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SY:;C::.y:OUS PRMOPAGATION OF MICIOOQIGANISMS AS , . :.:CD OF
STUD';ING THMIR BIOLOGY (REVIEW OF THE LITZRA'i'U2;)

':rn.•l '::'-robiol.. Epider-iol. i I. A. Bs. nak'yan
IoI. (Journal of Microbiol.

Lpidemiol. and Immunobiol.)
Vol. 42, No. 2, 1965, pages 83-89

Until recently the patLernw of grov:th and cvc1 :-.-s>nt of
microorganisirs were studied by investigators u3in, po;. .iA'ions in
the billions in which the physiological stato of the iLdividual
cells was highly varied. Thus, concluzionsaerc based on averaged
results that did not reflect the properties of the individual micro-
bial cell at different times in its life. The effort to obtain po-
pulations of microorganisms all of whose cells might be in the same
growth stage led investigators to synchronize their reproduction.
The method involves, in essence, using agents of one kind or another
to bring the microbial population into the same physiological state,
one criterion of waich is the simultaneous (synchronouG) division of
almost all the cells.

The first attempts at synchronization date back to 1923 when
Shcrrman .nd Cameron (cited by Jacherts) noted a doubling of tile num-
6ur of cells iA pt,,ulations of E. coli after exposure to low tempera-
turen (cold shock). Hershey used fractional sedimentation to sepa-
rate shiZella cultures into cells of different sizes. Their subse-
quont gro.'th was marked by the rhytomic di-i:.ion of small and large
ccli;. Tie synchronization method gi.ined widespread popularity af-
ter tr.e :york of Tamiya et al. and Barner and Cohen who rearded syn-
chronized populations as a single, organism with characteristic
p.iyuiological properties for each stage in its developiaent.

During tho past 10 years synchronized rvproduction has been

observed in microbes, protozoans, algae, tissue culture calls. The
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microorgnnism. studied included the intestinal L..zoria, waouse typhus
salmonctlas, pneumococci, and diphtheria bacteria.

Tho methods of nynclronouas propa-:atinn are ni-•rntn nnd vnried.
They can be divided into throe large groups accordin: t. ti.c nature

or the action: mechanical selection, physical, and chciical-biologi-
cal.

The methods based on mechanical selection of asynchronously
dividing populations with soric similar chliraicteristics are called
n-iturral or sclective. Some of them are widely used in nicrobiologi-
cal research. For example, rkiruyama and Yanagita, Lark, Abbo and
Pardee, Viderson and Pettijohn, and others obtained coi: parable re-
stuts by differential contrifugation of E. coli, 8acchIror'cc-; cere-
visice, and Chlorella. Prescott and Golub observed the elcc, of
synchronized propagation of Armoeba proteus and Saccharomyces in the
initial stages of development from a single cell (micranianipulation).

Spektorov and Lin'kova suggested the simple method of natural sedi-
mentation to synchronize Chlorolla propagption. We may also include
here the studies of Young and Fitz-James who achieved synchronous
propagation of Bacillus cereus through development of the population
from selected spores.

Thus, the first group of methods involves the mechanical se-
lection of cells from a population according to the volume, weight,
or certain forms of existence (in the case 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 example. selection involving centrifugation
or filtration (Hershey, Jacherts) is unsuitable for the mobile forms
of bacteria which have well-developed flagella.

The second group of methods is based on the use of physical
asento, the commonest being temperature (Lirk and Maale, Hunter-
Szybalska et al., Biryuztva and Nikitina, fless and Shon, and others).
Synchronization of the populations is achieved by a single (shock)
or repeated (changes in temperature between two levels) exposure to
higher or lower ttemperatures than those hnown to be optimal for the
particular species. The temperature effect blocks the process of
division (Swann) and slows but does not halt cell gro% 'i 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 technique is to ex-
pose microorganisms to sublethal doses of X-ray&. Spoerl and Looney

induced simultaneous budding in a Saccharomycos cerevisiae culture
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by :.xo.ia•.iL tu 1.85 kr/hour of X-ray.". Still another typo of
r.;vtic. '- .ýction ii . tnie periodic itlterno.ion of light and da..hne,0 a -L;Iod .ch;cri.ed in the bu.-vey of (Uoryu.-ova et al.

