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STUDAES COMPA«ING BUCLEIC ACID riZiipOLiSa AND RESPIRATION IN
PROTEUS VULGARIS, ITS STABLE I~PHASE AND THE 3 HILAR PPLO

{Following is the transistion of &a article by Q. Kandler,
Ce Zghender sad J, #usllér, Botanic Institute, University
of Munich, which appeared in ths Oerman langusge pericdical
Arch, for Microbtiology, Vol. 2li, 1956, pages 219-2,9,
Translstion performad by Constance L. Iust,)

The transformsation of a bacterial cell inte the I~foxm as discovered
by Kieineberger (1935) and Dienes {1939, 1549), represents ome o ths , o
most basic transformation of & cell that we know today. In extent it 1
may be compared to the transformstion of & mormal btissue cell inte a : o
tumor cell, however it offers & more advantageous experimental appro~ch
ir order to study details.

Many reports can be found sbout the morphological changes of &
bacterial cell in the L-transformation  Dienss and Smich 19Li, Stempen
and Hutchinson 1951, Prittwits and Gaffron 1953, Hopken and Bartmann
1955, Grasset 1955). All obsorvations show a marked swelling up of
cells, which is further comnactsd with an increase in nuclear material. . j .
(Tulasne 1949, Schellenberg 1959, Kellembergsr and Liebermeister 1955). R
The dsughter orgsenisms then bud cut in all directions from these poly- . ‘
muclear large bodies (Hopken 1955). Thess cells then contimue to | o
exhibit & mmlt polarity in btudding in their continuous mmltiplieatiom. = - IR

The massive interference in the cellulsar mechanisms can of course
alsc effsct irreversidble changes in the genstic substance under certain
conditions, so that a return to the original bacterial form is no longer
possible even after thousands of gensrations (evem if the effect of |
the mo agent, mostly penicillin, is withdrawn)(Ksndler and K
Kandler 1956). Bowsver, other L-forms rctain the ability to regenerate
into the classical buuverial form afber mmerouns penicillin passages.

In this report a stable L-form was used exclusively, since it was con-
sidered to be at the most complate stage of tranaformation.

e
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Contrary to morphological reports there is & paucity of work on T
physiological phenomenon on l-phases, even though it is undoubtatly ouly ; .
knowledge of the physiological changes in the ¢all that will lead to &
causs and effsct understanding of tho total process. In the respiration
study concerning utilization of carbohydrates and the presence of oxidases
no qualitative change was seen bstween bacteria and L-form of P. vulgaris
{Kandler and Kendier 1955). The sensitivity of L-forms to penicillin

and the loss of the ability to liquify gelatin end to growih on simple
subatrates does indicate a certain alteration of metabolism. Also
Vanérely and Tulasne (1953) reportad that the lipoid content of L-phase
wes nuach higher than in the bacterial form. These authors also reported
that in three-wesk old L-forms of F. wulgaris the content of INA is
greater than RNA, This is contrary to the oonditions of bacteria.
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The many studies in recent year: on nucleic acids (N.4.) of bacteria
nave shovn that the total NA of the mass of the bacteria, as well as
the relationship RUA/DNA is susceptible to variations depending on the
state of development (Maimgresn and Heden 1947 a,b,0,d;e, lMorse and
Carter 1949, Belozersky 194T, Cohen 19h7, Sherratt 1953, Wellersca 1958).

the NA content of two different forms is enly meaningful if

ons also has the protein content (+lA content) over the whols develop-
mental cycle, Defined phases are not sufficient.

Often L-forms of bacteria are considered to be PFL0 since they
are both similar morphologically and also mulitply via mmitipolar
bedding \Xandler and Kandler 1954)., Ouly cne work exists now on the
MA content of PPLO (Oerbers 1955)., Hs reported total MA = 203, where
m H¥A or DNA., These determinstions were only done on older

S

7 The intent of this report is to lay a growndwork on physiolegisal
bases for the L-phese transformation and the possible relaticnship be-
tween L-phass and FFI0. Thiswdll be-dono-by-measuring NA, protein
and respiration intensity during growth of F. wulgs~ls, L-phase and
& strain of m&z, AR gy T B e

® H

, a) Organisus: Proteus strain Denss 52 and a stable L-form

4solated by Seiffert with the aid of penicillin, The L-form has been

cultivated for ower 150 passages ou penicillin-free medium without

reverting to beoterisl form, It corresponds to type A, Diemes (1949)

and Xandler end Kendler (1956). Strain "Pindlay” (isolated by Findlay
. from mice) was ths PPLO strain used,

