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Basnalt'yan

Until recently the paticerns of growth and develorniont of
nicroorganisms were ctudied by investigators using popiiations in
the billions in which the physiological state of the iundividual
cells vwas highly varied. Thus, conclusiongswere basced on averaged
rcaults that did not reflect the propertics of the individual micro-
bial cell at different times in its life. The cffort to obtain po-
pulations of microorganisms all of whose cells might be in the same
crowth stage led investigators to synchronize their reproduction.
The mcthod involves, in esscnce, using agents of one kind or another
to bring the microbial population into the same physiological state,

onc critcrion of waich is tho simultancous (synchronousc) division of
almost all the cclls,

The first attempts at synchronization date back to 1923 when
Sherman and Camcron (cited by Jacherts) noted a doubling of the num-
ber of cells i pepulations of . coli after exposure to low tempera-
turcs (cold shock). Hershey uscd fractional sedimentation to scpa~
ratc shizclla culturcs into cclls of different sizes. Their subse~
quont growth was marked by the rhytiamic division of small and large
cclisz. The synchronization method giincd widesprecad popularity af-
ter the vworlk of Tamiya et al. and Barncr and Cohen who regarded syn=
chronizcd populations as a single organism with characteristic
paysiological properties for each stage in its developiacnt.

During the past 10 years synchronized reproduction has becn
observed in microbes, protozoans, algae, tissuec culturc cella. The




microorganisms studicd included the intestinal bucieria, mouse typhus
aaluoncllas, pnecumococci, and diphtheria bacteria.

The mothoda of synclhironoun propatation are nurerauws nnd varied.
Theoy can bo divided into threoe large groups according L. tic nature

of the action: mecchanical selection, physical, and chcuical-biologi=
Calo

The mcthods based on mechanical sclection of asynchronously
dividing populations with sonc similar characteristics arc called
natural or sclective. Some of them arc widely used in microbiologi-
cal rescarche For c¢xample, Maruyama and Yanagita, Lark, Abbo and
Pardece, Anderson and Pettijohn, und others obtained comparable re-
sults by differential centrifugation of E. coli, Sacchiarorces cere-
vigi1oe, and Chlorella. Prescott and Golub observed the elicct of
synchronized propagation of Amocha protcus and Saccharomyces in the
initial stages of dcvelopment from a single cell (micromanipulation).
Spektorov and Lin'kova suggested the simple method of natural sedi-
mentation to synchronize Chlorella propageotion. We may also include
here the studies of Young and Fitz-James who achieved synchronous

propagation of Bacillus cereus through development of the populaiion
froa selected spores.

Thus, the first group of mecthods involves the mechanical se-
lection of cells from a population according to the volume, weight,
or certain forms of existence (in the casc of selection of spores).
The use of selective methods is based on the assumption that such
properties as cell volume and weight reflect a particular physiolo-
gical state. However, these methods are not suitable for all kinds
of microorganisms. For cxample. selection involving centrifugation
or filtration (Hershey, Jacherts) is unsuitable for the mobile forms
of bacteria which have well-develcped flagclla.

The second group of mcthods is bascd on the use of physical
aseats, the commonest being temperaturc (Lark and Maale, liunter-
Szybalska et al., Biryuz«va and Nikitina, Hess and Shon, and otlers).
Synchronization of the populations is achicved by a single (shock)
or repeated (changes in tcmperature betwcen two levels) exposure to
higher or lower tc¢mperaturcs than thosc known to be optimal for the
particular species. The temperature cffect blocks the process of
division (Swann) and slows but docs not halt cell grov 1 and develop-
ment (Scherbaum), resulting ultimately in a uniform population. Then
after the shock is neutralized, 70 to 95% of the cells start to di-
vide simultaneously. This type of action is used largely for microbes,
protozoans, and tissue culture cells. Another teclmique is to ex-
pese microorganisms to sublethal doses of X-rays. Spoerl and Looney
induced simultaneous budding in a Saccharomyces cerevisiac culture
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by ciovoing it tu 1485 kr/hour of X-raya. Still another type of
raysical action is the periodic alternsiion of light and dairkness,
a cctaod weseriued in the survey of Uoryuiova ct al.

Lo third mroup of factors alters the metabolinm of the cul-
tere uader stuly. For example, Scott, Xeros, ond Lark ~-d Lark af-
cotreatint cultures of microorsaniams and monolayer tissuce cul-

turces (Caaa;; cell.) with deoxyribosides, ribonuclcousides, and 2,4-
dinitroptenol ohrerved simultancous division, whieh they attributed
to the suppression of DNA synthesis by the above sui-stences. dhis
vicw 18 consistent with the findings of Langer and {lcnow who showed
thal deoxyadenosine retards DNA synthesis in Lhrlich's ascites tumor

cclls, Cne of the most popular techniques is the so-callcd metabolie

+-hocke Larner and Cohen, Burns, Stevenso:n, and othars left popula-
tions of the thymine-dependent mutant of L. coli, deoxyrituside mu-
tant of Lactobacillus acidophilus, or arthrobacteria (which rcquire
vitanin D)p for their existcnce) without the corresponding depen-
dency factor. The subsequent addition of thymine, dcoxyriboside, or

vitanin D), to the medium causcd thesc microorganisms to reproduce
simultancously.

