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Filtrahle Forme of lactobacilly.
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Trepslatad from Mikroblologiya, 23: &: 6&1 647, 1954,
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The existence of filtrable forme in lactobacilli has teen noted by few
authors. Rudakov (1), observing the develcpment of Bact. casei and Bact.
hulgaricun, polnts out that these bari.rias, side by side with the micro-
geceplcally vieldle gonidia that enshle them to propagate, also produce
micregcopically favisidla filtrable “ormg tha$, the au »r presumes, slse
jake par: in the rejyreduction process of the indicated btacteria.

¥hat distinguishes thepe f£41 ltratla Lormé rrom the filtrabls foramsg of
other bacteris 1s thal the forms received by the author quickly germinate
upen $roasfor to mutrlent medis and change 4nho normal bvacilid.

$inilar repndls were received by Skalon (2. %ut, in Skalon's expsri-
ments the Cilirable foras of lsctobaciili Forme? jrregulavcly and develepsd
very slowly. Fhe oultuwses growing from these filtrable forms puseesssd wsak
activity and differed morphologically from the oviginsl., io Skalon's work
ons question remained unexpleinci: are the filtrable forws received by him
identical to the gonidta described dtv Rudakov, or do these forme  have no
connection with the culiure’s repraductive proceas.

As is wall known, the lactodacillus, Bact. delbrueckil, reproduces by
fisolon, with which the geplum within tne cells is not siways formed in the
cepter of the baclillus; It 1l gsomevimes forned nearer Lo the end; and fs A
result there im observed the wowcallsd "unsqual divieion of cells.®

Ovsarvation of tvhe development of Jeed., d3ldrueckly in 2 hangling drop
haye shown that apart from the reproduction by the usuial cell division,
there are, In the first hours after & cwiture’s plantiosg in sither ligquid
or solid media, awmall bude formed on the ends of gome of Lhe bacilli (see
figs. 1 and 3). The formation of these mde, as nlready discussca, is due
to the de. slopment of an ioternsl septur inm the bacllli., In a liquid medium
thess tuds, in the majority of cases without separating from the maternal
cell, incresse in slze and change into normal basilli; 10 somd cases the vuds,
havine formed, eeparate from the maternal cell, I our obgsyvation of the
hanging drop we were unable to trace theo fate of fhe buds that dbroke away,
bacauae, under the influsnce of the brownlsn movenent they disappsared from
the field of wislon, Bub frow our observation with an elsctros sicroscope
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At the buds that solit away will later germinate., With an
? e
developaent ins

oe oreparatiocns made {rom cultures in thelr later “ours of
tads are almost not detected.

! On s0lid r~dis "'n o hanglng drop) we detected no senars

the maternal cell. In elongating they change into normal baetl

particulariy on agar, the bacilli do not diejoint and then long

formed {fi;. 2.

" Due to tiis it was importent to detoct whether a Bact. delhsueskil culturs
possasses smaller tacilli that are invisitle to an ontical microscope, and whai
thelr role iz in tne growth of the given culture. From the litervature it is
known that the filtradle forms of bacteria result both from aciiom on the btace
varia by varlous factorc that destroy the cellular menmtrane, snd {rom itneir

atural sging. There are also indicafions that filtralls forme ars produced
ven in very young cultures.
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,ﬁ ¥e corducted our experiments princiovally with ld cultures {(two wseks and
A older), witiout resorting to any sort of externsl effects o2 tha cslls.

! We used nutrient medis favorable to the growta of the originsl cuvlturs:

+. Beer wort of 79 and 10° Balg, with a & % yeast autcolysatz.
2. Deer wort with a pellet containing o & % yeasi =utolysate,

. A seni
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syrthetic sucrose medium consisting of an extract from & % malt
sucrose or glucoess # 0.1 % phosphate.
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4, The same medis with sdditions of 0,1 and 1 $ ager

the above media the pH ranged from 5 t¢ 6.5.

1 Ag » control we used media that relused grvowth to the original culture:
meat-peptone broth, meat-psptone agar, and milic.

i

- The filtration of the culturc was made through Seitz Tilters, contalning
S¥ ‘and EX brand asbestos pads, into a regeptacia, {from whore the [fltrate woas
transferred Ly pipette into tesgt tubes containing the different nubtrient media.