: b) Modia snd cuiture methods: All threo organisms wer~ grown
. oa the sxme modiva which Sédffert (personel commmication) developed
« - for PFED; 0.7% peptone, 0.2¢ glucose, 0.5% yeast axtract, 0,35 salt,

O.li% K2HPO, 10% borse osrxms, pH 7.8. For PPLO and L-phase 1% agar
was added, for Proteus 1,58, Incubation was at 3790, shaking cul~
tures 27°%C, It was better to add 0.8% phosphabe salt for liquid
oulturos. In this sclution thw i~fu.m Alsc grow well., Originally
it did not grovw in liquid culture. Standard 500 ml bottles were
used, for shaking cultures Fernbach flasks with 1.5 liters medium
were used. These flasks worked especially well,

The stock cultures were tranatsrred from plate to plate every
3} deys. Transfer of FPIO and L-phase were always tested by streaking
agzr. The material for experiments was alvays growm in liquid medis,
Twoulation was aocomplished either with agar pioces or with the steril
' that were spun down Lrom the 300 ml culture flask. The
madia became cloudy with hot~sterilisation, so to avold this they
all 3eits filtered under pressure,

i
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¢) Fractionation: Organisms were harvested in a high-speed
centrifuge, 10 minutes at 12,000 x g; washed 2x with distilled water,
P. vulgaris may be washed without losing cells, but L-phases and PrLO
are more fragile and care must be exercized (Gerber 1955). As seen
in table 1 no NA is lost with young PPLO; in older cultures up to
15% is lost, The RHA/INA remains constant despite the losses. IL-forms
are a.ready sensitive when they are yormg as is seen in the loss of
NA (table 1). Because of this L-forms ere usually not washed, but
were used to fractionate right after centaif™mes+ion, In this way no
total N was determined, since medium was still there. Alsoc the first
fraction for soluble N and P compounds was unsuitable.

NA were extracted as outlined by Heilinger (1954). & water
soluble fraction is seperated and protein precipitated with 1Ca,
After lipids are extracted N4 ars split with hot TCA or Perchloric
acid, so that the smaller pisces are likewise soluble. The following
gensral procsdure was used.

Organisms were suspended in 10 ml water; 1 ml each for respiration,
N, PO (latter two in duplicate), other 5 ml and 0.5 ml €04 TCA, cocle:,
and extracted 10 minutes, centrifuged, washed 2x with 6% TCA. Combinad
TCA extract one half each for POj and N test precipitate was washed at
509C with alcohol-ether to remove lipids, Ribose, deoxyribose and
£0), and grotein determinations were done. (see schems outlined in
figure 1)

d) Analytical procedures: 1) N-micro Kjsldahl (Kleim 1932),
2) te - Martland and Sobdnson (1928), 3) RNA - Hahn and Buler
(1946), L) DNA - According to Dische, 5) respiration - Warburg's
nanometric methed was used, 6) suspension density - twrbidity at
587 mm in 1 om path.

7) Range of errors in measurements: The range of errors was
estimated and calculated accroding to the usual statistics. The error
spreéad is presented in table 3. Most orrors were within a range of
343 for the small TCA extracts and for lipids 154 DHA determination
6.8% range, The important ratio of RNA/INA was in the very good range
of 2.84s These errore represent only errors in the methodology and
not varistions in the test materials. The ranges may be rather wide
at times because of additional biological fluctuations. In the re-
sults to follow only typical data from a single axperiment are used.
An average valus for ssperate viruscs is senscless since they are not
a trus collesiive in the statistical sense. For our results the curves
are trus and exact and meaningful {eg. RNA/DNA), An average valus is
presented (with range) in an accompanying table,

Results
1) Trials with normal forms of P. vulgaris .
P. vulgaris was inoculated into cultures and incubsted at 27°C
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with shaking. After good tw.Lidity appeared 100 ml was harvested.
The values for the HA content and RNA/INA ratios were the same iu all
controls, From day 2 they again remained constant. In order to detect
the transition from stationary to log phase these cultures were not
sulted, and a heavier inoculum was made into a 1 liter culture. In
& parallel set from the original culturs NA and protein was measured.
In the large inoculum cultures log phase is very short. Perhaps a /
part of the insculated bacteria do not grow and provide some error here ’
"~ 4dn"the log phase., To circumvent this other flasks were inoculated with '
large transfers of log phase cultures. When stationary phase was
“reached a transfer was always dons. In this way log phase was prolongad
and NA maxime could be determined more accurately. '

