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STJD±ES COh? WI NWCLEIC ACID - OLýMW MiD AM SPIRa TION IN
PRDOTE VULGARIS, ITS STABLE L-PHASE AND M S IM.AR PPW

(Folloing is the translation of c article by 0. Kandler,
G. Zaehxider wad J. Awlldr, Botanic lustitat~e, Vniversi~ty

of iniich, which appeaed in the German lxaguage periodical
Arch. for Microbiolog, Vol. 24, ,956, pages 29- *.
Translation performd by Constance L. Int.)

The tranafozmation of a bacterial cell into the L.-o a disoe1r ei
by laeineberger (1935) and Dienes t1939, 19h9), represents one ct the
most basic transformation of a cell that we know today. In a.twt it
may be compared to the transformktion of a normal tissue cell into a
tumor cell, however it offers a more advantageous expa-luental appro-•h
in order to st4 details.

MuzrV reports can be found about the morphological changes of a
bacterial cell in the L-transfor=ation Denes and &ich 1944.. Steq)on
and Hutchinson 195L, Prittwitz and Gaf fron 1953, opken and Earta
19%5, Orsset 195). All observations show a marked mmlling up of
cells, Aich is further onnected with an increase in nulear material*(Talne 1949,g Scolebrg 1959, Eellnbrgr and. Liebermeister 3$5-s).
Zia dau& r orgealm then bud out in all directions fr these po•y-
nua,'lear 1trt' bod,93tt~ep ke 1955•)e These cel thzen continue to!
exhibt a mnlt-plarlt in budding in their- continuous•t

The Mssive intertference in the cellular mchanisus can of course
also effect irreveroible changes in the genetic substance under certain
cnnditions, so that a return to the original bacterial form is no longer
possible even after thouws of generationa (even if the effect Of
the modifyig &aMt, most3,Y penicillin, is withdrawn) (Kndler and
Kandlr 19-56) However, other L-forms retain the ability to regenerate
into the classical b4.rerial form after musmous penicillin passages.
In this report a stable L-foam was used excluwdvely, since it was con-
sidered to be at the moat complete staAe of transformation.

Contrary to morphological reports there is a paucity of work on
physiological phenomenon on L-phases, even though it i" undoubtatly ox4y
knowledge of the physiological changes in the cell that will lead to a
cause and effect understanding of the total process. In the respiration
stuc'V concerning utilisation of carbohydrates and the presence of cxidasea
no qualitative chnge was seen between bacteria and L-form of P. vulgaJri
(Kandler and Kmndler 1955). The sensitivity of L-forms to penicillin
and the loss of the ability to liquify gelatin and to growth on uirp
substrates does indliate a certain alteration of .mtabolism. Also
Vandrely and Tulasne (1953) reported that the lipoid content of L-phase
was weh higber than in the bacterial form. These authors also reported
that intb•te-vek old L-forms of P. vlgaris th content of IA i
greater than Mko This is contrary to the conditions of bacteria.
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The maw studies in recent yea.z on nucleic acids (N.A.) of bacteria
have shoim that the total NA of the mass of thm bacteria, as well as
the relationship FWA/1WA is susceptible to variations depending on the
stte of delopivnt tH aresn and Heden 1947 a,b,od.e, Horea and
Carter 19L9, %lozersa1 1947, Cohen 1947, Sherratt 1953, Waeliersca 1958).
Comparing the NA content of two different forms is only reaning;ful if
one also has he protein content k+NA content) over the whole develop-
mental cycle. Defined phes ane not sufficient.

Often L.forms of bacteria are considered to be PPLO since they
am both similar mnophologicall and also n=litp2y.via 1.tipolar

buft Xandler and Kaaidler IMS1). Only one work e=Ast now on the
NA content of FPPL jOerbers; 1955), He reported total NA - 20%, where
half is AU or ihA. 'Am determinatians were on.y done on olderou1*Awee.

