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Liology and Flights to Outer Spaqq

. Active Member of the Acad :

oA _ :iod Sei USSR Prof N,if. Zhulove ==
Science & m. ;9, 1962 _Verezhnikov and Docent V.Ya.
pages 15«20 kop Yev

Manned flights to Mars and other adjacent planets
unquestionadbly occupy first place among the more or less re-
mote prospects of conquering cosmic space., A number of qua-
litatively new difficulties will crise, the greater part of
which will relate not to the techniccl side of the matter
but mainly to the unsolved biolojicel problems, Of particu-
lar interest from the biologicsl noint of view will be the
problem of extrenely distant flights which will require
speeds aprnroaching that of lighte

Biolorical conditions of flights to the nearest pla-
nets,

Long before the flight of Yu. A. Gagarin and G,S, Ti-
tov it was proven by mesns of spacial apparatus and various...
methods of investigation that flizhts around the sdarth, maa-
sured in hours and days, transfer no only sufficiently stc- ;
ble biolo;ical objects -- bacteria a2s well as their spores ==

c> but also such delicate systems, as isolated cells of the hu-
man body wvhich grow in so-called monolayer cultures. wing
such flizhts the cells withstend vibretions to which they are
subjected, rccelerations, the atcie of weightlessness, and
the eflect of relatively small dosos of lonizing radiation
which t-k%es place in cosmic spcce. It can be stated, alihough
it still nceds experimental vz:ification, that these cells
will withstand even more prolonged flights, for instnce to
Mars and backe At any rate, ujyon trcnsfer to the neecrest pla-
nets, there will hardly be any dencor of the death ol these
cells, This fact has been attiested by experiments carried
out on snaceships., Cells, brousht back from these flights,
virtually suffer no physiological changes as compared with
thoce 1lc¢lt on Earthe

, The same can be said in re; 2wd to genetic problems.

It has Leen demonstrated that the stay in cosmic space ol ge-
netically very sensitive blolo;;ical objects ~- the so-called
lysozenic bacteria -~ causes no hereditery mutations in them.
It should be pointed out that lysogenlc bacteria, lysogenioc
intestinel Hecilld in partiocular, represent cells which ex-
ternelly dc not differ from regulcr cells, However, among
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‘tes; they are so closely connected ith the bacterial cell

. the forms of life which man may :ncounter on other planets,

other inherited characteristics t:ey cerry the hidden pro-
perty or producing bacteriopha~resg

Phces sre the minutest crcaiures which for a long
tine waore thought. to be only paresites of bacteria, which
at:ach theaselves to the latter fro.: without, However, the
conviction rradually grew that these are not simply parasi-

that they cre capable, on the one irnd, of affectiny its bilo-
logy and, on the other, they theuselves are_fully dependcnt
on tha physiology of the bacterial cells, In contrast to
other living creatures, Bacteriopheges do not proliferate via
mitosis, but seem to be produced by the baoterial cell. %he
cell produces separately nucleic acide of which the bactorio-
phage nucleus is comprised, and "manufactures" separately the
protein of which subsequently the phage protoplasm is built.
Both are combined into a single supermicroscopic organism on-
ly after the completion of the biosynthesis of the molecvles
which comprise these substances. lence, the bacterial pro-
perty of producing bacteriophzjes reprasents a genetic reac-
tion and is closely connected with their herditary mutatinn,

This imtation takes place mainly under the effect of
radiations, cosmic radiation in pecrticular. In contrast to
other living organisms, in whom heredity changes take place
only under the radiation effect of 100 r or more, the hero-we
dity and the associated proparty of B. coli of producing bac-
teriophages is affected by as little as mere fractions of
Roentgen. Thus, they represent a biological object which poe-
sesses the greatest sensitivity in regard to lonizing radia-
tion, including cosmic rays. .

