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'CHAPTER I
INTRODUGTION

Ethylenediaminefefraacetate (EDTA) sensitizes certaih bacteria to
'thé action of lysozyme. Repaske (1958) first described the EDTA sensi-

tization'reaction.ahd observed that Pséudomdnas aeruginosa cells lysed

following EDTA treatment and the lytic activity was more pronounced
with young cultures. Lytic studies ﬁsing lySozymeland EDTA indicated

that néither lysbzymennorfEDTA'alone caused appreciable lysis of

Escherichia"doli’or_Azotobacter vineiandii, but when combined they
caused immediatéband:fapid lysis..'Aging apparently»causes some changes
in the cell wall bhecause oldeerellsvop washed cells of E. colil, aged
at O Cyfor séveral‘hgurs,‘required-higher concentrations of EDTA alone
buﬁ’iysozyme had“ﬁo éffeét‘- HdweVer, lységyme.and EDTA together caused
almost complete 1ysis; Liberétién of nucléic‘acids froﬁ the lysed
cells was indicatéd by‘an iﬁéfease_in QiséoSityiwhich cduld be de-
" creased by the addition of Mgt* and RNase to the lysate, o

MacGregor and Elliker (1958) reported‘that EDTA may accelérate
the actioﬁ of quaternary'aMmonium compounds (QAC), at least with QAC-
resistant strailns of.g; aeruginésa2 by increasing the permeabilitj of
the cell to QAC. The EDTA effect’appegrs o bé similar ténthat of
lipase in diSrubting the QACQreSistant céIIFWall la&ér which suggests
the possibility of a.lipid of,lipid-prctein complex bound together by

multivalent inorganic cations. The réQuirement for‘EDTA, a divalent



metalechelating agent,‘indicates that metalsﬁassociated:with the cell
_surface may interfere with the action of lysozyme, . |

The extent of lysis 1s dependent upon the pH of the medium,  As
the pH of tris(hydroxymethyl)aminomethane (Tris) buffer 1s raised from
7 2 to 8 6 the rate of lysis increases, and at pH 8. 6 lysis is almost
complete within the first minute. |

Another parameter, which 1s critical to the aegree of lysis, is
‘the physiological age of the culture.. Correlation of susceptibility to
. lysis with the physiological age of the cells indicates that modifica-
tions of the cell surface accompany growth In the late lag or early
vlogarithmio phase of growth, cells are most resistant ‘to 1ysis after
which they abruptly increase in susceptibility reaching a maximum in the
Stationary phase, Thereafter,‘the suSCeptibility to 1ysis gradually
decreases. It should also be noted that exposure of E. coli or
VA vinelandi cells to EDTA does not produce permanent damage.l Washed
EDTA treated cells do th lyse unleos EDTA 1s included in the lysing
medium. This 1nd1cates that EDTA action is transient and does not
permanently condition the cell for lysis (Repaske, 1958)

Brown, bandine and Elliker (1962) observed lysis of twelve gram~
: ,‘negative organisms by EDTA and reported a, striking difference in the
rates of lysis when compared to the rates reported by Repaske (1958)
"All twelve orgenisms lysed slowly necessitating a_2~hour lysing period
(Brown et alq, 196é) Repaske (1958) howeyer, reported‘elmost com-
plete lysis of four gram~negative baoteria in 6 minutes.. |

Gray and-Wilkinsons(1965) reported that‘LDQA was,bacteriocidal
rather than bacteriostatic,‘ Tests using 0. OCOl M EDTA‘at‘pH 9.2 showed

that EDTA had a ‘high antibacterial activity for cells of P, aergginosa,



~the reduction in viable count exceeding 99;99%. The action was rapid
and the viable count‘reached:a'minimumvwithin‘two.minutes and remained
constant for. up to'Zd‘minutes. Further‘evidencelsuggested that EDTA was
activebagainst P aeruginosa bv a mechanism involving chelation There-
fore, if chelation is involved the bacteriocidal activity should |
decrease. as the pH.iSvreduced . Results showed that the number of organ=-
isms: surviving the action of 0. 0074 M mDTA at pH 7.1 was about two
hundred times greater than the number surviving the action of* 0.0001
M EDTA at PH 9. 2. ”v - =

. Gray and Wilkinoon (1965) also offered evidence that EDTA acted at
.the cell wall and not the cell membrane by testing P aeruginosa in the
presence of high concentrations (0.0B'M)'of»non—penetrating solutes
"such as sucrose and NaCl These solutes completely inhibited cellular
leakage induced by EDTA indicating that the permeability characteristics
4 ofothe membrane werennot impaired thereby:preventing lysis. Sodium
hekametaphosphate-andfcompounds relateddto EDTA are bacteriocidal against
P..aeruginosavdue.tovtheir abilityxtovform highly stable Chelates.
Assuming that such cheJates are formed and are not themselves toxic, the
bacteriodical nature of the action suggests that the metal cation in-
volved 1s not free in solution but bound to sites on the bacterium. |
‘Thus, the action of EDTA in causing leakage of cell solutes and loss of
viability of cells of P aeruginos appears to involve the removal or
displacement of'a‘metal cation which is.probably present in the cell
wall and is essential to the structural integritv of- the cell.

Leive (1965a) reported that brief treatment of E. coli with, low
concentrations of EDTA showed an increase in permeability assoclated

with little or no change in»viability, growth-ratevor,normal.RNA and’



protein synthesisa These findings suggest a selective action of EDTA on
the cell surface. Also, brief exposure of E. coll to EDTA resulted in
the rapid release of appro#iwately oneehalf of the lipopolysaccharide
cell wall layer., This_loss was very rapid as was the permeability
change caused by'EDTA. The action is somewhatlSpecific, since loss of
several other cell components is apparently negligible, No correlation
was drawn between lipopolyeaccharide release and permeability change,
but’ the rapidity and apparent specificity of the lipopolysaccharide loss
suggests that it 1s a direct resnlt of the action‘of EDTA on the cell
surface. If a metal sucn as'Mg*ldperticipates in the non-covalent bonds
holdingethe‘tarione layersfof the cell well; bindingwof the cation by
EDTA might produoe.ranid‘and extensive changes in both fnnction and
compoSition of the cell surface,lsimultaneonsly causingvtoth'altered
permeebility and Jloss of'tne.liponolysaccharide celliwall leyer° Wolin
(1966) reported that much of the cell protein and almost all of the

nucleic acids were veleased from Vibrio succinogenes during EDTA lysis.

However,'lysis'by EDTA or lysozyme‘occurred only if the cells were
snspended»in a'hypotonicvenvirc')nmen+ and:at an alkaline pH.