Becuurs: o tne possibility of air contamination In such a tranei v wg
used this method only ln the experiments wath nurseaz {(the Suknev-Volfertstis oy
Ermol'eva "nursing methed" - Translator's aote}, or with the fermentod
azd, in the other cases the receptacle was connected to test tubey or

{(zontaining sterile nutrient median)} by means of glass T-pipes. In

EY

{lasku
this ma
the filtrate rrom the receptacle fell dirasctly into sterils media; and, ¢
tionally Important, we bad several parallel test tudbes or flosks contalaliog
game filtrate.

The filltration was accomplished within 30-40 minutea by mesns of o water-
Jet pump with o slight vacuunm,




NI

ot e k0

et A s cnctame A

N

The test tubses and flasks containing the nutrieat wedia and filtrstes
o9 piaced int. & thei.ostat at 40°C and kept there until a sedimsat
appsared. and then were retained at room temperaturs. The control test tubsa
ware piaced into a thermostat at 40 and 37°C.

fa all, A0 filtrations were made from the original culture; of these,
14 filératicns were of a young culture (4 1L urs after inoculatiosn), and 50
of an o314, In sdditicn, 10 filtrations of sterile tap water wv.. made and
the Tilyvetes Inoculated into sterilc nutrieat medla.

Hnny savest igators explain the adsence, or rare formation, of filirabdle
forme by the foems' retention .. the filter. In view of this, in some of the
erperinents, aimiltaneously with the filtration through the Seitz filters,
tuo culbural £1uid was inoculated by the dilution method {after a preliminary
salculatlen of the bacterial count in a Tom chamber) {nto a series of test
tubse ecentsiriag a sterile nuirient medium,

tA)

For rsgeneration of the riltradle forms into the original culture we
adopted esveral metheds that have been described in the literature:

1. Phs nersisg method in Petrl dishes, according o Suknev and Vol'lerts,
2. The osursing method in a liquid medium, according o Ermolteva.
G« Fersented medis, according t~ the Ealina method.

4. Bystemsbic vransplanta into liguild, semiliguid, and solid matrisnt
madin,

The experiments with nurses,

A8 uurses, we utilized the lactic yeast, Sacch, lactls. This was ds--ailea

i2 ringe o & wort agar thot had been pre-inoculated with a filtrate of the
riginal ¢ulturs. The Petri dishes contmining the filtraie and nurges were
placed inteo s Lhermoatal at 40°C. Other than veast, no other colony formations
e dotected in sny of the 10 experiments astaged.

Alse, in tbe inoculations frum these dishasg? different areas into liguid,
and z0iid euirient media, only yeast growth was detected., Moreover, after
nrotonged yetentlon in a thermostat the dighes wers intergrown with alr micro-
Slora. Co nssquently, subsequent exveriments on growilng f1ltradle forms by the
sd wers staged in a liquid medium. In these experiments 10 test
wﬁag m&m%&iniaa veur wort were inoculated with the yeast, Sacch. lactis; *he
rare 01 the wld, or young, culture was added to 5 of the {est tubes; v.e
ning 5 wewl tubes, without the fiitrate, served as & con.rol on tia
st purity. Test tules coatalining the filtrate alone and tosttubes with
tuw faf rate + meat-peptone broth served a&s a ccatrol on the filtrate's
parity. Upon compleiisag of fermeniation in the test tubes the yeasts settled
Lo tha bottow,and the medlun absve ths sediment became clear.

In one of the axpeviments, after ten days, turbidity was noted in the
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test Lubes conbalning the nuraes and the filtrale. Wnile 1a tne test tubes
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conta’ning the nurses alons, there was no turbidicy. By making a series of f !
trans; -2nts into desr wort from the uppsr ~rt of the "yeast £ filtrate® test et
tubss, withou! touchiiz the yeast sedimentstion, and by keeplng these test

tubes in & .hermostat at QOQC, we succesded in sliminating the yeasts. With

this the turbidity in the teat tubea remained, but became significantly weaker,

The transplent» from theae test tuiLae onto wort cgar, msat-psptone agar, and
broth woulu not rov.

Benesth & micr.3cope a small quantity of oval-form bodies, approximately
1} miervs in size, wore detected. At first the weak turdldity was formed on the
tenth 24-hour period, or later., Subsequent transpiants of these forms intc a
beer wori~ pellet induced them %o form a strong ®vell® within thres days. The
medium's pH lowsred lnsigniJicently in the first transvleats, but after several
traasplants the pH began to decrease significantly; btut, still, its change was
weaksr than that of the originai.gulture.