S2e intent of this report is to ley a graomlork on pyiologic•al
bases for the L-phase transforation and the possible relationship be-
tiuee L-pbass and PPW, 2Th vLs.w -b e-b 'h-ewm ,4nj NA* protein
and repfration intandty during growth of P. valg4.-tes L-phaseeand

4P -

3kWezialv and Methods

a) Qz'gmims: Proteus s Drime>Fns 52 and a stable lo-fcr
Isolated by Sadert with the aid of penicillin. The L-fora has been
cultivated for .mm 150 passags ca peui~cilliu'.fre auwdiw without

ismisgto beeterial fom. It corresponds to 1tpO A# D~imes U1949)
and K aand Kcxar (1956). 8t~rain 9ftzlAy" (iasolated by' Find3lq
frm aloe) MWs the PPWO strain usee&

b) Medi and -oture mitbods: All tbre•. orgsuus war- gromn
cc the eamn mediak widah 1ft ert (personal _ommdcat~io) deveoped
-for Mpla; 04% peptons, 0.2% glucose, 0.5% yeast xt•ract, 0.3A Ia•,
0 , 92f, IN borse arm% pH 7.8. For PM and L-phae U agar
Mes added, for Proteus l*.% laoubation was at3ZO0, shakz~g ca.-
twoe 27f0. It was better to add 0.8% phosphate salt for liquid
cultures. 'In tuis solution U. I..z~m also grew well. Originall
It did not grow in liquid oult•. Otandard 500 l bottle. wre
used, for ahaing ultures •r•mbh flas•s with 1.#5 liters madium
were used These flas worked especially well,.

The stock cultures ma's taaws,%rrd fron plate to plate every
1M Sq..e frnauer of PPW wid L-phane were ilwgs tested by streaking
ager. The material for exprimnts was alwqs proi in liquidme"ia
komflat•on nos aecoaplahed either with agar pieces or with the steril
ftiodsms that vere spm dmw from the 300 Al cultuxe flask. The
m all elts filt.ered • .presue
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c) 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 PLO
are more fragile and care m=st be exercized (Garber 1955). As seen
in table 1 no NA is lost with young PIPLO; in older oultures up to
15A is lost. The MNA/MNA remains constant despite the losses. L-forms
are &..ready sensitive when they are ytng as is seen in the loss of
NA ltable 1). Because of this L-forms -ere usually not washed, but
were used to fractionate right after cant',•,jn. In this way no
tozal N was determined, since medium was still there. Also the first
fraction for soluble N and P compounds was unsuitable, /

NA were extracted as outlined by Heilinger t195h). A water
soluble fraction is seperated and protein precipitated with TGCA
After lipids are extracted NA are split with hot TCA or Perchloric
acid, so that the smaller pieces are likewise soluble. The following
genAral procedure was used.

Organisms were suspended in 10 ml water; 1 ml each for respiration,
N, P% (latter two in duplicate), other 5 ml and o.5 ml 60o •GTA4 coo'e*#
ad extracted 10 minutes, centrifuged, washed 2x with 6% TOA. Combinad
TCA extract one half each-for PO4 and N test precipitate was washed at
50cC with alcohol-ether to remove lipids. Ribose, deoxyribose and
A4 and rotein deterndnations were done. (see schem outlined in

d) Analytial procedures: 1) N-micro Kjaldabl (Klein 1932),
2) phosphate -Martiand and aobdnzson (1928), 3) MNA - Hahn and Aafer
(1946), 4) DA - Accordi•g to D1scho, 5) respiration - Warburg's
mancitric method was used, 6) suspension density - turbidity at
587 am in 1 ma path.

7) Range of errors in measurements: The range of errors was
estimated and calculated accroding to the usual statistics. The error
spread is presented in table 3. Most errors were within a range of
341fo the smal TCA extracts and for lipids 15, DNA determination
6.8A range. The importuant ratio of RNA/I*IA was in the very good range
of 2.8h. These errore represent only errors in the methodology and
not variations in the test materials. The ranges may be rather wide
at tmes because of additional biological fluctuations. In the re-
sumts to follow only typical data from a wingle experiment are used.
An average value for seperate viruseo is senseless since they are not
a true collective in the statistical sense. For our results the curves
are trme and exat and meaningful (ag. MA/DM). An average value is
presented (with range) in an accompaning table.

Xesults

1) Tra with normal forms of P. vulgaris

P. vulgaris was inoculated into cultures and incubated at 270 C
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with shaking. After good tug.idity appeared 100 ml was harvested.
The values for the NA content and RMA/IA ratios emre the same L, all
controls. From day 2 they again remained constant. In order to detect
the transition from stationary to log phase these cultures were not
suited, and a heavier inoculum was made into a 1 liter culture. In
a parallel set from the original culture NA and protein was measured.
In the large inoculua cultures log phase is very short. Perhaps a
part of the inoculated bacteria do not gow and provide some error here
in the log phase. To circunvent this other flasks were inocul~.ted with
large transfers of lt- phase cultures. When stationary phase was
reached a transfer was always done. In this way log phase was prolongad
and NA maima could be determined Aore accurately.