Leive (l965a, 1965b) reported that treatment with 0. 001 M EDTA for
two minutes produced greater permeability to actinomy01n, and in general
permitted entry of other.unrelated compounds.» Moreover by adjusting
the condi+ions of EDTA treatment it was p0551ble to produce the perme-
ability change without altering the growth Iate or the viability of the
cells. Thus; EDTA.treatment»may alter the permeability barrier of the
cellvwithoutvaltering the function'of specific transport systems.

Bagon and Carson (1965) and Eaéon, Sinmons and Carson (1965) re-

portedbthat Cat+, Mgﬁf, and Zn** were components of the cell wall of



P, aeruginosa strain 0SU 64, = They concluded that the binding of
divalent cations wes eseential for tne integrity of the cell wall of
this organism and inferned that these cations were present in the
lipopolysaccharide fraction ofvthe cell wall, Asbell and Eagon (1966)
reparted thet oemoplasts; osmoticelly fragile_rods obtained by EDTA plus
lysozyme‘treatment’in.hypertonic sucrose solution5-Were restored to an
osmotically stable state by the addition of a variety of multivalent
cationa as evidenced by the absence of lysis when the restored cells
were removed from hypertonic‘sucrose and suspended in water. Di- or
trivalent,cations:restored tne cells . to an osmotically stable state
regardless of,whetner‘the metal.was'a-nornal COnetifuent of the cell
wall. Vafiations in the atOmfdiemeters'of the multivalent cations did
- not appear‘impontant to'the:restoranion~process; Howevef, monovalent
cations. were nof eble to restofe osﬁop]aets enenbwhen-nsed 1n.high con~
centrations. Therefore, they proposed that the lipopolysaccharlde is
oompoeed of eubunlt croso—linked via divalent cations¢, The
lipopolysaccharide layer ma&‘also be cross—linked to‘othefloomponents
of the cell wall via mulfjvalent.cationsel a

Spheroplasts are spherlcal bodies formed after partlal loss of the
bacterial cell wall, They are osmotically fragile and undergo lysis 1n
media of low oemotic presoure. - On the other hand,“protoplasts are
characterlaed by compnete loss of the cell wall (Brenner et al, 1958
McQuillen, 1960), McQuillen further reported that lysis of E. coli
could be prevented and fhe action arrested at a stage of spherical,
osmotically shockable protopiasts in‘the presence.of 0.5 M sucrose.
Later, Voss (1964) reported that treatment of gram-negative bacteria

with the lysozymewEDTA-Tris buffer system may yield osmotically fragile
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cells in which the déstrﬁofion of the rigid cell wall was not sufficieﬁt
to cause the production of true spheroplasts.

Birdsell and CotafRobles (1967) reported that physiologically young
cellsvplasﬁolyzed with 0.5 M'sucrése in 0.01 M Tris buffer (pH 7, 8 or
9) were quéntitativeiy converted to plasmolyzed osmotically sensitive
rods after lysozyme treatment. Although sﬁch cells were osmotically
sensitive, a 1:1 dilution'in Tris buffer was necessary . for conversioun
of rods into spheroplasts, Adqitién of EDTA‘resulted in the rapid con-
version of-fﬁe plaémquzed»spheropiasfs into spherical Structurés devoid
of a ﬁlasmolysis_vaquole. ,The étéﬁaérd.teéhn;que that has evolved for
production ofvsphefoplasts 1nvolvés‘treatﬁent of éxponential or station-
ary phase'cultures with EDTA.and;inozy@e atvan-élkalineka in the
preseﬁéevof a stabiiiizing'sQiute,vuéually sucroée. ,Thevconcentration
of sucrosé'regﬁlaﬁed the extenflof blaSmolysis, and rempval of éudroéev
either before or after sphering led to complete lysis and the formation
of_sphericél ghosts. They‘also ?eported‘that'EDTA iﬁduced the rupture
aha subsequent coiiing of thétouter unit meﬁbrahe‘cdmpoﬁént éfxthe céll
wall,”‘More recently, Birdsell>and_C¢ta%Robies (1968)‘repofted that. the
susceptibility ofig, ggii to defergent lysis also requined tfeatment
with EDTA, | |

Furthervevidence»ﬁhat EDTA alters'the cell wall of gram-negative
organisms was offered by Protass and Korn (1966) who studied the effect
of EDTA on bacteriophage adsorption, They nofed that EDTA impaired
adsorptibn of temperate phage as a COnseéuence of an interaction with
the bacterial‘cell wall rather than by affecting the phage itself or by
altering the cation composition of the adsorption medium. Two reason-

able hypotheseé are given to éxplain'this interaction: either some



labile wall component required'specifiCally‘fér teﬁperate phage
adsorption was removed,,or‘EDTA s?ecifiCéliy altered the configuration
of températe‘phagelbihding sites in such a way that irreversible
adsorption could not occur.

Best (1965) reported that vancomycin éould coﬁplex with cell wallg
via electrqstatic or ionic linkageé to free anions present in the cell
wall.‘bBoth muramip.écid'ande—tefminai aminé acids inlthe peptiae of
the cell wali could coniribute an»idnizéd‘carboxyl gfgup for adsorption,
while thefphosphoryl_iiﬁkageslof the téichoicAacids would be expected to

Ccarry négaﬁivé chérgéSaﬁhat might also be involved in adsorption of
vancomycin. . | | |

These-free:anions are not‘réadily available in the cell'wall of .
gramfnegative bactériawas comparedbto the gram-positive organisms,
SincevEDTA functions aé.érohe;atiné:agent, EDTA treatment of gram-
‘negative bactefia'reﬁoves diValeht metal;ions ffoﬁ.the cell wall., This
removal facilitates thé breakd@@ﬁ of thé‘lipoprotein‘componentvof the
cell wall and éxposeé‘mofe,free idnic_gfpupé.v fhus,'the'adﬁorptioﬁ of
vancomycin can be Qsed as a ériterién to assesé:theiextept of . cell wall
degradation, |

This thesis is concerned Qifh the présence or‘absénce df'an
autolytic‘enzyﬁe’whibh may-bé‘fesponsible for thelincréaééd lytic
activity beg. fluorescens at 37YC;' Growﬁh’sfudies aﬂd vancomycin
adsorption experiheﬁts fufnishAmueh evidéﬁce‘which suﬁstantiatés the
presencé of this eﬁzymefl;It is;§ropoSedbthat the cell wall of the
sensitive organiém iéasufficiently altered by EDTA that the autelytic
enzyme no longer fécognizés if as "native" but rather considérs it to

be "foreign"Cell‘walivmaterial. Thus, EDTA ‘acts as an initiator of



cell wall degradation which is completed by the autolytic enzyme. The
isolation of an EDTA-resistant strain would offer further evidence that

an enzyme is involved in this lytic phenbmendh.