The external appearance and distribution of the new forms also changed,
sceording to their degree of dsvelopment. At the beginning of the cultivation ;
the oval-form cells vere distribvuted in the field of vision singly, in pairs, !
cr in clusters. Later, after several trsansplants, small chaline conslsting of ?
geveral cells began to appear, and towards ths end small rods wers detected, i
size 1 x G.5 microng and larger. It was possible to discover the cval-form o
¢slles and the rods in the same chain (figs. 4 and 5).

: . The culturs that was recelved grows well on beer wort with & pellet, on
& sucrose medium, and on a sucrose medium containing 0.4 % sgar; on a sucroso
slant agar it forme colorless, very small oval-form cclonieag; within the agar
it forms colonies in the Yorm of lenticels., The culture absclutely refures to
. grow on meat-psptone broth, on meat-paptons agar with engar supplement, on

Py potato media, and on milk. !

@

Bacause only vae of the ten experimenta in this serles produced mizro-
forms from the filtrate of an old culture, and bscauss thoge microforms wouid
not reveri to the original culture, their appearance raised a doubt as to thelir .
¢rigin, However, the aupposiilon that this culture cculd have come frou the '
~ir can be refutea - 2o 1if asems to ue - by the following facts.

1. The turbtidity appsared in five paraliel test tubes, and the microscopic
pleture was identical ia all,

2. The test tubes containing the filtrate oione :d those contaizaing the ’
filtrate % meat~paptone broth wsre clsar, and seedings from them would not
giOW 0p meat-peptone broth, on agar, nor coa milk.

3. In the series .l experiments (10) with the tap watsr's iiltration, ou : ;};Qf
the same media, such foroe were not dstected. With & coatamlnation by common
bacteria and fungl from the air, growth is very quickly detacted.

The supposition that the filtrable forms of other lactic acld bvacteria

could heve entared with the yeast used by us as nurses is dismizsed by the N
» fact that in the test tubves containing the yeaat without the filtrate such &_j
* forma wers not detecied. Nevartheless, it was necsssary to determine whether

such forme will be produced without the nurses' participation,

4.
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In relation to this the next se.les of team expsriments was coaducted
with fermented media. As a fermented medius w- toui & suspension of a four~
hour culture of Bact. delbruc "kii on beer wort, One portion of ths suspension

was sterilized at 100°C for 40 minutes (medium A); the other was filtered
through a Seitz filter (mediam B). The old culture's filtrate, which was to
w3 tested, was introduced into the test tubes containing the atove mentioned
msdia, The control oa the sterility of iiae fermented medium B was ths test
tuves containing the fermentei medium alone, and those with the fermentod
mediun containing meat-paptone troth.

In five experiments, after 10 to 21 days, a vory weak turbldity
appeared in the test tubes contalning the fermanted .xdium "R { filtrate.®
Once formed, the turbidity did not increass; the mediunts pH remeined
unaltered. Thre2 weeks after the yurbidity's appearancs the first seeding
was made from the test tubes outo the same media, Ths first transvlant
showed that the fermented media prepared by us was worthlesa. Turbldity waas
absent in all test tubes. Nor was it detected irn medium A. The test tubes
containing the fermented medium without the filtrate and those with the
filtrate { meat~peptone broth remained clear. The geedings from these test
tubes gave nc growth. There was still a possidility of receiving positive
resulte by varying the fermented medium's preparation; for example, by
selscting & culture of a different age, or by filtering for differ.at periods
of tima, atc.

But in this experimental series the initisl cultura's filtrate was
inoculated also into 2 teer wort-psllet medium, in addition to the fermeated
medls. Upon detecting fturbidity in the "beer wort-pelist with yeast auto-
lysate f fiiltrate™ test tubes, and after the turdidity formed again in sud-
ssquent tranaplants, we decided to discontinue use of the fermented medis;
although, ve do not deny *»at ip principle the fermented medis can give
poaitive results. In the s2r wort with the yeast autclysate £ filtrate *
medium in this sseries. consisting of 10 experiments, a weak turbidity vos
wag detacted in six. Juat as inp the experimante with the farmented zsdiunm,
in thres of the exDsriments on the besr wort-pellet the turbidity was
unstable, and after two transplante 1t refused Lo form: in the other three
axpsrimenty ws succesded in producing a clearly tra-splantabls turbidity.
The same formations of the differsnt sized oval [~ 2s were detected uander
ithe microscope as in the expsriments with the nuress. The forme that were
detected stain with methylene blue and with the other aniiines dyee, although
not in equal intensity. With easch trunsplant into the i .sr wort-pellet, trans-
blants were also made onto meat-peptone agar and wort agar, but growth on
the agar was not detected,

Uscause the forms that werce visidble to us did not change externally in
subsaquent transplants, we declded to subject tham to the action of weak
acids and alkalis. We had in mind that 1f the forms that we hed dlscovered
wors protein particles, then sfter hydrolysias they must situer dissolve or
aiter their form, However, after hydrolysis we Jiscovarad by microscope s yat
clearer lwage of the oval forms. The regultant forms resemblsd the faltial
stage in the formation of the microforms in the experiments v .ix the nursea.