3eing in possession of such 2 model and having consi-
derable experience of utilizing it in cosmic space, it 1is not
difcicult o cetermine, whether thore is any genetic danjer
present on such routes as Earth -- Moon -- Earth, or Jarthi --
ilars ~=- Sorth, tefore man will i1y tiese routes, Ir it will
be [omnd that such danger exists, erfective methods of pro-
tection against genetic effect. of cosmic radiation and other
factqrs of cosmic flights will be ceveloped (corresyonding
measures are being worked out at present),

However there is enothor and nore complicated probvlem
connected with flights to the iocrest planets,

., Plenet microorganisms and the prevention of their
penetration to the garth .
Up to recently the specialists gave little thou ht to

Now, however, this question became so important that it merits
attention, :
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Upon signal Irom Barth, the strikinzg oin breaks the,parti-
tion, Thus, the "seeding"” of sjorec is accomplished.
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Tharc is a great dz:-1 “aing written of the necessity
of proveantiiy the carrying of terrestrial microorganisas ito
othar =lanets, At first glance it scems that one shiould not
worry too mivch about it, since 1ifc conditions on othsr pla-
nets differ from our, and the terrestrial microbes may not
survive there, However, according to LAcademician A,., Imshe-
netskiy, tho range of adaptive propcriies of microorganisms
is very grcat; snd no assurance can be glven that terrestrial
microbes would not find a suiteble soil for thelr prolifera-
tion on our neighboring planets,

This preinise should be extended also in regard to the
microorganisms (if such exist) which live on other planets,
Indeed, will not our spaceships returning from the Moon and
Mars to the .crth bring over some nicroorganisms which way
prove dangerous to man, animals, and plans? There is of course
a possibility that some of them nisht prove beneficial to the
terrestrial world. At any rate, it scems to us that the pos-
sibility of carrying microorganisis from “alien planets" to
the Aarth should wmore attract nore attention of biologists
than the possibility of populating other planets with terres-
trial .aicrobes. No theoretical considerations can offer a
guarantee that the entry of microorgcnisms to the Earth is iu-
possible or tisat they will prove to be harmless.,

It is considered in princinlse that microbial parasitisa’
which is connected with the property of microorganisms to in-
duce ciseasos is the result ol ¢ couslicated and prolon:ed
bloloicel adentstion of the parasites to the host!s organism
on which they parasitize. 'Je know ihot we are surromndad by
miriads oS liermless iicroorganiss and thot the parasites gene-
rally couorice e small psrt of the ‘iosphere =~ the surround-
ing occan of life consisting mainly of microorganisms. Fara-
sitic :iicroorzri:isms, unquestionably, possess special adapta-
tive prooecrties which have been devcioped in the coursc o a
lonz evoluti-nel period, They penciizte the orgenisa by
overcorin~ the protective action: o. thLe animal or planet, and
they arc rlso capable of being a:icieted from the organisa and
£ind a new medium of habitation, a ne. vietim. In the light
of these theories, it would sean thet planetary microorgenisus,
1f they e:ist, would not be able to cause any harm to man.
However, one connot depand on theorciical premises alone or on
experiments carried out under terrestriasl conditions., ‘e knel
of instances vhere microorganismns, which had never encountered
a given npecies of animals or plants, turn out to be craable
of producing infectious diseascs or, at least, intoxications
with microbial polsons,

n this connection, it is ol particuls: .ntoerest that
specializaticn, 1.e., & narrow adaptation of ' .croorganisas
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" thing the cosmonaut will encomter, if there be any foras of

to a certain suecies of animals undergoes fairly lar~e fluc-
tuations, depending on the microvtal species, Thus, Tor ex-
ample, the typhus fever microorganism afflicts only two bio-
logical svecies -- man and the louse which is able to para-
sitize on .dlan. On the other hand, the tularemia microorga- ‘
nism is capable of afflicting an immense number of -animal: spe-
cles, es.ecially rodents, ‘The ceie can be said in resard to
anthrax, . ~