" CHAPTER II
| MATERIALS AND METHODS
Test Organisms_

'The4principle‘nicroorganiSm‘used thronghout this study has been
tentatively identified as‘g. flnorescens (Keudell, 1967), It is a gram-
.negatiye, motile rodswhich:forms smooth,‘raisedfcolonies on nutrient
aéar. Thebor@anism exhibitsia negative.reaction'for-hydrogen sulfide
production, indole production, and nitrate reduction, and produces acid
but no gas in glucose.v Thls organism also produces fluorescein and
pyocyanin when grownlon Bacto-Pseudomonas agar F and Bacto—Pseudomonas

gar P respectively. 'A second Organism used in‘this study. was isolated
from the soil and tentatlvely identified as belonging to the genusv

Flavobacterlum° Both orvanisms were obtained from Dr. Norman N, Durham,

Oklahoma State University..

_ Stock cultures of P. fluoresceno and the. species of Flavobacterium

‘were maintained on slants of either'nutrlent agar or glucosensalts agar -

'and stcred at 4 C,
FSynthetic‘Medium‘

A glucose~salts synthetic»mediumlwas'used‘in some.phases of this
study to measure reCovery'Of'organisms followin@'EDTA treatment as com-
pared to recovery in a complete medium such as nutnient broth. . The

synthetic medltm had the following composition Ky HPO, 7 g; KH, POy,
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3 gs and (N'Hé)aSO4$ 1 g, dissolved in 475 ml of glass distilled water,
The solution was sterilized by autoclaving for 15 minutes at 121 C.
After cooling, 25 ml of a sterile aqueous solution of 10% glucose was
added. The medium was then supplemented with 0,5 mi of a sterile
mineral salts solution which was autoclaved separately. The mineral
salts solution contained the following compounds: MgSh -7 H,0, 5 g3
MnSO, H; 0, 0.1 g3 FeCl, 6 H,0, 1 g3 and CaCl,, 0.5 g, per 100 ml glass
distilled water. Two per cent agar was added when a solid medium was

needed,
Chemicals

Ethylenediaminetetraacetate (EDTA) was purchased as the disodium
salt from Fisher Scientific Company. Vancomycin was graciously supplied
by Eli Lilly and Company. The potency of the antibiotic was 1015 units
per mg. The concentrations of all chemicals used in this study are

recorded in the text.
Effect of Temperature on EDTA Treatment

Growth studies were conducted to determine the effect of tempera-

ture on the response of P. fluorescens and the species of Flavobacterium

to EDTA., The organisms were grown for 12«15 hours on nutrient agar or
glucose~salts agar slants. The cells were harvested with sterile glass
distilled water and suspended to an absorbance of 0.7 at 540 md using
18 x 150 mm test tubes in a Baush and Lomb “Spectronic 20" colorimeter.
Nutrient agar or glucose=salts agar plates were incculated with 0,5 ml
of the suspensicn and incubated for 12-15 hours at 37 C. The organisms

were harvested with 0,01 M potassium phosphate buffer (pH 700)3 washed

i
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two times with cola disﬁilled Watef by ceﬁtrifugation at 10,000 x g, and
suspended to an absorbance of 1.0 at 540 mu. Samples (29 ml) were
pipetted into 125‘m1 Eprlenmeyer flasks and equilibrated for 10 minutes
at 27 C or 2 C in a reciprocal shaking waﬁer bath. One ml of 0,04 M
EDTA (pH 4.4) or 1 ml distilled water was added to bring the final
liquid volume to 40 ml and_éiv§ a final‘EDTA concentratidn of 0,001 M
in the appropriate f1asks,v'A 5 ml sample was withdrawn after'5 minutes
and the absorbance read at SQOiﬁp-to determine if lysis was takiﬁg
pléce; Thé remainder of fhe.gell suspension was incubated for an addi-
tionﬁl 10 minutes éﬁ whicﬁ‘timé‘two 10‘@1 samples were withdrawn from
each flask, washed one time‘by ﬁénfrifuggtioh at 10,000.x ‘g at O,C and
suspended in 10 ml ofiéold distilled water. The ¢é115 wére‘added to
40 ml of fresh nutrienf brétﬁ‘ahd incubated ét 2 C and 37 C. Growth was
followed for 2.5 hours by méasuring'the ébsorbance,at'540 mu at %0
‘minute intervéls." |

Studies were aléo conducﬁéd tb'determiﬁe:the'efféct of vancoﬁyciﬁ
on growth, The procedufe.was identical to théfabove'except:#ancomycin
(150 pg/ml firal éoncentraﬁion) was added fobthe nﬁtrient broth growth

medium,
Influence of EDTA on Vancomycin Adsérption

Vancomycin adsorption studies. were conducted to determine the

effect of EDTA treatment on cells of P, fluofeécens and the species of

Flavobacterium; The organisms\were grown for 12-15 hours on nutrient
agar orvglucosémsalts‘agar slants and harvested with sterile glass
distilled water. The cells were suspended to an absarbance of 0.7 at

5&0 mi, Nutrient agar plates were inoculated with 0,5 ml of the
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suspension and incubated for 12-15 hours at 27 C. The organisms were
harvested with 0.0l M potassium phosphate buffer (pHy?eo), washed 2
| times with cold‘distilled Watér‘by centrifugation at_l0,000 X g, and
suspended to an absorbance of l.d at 540 mp., Samples (25 ml) were
centrifuged and washed in thé CQ1d§ suspended_in %9 ml of distilled
water and 1 ml.of 0;04 M EDTA or 1 ml of water'added to bring the final
volume to %0 ml, . The célis were incubated at 2 C.or %7 C for 15 minutes.
One 10 ml sample wés withdrawn frém each flask, Waéhedlone time and
suspended in 2% ml of distilledFWatef. Three ml vancomycin (200 pg/ml)
was added.to each iubeh(6 mlltotal vdlume)‘to observe Vancoﬁycin
adsdrption. Control fﬁbes were\fﬁh conpommitantly céﬁtainingv6'm1
distilled wgter tdtal volﬁme. The_éells were incubated for 10 minutes
at room temperature"to facilitate vancomycin adsofptibn énd centrifuged
at 14,400 x g fof 10 minutes. The absorbance of the sﬁpernatant solu=~
tion was read at 280 mLLén a Beékman DU‘Speétrophotometer to determine
the amount.of vaﬁcomycin.ads§rbéd by the cells, A sfandard curve for

vancomyéihvadsorption_is‘presented‘in Figure 1.
Autolysis of P. Fluorescens in Buffer