In table L the analyticai results from a typical experiment are
summarized, No significant cell mulitplication haes cccurred as the
low increasc in extinction points out. What was scen may be due to
the growing (enlarging) of the cells already pressnt, In this phase
a marked NA increass ocowrrs, especially RNA, so that RNA/DNA reaches
almost the maximal valus, Tripling DNA content without the corresponding
rise in cell nmber is in agreement with the concept that bacteria
possess soveral nmuoleoides during this mmlii plication phase. Upon d
reaching stationary phass (Lth hour) RHA oontent decreases in respect
to IMA and protein, :

No characteristic changes appear in these few fractions. Lipid-
phosphate with respect to protein remsins constant; _TCA.«' soluble P -
a slow decroass in log phase; TCA - soluble K, however increases. g
This effect is not statistically of valtus tecsuse of a wide range,
' Thess fractions are not of importancs in our later discussions. They
were presented only te have a ocomplete overview about the constituente
of the fy-~ti.ns,

In numercus repetitions the maximal NA values dsviated because of
orvor in ssmpling time. The diffe—ence between log and stationary
" phase ia undoudtatly reul as can be seen in the average value (with
experimantsl ranges) of table 5.

g

_ figures 2 and 3. The decresse
and IXI 1 mexpietned s yot. The effect vas
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vhercas II increased even rore. This maximum should characterize the
particular state of P. vulgaris cells very well. DNA content also
rises in II and reaches the same maximm in III, The rise in Q of

DNA/ protein nitrogen is partly dependent on the size of the cell which
decreases in long torm studies., We repeatedly observed that in resting
cultures (24 hours old) the size of the cell increased dramatically, :
vhercas from transfers from stationary phase produced markedly smaller
bacteria. Since the change in size affects the cytoplasm primarily

RNA and provein and not rualei, UNA the Q of DNA/protein increases and
RNA/DNA docreases. This is well illustrated in figure Lo for trial III,
Maximal values for RNA/DNA were seen in II. ‘they are in the lag-early
leg phase where bacteria show the largsst cells.

Absolute Oy use of 10 ml suspension is shown in figure 5a. 4fter
a sharp rise with inereasing cell multiplication, it remains constant
briefly, and then decreases after log phase stops. Oy use with respect
to N-moves the maximum to early log phase. 'the curves show & parsllsl
to the MA/N and decrease at the sams time. The close dapendence of
RANA content and respiration-acitivity is again evident.

However, the respiration quotient does not increase in the same
sense as nlA content. “he Q 02 use /«NA should remain relatively
constant. As is shown in Jigure Sb this is not nearly the case., ihis
curve glso shows Oz use per mg. DNA, They agree well with those curves
that relate 0 use and cell number (cell # from stendard curve of
extinction and growth). This is as expected, since nuclear mass can
only deviate by a factor of 2 from the maximum and must remain constant
(parallel) to the number cf reproductive entities. Since in the organ-
isms to be discussed later no counting of cells was possible we always
used DNA content as a reference for size., The carresponding curvss in
Figure 5b show that the Oy use of a bacteria reaches its maximum at
the end of the lag phase at the transition to log phase. During rapid
multiplication it decreases noticably. This is because substrates are
exhausted, not due to degradation of enzyme systenms,

2) Experiments with L-form of P. vulgaris

In the first experiments 10 bottler of 300 ml medium were inosulat=d
with a grown-over pisce of agar and incubated without shaking at 37°C.
After good turbidity (24 hours) two bottles were centrifuged and the
cells worked-up like P. vulgaris; no Hy0 washing, medium was extracted
in TCA wash, The other flasks with heavy growth were then used in ons
to several days.

After centrifuging 1 ml of 10 was ured for oxygon uptake in a
flask and after several minates madivm was added via the side arm.

Respiration was constant after 1 hour and was used in the following
series. ~

Before contrifuging the suspensions were studied to be sure they
were bacteria free., The organisms are easily rsoognizable undsr phave

5.
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contrast. With young cultures many blisters appear which are clumped.
A part appears strongly vacuolated and mostly empty - only on the virus
do particles appear. No hemegensous distribution was achleved, but '
wi.ch mechanical. shaking the floculates do seperate into single organisms. N
€ell counts based on the usual dilution method are problematical. as ' §
their age grows the blisters become more highly vacuolated, the particles : "
become smailer and hardly discernable. Upon streaking an agar many
colonies were still formed. In figure 6a and b typical flocules are
presented from young, still growing cultures. Flgure 7 shows an older
stationary culture. In still older cuitures the microscopic picture
i2 not changed appreciahly,. -

In table 6 date on alterations in the c.ltures is presented.
After 3 days the main growth of INA and protein stops. In the period
of the next week they only increase by two-fold. RNA decreases from
the first test (24 hours). RNA seems to bs degraded and used again
in further growth., INA and protein can however still be measured in
the centrifugate. (

The Q values also show a typical pattern corresponding to the
absolute patteins. BRNA/INA and RNA/protein N decrease rapidly and reach
vory lov levels; lower than in even very old basterial cultures. The
RNA INA relationship is even the reverse in the old suspensions. In
all samples tested values under 1 were observed. This agrees with the
findings of Vendrely and Tulasne (1953) who also used old cultures.