In table 4 the ana3ytica,. results from a typical experiment are
muarized. No signfcant cell mulitplication has occurred as the

low increasu in extinction points out. What was seen may be due to
the growing (enlarging) of the cells already present. In this phase
a marked NA Increase ocouans, especially M44 so that NA/RtI reaches
aomt the mauimal value. Tripling MA content without the corresponding
rise in cell miber is In agreement with the concept that bacteria
possess several nuoleoides during this =1plication phase. Upon
reaching stationay phase (1tA hour) RU content decreases In respect
to W1k and protein

No characterlitic changes appear in these few fractions. Lipid-
sp ate vith repe" t to protein remains constant; .TCA•- solubIe P

a lmv decrease in leg phasel TeA - soluble N, however increases.
this effect is not stat a of valve because of a wide range.
The fractions arn not of Importance in our later discuss•ons. e y
vean pneented one to have a couplet* overview about the constituents
of the f~~~s

In urerous repettions the xwximal NA valms deviated because of
error In .saulig tim The diff.•-snoe between log and sa"tionary
phase la udou%&tI¶ real as can be seen in the average value (with
waserImuts'-envlo al

A ompleft pieture of changes in NA and protein and respiratiom
ft-.n developnts inauri-sed in the results of figures 2-.o Tbshe

frA transfer cm frow a- 0 ml, 48-hour olds resting Mature. Thrne
*I wm taken out in a Waurg f3ask. hout larger flasks 200 ml (later
50 Al) was rmovd evezy- 50 xintes to masure 02vt~oDV*1opsmt
me q ;N-Ohronu in the lag and sml flaWkns. b to and protein
we.. a&ed. All poeth M a'ys were identical. Merefore, the 02
utiLU=sU=ncoeld be used with r*spect to N and It gvowth valn u.

ft%* u*am$ aie pIesented in figures 2 and 3. Us decre s
at tota grovt In II and Mi is uupain.e4 *a Yet. Ihe effect MW
Iftsent in an parallel trials r=

at iieitlw latereat are tM "Mawbsi presented in fiures
bm ) aod X.X M1*I3 bead sISUM ps of NO as bOret,
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whereas 32 increased even more. This muixaz-u should characterize the
particular state of P. vulgaris cells very well. DN& content also
rises in II and reaches the same naxiimm in III. The rise in Q of
DNA/ protein nitrogen is partly dependent on the size of the cell which
decreases in long term studies. We repeatedly observed that in resting
cultures .24 hours old) the size of the cell increased dramatically,
whereas from transfers from stationary phase produced markedly smaller
bacteria. Since the change in size affects the cytoplasm prkirily
RNA and prm vein and not nualbi.,DNA the Q of DW/protein incroases and
INA/D decreases. This is well illustrated in figure 4c for trial III.
Mwasdal values for MNA/DINA were soon in I1. T'hey are in the lag-early
log phase where bacteria show the largest cells.

Absolute 02 use of 10 ml waspension is shown in figure 5a. After
a sharp rise with increasing cell multiplication, it remains constant
briefly, and then decreases after log phase stops. 02 use with respect
to N moves the min mm to early log phase. The curves show a parallel
to the RNA and decrease at the same time. The close dependence of
RNA content and respiration-acitivity is again evident.

However, the respiration quotient does not increase in the same
sense as •NA content, '•ie Q 02 use /,NM should remain relatively
constant. As is shown in Zip" 5b this is not nearly the case. This
curve also shows 02 use per mg. DNA. They agree well with thoso curves
that relate 02 use and cell number (cell # from standard curve of
extinction and growth). This iS as expected, since nuclear mass can
only deviate br 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 DA content as a reference for size. The corresponding curves in
Figure 5b show that the 0 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 systems.

2) 4Verizents with L-form of P. vulgaris

In the first experiments 10 bottler of 300 ml medium wre inooulatm-d
with a gropm-over piece of agar and incubated without shaking at 37oQ.
After good turbidity (24 hours) two bottles were centrifuged and the
cells worked-up like P. vu•garis; no H2 0 wash~ig, mediu. was extracted
in TCA wash. The other flaske with heavy growth oere then used in one
to several das.

After centrifuging 1 ml of 10 was wred for o•nan uptake in a
flask and after several mizvutes medium was added via the side arm
Respiration was constant after 1 hour and was used in the following
series.

Befor. centrifuging the suspensions were studied to be sure they
were bacteria free. Th organime are easily reoognizable under phae



contrast. With young cultures many blisters appear ihich are clumped.
*A part aipears strongly vacuolated and mostly empty - only on the virus

do particles appear. No hemogeneous distribution was achieved, but
wi.h mchanical.'shakdng the floculates do seperate into single organisms.
Cell counts based on the usual dilution method are problematical. As
their Age grows the blisters become more highly vacuolated, the particles
become smaller 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. Figure 7 shows an older
stationary culture. In still older cultures the microscopic picture
is not changed appreciably.