There are also microorganisim hich excrete particuvlarly
stronz toxins. For instance, botulism toxin excbeted by Cl.
botulinua kills large animals even in microscopically ainute Pt
dosss, if it penetrates the orgcnism with food or innhaled with .
air. Thus, no biologist can give us a guarantee at present .
that microorganisms of "alien planets" will prove absolutely
harmlesc, . A
‘That mcasures can, then, be taken to protect the &arth
from the cntry of such undesirable forms of planetary icro-
organismns? or this purpose, it is nccessary in the first
place to investigate the surface ol the Moon or Mars so s to
ascertain whether there are microorganisms and what is their
natwre, How is this to be done? j

It is very risky to postpone this ivestigation until ‘
the time when man will first land on the planet, The first '

life, will be microorganisms and, of course, he will be unable
to exaaine them tefore return to carths Thus, there ill arice
the danger of carrying undesirable waicroorganisms to our pla-
net ® ’

It wonld, therefore, be rotional to attempt first ~n
investigation of the surface of pnlanets by means of automatic
blolozicel devices, . -

The second Soviet spaceshin contained the so-cslled
bioelements ol the Acad Med S¢i -~ devices capable of record-
ing auntouatically the proliferation of microorganisms enclosed
in these cdavices and transmitting corresponding signals to the
Barthe The A5 biloelement represents a container %usually 3
metallic cylinder), divided by a glass partition into two chcae
bers. One of them contains the spores of microorganisus of
butyric wcid fermentation, the other contains a nutritive .ie-
diun. An auvtomstic mechanism, at a signal from the 3Zarth or .
fron the »rogrem device on rocket-board, breaks the glass pare
tition. Thne, is the "seeding" of nicrobial spores on the
nutritive wcdium accomplished., The proliferation of wmicroor-
ganisms is eccompanled by the foruction of gases. The increased
pressure acts on the corresponding tr:nsmitter and, through it,
on the radiotelemetric apparatus which sends a signal to the
carth, The microorganisms alnost litcrally press the button
to inlform us that they are alive and well,
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The suceessful utilization of these devices in outer
snaco is the Iirst step toward the development of aoparatus
wilch could carry out an initial iavertipgation of the plane-
tary suwrface and ascertailn the presence or absence of aicro=-
organisus at Lhe landing sites of spcceships,

The Covelopment of problous conneocted with thouss of-
forts represents is very complicated; but an exceptionally
fascinating tesks It 18 necessary to compose nutritive media
which would prove suitable for the proliferation of unknowvm
microorsanisims, about which we don'!t even know whether they
consist of the same protein substances as their kin on &erth.
However, a considerable part of these difficulties has been
theoretically overcome, snd similer further tests can “e as-
sured aot only from the technical, Lut also bilologic:l point
of vie's,

In addition to direct resulis -~ familiarization irith
forms of 1i7Te beyond the £arth ~- cosmic investigations also
offer e:xceptionally valushle incirect resuvlts, The experi-
mental works, required to make a psthh for man in space, will
create neu nothinds of investigation and reverl new facts wiich,
unquestionably, will contribute to the progress of the purely
terrestrial investigations,

In coning back to the pcroblem of protecting jshe Jarth
from infection from outer space, we iiry state that biolosicel
sciznce is able of ensuring the dafety of the cosmonzuts thea-
selves, as well as the people of the .larth who will impatient-
1y await their return, In addition to a preliminary .iicro-
biolozical investigation of the planets and, independently of
that, all rockets returning frou space flights will of course
be disincected with particular thoroughness, and the cosio-
nauts lkept under certein quarantine,

All above=stated does not of course exhaust all the
problems of iologicasl investigation connected with the first
flights to the planets, However, the c¢iscussed problems, to-
gether wit: th: solution of puroly modical tasks connected
with the _.vovision of anutrition and respiratory requireaencs
of the cosmonavts, are the most importent ones.

lfocern biologicel investijsticns connected with the
travels ol man to the planets are not only possible, but are
to a consiceirable extent actually ensrvrad with proper mothods
and appor ~etus,

It is a different matter in regerd to biolegically on-
suring Jdast-al spsce travel where the speed approaches tuat
of 1lizht.