Our studies showsd that this is not a typical property of L-forms, be-
cause in the vegetative state the value is near 5; in the range of
- bacteria evan though inP. vulgaris values are 2 times thet. It is
- questionabls that the vzlues for RNA/protein and RNA/DNA of old oultures
-are representative for the resting forms of L-forms. Cell counts
showsd that tha numbers of colony forming elements decreased by a
) factor of tem. The eingle organisms generally are clustered in groups
: so that each colonmy perhaps represents many entities, If a number of
. ocells diec in these groupe the rest otill form a colony and mark the
regression of cell number, It is possible that in culturss with a
decreased cell count only a few are viable and in analysing the tissus
constituen.s only the part that did not become soluble (from dead cclls)
was measured, ‘ :

_ Yo answer this aspect measurement of intensity of respiration is
dosirsble. If ons gives nev substrates to the resting organiams the
f%mwmmmfwﬂvoﬂmanzymsymmmﬂmoeu. As
.. table 6 shows the intensity ¢f respiration with respsoct to protein
- remaine constant over lud., this also holds for O use,/luli which may
be thought of as 0p/cell, An iacrease of 20% in the first £ d is
- apparent. This means that the marked dscrease of RNHA is no indication
of the dastruction of the cell, because the main decrsass appears in
the first 14d during which respiration is still increasing. Accordingly
= the O use/RMA incresss in this tims RNA degradation and lowering of
.3 toward cne represents a norwal process in I-forms and is not
indicative of inactivation. . -

6
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vhether the further decrease of NA content is normel remains
questionable, sinece respiration is much reduced in these old cultures.
This may not be evidence for cell death, because it could be that the
resting L-forms degrade their enzymes and then regenerate in a long
lag phase, so that observation time only mirute respiration may be
scen. In longer observation periods the respiratiun goes up, but it
is difficult to say whether all cells increase or if on.y some duplicate
and this is then measured., The NA content question is resting L-fornms
remains unanswered for now. It can only be stated that old suspensions:
have a very low Q for RNA/protein and RNA/IA,

It appeared of importance to understand the transition from
resting cultures co the growth and reproduc.’ve phase. ILarge inocula
were used so that measurable growth and contents appeared in short
time, The results of such an oxperiment appear in table 7. IRNA is
degraded right after stop of log phase, whereas protein increases
more and INA remains constant.

The way in which the values for RiA/protein run points clearly
to the fact that PNA synthests preceeds protein synthesis. The values
for DNA/protein increase and reach a max in the middie of log phase.
RNA/DNA is maximal in lag phase or early log phase. Table U contains
data on NA/protein for log and early stationary phase for 8 samples.

As with P, vulgaris, L-forms in two runs were given new medium
in early log phase; and once after stationary phase. Figure 8 a-g
contain the reasults. The exact curve allows a detailed discussion,
- The sams characteristic changes as seen earlier were present. Lven
-when log phasc was prolonged no increase in Q NA/protein or RNA/DNA
was saen, It should be notsd that the pH changes may be important.
This was alsc seen befors. The glucose containing substrate first
gets acidic as in P. wvulgaris cultures, but after multiplication it
turms alkaline. The latter was rot seen previously. ;

Oxygea consumption was measured here the same way as in the case
for the P, vulgaris experiments. Figure 6f shows the absolute 02
uss per 3 ml suspsnsion per hour, It reached a max toward the end
of log phass., Op/protein reaches a max sarlier., The stop of rospiratory
intensity is dus to lack of substraie, These curves should not be
compared to the curves in table 6, since the new substrate was added
and respiration was msasured over 2 hours., The N content of the sus-
pension was about 1Cx higher there, Undor these conditions practically
no growth ocourrs evidently because of inhibition due to end products
and lower nH, Respiration intensity is markedly less here than in
growing culivres., This was also trus for bacteria.

Rospiration with respect to RMA shows a different picture for
L-forms than for Proteus (figure fg). The horizontal pattern of the
cwrves shows that proportionaiity is present for a long period.
0o/INA also show & different patiern than in Froteus. The change
of rsspiration per viable cell apparently runs smoothsr and slower.