In table 6 data on alterations in the c.itures is presented.
After 3 days the main growth of IMU and protein stops. In the period
of the next week they only increase by two-fold. RNA decreases from
the first test (24 hours). MU seems to be degraded and used again
in further growth. IMA and protein can however still be meased in
the centrifugat.I

The Q values also show a typical pattern corresponding to the
absolute patterns. NNA/21 and =A/protein N decrease rapidly and reach
very low levels; lower than in even very old bacterial cultures. The
MA INA relationship is even the reverse in the old suspensions. In
all sauples tested valwes under 1 were observed. This aVges with the
findings of Vendrely and Tulaaue (195%3) who also used old cultures.
Our studies showsd that this is not a typical property of L-fonms be-
"ause In the vegetative atl the value is near Sj in the range of
baak sraeven though in.P. vUlgars value.' are 2 time that. It is
questionable that the values for MAprotein and A/LA of old oultur•s
-an representative for the resting forms of L-forms. Oull cowuts
showed that the numbers of colony formdng elements decreased by a
factor of Uta The single organima generally are clustered in groups
so that each colony perhaps represents many entities. It a number of
cells die in these groups the rest still form a colony and mark the
regression of cell nunber. It is possible that in cultures with a
decreased coll count only a few are viable and in analyzing the tissue
oonotiteuan only the part that did r-t beoome soluble Urom, dead col.l)
was wasured.

To ansvir this aspect Twasurexnt of intensity of respiration is
desirable. It one gives new substrates to the restire organism the
02 we will oh how active the onzym sysms are in the Cell. As
table 6 sbow the intensity a respiration vith respect to protein
ramlns constant over 14&. 14a also bolds for 02 iuseai which mar
be thovg.t of as 02/el An 'r"Cas of 20 n the firt e dis
a&are*n. %i ais that the Mrked dreas of la is no indication
of the dsutrdation of tb* cell, becaune the main dearease appears in
the first 11A daring wvbhi respiration is &till increa$ig. Accrdingly
V %Use /MA Inovese In this tim WA do raation and lowering of

-o repreewets a nomal preaas & L-Aefrs and is not
Silndiotive of inactvation

6.P
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'Ahether the further decrease of NA content is norJ.zl rcnains
questionable, since respiration is much reduced in these old cultures.
This may not be evidence for cell death, because it could be that thae
resting L-forms degrade t~hoir enzymes and then regenerate in a long
lag phase, so that observation time only minute respiration way be
seen. In longer observation periods the respirati.n goes up, but it
is difficult to say whether all cells increase or if only some duplicate
and this is then measured. The NA content question is resting L-forns
remains unanrsered for now. It can only be stated that old 3wpeonsionsf
have a verf low Q for MA/protein and INLA/ukA.

It appeared of importance to understand the transition from
resting cultures ;o the growth and reproduc, ve phase, Large inocula
were used so that measurable growth and contents appeared in short
time. The results of such an experiment appear in table 7. I=2A is
degraded right after stop of log phase, whereas protein increases
more and IVA remains constant.

The way in which the values for RNA/protein run points clearly
to the fact that ?.IA synthesis preceeds protein synthesis. The values
for DNA/protein increase and reach a max in the midale of log phase.
INA/DNA is maximal in lag phase or early log phase. Table 6 contains
iata on NA/protein for log and early stationary phase for 8 sanples.

As uth 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 results. The exact curve allows a detailed discussion.
The same characteristio changes as seen earlier were present. Sven
when log phasa was prolonged no increase in Q NA/protein or RIA/DNL
was seen. It should be noted that the pH changes ma be important.
This was also seen before. The glucose contain:ig substrate first
gets acidic as in P. vulgaris cultures, but after multiplication it
turns alkaline. 'The latter was not seen previously.

Cbyg~ consumption war measured here the same way as in the case
for the P. vulgaris experiments. Figure 8f shows the absolute 02
use per 3 ml suspension per hour. It reached a max toward the end
of log phase. OVjproteln reaches a max earlier. The stop of respiratory
intensity is dw to lack of substrate. These curves should not be
compared to the curves in table 6, since the new substrate was added
and respization fas masured over 2 hours. The N content of the sus-
pension was about lx higher there. Undor these conditions practically
no growth ocourrs evidently because of inhibitlon duo to end products
and lower pH. Respiration intensity is markedly loss here than in
growing cultures. This was also true for bacteria.