In view of this, 20 more filtratlons wers made of an 2ld culture. Tn this
serios, in five experiments in beser worte-pellet with yeast autolysats, a weak
it constant.y tracsplantabls turdidity was detectad: and in two sxperiments
the turbidity ceased to form after thres itransplants. In a microscopic exam-
ination the same Ybodies, with the cval form, were detected. Traasplants into a

liquid suercse agar (0.1 4) produced a visible growth ia soms cases, btut further
transplants into this medium did not always give this.

In this same series, in five exporiments, simultansously with the filtra-
tion the origiral cultural fluid was intrcduced into autrient media by the
dilution method. In the test tubes with small dilutions, to 10‘“, the culture's
groyth was dstected on the following day. In the ¢est tubes with a dilutlon of
107 gre+th appeared within 48 bours, whereupon it was not in all casec paral-
lel. The rem.ining test tubes convainire further dilution of the culiural lisuid
rosainsd clear ovgr a one-woath period. After a month, in the test tubes with
& dilution of 107° (in which growth had w. first been undetected) and in the
test tubss with a dilution of 1077 there was noted » very weak turdbidity,which
in two experiments was &lso transplanted in sequent subinoculations. In a cicro-
scopic examlnation cells of an oval form were discovered. In these two axperi-
mants, in the test tubes containing "Seitz filtrate # bser wort,® which was aiseo
intreduced by the dilution method, turbidity was Jormed at approximately the
same time ia the test tubes into which 1-0.5 2l of the filtrate had been added.

With a lesrer quantity of the fiitrate in the test tubdes turdbidity was not
detected,

The experiment's resuits indicated that under the condition of the given
experimerta, filtration inhibvited the forms that afterward gave a transplsntadle
turdidity. However, tha filtradla forms' irregular iormation cannot be explainsd
by their entrepsent during filtrastion algnme. wvidaentlv theas forms ars not all
equally v.abls,

Thug, w¢ ~formas were recelved afiey the cultyral fluid's filtration in
nine of the mi.ly experimsnts {(tabls 2),

In one canre, after sysiexmatic transplanta inte iiquid and semiliquid cedia,
wo wore able to ratse the mlcroforms out of an “"inactive condition®™ - they wveres
& bacterial culture that formed acid with slmost the same activity as in the
original culturs, Eowsver, by their external appearsnca ths culturs differed
from the origiaal. Io the other sight culitures we succesded in expaditing tho
appearance of a visidle growth by growing them under saaercbic conditions aad
by systesatic transplants into semiliguid media (particularly on & medium from
an yeest autolysate). ln & microscope’s fisld of vision thereappearsd, togatier
with the oval-form celle, short rods of adbout one amicron in lexgth. But in tisse
c¢ultures the capadility "o preoducs acid has not, a3 yet, Yesn detacted. An
anglogona picture was aiso obssrved with two cultures that were receivel in the
experiments without filtratioa.

Are these microforms stages that sate. into the noraal cycls ¢ *ro
origisel culture's desvelopasnt? To this question we muat angwer rnesstively,
rogardless that the filtrable forms in our exrvsriments were raceived
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without any abiological effects on the cells:

1. Becauce the "old cultures,” due to the presence of exchange products,
are also unrepresentative of normal conditions for showing the life cycle.,

2. The forms that were received germinate very slowly, do not form acid,
and their development into cells is observed in media with a pH no lower
than 5. In laboratory and industrial conditions the original culture's
developmert cycle occurs quickly with an energetic production of acids.

Consequently the filtrable forms simply cannot succeed in converting iato
normal cells.

What are these microforms?

At first we presumed that these forms were nothing more than bude that
had not had time to germinate into bacilli and had been passed through the
filter. But experiments with a refiltration of these microforms showed that
they originate, evidently, from more minute forms that are invisible to an
optical microscope.