7.
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Max is in the carly log phase. Resp_.ation velocities fo. .-forms ave
lower than those of Proteus. This corresponds to the slower developn.ite
Materials are used slowly in the stationary phase. In this pericd
oxydative metabolism reaches a maximum.

3) Experiments with PrLO

Sirdlar to L-forms a turbidity appears about 2i; hours after in-
oculation with a piece of agar in liquid cultures of PPLO, Microscopic
studies in phase contrast showed large flocular forms which may re-
preseal small colonies., On their edge small coccal entities are
recognizable \figure 9a). After 2 hours more, with shaking, these
forms dissolve again into smallsr groups. (figure 9b). it is dif-
ficult ‘o show this photographically becauss they exihit Brownian
motion. Couparing the two figures ons readily sees the differences.
Similar phenomenon appear in cultures that are shaken, Even here
homogeneous cultures do not appear as in bacteria, Turbid forms
appear froam which the individual seem to be formed; are evolved from
the membraaes.

, IV 48 just as difficult to determins call counts with the dilution
technique with PPI0 as with L-forms. The count creeps higher with time
ags and mschanical wps3at because of releasa of more single entitles.
We found that the counts varied greatly in growing cultures, Oenerally
we found & continous rise based on extinction and absalute increases

in protein and HA,

In several axperiments we also used elsctron microsocopic studies
parallel to NA determinations, The preparations were dried from a
vuhod suspenaion and placed or carrier grids. The objects were placed

m The ssme pictures came out ae previously (Kandler
; 'nu masurements are presented in table 9, With age
and decreasisig RNA the diameter of the particles decisased.

R

‘In table 10 results are presented about cultu s that weie inoculated
with low inocula., As in L-forms BNA decresses at a time when prutein
still incressss, IHA content rerains constant over a long period. ENV/
IRA i3 bet.cen 3 and 3.8 for young cultures, and 1.5 - 2.0 in older
ones. Bven in very old cnltma 1t dosrm't sink below 1.0 (as in L-phases).

The valuss for nupd.rat.inn intensity dnomm more rapidly than

L was the case for L-formme. Respirstion per INA remsina ocnstant for

S days. mﬂ:sthisﬁmm‘mnuntdomm:mrpb It may be

" cancluded than that dsgredation of RMA (a8 in L-forms) is a normal

’maumdmtad.gnotth-wmmthctthcorzmm

s It cannot be diffeentiated whethsr the soalytical data of older
“. suspensions ave repressntative of resting, btut living cells, or if it
" repressmts only thoss of dead orgsnismms. Undoudtatly s part of the

" oslls of 1iquid cultures is viahls for long parisds of time, Seiffert

© {persomal commmicatiosn) could immculats “PLO strain succesaiully
}-Moh had been ctmd:n udod mlu for 10 years.

.
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The transition of stationary -to logz-phasc was again studied in
11 sets with large inocula of various ages (1-1ld). Table 11 contains
absolute values of quotients. Development occurrs in 24 hours. During
lag phase, when extinction increases minumally, R rcaches a max and
begins to decrcase soon thereafter. Contrary to L-forms Hliy/protein
remains high and decreases only in later stationary phase. 4dverage
values for RA/DNA and HA/protein for all cxperimenis are sumuariged
in table 12, v :

The relationship between NA content and max oxydative mctabolism
duriig muitiplication of PPLO was studied with repeated inoculations,
At first a hour liquid culture was used., The results are shcvm in
figure lla-c,

At the end of an 8 hour lag phase :iA/protein and AA/INA reach
maxima, During log nhase both values are lower. In III, which was
inoculated from stationary phase an increase appeared later. Ihe
transition from resting fora toc the viable vegetative state appears
ts be associated with a marked elevation of HHA, During rapid
mltiplication the HiA content decreases, eg. low values of Ll
protein and RWA/DNA in II. this is contrary to rroteus and its L-
form, whore in a prolonged log phase the maxima remained up for
longer times. The O; use also deviates from the conditions for the
other organisms. iHaxima for O, use are in the early log phase, and
yet respiration decreases at this time. All curves, therafore, show
a decreased slope in the period of main reproduction. The max of
oxydative metabolism corresponds to that of RNA increase. The velocity
with which 05 is used in PPLO is decidedly less than for Proteus.

Ascussion of Hesults

From the foregoing data one can compare the metabolic changes
during development cf three diffcrent organimis<-forms, For this
purposs all curves of KA metabolism ars cowoined from the taree organ-
isims, The tims axis was altered so that the points of a curve for
the same development stage were superirposed. Presented is always a
typical curve from a large inoculum fron early stationary phase. In
figure llc the extinction cwrve is also presented, in ordcr to have 2
frame of reference, desults of older cultures are not included, since
there is doudbt about whsther these are viable cells or dead ceclls.