Respiration with respect to RA shows a different picture for
L-forms than for Proteus tfigure 8g). The horizontal pattern of the
curves shows that proportionality is present for a long period.
021MA also show a different pattern than in Froteus. The change
of reapixrtion per viable call apparently runs smoother and slower.



Mix is in the early log phase. Resp'_ation velocities foi .- fonts ae
lower than those of Proteus. This corresponds to the slower developrut.
Materials are used slowly in tho stationary phase. In this peric,1
oxydative metabolism reaches a maximxua.

3) 4operiments with PALO

Similar to L-forms a turbidity Pppears about 24 hours after in-
oculation with a piece of agar in liquid cultures of ??W. Microscopic
studies in phase contrast showed large flocular forms which may re-
present. sma3l colonies. On their edge small coccal entities are
recognizable %figure 9a). After 24 hours more, with shaking, these
forms dissolve again into smaller groups. i figure 9b). Lt is dif-
ficult to show this photographically because they exihit Brownian
motiom. Comparing the two figures one readily sees the differences.
Sinilar phenomenon appear in cultures that are shaken. Ever. here

chultures do not appear as in bacteria. Turbid forms
appear frc whaich the individual seea to be fornedj are evolved from
the anbra-ass.

I; is just as difficult to determine call counts with the dilution
technique with PPWO as with L-forms. The count raeeps higher with tim
and aga and mchanical Wast because of release of more single entities.
We found that the counts varied greatly in growing cultures. Generally
we found a oontinous rJis based on extinction and absolute increases
in protein and U.

In several eeriiuts we also used electron microscopic studies
Parallel to NA deteriationa. The preparations were dried from a
washed suspenion and placed oan carrier grids. The objects were placed
in T2 02 vapors. We am pictures caze out as previously tXandler

ta P4). The a-asurent are presented in table 9. With age
and decreasizg FA the diameter of the particles dec.saeed.

In table 10 results are prenmted about cultu-is that were inoculated
with low inocula. As in L-form MIA decreases at a •Tm ihan protein
sUll Increases. MA content remains constant over a long period. HW
WkA Is bet.een 3 and 3.8 for youag cultires, and 1.5 - 2.0 in older
a .* Sm in vwry old cultures it doeen't sink below 1.0 %as in L-phaws).

In val.•s for resapition intensitr decrease more rapidly than
va the eae for L-for. Respimti•o per LWA rmains cnatat for

days. Duxrirg this tinRMA content dsareases sharply I It my be
-owdnothd than that degradation of =A (as in !I forms) is a ncrMl
proes* and tot a sign of he impending death of the orgaanm.

"It cannot be diff.vntatie whether the analytical data of older
au•sio as repreentati•L of restin• but livIn ase!, or if it
represents only tboa of d*Md orgaisms. thdottatly a part of the
talls of liquid -ulturae is Yiabl fox lom periods of Unaw. Sefert

e o miaio)oud Immulats *1 strain se. essfully
* ift& W. bean eta"e In Wt~e arles for 10 years.*

NfB.



The transition of stationary -to log-phase wzas again studied in
11 sets with large inocula of various ages (l-Thd). 2aole U contains
absolute values of quotients. Dcvclopneent occurrs; in 24. hours. D _wing
lag phase, when extinction increases minumally, cal roachs a max and
begins to decrease soon thereafter. Contrary to L-forms MUA/protein
remains high and decreases only in later stationary phase. Average
values for BA/IDNA and A/protein for all experiments are sunmarlzed
in table 12.

Tho relationship between NA content and max ozydative notabolism
u g mltiplicatton of PLO was studied with repeated inoculations.

At first a 4 hour liquid culture was used. The results are shcn in
figure 1O0-c.

At the end of an 8 hour lag phase 4iA/protein and aNA/DA reach
maxdima.- During log '_hase both values are lower. In III, which was
inoculated from stationary phase an increase appeared later. The
transition from resting forA to the viable vegetative state appears
to be associated with a marked elevation of RNA. During rapi8
,rItiplication the ARA content decreases, eg, low values of RIW

protein and ,U(A/WDA in II. This is contrar-j to 11roteus and its L-
form, whi3rs in a prolonged log phase the mwaima remained up for
longer times. The 02 use also deviates from the conditions for the
other organisms. Aaxima for 02 use are in the early log phase, and
yet respiration decreases at this time. All curves, therefore, show
a decreased slope in the period of main reproduction. The =ax of
oyative metabolism corresponds to that of RNA increase. 2he v olocitfy
with dich 02 is used in ?PPW is decidedly less than for Proteus.