'.:tird -rou-, of facturi alters the nmetabolir;m of the cul-
tore u;ndo.:- For example, Scott, Xcros, vnd Lark ;-'.d Larh af-
. ý" treat in- cultures of microor~ani.-:s and monouayor t i:-u, cul-
"Llrc:1 (Cato;; cell..) t:ith dcoxvriy io.-.ide';, ribonuclcusid,:;, .ind 2,4-
dinitrophluol oh -ýrvcd simultaneous divis3ion, hiiich they attributed
to the su;rpreaaion of DNA synthesis by the abovc :io!.-,tL:nces. Ttlis
vieý: is consi.,.tent with the findings of Langer and Xtenoi: who showed
tx,at dco:yadenosine retards DNA syntheei: in Lhrlich'a r ncites tumor
ccll3. C07.( of the f.ost popular techniques i..; the so-called metabolic
•.iiock. Lirner and Cohen, Burns, Stevennon, and otl._rs left popula-
tions of the thynine-dependent m.utant of J. coli, deoxyriboide mu-
t;nL of Lactobacillus acidophilus, or arthrobacteria (which require
vitamin 1;1 2 for their existence) without the corresponding depen-
dency factor. The subsequent addition of thymine, deoxyriboside, or
vitarmin D 1 2 to the medium caused these microorganisms to reproduce
simultaneously.

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

Decnpite the variety of methods available, it is not always
possible to achieve the desired degree of synchronization. In such
caaca agents are combined. For example, Perry combined temperature
and metabolic shock; to induce simultaneous reproduction in E. coli.
VI ,lliac:aon and Scopes, in addition to temperature shock and culti-
vation in a h.:-,•,ry medium, subjected a &rccharomrycs cereviniae cul-
tt:re to centrifugation and treatniant with the intet;txnnal juice of
snails to remove paired and unpaired buds.

There are several hypotheses to ex:plain the nechanirn of cell
division in Gyncaronized cultures. llotchkiss thinks that tempera-
ture shoc% suppressc some enzymatic procenseG related to cell di-
i.sioz, ":hile the microbial mass is provided with all that it needs

for go..2i and development. Removal of the blocking factor promotes
the cynthsis of the compound responsible for cell multiplication.
If prý-acnt in adequate quantities, almost all the cells in the popu-
..Ition start to divice at the same time. Williamson and Scopes as-

aunme the existence of several "trigger" mechanisms. The substances
responsible for the budding of yeast can be synthesized regardless
of the growth of the mass. However, the authors do not rule out the
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nos'-ible influence of structural rcor,,!anization in th.0 icmbrane, al-
. ',"J'%h th:x' d , not k'.plain ttc mechui-i.m of thisj po:o.". ome con-
fir,'-:Lion is to bz found in the data of ,ickernon arni T. Icone who
s',.1i-, t.'e .ck ivity or protein di lilfido reduct.•e in * ::' at of

-' a.: . hi c..ic- -. They r-cncludcd ' .,t division in vra. :n starts
., the 'ducýi.on of tic di.-:fd, bond,; of the c.'i :'I atructures

* ~ ~~ j,.ti .rai n. Sc~erblausa Lried to idIc;,.tif'.y t. . C Linnl
i[actor W-L .h ak 0.p'cial frqction o: DNA arid a thyni,,C-co-.L.%n.i:, , cocn-
zymae lHe basca his view on the close relattiusithip exitbtin5 bcL-',cen
DNA synthesis and cell division in experiments with a uingle cold
shock, which halts cell division but permits the synthesis of ILNA
and proteins to continue. The author's hypothesis of a thv-'=ine-con-
tainin7 coenzyme may be linked to the obscrvations of 13;-n.-r and Co-
hen and those of Prusoff on the possibility of achievin$ synchroni-
zation by adding, thymine to a medium containing thyminc-dcpcndent
mutants. -Uovw'ever, synchronization may be achieved with other de-
pendent mutants by adding the corresponding factor to the medium.