In figure 1lla the Q of DNA/protein is shown. It shows that I-forms

“in &11 developmenial stages is about 254 richer in INA than thc bacteria.

The alope of the curve is practicaily equal. $PLO contains ths samo
iNA content as L-forms, but the curves are different. The dascrease
slows after grovth ceases.

Gre.ter differences botween the three organisms. exist for llA
content (figure 11b). L-forms contain about 505 less than bacieria.
The curves sppsar similar RHA in transition from stationary to log
phase is about 300s, PPLO, however only has 504, and is 554 less
than L-form, The greatost alterations appear in RNA/DNA (figure 1lc).

9.




Jas
i

AR D gt
A e i AV, to e AR S ikt 3

L-form and bacteria are different. 7The PPLO mrve is very much flatter
and max is at the end of log phase. The disappearance of Rk even
during multiplicabtion appears to be a very characteristic marking of
FPLO. Up to now limited data were avallable in A/IHA for bacteris
and particularly so oxpress~d in terms of alteraticns during growth.

3 Navertheless it may be assumed that such a marked reduetion oX BNA

; does not oceur in tacteria also sse Rippel and Burch 195k,

g fmother difference appears in comparing lipid-phoschate. In
' table 13 results are seem of phosphete/protein. L-phase contains
2x the phosphate as bacteris, while FPLO hawe the lowest amounte

Vendreley and Tulanss {1953) alsc reported a very high lipid content
in L~forms,

When RNA diminishes rsspirvation behaves in a paralled fashion.
Comparing Oz per protein or DNA during development {(table ) shows
that Proteus decreases to 1/3 in PFLO. This does mot mean thai oxydative
metabelism for synthesis also decreases, This may bs aseen if ons cal-
culates how muck Oz is used when 1 mg N is assimiluted from the medium,
This calenlation can be easily done, in thess experiments where 02 use
and synthetic incrsase were both measured, ZTable 15 contains correspond=-
ing data. They are caleulated for two sets; lag phase - log phase and
total growth from begimning to end of log phase {no stationazy)e

First it mey be ssen, surprisingly, thst Proteus and PPLO use the
game O, in the synthesis of equivelent quantities of cell materials.
: Inbofgitisgreaterw]ythminitamgrowm. I=form alsc has an
! elevated Oz-nead ecarly, but not so great &2 bacteria during muliipli-
cation, as may be seen in the tabls,

R A TR ST

Sexmrising e messic- o tosss sTulles ams can A

I Transfommwiom of . TrosEris irme ke seailz lelorn IS ase
sociated with a strong quantitative change of HA metabolism, ANA/
DA decreases by 502 imt shows the sams prinéipls varistions dwing
dovelopnment as in the bacteria, INA content is elevated and the deo-
mmortommmmmthedemmotm ,

2) L-forms utilize Oz 30% slower, but the percentsge of Oxydative
mataboiisn needed for synthases is not noticeably differenc because
growth velocity is correspondly slowed.

3) PPLO exhibit elevated DNA as do the L-phases. RNA is dacreased
less and Q RHAZTNA has less variations during development. Ta this
way they differ significanily from bacteria and L-phases. Unfortunctely
there is & lack of data on NA constitution of ‘E:thological andmal |
viruses, which contain mainly DNA but should also have HiA (Schramn
195h). It may be that PPLO are intermsdiate in NA content between
bacteria and the large viruses (Rusha and Poppe 1947, Edward 1954)

The marked quantitative changes in NA mstabolism may signify that
the transformation into L-phase also has accompanying qualitstive chenges
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in KA. A study of this sspect would undoubtedly add significaxt indor-
mation to these stil? puszsling phrensmena,

Sumssary

Proteus vulgarie, its stebles L-form and a strain of PPIO during
development were studied a8 to the content of A, RA and protein.
Simu) taneousiy oxygen conswmption was measursd.

For F, walgaris the mex for Ni content end Q ANE/DNA f£32l1 in the
early log phase; Q DHd/protein max is betwesn log -+ stationary phise,
‘“hese valuea ar by only 507-300s. Mowimmga Op uss in early log
phasa iz 5000 per ng proteoin.y psr hour. In ordsr to sustain
1 5g ¥ of bacterial mass 3200 zm? Op are used during the growih pericde

L-phaze as & 253 increassd DNA content, whareas Rii is 505 lces
than in becteria, RHA/IMNA shows the same trond during growth as for
mm 43 50% lower than in F. vuigaris. Maximum respiration

&Ntsia per bour. Iuring the assimilation of 1 mg
uetal § Sh0o 0o are utilized,

PFi0 are dﬁfemntfrom the other two Porms in having markedly
less RNA which variez only 30¥ during development. DNA content is
the aame as for L-forms, Respiration intensity is 600 ma3d per mg N
per hour (very low), but ties Op-use during asgimilatjon of 1 mg
total ¥ (o DHR) is (as in P, wulgeris) L5G0-8000 Under aerobic
conditions oxydatimm metabolism is just as important for synthesis as
fOrP.m.