D0isoussion of Ifesults

From the foregoing data one can cozpare the atabolic changes
during development of three different organizi-fo-rms,. For this
purpose all curves of NA metaboli.= are cox,.jirnd from the three organ-
isais. The time axis was altered so that the points of a curve for
the same development stage were superirposed. Presented is always a
typical aurve from a large inoculum from early stationary phase. In
figure lc the extinction cvaue is also presented, in order to have a
fra*e of reference. Aesults of older cultures arm not includes, since
there is doubt about whether these amr viable cells or dead cells.

In figure 11a the Q of U•i/protain is shownn. It shows that L-form=
in all developmental stages is about 25A richer in KA t=an thc bacteria.
The slope of the curve is practically equal, ?PLO contains the same
MA content as L-forms, but the curves are d'fferent. Zhe decrease
slows after growth ceases.

Ore-ter differences between the three organimsm. exist for 44A
content (figure l1b), L-forms contain about. 50:4 less than bacteria.

The curves appar similar RNA in transition from stationary to log
phase is about 3WL. PPLO, however only& 5%0%, and is 5-3,i lbss
than L-form. The greatest alterations appear in LN4a/A (figure lc).
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L-form mid bacteria are different. The PPLO carve is very imach flatter
and max is at the end of log phase. The disappearance of .4A even
during mltiplication appears to bt a very characteristic marking of
PjL0. Up to now limited data were available in RUA/=A for bacteria
and particularly so oxpread in terms of alterations during griarth.
Nevertheless it may be assumed that such a mrrked reduction a RULdoes not occur in baterla& also see kymel and Buc 19%).

Another difference appears in comparing lipid-phosphate. Intable 13 rematts are seen of phospbzt /proteinu. L-phase contains
2x tho phosp,•mt, an bacterias while PPLO have the lows"t 4m-wrb.
Vendlreley and Talanse (1953)1 also reported a ver hig lii i•e
in L-forms.

When •NA diminishes rm~piration behaves it a parlled fashion.
Comaring 02 per protein or DNA during demopinot (table 4) shown
that, Proteus decreases to V/3 in PPLO, This does not mean tha. oxdative
metabolisn for synthesis also dcreases. This maq be aese if one cal-
culates how mah 02 is used when I mg N is assio:lated from the mdime .
This calculation can be easily &twe, in thaw experi~nta where @2 use
and synthetic increase were both measured. Table 15 contains aorreVoM-
img data. They are calculated for two etas; lag phase - log phase and
total. nr-~ from beginning to end of log phase (no stationary)*

"First it may be seen, surprisingly, that Proteus and PPLO use the
aaum 0, in the synthesis of equivelent q~amntteax of cell materials,
In both it is greater early than in' total growth. L-Xrm als has an
elevated 02-eed early, but. not so greet as bacteria d ng multip±-
cat=o, as ma be seen in tae tabla.

_ A- -- - L3 -ass

sociated yith a strong quantItative change of NA1 tabolis. m-,A/
DNA decreases by 50% T- t shos the scme principlo variations durig
dmlopment as in the bacteria. Dlik content is elevated and the do-

"rsase of total NA is due to tho decrease of MiA

2) L-forms utilize 02 30% slower, bat the percentage of Oqdativo
zmtabo.lism needed for synthsses is not noticeably differauý because
gro•wh velocity is correspondly slowed.

3) PF? exhibit elevated INA as do the L-phases. MW& is decreased
less and Q PNA(.+A has less variations duriug development. Tn this
VWa they differ significantly fropm bacteria and L-phases. Unfortiutely
then is a lack of data on NA constitution of pathological animal
vir:uses, which contain ma1•ly M but should also hav MA (Schram
519,). It may be that PPLO ame intermediate in NA content between

bacteria and the large viruses (Ruha and Poppe 1947, 3Bwad 1954)

The marked quantitative 6hagaes in NA metabolism may signify that
the transformation into L-phane also has aoca p qualitative oheh as

10.
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in MA. A atuady of this W.spet imuld uindonbtedly add sgfitcaar infor-

mation to these stzU'. puzzling phenczmna,

Pmteus vulgwr*, its stDabl I.-fom aa+d a strain of PPLO dm-Urlx

de'vslojuseel. um studied -as to the conten't of IALL, &A and pratein.