Experimenfs were pérformed to determine the optimai autolytic
conditions. P. £139g§§39§§ cells were grown for-12-15 hours on nutrient
agar slanté, harvéstgd with Sterile glass distilled.water and adjusted
to an absofbaﬁcé of O°7vat 540 mik. Nutrient agér‘plates were inoculated
With 0.5 ml of the suspension and imoubated at 37 C for 12-15 hours.
The cells Werebharvested With coid O;Ol‘M-pbtassium phosphate buffer
(pH 7.0), washed and suspendednin.cold water so that a final absofbance

of 0.5 at 540 mp was obtained when 1 ml of cells was added tg 19 ml of



Figure 1. Standard Curve for Vancomycin'Adsorption»at 280 mp
Vancomyéin (free base) aﬁsorptibn at 280_mp was measuréd

by dissqlviﬁg variouS'condéﬁtrationé of'the antibiotic iﬁ

distilled waﬁer and reading the‘absofbance_on'a‘Beckman DU

spectrophotometer using 10 mm cuvettesa'
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various buffers ranging:in pH‘fromph;ditoglO.H} :Thekbuffers‘were
citrate-phosphate (pH 4.447;O> .barhital'(th7.4—9.0)band glycine
- (pH 9.4-10.4) as described by Gomori 1955 The‘flasks.were agitated at
z7 C in a reciprocal water bath for 15 minutes at which time a5 ml
sample was withdrawn from. each tube and the . absorbance read at 540 mp
“to determine the“degree'of clearing} : | |

| vEmperiments:using divalent cations to determine their effect upon
»lysis differed from the above procedure only in the fact that 18 ml of
‘buffer was used and l ml . of the appropriate concentration of the catlion

was added.
" Osmoplast Stabilization

2; fluorescens cells were converted to osmoplasts by treatment with
EDTAiin the presence of‘O 5 M sucrose.‘ Cells were grown on nutrient
,;agar-as previously described, harvested with 0. 01 M potassium phosphate
buffer, washed and suspended in cold water to an absorbance of 1. O at
540‘mu h Aliquots (40 ml) were washed by centrifugation at 1k, 400 X g
and suspended in 9 ml of cold water.‘ The suspended cells were added to
5 flasks containing 0. 001 M EDTA (pH 7.4) and o 5 M sucrose.in a total
volume of 40 ml previously equilibrated to z'7 C 1 Approprlate controls
were run concommitantly.. The flasks were incubated with gentle shaking
' for 15 minutes at which time the absorbance at 540 mp was read to deter-
mine the degree of lysis., The cells were then diluted 1:5 in distilled
water and read at 540 mp,‘correcting for the dilution factor, to ascer-

tain. if true osmoplasts were formed
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' Treatment”With'Mutagens

Experiments were conducted.in‘an attempt to 1solate an EDTA-

re81stant Qrganism. Ultrav1olet light was used as a mutagenic agent.
P, vfluorescens:cells were inoculated into 6 ml of nutrient broth'and
grown for 5 hours at 2'7 C on a reciprocal shaker. The cells‘were washed
and suspended in sterile saline to’ contain approximately 1lx lCﬁ cells
vper ml. Samples (5 ml) of the cell suspension were placed in petri
--dishes and irradiated for 15 seconds with constant agitation at a.
_distance of 40 cm: using a 15 Watt Sylvania germicidal lamp. Irradiation
under these conditions kills approximately 99 99% of the organisms
(Bruce, l965) Each irradiated cell»suspension was added to an equal
volume of nutrient broth and incubated for L hours in the dark at z'7 c
dto allow for phenotypic lag. The cells (O l ml) were spread on nutrient
’ agar plates and overlaid with soft agar containing O o1 or 0. OOl M EDTA
:'Colonies were picked and maintalned on nutrient agar slants containing
0.01 or O OOl M EDTA ' Growth was slow and ‘the colonies were quite

small. N



CHAPTER ITI -
~ RESULTS AND DISCUSSION
o EffeCtlof'Temperatureson EDTA,Activity

.,Twobgram;negative‘organisms, P. fluorescens and a species of

dFlavobacterium;’werehused‘throughout”thisastudy to determine‘the'possi-

ble presenCe of anuautolyticxsystem;' BothvorganiSms appeared to possess
:some“type,Of‘autolyticvmechanism.h Both'organisms adsorb-vancomycin, and
a quantitative difference in. adsorption can be related to- susceptibility

'to the antibiotic. Treatment with EDTA alters the susceptibility of

v ,gram-negative organisms by chelating metal ions and disrupting the cell

‘wall to a certain extent The species of Flavobacterium was used in
vancomycin adsorption studies since this organism adsorbed virtually no
vancomycin unless the cells were first treated with EDTA Since un-
.treated P fluorescens‘cells adsorb vancomycin to a-greater‘extent “the

Flavobacterium assay system was used in the vancomycin adsorption

aspect of this study to determine the extent of cell Wall damage follow-
Jing EDTA’treatment. P fluorescens cells were used in all other aspeots
of.this study..h' o o L |

Growth studies using nutrient agar érown ‘P, fluorescens Were'con-
ducted to determine the influence of temperature upon lysis following
EDTA treatment ‘ The ability of. treated cells to recover and grow in

nutrient broth was used as one criterion to determine the extent of-

'cellular damage~and lysis, Cells were treated with EDTA at 2°C and '
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37 C for 15 minutes, washed and'suspended in nutrient broth at 2 C and
37 C to observe growth. | | .