Legend for words in tables and figures
DES = INA; NS = HlA; eiweiss = protein; atmung = respiratioss

lipoid lipid; ges = total; TEL = TCA; BS = mucleic acid (MA)j
= values; zait = time

Tabls 1
Nucleic acid (NA) content of 2-1ld old FPLO after repeated woshing
tMﬂ- ’ 36 Tapeal
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Table 2 _
NA content of Ud old L-forms after repeated washing
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- e i s e s e
N PO Rl POPTEN VG Lgaid PO Sude, DNS RNX N TES ' N Biweil

 n { [52] LA tvs tri [E2 T ¢ B ¢ SN 0
Mitzel ' : ' . :
werte! 16220 30 32 ' U 248 323 Iws, g4 . 13
L T T T N R L T2 &

Tub. 3 {Furtsetzung)

PO g, VUL TES MO Lipold PO Nwlar DNS  HNS N TES
Bl X B eldeN  Hlwei N Rl Rt N Rwen¥ B8 ooy Exe

trimg) b rnnal Irmal | [o/ma) Ivhnat | fr'ms) ¥ § Iyieas) i“itlb!
o s 35 P R PN i Ty
2 24 L w7 23 258 g0 2151103

Overview of error-range of the quantitative values in single
fractions

\Fortsetzung = continuation)

Tels ) ‘Ex_ X pon. ‘PO"'m l’u""u:s POy Lipold’ vo'"':nl.-.‘ DNS | KN3 | XTES
M e | 0 1 N W m m]mom
0 69, 4| 1B | 3 2 L 1s 13 55) 3
08 | 04 125] 62 | @ 5 | 88 3} 213, 13
15 | 185 | 337, 198 | 14 W 170 s8] 65| 27
25 |330 | 7o) w2 | am ; » | s 12|30} s
40 |59 100 e | & ‘ s | sey [ax 1000 | w10
63 {744 12200 985 | 17 09, 733 | 603] 2525 | 170

Tab. 4 (Fortectzung)

X Kiweig | POV res. POITES iroiXeeta! DNS | nxs o LNTES
by e KX | XU Rbeta-X | Riweln X Wiweis-X | . TC0 (Elelnex
. lvima)  lyimg) [ tyima) ' tyimay | i) | tvima) | lyma) -

% s | s | 730 6 | 2000 | 5 17
200 088 . 67 | 67 | 846 44 | 3400 | 78 132
a4 880 - 73 ; 671 | 08 303 : 3160 | 80 | 118
212 | 14 w7 | 505 338 ) 210 | 605 121
153 | ez | our | l 8 | 304 l

30}504 mz'as‘rmiuo w70 | 44 | 102
’ |
H
{
!
)

160 | 42
Table L

Overvieir of alterations of metabolic make-up of P. vulgaris during
growth

N
boux i nss [» ) oxs [¢] DN
""‘/D‘“E ““‘I‘“F !H\‘:M;\L:( ];hnm&[ } ‘Eiweli-X ] ﬂl-ﬂl—![ ]
Maximal. | 106
werte | 728 \ %1 2 0 N2 =3 \ 42 i 108
stat.Phaso| 3,93 +0 180 + 3
Table 5

Average values for NA content of. E. vulgaris during log-stationary
phase n =12
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Taole 6

Overview on the changes in Wi content and respiration intensity ;
of Le~phascs in o large culture ‘ ;
Eoftsr | of ¥wanx | wxs | bxs DN 1S DN8 1 gxe
dauer lzxu.am.a 10wl l moss | piom n:‘:n;\ B ¥ | e i
i
0 0045 | 30 ’ i e 600 100 15 :
13 | o0 150 30, % 2000 500 40
155 | 0125 | 22 | 30 T 2420 500 48 1
175 1 o020 ¢ 25 1 790 | 160 2000 003 4,82 '
15| 0% | 26 1006 | 200 240 | 68 | 417
2,5 | 035 | 530 ) 1300 | 310 2500 585 42
25 | 0365 ‘ 55 | 16 . 330 1020 552 35
26 | 0375 | 620 | 100 | 310 1680 500 3,35
30 0440 1 830 ;710 | 200 853 350 2,45 5
% | o460 | 850 | €0 | o 782 a8 | 240 |
|
Table 7 !