F or P. vvagaris the =% for NA content and Q RWDNA fall in the
ea~rly log phase; Q IMIA/roteln max -is betw~een log -+ taltionary phgmae

fTz~ese Values &.qer by only .50%-300... Naxlnm 0.- sin early log
p"" is S(W =2 per mg protin-9T par hour. lu order to istwari
I ag H of bacterial ass 3200 nma 02 are used dariag the grovWh pericd.

L-.Phae as a 25% increased DNA content, whdereas R~A in 50,s less
that in bactUria. RW A shous the same trend d=rn± geowth as for
bacteria bq s50% laver than In P. Vabariammaxi~m= respiration
is law0 M>/36 taoin per hour. D=xing the assinrdlation of 1 mg

total 9 4 02are utlzd,•:KiA, an-" ditforent f r=~ the other two forms in haingv" m.-kod• o
leas Mk Wdb varies ol 30; d develo%. MU content is
the am as for I-form. Rv xatiom intensity is 600 p er mg N
per howr (v=i7 low), but the 02-UNS. durIn asimil~on Of I. mg
total I kor DRA) is' (as in P. vulgarie) 115e-8o Udr acrobic
coditim• oaqdatve tin tabolis is just as imortoant for synthesis as
for P. VVulpis.

Lend for words in tables snd figures

DN VIA; MS - M4 eiveeias proteiu4 ataumg - respirations
lipold -lipid; gs a totalj TZI -TGk; HS - n=icleic acid k'NA)i
varest values;sasit -*

Table I

Nualic acid (FA) content of 2-14d old PPIW after repeated wnahing

RXI[.,y ......... us ale la i+f, 0

1 i0 14 • I 1

....... IAI low 1

Table 2

NA aontent of 4d old L-forms after repeated washing

3N y.... i" *32 17

x"r.log 79

-woo, me in 110

U1.
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* 1i
3  

I lV) h" 3 Ih h IYJ fri., IV]

S..r-t&,.. . 2.z + 24S 323 108W3 M

U +, 3 + 3+ 4 Zt,+,,. z.+: I a,+,. 10+ 1

I 7:.4 1 r :."] ,'G.•o* Im|g IYh R'RI + h D" I I,

00 A I 3G 403 448• 1.10 3.40 117 30,1

±24 z 4 -. 4 .LT 1 7, -, -56 om t13 0,2

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

krlortsetzung continuation)

Z ,I E N - h,!?Z rOU } I'ONu.. li} h' S I X' Tl

hi u.. I 3 3) [,I fI VI

0 6,9~ IS1 3 2 13 133S

0,4 0,4 235 en 6 6 58 38 213 13
115 185. 357 108 it 1 170 W9 695 27
2,5 33,0 740 382 32 _-V 346 172 1370 0
4.0 5.9 1400 M8 80 5 324 1•00 110
0.5 744 ""'0'9' 3 179 09 733 ,603 "12 170

Tab. 4 (Fortwtmig)

i .e i ." " "q m• mI
,,l/m ,;A IlI• (V'lm} Wan (Y104) Wo lyf"] ll'/Wl-

303 594 102 6S g 426 ISM 4.4 102

,4. & 81 67 7,0 46 219110 .4 179
6200 9t 67 61 846 444 3400 7. 132

434 880 73 ' 67/ 70 3M, 3100 8.0 115
912 754 87 63 505 3 A I 21 50 .0 1 21

1531 &S3 117 ! 470 3O4. l'ifl44tI111

Table 4

Overview of alterations of metabolic make-up of P. vulraris during
growth

71ra . 2 -1. 1 312 -34 4.2 -10.6
i t lt .P 1 @ 3 1 -0 ,-W 3 4 4 3 ,7 -1 0 .5

Table 5

Average values for NA content of> E. vulgaris dumdng log-stationary
phase n -12

12.
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1 -i• o 7 4") 1 4 6 2 W•1 i ,i O :.2 8 4 4 1 5 I 0

1 3 5z o I g :-, 1 .1K 5 14 1.02' 52 33

13 41 ~ 6~ 2(15 pi;,) 6 . 5 "1 3114
13 4 110 o 2.0 .- 13 4504 1,16 05 07 |1.

e44 1603 20, 35 0,57 4 17 12

TdJole 6

OverView: on tho cha hv in A1' content and respiration intensity
of L-phascs in a large culture

K 1fx k DNS J .-- I DN
to h 7.10 7110 ad lo Y10 DXAC

130 0,03 10 1 12 6M0 400 1,503 0.0o5 30 7w 2000 0 40 0
15,5 0,123 2:0 Z30 110 2420 500 4,8
17.5 0,210 2C5 770 160 2000 003 4.82
19.5 0,2801 365 1(= 240 27140 858 4,17
21,5 0,35 530 1300 310 2300 585 4.2
23,5 o,365 I30 111() 320 10920 12 3,
30,5 0.375 G 1040 310 183,5
30 0,440 710 2 - 5A 350 2145

