their nature, The researches
that have been made in pathology in this comnection certalnly glve proemise E
of uitimate fundamental discoveries., The carlisr researches on mitochondria
in this field were abandoned when Altmannt's 'bloplasts! were rejected., The
reestablishment of thetSundaasniplskheutachr-Alimeente eenseniitusoninedysifhan .
brehsréalinatugeaefoitnip of these ever-prosent microorganisms to discase," (53
Following this chapter is one on symbionticlsm as @ fundamental significant :

i

and symbiontieism and the oririn of species, Here (p. 111) Wallin includes

the specculation that the chloroplasts are also symblonts, refcrring to the
hypothesis of Herejkovsky (19203 "that the chloroplast 1s a microsymbiont,
genetically related to the blue=green algae, and that all the higher green
plants are symbiotic complexes," = Wallin finishes with symbionpicism in
relation to horedity and development, and symbiontieism and organle evolution.




= Finally we would like to show how we may rosolve one problen currently - ;
of interost Lo cancer rescarch and virology. This problem concerns the - Con
nature of the FAPPA particles in Paramecium. From I, Sonneborn, Advances in - |
~Virus Resecarch VI, 357,,(1959); we have taken the following quotations: ) Eat
. "Hamilton and Gettncr (1956) have made a suggestion which, #f. |
- correct, would make kappa partly endogenous and partly oxogenous ,
- In origin, Thex&pgg_possibility that keppa 1s a mitochondrion ' ° ..
! °  infectod with an talien particle!, If the latter were rich in DN&,
 .1ts distributlon throughout the kappa particle could account for
' the observed staining renction., In support of thelir suggestion, |-
. Tamilton & Cettnor note that the menbrane of kappa and the structure -
‘of 1ts fine granules ere lilke the membrane cnd microvilli or tubules - |
of nmitochondria, and that infocted mitochondria night be expected
‘to have reduced cytochrome oxidase such as Simonsen and Van R
‘Wagtendonk (1952,1956) reported for killers. In this connoction
“the failure of othors to confirm the exlstence of resplratory :
.differences betveen killers and sensitives is pertinent. Further=
“more, although Preer and Stark 1 aproe that kappa resembles
‘nitochondria in size an smage roro_thon does other structure in
‘Paramecium, they als noto fferconcess , :
' "ppeor and Stark (1953) and Preer (1957) hold that the origin
' .and phylogenetic relations of keoppa are to bo sought on the basis
"~ ‘of as many tralts as possible end through affinities to related
- ghains of organisms. They have apparcntly eliminated relationship
_'to normal components of Paramecium. Thoy conclude that kapva 1s
‘more 1ike a bacterium than any other orzaonism. 2inls conclusion 18
. basod larrely on size, shape, ond mode of reproduction. sStructure -
and composition, as currently reported, appoar uo suggest, in
addition a relationship to virusese/ ,

o " In terms of the ébory we have presentéd involving the bacterial nature
of mitochondria, the above econtroversy is obviously resolved, "




Howatson,A,F, and A,¥W,llam, Xlectron licroscope Study of Sections

- of Two Rat Liver Tumors, Cancer Hes. 15, (1955) --“IG.é (WcT,ﬁ N

P.65 Hams )

~ "The degenerating mitochondria were cnaracterizod by aeveral featuras.

They tended to be larger that normal; the largest one seen was 1,9
- microns wide (fig.6, right middle). Breaks in their limiting meme

tramw were apparent, The double nature of their limiting membranes

- however could be clearly seen at sone sites around thelr circume
-~ ference, this belng a good indicatlion that these atructures were
indeed mitochondria, The degenerating forms revealed only remnants

~ of transverse membranes, and such remnants as could be secn were
- detached from the limiting membrane (fig.6). The interiors of the
: degeneraping nitochondria contained a great deal of granular nater-
_'1al which was _arranged in_ irregular clumps,. The extent of this nstepe
~1al together with the lgrge size of the degenerating mitochondria,
g subgested that there had been a considerable increase in the amount
- of substance within them, The mitochondrion illustrated in the ine
- sert in fig,6 show irregular groups of poorly defined granules that
- ‘range from 100A to 200A in diameter, Some of these could be seen to
: “have light centers, The peripheries of these granules are irregular,
- relatively pale, and poorly defined,” -
" pe68 "The appavent increase in substance within the dox senorating
-+ forms described here Is interesting and sugcests tae
- something, such as a virus, growing inside the mitochondria,

SosTbITIE "ol
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Eléetron micrograph of a section of Nuovikoff

L tumor, X30,000. A little of the nucleus of a cell shows above:

the remuinder of the field is extoplasm, This figure illustrates
the prominent and branching eristac of the mitochondria to
advantage. It also illustrates degenerating mitochondria, -\
large one is to be seen at the right, middle. The insert repre-
sents a magnification of 31,000 and shows the granular ma-
terinl present in a_degenerating mitochondrion, the double
limiting membrane of which ean still be seen. :

N
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SECTION OF CHICK CHORIO-ALLANTOIC MEMBRANE INFECTED WITH A VIRes
OBTAINED FROM CASE OF DISSEMINATED VARICELLIFORM ERUPTION X 24,000

¥ -
. Section of intact nucleus and nuclear membrane. Masses of virus
particles seen pushing in on nuclear membrane, : S
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1.

2,

iFig.}iS~9~—Stanier et al., The Microbisl World, Prentice Hall, (1957), .311.

reéembles)tha.gross structure of the goneral mitochondrion.

Fig; 36~-c. Morgen et al., Structure and dovoioﬁment of vifus_obaervedw

in the electron microccopo, Vaceinia end lowl rFox Virusea,i
™ pt . I‘ied.' 00’ 30 » (195’4-—). .

e e .

Fig 32§~ Dmochowskt, L., and C. E. Grey, Electron microscagv of tumors §
= - of lmown end suspected viral etilology, Toxas Reports on Biole. & lMed

, (o5

Hore is an electronmicrograph of a bacteria, Caryophanon whiéh
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Fowl pox virus in the cy topl‘u.m nf a host cell. Ils structure resembles that

of vaccinia virus. Incomplete membranes border aggregates of granular material

~ which have replaced the characteristic components of cellular cytoplasm. Near the

right border of the figure lies o mitochondrium which i is nearly lhc same size as the
""vm:s but can be ldcnuﬁcd by the mtcmal slructurc X 56,500.
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EXPERIYENT

On the basis of the hypothesis, we would 1like to proposo that
~ -viruses may be cultivated in mliochiondrial or chloroplaszt culiures
s Il VITRO, This raises tho irmedlate problem of finding media and
~conditions suitable for maintaingng such culburcs (I this is ot ;
all possible), We have pointed to recent oxporiments which 1llustrate
the possibllity of at least partially maintaining the metabolie )
procosses of the mitochondria while in isolation, Howover, it is
- now generally known that bacteria can only reoproduce 'phage if they
aro in a state of active growth., Thus tho problen of finding a sulte
able medium so that mitochondria are still capable of grouth in isolge
tlon may be a real and necessary one to solve before attenpting to '
reproduce viruses in the mitochondria, For example,~if we used rat S
liver mitochondria, then a suitable mediim nmight consist of disrupted
©+ liver tissue., In this case the mitochondria would be in a medium most
elosely approximating 1ts normal enviromment within the cytoplasm,
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