Synchronization can bc achieved by using "hungry'" media from
which the most important constituents have been eliminated or de-
crcased (Campbell, Greve, and others). The subsequent addition of
the deficient substance or transfer of the cells to a rich medium
stimulates synchronous division.

Deopite the variety of methods available, it is not always
possible to achieve the desired degree of synchronization. 1In such
cascs agcents are combined. For example, Perry combined temperature
and motabolic shoclii to induce simultanccus reproduction in E. coli.
\Villiawson and Scopes, in addition to temperature shock and culti-
vation in a hingry medium, subjeccted a Saccharonmyees cerevisiae cule-
ture to centrilugation and trcatment with the intesitinal Juice of
6nails to remove pairced and unpaircd buds,

There are scveral hypotheses to explain the mechanism of cell
divisiona in syncaronized culturca. Hotchkiss thinks that tempera-~
ture shockk cuppressces some enzymatic processes related to cell di-
visicn, while the microbial masas is provided with all that it necds
for gro.ia and development. Removal of the blocking factor promotes
the synthesis of the compound responsible for cell multiplication.
Il present in adequate quantities, almost all the cclls in the popu=-
l.lioa start to divice at the mame timc. Williamson and Scopes as-
sunc the cxistence of several "trigger'" mecchanisms. The substances
rcsponsible for the budding of yeast can be synthesized regardless

of the growth of the mass. However, the authors do not rule out the




nosrible influence of structural rcorganization in tih~ nembrance, al-

el ther dy not explain tie mechaniun of this proczect, Sowe con-
firoation is to be found in the data of Nickersea and &% lcone who
slviicd the aclivity of protein di ulfido reductase in @ ui~at of
Condivda albiciii, They rcencluded “hat division in ycasis starts
Vit the veduclion of tiae diculfide bonds of the chemicnl structures
in the nerorana. Schierblaum (ricd to idestify th. rulliiie Lion
fector with a spreial frgction ol DNA and a thymive-containin. cocne

zyace Jle bases his view on the close relationship existing bLetwceen
DNA synthesis and cell division in experiments with a single cold
shock, which halts cell division but pcrnits the synthcesis of RNA
and proteins to continue. The author's hypothesis of a thyiine~con-
tainin; cocnzyme may be linked to the obscrvations of Bainer and Co=-
hen and those of Prusoff on the possibility of achiceving synchroni-
zation by adding thymine to a mediun containing thyminc-dependent
mutants. llowever, synchronization may be achicved with other de=-
pendeat mutants by adding the correcsponding factor to tic medium.

The main purposc of the rescarch on models of siiultancously
divising: cultures was to scarch for thc factors rcsponsible for eccll
growth and muitiplication. Considerable attcntion was focuscd on
the dynanics of the synthesis of DNA, protecin RNA, and phosphorus
compounds. The great majority of experiments performed on different
objects using various methods of synchronization showed that DNA is
synthcsized unevenly in the course of a single gencration (Ogur et
al., Iwamura, Nygaard et al., Zaytseva, and others)., For example,
the amount of DNA doubles immediatcly after simultancous division
if the ceclls divide in two. In the sporulation phase of Chlorclla,
on the other hand, DNA increases in proportion to tht number of ncw-
ly formed colls. These findings are in agreement with present-day
thinking on the conatant DNA content of each nucleus. Young and
Fitz-Jancs, Schaechter et al., Barner and Cohen, and Abbo and Pardee
reached a different conclusion. They showed that DNA synthesis in
synchronized Bacillus cercus and E. coli cultures takes placccontinu-
ously. These results may be due to the nature of the tcchniques used
in the work (synchronized B. cercus cultures were obtained from sc-
lected spores).

Studies on the dynamics of RNA synthesis without scparation
into indivicual fractions showcd that the substance is synthesized
continuously during an cntire goncration (Nygaard et al., Abbo and
Pardce). But scparate analysis of the scdimentary and supernatant
fractions of RNA revealed some differcnces in the nature of the syn-
thcsis of these compounds (Maruyama and Lark). RNA from the sedi-
acntary fraction was found to be synthesized periodically, whercas
the fraction obtained from the supernatant is synthesized continuous-
ly. Poriodic synthesis of RNA was observed in yeasts as well as in




Lacteria. A ycast culture was obtained from a single e~11 (Mitchi-
son and Walker). in 1963 Zaytseva studicd separately & Jlereat Linde
of INA in the coursc of the synchronous development ol lzotnbacter,
concludin-s that the synthesis of solublc and informatiorn I/\ is dis=
tisctly poriodic. The maximum accumulation occurs befoire division,
tae manicoa afte.svard, but the amount of ribosomal NN increcses ale
@0t expoaentially with increase in protein.