Cells treated witthDTA at 2 c and. incubated’at 17 C showed a 30
minute lag period followed by exponential growth corresponding to the
control indicating that there was no profound reduction in the number
"of viable cells (Figure 2) Cells treated with water or 0,001 M EDTA
at 2 C shOWed no indication of lysis when . placed in nutrient broth
equilibrated to 2 C, On the other hand,vcells treated with EDTA at
%7 C exhibited some lysis’with‘little Subsequent.growth‘during the 2.5
hour growth period (Figure-z) Control.cells held at 2 C in water and
then placed in nutrient broth for growth at 37 G showed no deleterious
effects (Figure 2) since growth was comparable to cells held at %7 C
in water and grown in. nutrient broth at 77 C (Figure 2). Control'cells
dplaced at 2 C in nutrient broth following HOH or LDTA treatment at 37 C
N demonstrated no lysis during the 2. 5 hour incubation period (Figure 2).
The results suggest that the extent of lysis following EDTA treatment
and subsequent ability to recover and grow in nutrient broth was largely
dependent ‘on the temperature during EDTA treatment

The lysis resulting from EDTA treatment appears to bevmore proe
nounced as the: temperature of treatment is raised above 2 C Since the
temperature,should_not»significantly affect the-chemical'activity of

- EDTA, a tw0'step reaction may be inrolved invthe degradation of the wall
and subsequent lysis initiated by EDTA, A possible explanation of this
phenomenon could involve the presence of an autolytic enzyme. This
would explain the apparent reduction in lysis following treatment with
EDTA at- 2 C since an enzyme would havevmuch less activity at this laow

temperature. At 37 C EDTA partially degrades ‘the wall by removing



Figure 2. Growth of P, Fluorescens at 2 C and 37 C
Following Treatment With EDTA at 2 C

The éells weréLtreated witth.OOltM EDTA (pH 4;4)
at ? C and inoculated into nﬁt_rient »b"roth rreviously
,equilibr‘atbé'd to fhé ‘desi_r.ed'iv:gzmpverature. ‘Appropriat.e |
controld were run con(%urrently. A, HoH tre’ated,
gro;m %7 Cy .,,‘ EDTA treated, grQWn 9 ¢4 O, HoH

tréa’ced, grown 2 C; A y. EDTA treated, grown 2 C, |
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Figure %.  Growth of P Pluorescgns at 2 C and 77 C
Following Treatment With EDTA at 27 C

The cells were treated with O 001 M EDTA (pH 4 4)
at 37 G and inoculated into nutrient broth previously
equilibrated tOgthe desired temperature; Appropriate
controls Were run eoncurre'ntly.“ A, HOH tre‘atedg, grown
=7 C; 0, EDTA treated grown"z?' C O, HOH treated

grown 2.C§ A, EDTA treated, grown 2 C.
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diyalent cations functioniﬁg as cfoss-linkages (Gray and Wilkinson,
1965). The alleviatién of the‘EDTA effect by Mg?%, discussed later in
this paper,'Suggests>that EDTA functions primarily‘as a chelating agent
. in lysing P. figoreécens cells. . The re$u1t$ Suggesf that the partial
degradation of the cell wall; fpllowing EDTA freatmeht, may release an
autolytic enzyﬁe which further'degrades:the"cell wéll."Tﬁe qell wall =
must be alteréd_to'such‘én extent that the'aﬁt§lyticvenﬁyme no ionger

recognizes it as "native' wall material;

Influence of EDTA and Tris én Vancomycin Adsbrption

by Nﬁtrient Agar Grown Cells

Since EDTA'tréatmenﬁ has beeﬁ sﬁown to substanﬁialiy increase the
édsorption of:véﬁqomycin tq.gram-ﬁggative baoteria (Ferguson,,l967) and
Tris has been.reported.to,compound-the'lethal_effects of EDTA (Eaéon
»énd ASlel; 1966)7 the efféct,of EDTA and Tfié treatment at 2 C and 37 C

was examined using the specles of Flavobacterium. The purpose was to

determine‘if the.témpefature of»the incubation mixture during treatment
influenced the amount of vancomycin adsorbed to the'ce;ls. Studies were
also conducted in whidh Tris:was»used sefaratély and in combination
with EDTA to asoértain if Tﬁis and EDTA had a similar‘effeCt on the

wall., .

Nutrient agar grown Flavobactefium cells were iﬂcubated‘iﬁ,the
presence of Q;OOllMFEDéA'and/br‘O.OOé‘M'Tris fof 15 minutes,-wéshed and
suspended in ml ofbdistilled Wéter;:‘Three‘ml of vahgomycin.(jOO bg/ml)
was added to thé'appfbpriate tubés (6:m1 tétal Qolume) to determine
vancomyoin adsdrption,,;Canrol tubeé weré:ruﬁléoncomﬁitantly using -

distilled water. Cells treated with 0,001 M EDTA and/or Tris at 2 C
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(Table I) did not show a pronounced increase in adsorption over the
control cells unless treated for an extended period of time (90 minutes),
This slight increase in wall damage with time would be expected if an
enzyme(s) is involved since all enzymic activity is not stopped at low
temperatures but does show a very slow rate, However, cells treated at
37 C for 15 minutes demonstrated a marked increase in adsorption of
vancomycin (Table I), Although both additives enhanced adsorption, EDTA
appears to be more effective than Tris in making available the sites to
which vancomycin can adsorb. Prolonged treatment with EDTA or Tris at
27 C for periods up to 90 minutes showed 1ittle if any additional effect
as measured by adsorption of vancomycin (Table I). Disruption and
cellular damage by BEDTA treatment at 2 C for 90 minutes was not suffi-~
ficient to permit adequate evaluation., Treatment at 27 C for 90‘minutes
showed many uncontrolled variables which masked the true picture.

The results suggest that the action of both EDTA and Tris is rapid
at 2?7 C and, since EDTA freaitment increased adsorption approximately
threefold compared to a twofold increase following Tris treatment (Table
I), EDTA appears to be the more efficient for removing lipopolysaccharides

(Leive, 1965c) frcm the cell wall,

Influence of EDTA on Vancomycin Adsorption by

Nutrient Broth Grown Cells

Collins (1964) reported that the cell wall composition of P,
aeruginosa varies with the age of the culture, Studies were conducted
to determine if the medium and age of the cells influenced their
response to EDTA or Tris treatment, DNutrient broth grown cells of the

Flavobacterium were harvested during the exponential phase of growth




25

 TABLE I

INFLUENCE OF TIME'AND TEMPERATURE OF EDTA AND TRIS TREATMENT
ON VANCOMYCINfADSORPTION BY FLAVOBACTERIUM CELLS*

Vancomycin :  Per Cent

‘ _ . Adsorbed Adsorbed
~ Additive . . - (ue) e
~and ' o ' Time of Treatment :
Temperature** o 15 min . 90 min 15 min 90 min
Control (2 c).. o 60 N 6.6 8.0
EDTA (2 C) . - 72 . 108 8.0 12.0
Tris (2 C) 72 72 8,0 8.0
" EDTA plus Tris (2 C) o7 o1k 8.0 12.7
Contral (37 G) - 72 60 8.0 6.6
EDTA (37 C) 20k o es58 22,7 28.7
Tris (37 C) | » 150 . 165 : 16,7 18.3
EDTA plas Tris (37 ¢) 06 270 | | - 3k 20.0

The total Quantity ofivanéomjﬁin.afailablevforadsorptiqn was 900
g, The EDTA (pHE 4.4) cOnéentrafion Qas 0.001 M and fﬁe Tris (pH 7.0)
'concentratioﬁ was 0,002 Mﬁ |
“Nutrient agar grown cells (12;15 hours).