The main purpose of the research on models of si.ultaincously
divisin:- cultures was to search for the factors responsible aro cell
growth and multiplication. Considerable attention was foCes~cd on
the dynamics of the synthesis of DNA, protein WNA, and phosphorus
compounds. The great majority of experiments performed on different
objects using various methods of synchronization showed that DNA is
synthesized unevenly in the course of a single generation (Ogur et
al., Iwamura, Nygaard et al., Zaytseva, and others). For example,
the amount of DNA doubles immediately after simultaneous division
if the cello divide in two. In the sporulation phase of Chlorella,
on the other hand, DNA increases in proportion to thi number of new-
ly formed colls. These findings are in agreement with present-day
thinking on the constant DNA content of each nucleus. Young and
Fitz-Jaces, Schaechter et al., Barner and Cohen, and Abbo and Pardee
reached a different conclusion. They showed that DNA synthesis in
synchronized Bacillus cereus and E. coli cultures takes placecontinu-
ously. These results may be due to the nature of the techniques used
in the work (synchronized B. cereus cultures were obtained from se-
lected spores).

Studies on the dynamics of RNA synthesis without separation
into individual fractions showed that the substance is synthesized
continuously during an entire generation (Nygaard et al., Abbo and
Pardee). But separate analysis of the sedimentary and supernatant
fractions of RNA revealed some differences in the nature of the syn-
thesis of these compounds (Maruyama and Lark). RJNA from the sedi-
mentary fraction wars found to be synthesized periodically, whereas
the fraction obtained from the supernatant is synthesized continuous-
ly. Periodic synthesis of RNA was observed in yeasts as well as in
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bactceia. A yeast culture was obtained from a sia,1!c c-1- ('.:itchi-
1 o; and :' r). in 1963 Zaytseva studied ,;Cparatcly ic ,.inde

0of 1',NA in the course of the synchronous; development of .- oot~bacter,
concludin; that the synthesis of soluble and information ,.V. is dia-
t i.;ctly p.•riodic. The maximum accumulation occurs bcfoý-c division,
t;Ž ,zni :..:,I aftc."'ard, but the amount of ribosomal 1i;,% ir.cre.oea al-
,,o.;L expoaientially with increase in protein.

Y udy o' the 6ynarlicJ of protein :;ynthesis in ,o-Cls Uf si-
multancou:,ly dividing Azotobnctcr cultuer;. shoc':d that :,'otein is
bynthe.ized continuously throughout an entire generation (,i.ytseva
vt .1.). l,1uwever, in studying scparate pr-otein fractions che found
t;:t the synthesis of polynuclcotide pho. 4 4zorylase, 1_aA polyi,2raLc,
nn-( nucleo.side phosphokinase comes to a virtual halt durin:; LU.e per-
io.I of division. The author believes that the cyclical nature of
tl,c proccss is masked by the continuous proteoaynthci5 of msost pro-
tein fractions if the total protein content is analyzed witnout frac-
tionating it.

The dynamics of the metabolism of the ý,o-callcd acid-soluble
nucleotit:2 reserve hanr a direct bearing on DNA and i'XA rnyathc..is, for
6uch nucleotiden are regarded au precursora in the aynthesis of the
nucleic acids. The studies of Zaytdcvn et al. and of. :.eruynma and
Lark on models of synchronized Azotobacter cultures shot.cd that the
-.. ount of acid-soluble mononucleotides increases greatly before each
cell division and decreases sharply thereafter. The authors conclude
that changes in the size of the reserve may affect the synthesis of
the nucleic acids. The free nucleotides of the metabolic reserve see.
to function as regulators of their biosynthesis.