Biologicel conditions ror distant space flights ai

aoeeds approaching that of light

£
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It sccmed very recently tnect distant space flizhta at
speeds opni-oaching that of light 1s & matter of such disient
future thet the biologist did nct have to hurry with a dis-
cussicn of the assoclated probleic, However, the devolopucut
of cosmonautics has been advancing so rapidly, and tho prob-
lems in the field of biologisal ensurance of distant fll ;at s
are so cowplzei that the biologist may be late, unless he
starts rigiht now with the discussion of the corresponding
probleris, _

In order that space apparatus achleved speeds comnara-
ble to thoss of light, more than technical lmprovements will
be needed, The biological problems 1ill most likely be of
paranovnt importence, They are mainly connected with the fact
that, vpon drastic Increase in specd, certain physical pheno-
mena not encountered under usual velocities will come to the
fore, Thie perlod of rocket accelerction, i.,e., the time Ifrom
the stert and vp to the achieveiient of a steady unifomi}y-ac- -
celeraved wotion, will umquestionably take up a long time and,
thus, tae living objects will be subjected for an extended
period ol vime to the force of acceleration., True, it will
take place heyond the terrestrial Tield of gravity.

Appa:ently, the possibility is not excluded thau, wson
passing a certain velocity threshold, the effect may “e Telt
of the increase of the mass of atous which comprise the giant
molecules of living cells. How 1ill this be reflected on the
metabolic »drocesses carried out by such moleculas? Jill the.
molecilcs 28 & whole be subjectod to wniformly-accelerated
motion, or vill some conditions originate which would contri-
bute to their separation into atois in connection with the ef-
fect of uvnusual velocities. - In othcr words, .a unique biologi-
cal problem arises which can foruulete -as follows: is 1life
possible when the organism 1s under the effect of increased
accelerations, as well as ve1001ties approaching those of
1lighc?

& Perhaps the physicists uwill tell us that this factor
will have no eifect on the structure of live molecules and on
the interaction of atoms within theil, and that the quecstion,
thus, does no longer arise, It seeis to us, however, that
special nroof is needed in this case,

Latvvﬂlly, ‘the’ queqtion arises whether this problem
could not he sclved experimentally. The biolorical part of
such experinent can be arranged at the present time, If it
were possible today to accelerate rockets to near-light velo-
cities ¢nd obtcin radio signals from such rockets on the sfarth,
we cowld e.aploy for the solution of this problem the AiS bio-
elenents or othier type and structiuics of biocelements,

During the acceleration pariod, .the microorganisms will

v
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be preseat 1n the bloelement fii the form of spores; spores

are very stable, tolerate any stress vhich can be created on
Earth, vitnstand boiling, freezing, and radiation effects of
scorcs ol ti:sends of Roentgens., It can be expected that

the spores vwill pass successfully through the acceleration

period and, a¢ a corresponding .ioment, can be seeded on a nub-

ritive mediwi,

The bioelements are of the size of small "finner-shaped”
radiola.p 35, and can be placed by the hundreds on rockets,.

They con e cut-in one after the other also during the accele-
ration, in order to ascertain at what moment of the increase
of acccleraticns forces enter into cction which are dangeirous
to livxng orgcnisms, Thus, the entire segment of the :11~ht
can e investigeted from the stert to the end of the accole~-
ration Jeriod, end precise data obtrined concerning the possi-
bility oT the cxistence of living orranisms at various velo-
cities, including those where so-cclled relativist eflects
come into operation, ,

In the flights of rockets and spaceships, rlyinz at
velocities approaching those of 1lizht, of no less intarcsi is
the »roblem of the relative increase of the energy of cosnic
partlcles during their possible collision with the flying ap-
paratus, and their effect on the olological objects. Ve have
in mind the °o-called primary and ‘secondary" cosmic rays.
[ft is assuned that "primary" cosuic rays repressnt nuclear
fragments ol a large number of gaﬂticles -- from protons to
heavy elements -- while "secondzry" cosmic rays are the re-
sult of the collision of heavy high-energy "primary" particles
with the particles of the atmosnheric medium