**Treatment time was 15 minutes.



Figure 4. Growth Curvé fér}f, Elqogescens in‘Nufrient Broth.
Growth was measﬁred by reading the absorbance at 540 myl on a
Bausch and Lomb colorimetér using 13 X 150 mm cuveftés. Samples
were taken‘at»the indicated times f&r‘usé iﬁ‘the dééired

experimentation,
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INFLUENCE OF EDTA AND TRIS ON LOG PHASE NUTRIENT
‘ BROTH GROWN FLAVOBACTERIUM CELLS

TABLE IT

Additive » Vancomycin Per Cent
and - Adsorbed - Adsorbed

Temperature - (pg) :
Control (2 C) | 30" 3.3
EDTA (2 C) :'_ 60 6.6
Tris (2 d)‘ 36 4.0
EDTA plus Tris (2 C) 60 6.6
Control (z7 ¢) | 20 3.3
EDTA (27 C) 8 8.7
Tris (37 C) ‘36 - '>4.0'

' 78

EDTA plus Tris (37 C):

8.7
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TABLE ITI
INFLUENCE OF EDTA ON STATTONARY PHASE NUTRIENT
BROTH GROWN FLAVOBACTERIUM CELLS

Treatment - K ‘. Vancomycin . Per Cent
' L Adsorbed Adsorbed
(pe) '

Control (2 C) »‘ ; R .L. ‘ 12 , . 1.2
EDFA (2C) 0 . 2.3
Controi (z7 Q)  : o - 1}0 S o 2.3

EDTA (27 C) % ko




same low adsorption pattern as demonstrated by the'nutrient broth grown
cells (Table IVj. Thus, the‘adsorption studies suggest that the cell
Wall'of suCCinate agar'érown cells:may more»closely resemble the wall
of nutrient broth grown cells than the wall of nutrient agar grown
cells. Since cells grown on the synthetic and . complete agar media
differ, it may be that the divalent metal lons are: less available for
rchelation in_the succinate grown cells. These experiments suggest that
the grqwth suhstrate aS'wellfas age‘have a profound effect.upon the
composition and structure.Of the'cell wall,as'measured byivancomycin

tadsorption;l
‘Influence of pH on’EDTA Eysis_and‘Grthh Tnhibition

Experiments were conducted tovdetermine if the pH of the . experi-
.mental system was a factor in determining the lytic ability of EDTA
EDTA was adJusted to various pH values, from the normal pH of 4 4 of
the disodium salt form, using O l.M NaOH P fluorescens cells were
h'treated with the different EDTA solutions at 2 C and 77 C for 2 minutes
and 15 minutes, 5 ml. samples were collected and read immediately at
540 mi to determine the degree of lysis.

The cellular,damage,»as measured'by lysis,'increased as the pH‘was'
raised from 4.#.d_Similar.lytic‘trends-were Observed for‘treatment at
both 2‘minutes and:lﬁ minutes.although the longer‘treatment was more
- effective at the‘higher.nH"values'(Figure 5). Thus, EDTA is a much
better chelator at hignefypH.vaiues with 1ts lytic Capability increasing
concommitantly, | o

A decreased lytic respcnsevWas ohserved Withpthe cells treated at

2 C. At:both‘temperatures; incubation for 15 minutes produced



- INFLUENCE OF EDTA AND TRIS ON VANCOMYCIN ADSORPTION
- OF SUCCINATE AGAR GROWN FLAVOBACTERIUM CELLS

© TABLE IV

Vandomycin

Per Cent

6.6

——r

m—— ,
E Adsorbed Adsorbed
(bg) o
Control (élc) o :, 76 4,0
EDTAF(QJC)- | Cup 4,7
Tris (2 C) . 8 5.3
‘EDTA plus Tris (2 C)_" 48 5.3
Control (37 C) . % k.0
EDTA (37 C) =~ he b7
pris (3 C) 36-‘ 4.0
EDTA plus Tris (37 C) 60



Figyre 5. Lysis df P Eluorescens Cells Following Treatment With_
EDTA at Various pH Values

Lysis of 2. Fluorescens cells following.EDTA‘treatmeht-over
several pH values: 0, ? o treatment for 2 minutes, ®.° C
treatment for 15 minutes; A 5 37 C treatment for' 2 minutes; A,

%7 C treatment for lS’minutes.
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additional-lysis whenvcompared to the 2'minute treatment - This would be
expected if an enzymic process were partially responsible for cell lysis
‘since the chelating effect of . EDTA is rapid reaching a maximum in 2 |
minutes (Gray and Wilkinson, 1965), Since the effect of treatment at
27 C was consistently greaterkthan treatnent at 2 C,'it would appear
that-somé(enzyMic;aétivityfmay be;evident in the processjand thearate is
sigwér at the low temperature. | N

Repaske (1958) reported that the'lytic‘ability of the EDTA-Tris
buffer system was: much more efficient as the pH was raised from 7.2 to
8. 6 These results (Figure 5) support the concept that the pH 1s an
important variable,and that EDTA functions»as,a.very strong chelating
© - agent .at acidic%pvaalues with increased'chelating‘abilities»in.the
| basic'pH‘range;j The chelating ahility of EDTA 1in the acidic range indi-
'cateshthat hjdrogen ions are lost from-the EDTA’molecule at low pH
values suggesting that.the'pKabvalues of sone of’the ioniZahle groups‘
are quite 1ow. | o | |

The;lytic;response.of cells treated with EDTA at a pH ncar neu-
trality is further demonstrated by growth studies perfOrmed,by susbend-
ing cells in. nutrient broth after EDTA treatment Cells‘treated for |
15 minutes at 2°C with EDTA (pH 7 4) show some evidence of recovely
after~incubation,in nutrient broth:for»90 minutes at_37 C (Figure 6),
vwhereas:complete recovery is obseruedbin,nutrient broth with;cells
treated at 2 C for'is hinutes with.pH 4 4 EﬁTA (Figure 2)‘ Cells
treated with EDTA at pH 7. 4 do not show further lysis when held at

2 C 1in nutrient broth (Figure 6).



' Figure 6. Growth of P. ?luorescens Following Treatment With EDTA
S “at- pH 7, 4 B , :

The effect of EDTA treatment (15 minutes) at pH 7.4 was
ﬁmeasured by following growth 1n nutrient broth after EDTA: _