Swufnary of changes of NA during growth in a large inoculum

——

RNK/DNB | RNNDNS _RNS ( XS ]' DX3 { ’ pxs’ 1y
Elweis-N | mg Llhrlu,V wa | BiweltoX | ma ]iﬁ;m 7;;_]
“laximal. l N I
werts 540 | 4075 2300 | +615 | 630 + 108
; at.Phane] 1,70 | 4030 50 | 1130 | 490 + 70
—~———
Table 8

Average values of Q's in order to characterize NA of P, vulgaris
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h 0,50

s . 46,0585 30
deho s = 0,031 30
o o4 £002 1 3
id 0,35 +£0M3 | 3p
12¢ 03¢ | ooy | g
rea 0,32 £0018 | 30

Table 9

Average velue of diameters

of pa.rtlcTG.. of P¥LO cultures
; : AXS . DNS m2 O 0, ¢ o,
Kultur- | Eiweid-N KNS DN8. ot oo Eiweit¥ n:i: ! Wm‘u  Toniin- Wi
dauer | vhowl “"'““"_7"10“" vim  yima Lk ‘m"m..\! maiL XS | me DXS
20n ¢ 3 6223 1800 C 400 368 2@ 0 14 G
Bh 120 0 Wi 48 1340 | 400 38 0 2 13 0
4 | s 122 038 . 660 . 207 32 ' 13 - 1 6l
3d + 18 o8} 35 | 5% . 197 - 28 | 1 20 B
12d , 160 | o1 | 28 ;380 jusooae, 4w 26
264 | 138 . 46| 2¢ . 33 ! 1 @ 1 b2 3
Table 10

Surmnary on HA and respiration of PPLO in various cultures

Kultare | ' i . ANS DXS
Efwelg-N RXS DNa e e | e RNS
daver ; Extinkslon 10 rat ( Elwel0-N | EiweideX ———
mh ‘ ‘ ¥/10 .' *10m) | yioml e ves (3]
o o0 12 o oy 1 g 582 33 P L3S
13,5 i 0,033 46 . o5 | 3 2006 2 | 297
1 ! o0 8 | 1o . s 2000 692 29
18| o2 0 0 134 ! s 1920 660 292
21 | o032 108 ! 18 72 173 670 2,55
23 0,084 132 | 212 88 1603 650 243
26 | 0093 = = - - - -
¥ lo%s | m | w8 ' g 1008 | €0 ‘| 170

Table 11
NA content of PPLO in dopendence of growth on a large inoculum

-
. € '

: 58 | mXR wxs” 1! Dxs PNS [y

TN | KNHDAD ’u«m N - l Elweih ¥ [ wg 1lmvnlls~1lnu] ‘Kiwei-N lu]
Maximal.

werto 341 -4 0,63 14950 } + 270 680 4133 :
stat. Phane; 1,00 4 0,32 1110 A 140 620 4+ 83
Table 12

Average values of NA of PPLO at start of log and stationary phase
n=1]
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Organhiuen
Droteus vulyaris i €5 - .
Stabilo L-Phsss . - | 120 Table 13 =~ Average conient of
PPLO (Stawem | ) 1ipid-P0), with respect
Findlay) « « » - | o to 1 ng protein-N
3 -0, .
Orpautisica l BN TR In “w DN TH
Proteus culguris . ' 5000 ! 11000
Ntabile L-Phasa 1800 ‘ 3000
PPLO(Stamm
Findlay) . . . . 600 l 000
Table 1l
Comparison of maximal respiration in 3 organisims per 1 mg Hor
1 mg DNA,
T l Wactiotvm bla w f1akien log-1haso ‘ Wachatum Lis sur stat, Phaso

| —OJmg Ges.N | —OJmeDNS | —0ying ConX | —0Jme DNS

Proteus wuly. . . 4200 l 17000 | 3200 ! 10000

Stabilo L-Phase 0500 36000 5400 | 12000

PPLO (Stamm ‘

Findlay) . . . 4500 | 8700 | 3500 l 8000 _
Table 15

Oxygen consumption during synthesis of 1 mg INA and/or protein from
1 mz N of cell substance.
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Figure 1 - Schema for fractionation procedures (see methods)
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Figure 2

L Increase of cntinction and
7 proicin - N per 10 ml.
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Figure S5b -~ As for figure
Sa per mg KNA and DNA

........

Figure 6a-b ~ Mngle organisims and "grape” clusters in 2d old cultures
of protein L-form (phase contrast 800x)

Pgure 7 - Typical floculation in
culture (4d) of L-forn
(800x)
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