Unon flight velocity of 160,000 km/sec, the radiation -
dose level, {ollowlng bombardment of the ship with protons
and eliectrons, will be colossal., It is thought, however, that
this threat can be removed by p-oper screening,

The »ossivility of biolosicil verification of the

relativity theory

lic know the premise of Einstein's theory in regard to
the Tacy that to an observer moving at a velocity comparable
to that ol 1li,nt the time flows .iore slowly than to the mo-
tionlesc obcervere This 1s the so-c2lled time paradox. id:-
perineats uith elenental particles proved its mathematical
correctnesce

slowever, what will happen to a live organism which will
fly in an intcrstellar ship at a velocity to that of 1ight?

Tow i'ill its biological yirocesses run? The authors of
science :iction novels assert thot they will take plece at a
retardc¢ teivo -- retarded to the same extent as the {low of
time, Tuheir heroes return froa distant cosmic flights as
"coevals" to their grandchildren.

X
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Are the writers of science riction correct?

Perhaps, in order to answver this question, it is nocces=-
sary to await the time when man will undertake the trip to
the stars in a ship flying at a speed of light,

It seens to us that even prior to human flight it will
be possible to verify experimentally the correctness of tho
timc paradox for living creatures. Will the biloelements be
helprul in this case? Microorganismec with thelir very short
life~span cre the most suitablc object for such an exporiment,

Indccd, a dog, for instance, lives 10 to 12 yoars, In
ordor to veriiy on the dog tho corvectnecss of the time paradox
we would nced two puppics of the samc litter -- cocvals -~
locave onc on tho Earth and scnd the other puppy into space on
a rockoet flying at vclocity approaclking that of light. Upon
rcturn of tho quadruped-"cosmonaut," wc would have to comparo
its agc with that of its "terrcstrial" brothor., How:vor, theo
@iffcercnce in 2ge, moasurcd by a fow doys or cven weoks, is
scarccly porccptibtlc, If the diffcerence is to be sufficicntly
pereedtible to the cexperimentors, the flight of the oxnorl-
mont~l doz must lest a very long time,

It is o different matter as far as the microorganisas
arc concuoriied.

By m.ons of a biloclemcat it is possible.to dotermine
the time diffcrence of the prolifcration of microorgnnisms on
Ezprth ond in the rocket. It iLs only nceessary to carry out
the scodinz of svorcs on e nutritive medium in two bioclenionts
-- the control "terrostrinsl" and in the "cosmic" bioclemint
in the rocket,

I we proceced on the assumption that the proliforation
cyclo of microorganisms in a closcd space will take placo with-
in 2. hours, thc rocket with bioolomeonts, according to our cal-
culations, must rcach the volocity of ebout 160,000 kilomcters
pcr scconde The diffsurence in the rete of prolifcration in a
cosmic flight and on Eerth on tho t2sis of pho timo paradox
will cowpriso 1l pereente It con be measurcd according to tho
differcnce in the operation (undor the effcet of tho pressuro
of gascs foricd during tho bacterinl growth) of the "torrces-
trial® and “cosmic" bioclomontse

The discovery by the Sovioct ™nion of a path into the
out.r sm»nce has led to & numbor of uxpceted as well as uncx~
peetcd rosvlts. Theso arc, for instrnce, the qunalitative chen-
ges in thoe charccter of the scicautific Investigations thom-
sclvese Scionce is approaching the Loundrnry whon tho most com-
plcex -nd difficult tasks of spacc ond study aro boing rocnlized,
whorce flights arc impossible vunloss the highost lovcel is roach-
cd of thc duvilopment of spucirltics which s.rve thoso {lights.
Thls is csscntirlly a uniquo tost of thce possibilitios of sci-
cnce in gunorcl. Modern Sovict sciunco has passod this tost,
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