. treatment @9, ‘treatment at 2 C or z'7 C, grown at.o Cs A,

' treatment at 2 C, grown at ,7 C AZS treatment at 37 C,.grown at =

..
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Influence of Magnesium on Growth Following EDTA Treatment

Experiments werebconduoted toldetermine 1f the action of EDTA
against g.vfluorescens involVes:only»chelation,and was influenced by
the presence of cations.h Cells were treated with 0.001 M EDTA (pH 4,4)
in the presence and absence of an equimolar concentration of Mg** in the
sulfate salt form. The cells were washed, suspended in nutrient broth
in,the‘presence andvabsence'of.Mg+t,land growth was followed (Figure 7).
Cells treated with EDTA in the presence. of an equimolar concentration of
Mgt+* showed’a growth resnonse.in‘nutrient broth only slightly slower
than the control‘indicating the presence of Mgt during EDTA treatment
protects the cells. - Cells treated”with EDTA in the ‘presence of Mg** and
grown in nutrient broth containing Mg&+ showed a response which coin-
cided with growth of the control Cells treated with EDTA and grown 1in
nutrient broth containing Mgw+ showed a much greater response than cells
grown in nutrient broth_without Mg++,' The presence of Mg** in the
growth medium enhanced‘recowery of the cells regardless. of whether Mg++
was or was not present during EDTA treatment

Cells treated with EDTA in the presence of an equimolar amount of
Mgt+ -and grown in nutrient brothexhibited slightly slower growth than‘
the control however, divalent metal cations in- the wall no doubt come
pete with the free Mgt+ ions for EDTA‘binding to some extent which
would explain the slightly retarded growth curve.’ Thus, it would ap-
pear that EDTA action involves primarily the mechanism of chelation.
These results augment the study of Repaske (1958) who reported that the

action of EDTA on Escherichia coli and Azotobacter vinelandii was tran-

sient and did not permanently condition ‘the cell for lysis. Since cells

treated with EDTA and grown in the presence of Mg+ exhibited a reversal



Figure 7. Reversal and Protection by Mg** of Lysis Initiated
by EDTA

The influence of 0,001 M Mg** on the EDTA'(OOOOI M) effect
~determined by following growth in nutrient brath: Gig»control;
B, EDTA plus Mgf+'treated,<grown in nutrientfbroth plﬁs N@?f;
A, EDTA plus Mg"* treated, grown in nutrient broth A, EDTA
treated, grown in nutrient broth plus Mgt Q, EDTA treated,

grown in nutrient broth,
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of the EDTA effect, EDTA appears to have a transient effect on P,
fluorescens also. In additionm, EDTA treatment in the presence of Mg+
showed 1little if any'harmful'effect'on the cells which suggests that the

primary mechanism by which EDTA affects P, fluorescens is by chelation,
Autolysis of P. ?luorescens in Buffer

The results obtained from the growth and adsorption studies have
offered some evidence for the presence of an autolytic enzyme. Experi-
ments were conducted to determine if lysis occurred In untreated cells.
using buffervsolutions (0.0S»M) tO'cover a widerrange of pH values._
Although_these cells were'not treated uith EDTA; ithiskessumed_that
sufficient.chanée ocourred in the.integrity of.the cell wall to‘aotivate
the'enzyme,' The cells were suspended in water using a- Vortex mixer,
placed in the various huffer solutions and incubated at. z'7 C fqr 15
minutes prior to reading the absorbance at S4O mpl, Lysis-was measured
and two peaks‘were evident. One peak occurred in the’ acidic pH range
'along_with a’corresponding peak in the basiC"range (Figure 8). These
results would lend further evidence for the presence of an autolytic
enzyme(s). Since lytic peaks were observed in both acldic and basic pH
'ranges, then more than one enzyme may be responsible for the degradation
of the cell’ wall of P fluorescens.. | |

Since Mg*+ fons were effective in reversing and protecting P.
fluorescens from-the EDTA effect,‘various divalent cations were added
to the citrateéphosphate buffer system to ascertain 1f normal autolysis
could be arrestedvby addition of Mg'*, Mn**, Fet+, Cat*, Znt+, or Na*,
Neither mono- or divalent cations appearvtovhave any'effect’on arrest-

ing autolysis at pH 5.4 (Table V) which suggests that natural autolysis



Fiéufe,g, :Autolysis'of;gs ?1u0rescéﬁs in Bﬁffér
- Cells were suSpeﬁded in the épﬁropriate
buffer solutions (0,05 M) ranging_from pH.H,Q to
10.4, Agtolyéisrwas observed by readiné-the'
absorbance af 540 mg after é 15 miﬁute incubation E

pefiod. Initial absorbance was 0.50.



Citfate-»Phosphate  Barbital _‘Gly‘cine :

5.0 7.0 80 9.0 10.0 11.0
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. TABLE V

INFLUENCE OF MONO- AND DIVALENT CATIONS ON AUTOLYSIS
OF . 'FLUQRESCENS SUSPENDED IN CITRATE—PHOSPHATE
‘ BUFFER (pH 5. 4) AT 27 C

Cations o R : | ‘ - Per Cent
. ‘ : - Lysis
antrolv_ . ‘ ] ' - S - . 73
M§+.v'.3  ,  ‘  o 3; '  _ ' o 7%
Wt “  | ~ 77
Fet+ o o | o 82
Zn++ | : o . . : . ' 65
Catt ’ . . .. - B : | | _ 65
Na* I o R . i e 65

Finél cation‘conéentration was.OJOOOOlvM fdr thé divalent cations
and O.OOOOEIM for Néb; Thé‘sﬁlfate'salt fdrm was used 1n all cases.
One ml ofvwater was’addeé‘to:the Buffef suépensioﬁ to servé as. a
control, The initial'absérbénce at 540 mﬂvwas O.ll;. Samples (5 ml)

were read after a 15 minute incubation period.
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may differ from the autolytic phenomenon observed following EDTA treat-

ment, although enzyme(s) appear to be involved in both cases.
. Osmoplast Stabilization

P. fluorescens ceils ééﬁ be convertéd to osmoplasts by treatment
with EDTA in the presénce éf'O.E Mlsucrose';,The term osmoplast 1s
used to designate an osmbticallyfshockablevrod rather than a true
spheroplast. Phésé—cdntrast microscopj_of the stabilized cells indi-
cated the presence.of r¢ds»with no spherical*éelis evident, To confirm
‘that these éells wefe tfue‘bsﬁoplasﬁs,-a 1%5 d11ufion>wés-madé,ofbthe
cells in diétilled water. Dilﬁtion of the.stabilizéd églls‘in water
produced lysis which confirméd osmoplast formation;