The elements of. mctabolism connected with the energy balance
of the cell are particularly important. Adenosinetriphosphate and
polyphosphates are directly involved in these processes. Znytseva
and Plezncr on synchronized Azotobacter vinelandii and Tetralivmena
nvriformis cultures showed that quantitative changes in the adeno-
sinetriphosphate expended in the course of ecll division have the
same rhythm as oxidative phosphorylation, while the polyphosphates
undergo substantial quantitative changes in the period of cell di-
vision of synchronized populations (Zaytseva et al., Soil et al.).
'::c-anhile the amount of acid-insoluble polyphosphatos sharply de-
creases with simultaneous increase in the acid-soluble polyphosphates,
c. ;}ccially mineral phosphorus. The authors believe that high-molocu-
lar acid-insoluble polyphosphates degrade to low-molecular fragments,
orthophosphate, liberating the phosphorus and energy that are needed
for call division.

In studying the mechanism of division, the investigators fo-
cused on enzymos and coenzymos. The research of Sylven et al. on
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th, dyn. ýc.s of noc.e cnzyn3e syr.L -r:i in synchroni;-d *;.-t penil.-tiong
" h"w L , , '*-.. l,- -c ivity of the p1-- 'ý. in- :. ., J-UC ~

ti,•. cs, iaicrcasc.. as soon as diviuion atiu.-tLd. The c:,,clen of in-
tc:i-ified nrotcolysia were alro llnlMcd to division. ' .. nvC .ia-
tors think that those onzymon take part in intercellt:-.a1- r.:tion
tuiat leitd to replenishment of the mixturo of motabolic u !-no acids
needed for protein synthesis. As "or the coenzym•es of t.e ey;.z':e
systems involved in synthesis of the poly:accharides in the cell
walls which, according to Kotellnikova, are uridindiphorphn dcriva-

* tives of sugars, it has been found that they accumulate rapidly in
the interval between the first and second simultaneous divi:;ions
(Zaytaeva et al.). This indicates that in preparing to divide, the
cell provides itself with coenzymes of the enzyme systems and pre-
cursors participating in the synthesis of various polysaccharides
and phosphorylated sugars.

A few studies on models of simultaneously dividing cultures
dealt with other aspects of the biology of the microbial cell, e.g.,
lysogenicity of cultures in relation to the phase of cell growth.
.Accordin.- to Lark and Maale, the frequency of lysogenicity of S.ty-nhi~uri:��:•�suddenly doubles 6 minutes before division, or the time

required for the amount of DNA to double. Romig et al. subjected
* a synchronized IE. coli culture to lethal doses of radiation at dif-

ferent times during the cell's life cycle. They found that young
cells died in larger numbers just after dividing than they did be-
fore. Among these cells they discovered many mutants. The increase
in number 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 increased DNA content of the cell and, con-
sequently, increased probability of mutations arising.

All the factors mentioned above convincingly show that the
method of synchronous propagation of microorganisms provides broad
opportunities for studying their physiology. As is evident from the
research described, certain metabolic processes in the cell are
closely bound up with its division. It has been 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
Lhe enzyme systcri3 (RNA polymeranes, polynucleotide phosphorylases,
nucleosidc pdosphokinaaes, proteinases, and dipeptidosea). Zaytscva
(1063) believes that the similarity in dynamica of accumiulation of
the individual constituents way be indicative of a certain degree of
coordinated action in protein synthesis and cyclical nature of cell di-
vision. llowever, thefactors involved and the mechanism of synchronous
proparation are still obscure. Further research may throw light both
on the mechanism of synchronous piop.. ation and on the propagation of
microorg;anisms in general and thus open u, te•.pting prospects for con-
trolling the processes of th6ir growth and multiplication.
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