Table 7

Summary of changes of NA during growth in 2 large inoculum

x,DN. ' X D81 D7 I X 1

wor . I5.40 0,75 15 I 630 -* 106

'4at.,hael 1.70 0o.30 V0 1 ± 130 490 70

Table 6

Average values of Q's in order to characterize NA of P. vulgaris

13.
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(,3 ,0.31 31D
* 0.44 -0,013 30

Zd 0.35 ZI0
12d 0,34 -0.4 30
26 d 0,32 O.O24 30

±0.018 30

Table 9

Average vcalue of diwr'ctars of particles of PLO cultures

0 1 004 y ilkiJ Y,1OjM ire. , 1) x 3.6$ r2 14 a*DXS

40 h1 51 (12 2. 1 8 IS 490 3,6s "-12 14 45
36hh 120 197 48 1340 400 3,83 21 13 "

4 d 141 122 38 000 207 32 13 1) 61.
3d 174 98 3-1 550. 107 2'8 11 20 -

12d 160 61 28 380 173.2,18. 4 •3 2-
26d 138 486 24 333 114 1.91 1 2 3

Table 10

Summary on NA and respiration of PPLO in various cultures

/ V. 10 
' D - L,, I JO I Y1 ,1 Wing, DNS•

00.018 24: 14 8 .582 333 1.7.5133 0,033, 46 93 32 2 6"- i 2.97
18 0.038 33 110 38 0 2.9180 0.(42 7 134 48 1M.20 060 2,92.21 0.0.2 108 184 72 1713 610 2.%323 0,084 ,I32 212 8 1603 2,43"26 0,093 M --- -4
37 0,265 'a 238U 3 100 60 1

Table 11

NA content of PPLO in dependence of growth on a large inoculum

•er• ,4 -.i:0,3 1950 -ZO 60 d 133SUL.h,,e iA :0.32 10 140 am - 83

Table 12

Average values of NA of PPLO at start of log and stationary phase
n-l

la.



• 7~JP5 •Tablc 1.3 - Average content of

PPLO (Stata= lipidi-2Oh with respect
riadl.) .to 1 mg protein-N

Piolr* vulegurSa 5000 11000
Stbilo L.Phh cu 1800 3000
ITlLO(Stainm

Findlay). 600 C 0O0

Table 14

Comparison of maxrnoJl respiration in 3 organisims per 1 mg N or
I mg DNA.

wad.tvft W I. Ih fla og-ri...11 yadhatum Lis tu stat. Pla"Org.=dlnmc.. -Odom O,,.-N I -Odina DN~ --O.Mgl C•.-N --Ojmg fNS

'ro~aua rug. . 4200 17000 I 3200 10000

Stabil•Pht.e 0500 3 000 5400 I2000

PPLO (Stamm GOOD
Findlay) . . . 4,500 8700 3 508000 _

Table 15

Oxygen consumption during synthesis of 13 mg DNA and/or protein from
1 mg N of cell asubstance.

9l l,,t E..S PC.W

Zed~men bei
53,C Mit he ':

Figure 1 - Schema for fractionation procedures (see methods)

15.



1gguro 2

Incr,ýaso of catinction and
Lw [ 11-. . , pro oin - U per i0 rfa.

sspension writh ropeated
• • .- " ........ inoculation of P. vulgaris

increase o : .. .

INVN
i _ _--/ - .__ _ _

....•-,..<_"-..-....." ,..... t

low-

Figure 4 a-c Dependence of Q RNAprotein -41; MiM/protein N and

Figure 5a
S" Respiration velocity dependence

-, on growth (per mg Protein N)
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411

LW A Figure Sd - Change of Q)
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ft Figure 8oe Changes in
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oor

"4 •igure 9a - forms of
"•PPI in cultures l2 hra)

phase contrast 800x

4," Figu.e 9b -eg. 9a 2
hours later &)OOx

L",.:~ -- " •" •,

Iiss l Figure 10a - grouth of PPLO
extinction and protein N

Figiuro l0b -Incre ase Jin

M~A and R11A
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Fi~gu~re 10di - tsiain
duin gruhpr 1.0 ml.

and mg protein N

Figure 10a- As10d per
day DNA and RNA

of Q Dproteia f

Fit- 1--lb - ag. 1Ul for
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