A slight deéreasefin‘optical densiﬁy_was Observed with EDTA treated
cellé,suspendéd in Suqrose,f This is probably due té-the stripping away
of'somé_of the cell wall @aterialbwhich produces a decrease in cell
refractility (Figure 9). Stabilization Qas achieved, however, after an
initial drdp‘in absorbaﬁce ét 54@ mp . |

These:data support thé'observation of Voss (1964) that osmotically
fragile rods aré:formedbby lysozymewEDTA-Tris.buffer treatment in
sucrose, McQuillen (1960) reported the formation of true E; coli

spheroplasts by the same procedure,
Mutagen Treatment of B. Pluorescens

Ultraviolet irradiation was used to determine 1if an EDTA-resistant
mutant could be isolated.. Since resistance to EDTA would incur either
a drastic change in cell wall composition or the impairment'of an

autolytic enzyme,'the’later'wOuld be the more'probab1¢ mutation to occur



Figure 9. The Stabilization of Osmoplasté 6f P, ﬁubrescens
Cells were converted to osmoplasts by EDTA (pH 7.4) treatment
in the presence of 0,5 M sucrose: @, HOH control; A, sucrose

control; @, sucrose plus EDTA treated; WM, EDTA treated.
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in the formation of an EDTA-fesistant strain.

The isclated cﬁltures were Characferized byvnormal growth gn 0,01 M
EDTA nutrient agar ae eompared to-slowlgrthh bybtheJW1ld type organism,
However, additional growth and vaﬁeomjcin edsorptioﬁ studies did not

conclusively define further differences.



CHAPTER IV
" SUMMARY AND CONCLUSIONS

Growth studiesiusing E;;fluorescens-cells‘treated:withtEDTA at 2 C
and 3? G suggest thattandantolytiobenzyme(s) maj te aotirated during
EDTA treatment Since temperature Shonld not‘significantly affect the
chelating ability of’ EDTA the 1ysis observed with cells growing in
nutrient broth following EDTA treatment at 27 C, which differs from the
lag in growth follOwing hDTA;treatment at‘? G, must be attributed to a
: second‘parameter involved 1n_oeil.wail degradation. Since enzyme activ-
ity 1sbgreatly»reduoed'at ? c, 'these’resuits support the hypothesis that
this second step 1in cell Wall degradation may 1nvolve the activation of
a degradative enzyme( s) associated w1th the ¢ell wall Autolytic stud-
ies involv1ng untreated cells suggest the presence of more. than one |
enzyme since two lytie peaks were observed - one in the acidic and one
in the bhasic pH range.

Vancomycin adsorption studies uSing nutrient agar grown cells of a

species of‘Flavobacterium'indicate'that the ease with which the enzyme (s)
is activated depends torsome extentAon the growth substrate. Nutrient
broth grown cells showed littie'if‘any lysis when'placedvin buffer solu-
tion at 37 c. Similarly, succinate agar grown‘cells.did,not readily
lyse under the same conditions. These results suogest that the cell
wall comp051tion and integrity is dependent on the growth substrate.

Increased adsorption.of vancomycin by nutrient'agar grown cells,

kg
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following treatment with EDTA at 37 C asrcompared»to no profound
increased adsorption when treated with EDTA at 2 € lends further evi-
dence -to the supposition that the complete process involves more than
Just chelatibn and that an autolytlc enzyme may be functional, Cells
treated with EDTA ahd/of‘Tris 1ndicated that Tris compqunded the effect
of EDTA asvfeporteduby Eagon ahd Asbell (1966). Tt is concluded from
the data obtainéa with:véncomycin adSorﬁtion Studies that thése two
lytic compounds,have differeht ﬁodes‘of'éctigﬁ;» Thevs1te of Tris action
is unknown‘at this time;

.Cells treéted'with EDTAga£‘37 C, washed and placed in nutrient
broth plus Mg**lexpérienced éfbwtﬁ Cémparable to fhe cohtrol”though
somewhat rétarded.':Mgf+'#irtuélly negaﬁes:the écﬁidn ofvEDTA aéainst
P, fludrescens in thatfthe.éatiop eifherxprotects or enhances recovery
of thé celi.‘ The résults suggést that-the-EDTA*effect invdlveé only
chelatién of metal iéns:as3001ated With.thé cell wall, No evidence was
obtaiﬁed that suggestéd that the EbTA molecule affgcted the cell by any
mechanism other than.by‘chelétién. Apﬁaféntly;:when N@T;vié present,
the autolyfic eﬁzyme(s) is not‘activated'since the'infegrity of the
cell wall is nqt altered, Repaske (i958) theorized thét the metal is
coordinated at g minimum of two sites dn the cell surface, one of these
being stronger than thé éther. 'EDTA chelates the’metal by substituting
for the weaker of the two bonds and forms an EDTA;metal complex which
remains iinked td the cell éurface through the metal. The dissociation
of EDTA from the metal éomplex must be high since washing (dilﬁtion)
necessitatés the adding of EDTA again to promote lysis. Evidence that
the EDTA effectzis transiﬁory as reported by Repaske (1§58) was sub-

stantiated by results'obtainéd_from experiments in this study using Mg"*.
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The results suggest the presence of an autolytic enzyme(s) system

which further;degrades'the cell wall oflg. fluorescens and the species

of Flavobacterium after Initial alteration_of wall integrity resulting
from chelation of critical cations by EﬁTA Growth‘studies and
vancomycin adsorption studies augment this hypothesis. Moreover,
results reported by various authors working with P, aerpginosa can be -

1 satisfactorily explained by the hypothesis of this study regarding the‘
vpresence of an. autolytic system.: Gray and Wilkinson (1965) reported a
vreduction in the release of cell solutes by EDTA at 0-2 ¢ as compared

' to leakage of cellular materials following treatment at 20 C Leive
(1965a) reported that_actinomycin‘uptakerby'EDTArtreated cells did not
:occur;at d'G,and,suggested:a'difference'in the‘permeability of the cell
surface'at’O o andfi?-c »"Cox4and fagon (1968) reported that significant
quantities of P aeruginosa cell wall material were released by incubat-
'ving_the»cell walls in‘water_with-no prior‘EDTA‘treatment. An autolytic
’enzyme(s)‘activated by partial cell wall damage resulting from EDTA

. treatment could account for the phenomena-observed in the above men-
vtioned papers,l‘More evidence islneeded.to ascertain the'presence of
this autolytic system, - Further wOrk should be directed‘toward the
1solation and charaCterization of the-enzywe(s) inrolved‘in this degrada-

tive process.,
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