Study of the dynanics of protein synthesis i1a modcls of sie
multancou:ly dividing Azotobuacter culturce; showed that Liotein is
synthesized continuously throughout an entire generation (4aytseva
et al.). llowever, in studyin; scparatle protein fractions she found
tiiat the synthesis of polynuclcotide phoupliorylase, A polyrisrace,
and nuclcoside phosphokinasce comcs to a virtual halt durin; tie pere
iod of divaision. The author belicves that the eyclical nature of
tic procens is masked by the continuous proteosynthesis of most pro-
tein {ractions if the total protcin content is analyzed witnout frace
tionating it.

The dynamics of the mectabolism of the no-called acid-soluble
nucleotiu> reserve han a dircet bearing on DNA and ilvA syathe..is, for
cuclh nuclcotides are recgarded as precursors in the synticsis of the
nuclcic acida. The studies of Zaytdeva et al. and of Muruyama and
Lark on modcls of synchronized Azotobacter cultures siioied that the
amount of acid-soluble mononuclecotides incrcases greatly before cach
ccll division and decreases sharply thcreafter. The authors conclude
that changes in the size of the reserve may affect the synthesis of
the nuclcic acids. The free nuclcotides of the metabolic rescrve seem
to function as regulators of their biosynthesis.

The clements of mctabolism connccted with the cnergy balance
of tiic ccll are particularly important. Adenosinetriphosphate and
polyphesphates are directly involved in thesc processes. Zaytseva
and Plezner on synchronized Azotobacter vinelandii and Tetraivmena
pyriformis cultures showed that quantitative changes in the adecno-
sinetripuosphate expended in the course of ccll division have the
same rhythm as oxidative phosphorylation, while the polyphosphates
urdergo substantial quantitative changes in the period of cell di-
vision of synchronized populations (Zaytseva ct al., Soll et al.).
scanvhile the amount of acid-insoluble polyphosphates sharply de-
creases with sirmultaneous increase in the acid-soluble polyphosphates,
cipecially mineral phosphorus. The authors believe that high-molecu-
iar acid-insoluble polyphosphatcs degrade to low-molecular fragments,

orthophosphate, liberating the phosphorus and cnergy that are needed
for cell division,

In studying the mechanism of division, the investigators fo-
cuscd on cazymes and coenzymes. The research of Sylven et al. on
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th~ dyn. icn of aocce cnzyne sysi s in synchronicnd »+i~t populations

ahowel caat the activity of the proicinacca, especianiy Lo« lp o=
tid. .ca, incrcasc. a3 soon as division starteds The cycicn of in=-
tencified nretcolysia were alco linked to division, ..o inventiza-

tors think that these onzymes take part in interccllulas rinctions
that lead to replenishment of tho mixturo of motabolic ¢ ino acids
nceded for protein synthesia. As for the cocazymes ol Lac eanyne
systems involved in synthesis of the polysaccharides in the cell
walls which, according to Kotcl'nikova, are uridindiphospuo deriva-
tives of surnars, it has becen found that they accumulate rapidiy in
the interval between the first and sccond simultancous divisions
(4aytseva ¢t al.). This indicates that in preparing to divido, the
ccll provides itself with coenzymes of the enzyme systems and pre-
curso:rs participating in the synthesis of various polysaccharidces
and phospliorylated sugars.

A few studies on models of simultancously dividing cultures
dealt with other aspects of the biology of the microbial cell, c.g.,
lysogenicity of culturecs in relation to the phase of cecll growth.
According to Lark and Maale, the frequcncy of lysogenicity of S. ty-
niinurivs suddenly doubles 6 minutes before division, or the time
required for the amount of DNA to doublc. Romig et al. subjected
a synchronized £, coli culture to lethal doses of radiation at dif-
fercat times during the cell's life cycle. They found that young
cclls died in larger numbers just after dividing than they did be-
fore. Anmong thesc cells they discovercd many ‘mutanta. The increcase
in numder of mutations and frequency of lysogenicity of the cells be-
fore dividing seem to depend not only on the process of DNA redupli=-
cation but also on the incrcased DNA content of tie cell and, con=-
sequently, incrcased probability of mutations arising.

All the factors mcentioned above convincingly show that the
method of synchronous propagation of microorganisms providcs broad
opportunities for studying their physiology. As is evident from the
rescarch described, certain metabolic processcs in the cell are
closely bound up with its division. It has becn found that prior
to the start of cell division there is an increase in the amount of
DNA and individual RNA fractions (S and m) and greater activity of
the cnzyme systems (RNA polymerases, polynucleotide phosphorylases,
nuclcosidc puosphokinases, protcinases, and dipeptidoescs). Zaytscva
(1963) belicves that the similarity in dynamics of accunulation of
the individual constitucents way be indicative of a certain degree of

coordinated action in protein synthesis and cyclical naturc of cell di=-

vision. llowever, the factors involved and the mechanism of synchronous

propagation are still obscure. FKFurther rcscarch may throw light both

on the mechanism of synchronous piop..~ation and on the propagation of

microorzanisms in gaeneral and thus open up teupting prospects for con-
trolling the processes of théir growth und multiplication.
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