Observations with an electron microscope show that together with the
forms that are visible to an optical microscope there are also more minute
forms, in great quantity, that form long chains. Obgerved also were rods of
different sizes (figs. 6 and 7).

On the basis of our observation one can surmise that, developing under
adverse conditions, these forms exist in an inactive condition until they
attain favorable conditions for their further development, wherein they may
germinate into normal cells of the given species,

The microforms' capacities to grow, to increase in number, and to change
morphologically can be called & special (evelopment cycle intrinsic to the
given forms; this cycle, however, does not enter into the ordinary develop~
ment cycle of the origimel bacterial culture in its normal conditions of
existence., It is possible that in this sense they may be important for pres-
ervation of the species 1a natural conditions.

Because the microforms receivéd by us have not, as yet, changed into
the original form, we have no basis to reject a different viewpoint con-
cerning the nature of the filtrable forms.

It is possidle that the latter are degenerative forms that were developed
under the influence of adverse conditions. Owing to their weak viability they
cannot change into normal bacilli and, consequently, can have no material
importance for the culture's normal development. Although the Bact. del-
brueckii culture was carefully checked for purity prior to the experiments,
one can surmise that the forms received from the filtrate were coexisting
with the original culture, vecause an isolation from a single cell of the
latter was not made.

Further investigations will show which of the abtove three viewpoints to
be more correct.




. ) Conclusions ) , i

;>d0ut of 60 filtrations of an old and a young culture, we- roooived 1n nine
experiments filtrable forms of Bact, delbrueckii that appeared ag minute cells,
primarily of an oval form,

2. One culture, which had been feceived by use of the nuréing method in
a liquid medium, after a series of transplants, began to evolve rfaster, to pro-
duce acid, and, simultanecusly with this, to change morphologically. That is,
together with the cells of the oval form there were alsc small rods odbserved.

3. Eight cultures were received through the use of systematic transplante
into liquid and so0lid media; of these eight cultures, one was received through
the filtration of a young original culture, and seven were received through the
filtration or an 0ld one.

L, In two of the five experiments similar forés wore received even without
filtration (with the introduction of the old culture into nutrient media by the
dilution method).

5. The cultures that were received through systematic transplanting
greatly resemble the culture received with the nurges in the liquid mediunm.
They also change in external appearance, but, as yet, do not form acids.
er' 6.”An inspection of these cultures with an electron microscope enables
~ae to draw the conclusion that the increase in the number of oval-form cells
occurs from more minute cells that are invisidble to an ordinary microscope.
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Tadle 1

The culture isolated from the The original culture.
filtrate. .
pH after pH after . pH after pH after
24 hours 48 hoursa 24 hours 48 hours
4,01 3.76 3.25 2.95
L.06 3.71 3.30 2.98
3.91 3.78 3.27 2.96
3.84 3.76 3.24 2.94
3.81 3.75 3.24 2,95
3.79 3.63 3.26 2.93
Table 2

Data about the different methods of regenerating the filtrabdle forms
of Bact. delbrueckii.

Number of filtrations Number of positive tests
of an 0ld of a young Method of Regeneration filtrate of <filtrate of
culture culture 0ld culture young culture

10 - Nurses on Petri dishes. - -

10- - Nurses in 1iquid media. 1 -

10 10 Fermented media and

transplants into beer
wort-pellet with a

yeast autolysate..... 2 i
20 - ., Transplants from liquid

media to liquid and

BOlid. s s 8 s s e e * @ 5 -

The experiments without filtration

5 - Transplants from liquid
media tn liquid and
BOlid. e & & o a2 o s e 2 -




Fige 1. Yhe original calture of Ingt. delbrueckiil eon beer wort with pellet.
Fig, «. The original culture of Bact. deltruackii on mali agar.
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{Illustration not availatle
Pig 3., Formation of minute tuds '~ the c¢r

, photoe. Magnified 8,000x

P {Iltlustration not availatle}

o Fig. 4. Appearance of the culiure received from the filtrate w. = the

gurses in & ligquid medium, Electroncacopic photos. Magnified &,0.0x

AY
J
iginal ¢.liture. Electronoscopic

{(Illustration not available)
Fig. 5. Avpearance of the culture sceiv-~d from the filtrate {th the
nurses inp a liguid medium. Magnified 1,000x

@

{Il1lustraiions not availihle)
- ~ 3 . Y rel ’
5 and 7. Avpearance of the microforms th.. were received froo the i
Blectronos~oplc phnotos. Magnifi=4  .0,000x
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